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CHAPTER I 

INTRODUCTION 

Statement of Problem 

Many authors of papers concerning the silieification of plant 

material have proposed mechanisms of silieification (Sigleo, 

1977; Leo and Barghoorn, 1976; Buurman, 1972; Went, 1971; Schopf, 

1971; Fairbanks, 1970; Drum, 1968; Correns, 1950; Arnold, 1941; 

St. John, 1927; and others). No previous author has performed a 

detailed petrographic analysis of silicified plants and 

surrounding sediment, or studied the geologic histories of 

localities from which plant materials have been collected. Most 

specimens that have been used in these past studies are blind 

samples or have been collected casually without establishment of 

any specific geologic context. The generalized nature of previous 

studies has prompted a more detailed and localized investigation 

regarding the silieification of plant tissue. 

Objectives 

1. Interpret geologic history and depositional 

environment of sediment containing silicified plants. 

2. Determine silica diagenesis of plant material and 

surrounding sediment. 

3. Infer mechanisms of silicification. 



Location 

Samples of silicified plants used in this investigation 

were collected from the Rincon and San Diego Mountain study areas 

located in southern New Mexico near the New Mexico-Mexico border 

(Fig. 1), The plant material in both localities was gathered 

from discontinuous silcrete mesas or benches (Figs. 5 and 6). 

Collection sites 1 through 7 comprise the Rincon study area 

which is located approximately one and one half miles northeast of 

Rincon, New Mexico, near the base of the Rincon Hills (Fig. 2). 

Collection sites 8 through 9 represent the San Diego Mountain study 

area which is situated northwest of the San Diego Mountains (Fig. 3). 

Local Geology 

Topography 

The following summary, describing the landscape of the Rincon 

and San Diego Mountain area, was derived from previous investigations 

by Seager and Hawley (1973), and by Seager, Hawley, and demons 

(1971). 

The Rincon and San Diego Mountain study areas lie in the 

northern part of the Mexican Highland section of the Basin and 

Range Physiographic province (Fig. 1). Topography of the Rincon 

study area varies from low mountains, hogbacks, and cuestas in the 

Rincon Hills to mesas, terraces, fans, and badlands flanking the 

Rio Grande River Valley. Physiographic features of the San Diego 



Mountain study area consist of rugged narrow ridges and steep 

canyons. 

Structure 

The major structural feature of the Rincon study area is the 

East Rincon Hills Fault (Fig. 2). This structure is a north- and 

northwest-trending, high angle, normal fault which has gentle to 

moderate and homoelinal dips. The fault is clearly Miocene to 

Pleistocene in age and may have been active into Recent time 

(Seager and Hawley, 1973). 

The West Tonuco Fault is the dominant structure of the San 

Diego Mountain study area (Fig. 3). This structure is composed 

of northwest-trending, high and low angle faults which are no 

older than Pliocene in age (Seager, Hawley, 1971). 

Stratigraphy 

The following information describing the stratigraphy of the 

Rincon area is based on literature and maps by Seager and Hawley 

(1973). 

Stratigraphic units exposed in the Rincon study area range 

in age from Miocene to Holocene (Fig. 2). Colluvium and alluvium 

are restricted to low or entrenched areas, while sand, gravel, and 

conglomerate are confined to highlands or piedmont-slope and basin 

floor areas. 

The following symbols are utilized to designate the different 



lithologies within the Rincon area on the map shown in figure 2: 

'CS'-conglomeratic sandstone depicting piedmont and basin floor 

sedimentation within grabens bordering fault-block uplifts; 'FCC-

fine to coarse elastics consisting of conglomeratic sandstone, 

sandstone, gypsum beds, and conglomerate (representing late stage 

filling of Miocene-Pliocene grabens); 'CRF'-Camp Rice Formation 

representing sand, gravel, sandstone, conglomeratic sandstone, 

and fine grained beds occurring on basin floors and piedmont 

slopes (basin floor deposits are primarily fluvial sediments of the 

Ancestral Rio Grande which contain the silicified material); and 

'C/A' and 'VSA'-colluvium/alluvium and valley slope alluvium 

forming the arroyo terraces, fan deposits, and minor veneers on 

erosion surfaces. 

The following description of the San Diego Mountain 

stratigraphy was synthesized from Seager, Hawley, and Clemons 

(1S71). 

Exposed lithilogic units in the San Diego Mountain area 

range in age from Precambrian to Recent (Fig. 3), Typical units 

of this area include alluvium, colluvium, mudstone, claystone, 

siltstone, sandstone, conglomerate, and igneous and metamorphic 

rocks. 

The following symbols are used to represent the different 

rock types within the San Diego Mountain area on the map shown in 

figure 3: 'P('-precambrian rocks consisting mainly of microeline 

granite with localized amounts of granitic gneiss, schist. 



migmatite, pegmatite, and diabase; 'AVSS'-andesite volcanic and 

sedimentary sequence containing limestone-andesite conglomerate, 

plagioclase-andesite sandstone, mudstone, and tuff and pebble 

breccia; 'RB/M'-rhyolite breccia and mudstone representing 

alternating red mudstone and rhyolite pebble-cobble breccias; 

'FCC'-fine to coarse elastics depicting mudstone, claystone, 

siltstone, conglomeratic sandstone, and conglomerate; 'CRF'-Camp 

Rice Formation comprising sequences of sand, gravel, sandstone, 

conglomeratic sandstone, and fine-grained beds; 'PF'-travertine 

deposits containing silicified material; 'A'-alluvium representing 

stream deposits of larger arroyos, sands, silts, and gravels of 

flood plain, and windblown sand; and 'C'-colluvium constituting 

conglomeratic veneers on slopes of the San Diego Mountains. 

Previous Studies 

Since 1966 Seager, Hawley, and Clemons have been 

systematically mapping the geology of the Rio Grande trough and 

bordering uplifts between the Caballo Mountains and Las Cruces, 

New Mexico. Recently several reports have included the geology of 

the Rincon and San Diego Mountain areas containing silicified 

plant material. 

Seager and Hawley (1973) mapped and interpreted the geology 

of the Rincon quadrangle in New Mexico. They described and 

indicated on maps white marker beds 'w' which contained the 

petrified plant material used in this report (Fig. 2). 



Seager, Hawley, and Clemons (1971) described the geology of 

the San Diego Mountain area of Do?ia Ana County in New Mexico. 

Detailed maps and interpretations of stratigraphy and structure 

were presented. Plant fossils 'PF', the same fossils collected 

and used in this report, were noted and mapped, but no detailed 

studies of the silicified plants were mentioned (Fig. 3). 

In 1975, Seager, Clemons, and Hawley presented a report 

dealing with the geology of the Sierra Alta quadrangle. Their 

geological investigation primarily covered the stratigraphy and 

structure of the Rio Grande area between Hatch and Las Cruces, 

New Mexico. No reports of silicified plant material within the 

area of study were given. 

The following papers were submitted at the 1969 Border 

Stratigraphy Symposium in El Paso, Texas, which pertained to 

Rincon-San Diego Mountain Geology. Hawley, Kottlowski, and others 

discussed the sedimentation and origin of the Santa Fe Group in 

the south-central New Mexico border region, and Strain presented a 

stratigraphic description of the Late Cenozoic sediment of the 

El Paso area. LeMone and Johnson investigated Neogene flora from 

the Rincon Hills in Dona Ana County, New Mexico. Samples 

described in their report were collected in close proximity to 

material used in this study. Plant remains (silicified) were 

illustrated by drawings and photographs and were classified into 

the following four genera: 1) Palaeophragmites, 2) Seirpus, 

3) Eleocharis, and 4) Iris. The flora represented emergent plants 
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found in swampy ponded areas. The authors also described the 

silicified flora as "occurring in sediments that ranged from a 

weathered, loosely cemented, silicified matrix to a massive 

jasper." 

Methods of Study 

Initially samples of silicified plants and surrounding 

sediment from study areas were maeroscopically analyzed for 

lithological and physical features with a binocular microscope. 

Then approximately 48 thin sections were prepared, stained with 

A7^^^'% "^ alizarin red-S, and examined with a binocular petrographic 

^ microscope (Zeiss). In addition, x-ray diffraction and scanning 

electron microscope (SEM) analysis v/ere used on some samples when 

additional information was required. SEM micrographs, photo

micrographs, and photographs were used to illustrate and document 

sample material. 



CHAPTER II 

GEOLOGIC HISTORY AND DEPOSITIONAL ENVIRONMENT 

OF SEDIMENT CONTAINING SILICIFIED PLANTS 

The intermontane basins of the south-central New Mexico 

border region (Fig, 4) were considered to be internally drained 

during early to mid-Quaternary time. Environments of deposition 

consisted of alluvial-fan piedmont slopes and broad basin floors 

which were often sites of lacustrine sedimentation. Piedmont, 

alluvial-fan, and coalescent-fan deposits from erosion of 

surrounding highlands filled the basins. By Kansan time, the 

Ancestral Rio Grande had extended into the border region depositing 

coarse to fine fluvial sediments which contributed to basin filling 

(Hawley and others, 1968). According to Seager and Hawley (1973), 

during early and medial Pleistocene time the Ancestral Rio Grande 

deposited the bulk of the fluvial sediments representing the Camp 

Rice Formation (containing the silicified plant material) in the 

Jornado del Muerto basin. 

The Ancestral Rio Grande, depositing more sediment than it 

was eroding, was very similar to an inland delta (aggrading 

river) characterized by a system of distributary channels radiating 

from a more confined system to the north. It is probable that 

gentle downwarping of the basin floors from small-scale faulting 

(which continued into the Quaternary) and localized sediment 

dammed areas from deposition of the Ancestral Rio Grande created 

8 



small depressions which eventually developed into fresh water ponds 

(Hawley, 1980, personal communication). 

Other evidence indicates that these fresh water ponds were 

inhabited by abundant aquatic plants, ostracods, diatoms, and in 

some instances calcareous algae. Mentioned earlier in Chapter I, 

LeMone and Johnson (1969) described four genera of emergent type 

plants characteristic of swampy ponded areas which were collected 

from silcretes resembling former ponds located in the Camp Rice 

fluvial sediments (LeMone and Johnson, 1969). Photomicrographs 

and SEM images (Figs. 7 through 13) of material collected from the 

same silcrete bodies verify the occurrence of plants, diatoms, 

ostracods, and calcareous algae in the fresh water ponds. 

Hawley (1975) described deposits of Bishop ash, late Kansan 

in age, occurring in Camp Rice fluvial sediments near the Rincon-

San Diego Mountain area. The occurrence of the ash in the fluvial 

sediments suggests that the Bishop ash may have been the ash that 

was deposited in the ponds providing the source of silica for 

the silicification of the plants (Hawley, 1980, personal 

communication). If the ash examined in this study (Figs. 14 and 

15) is the Bishop ash then the accumulation of ash either from 

direct airfall or from erosion of uplands containing predeposited 

airfall ash with minor amounts of fluvial sediments in the ponds 

could have occurred as early as late Kansan time. 

Petrographic evidence indicates that the ponded areas 

containing ash, fluvial sediments, and plants were subaerially 
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exposed, drained, and subsequently subjected to freshwater 

diagenesis where they developed into silcretes. The occurrence of 

silans, argillans, and internal sediment (Figs. 16, 17, and 18) 

representing a vadose environment confirm the subaerial exposure, 

drainage, and later silicification of the former ponded areas. 

Cyclic climatic changes, causing fluctations in the water table 

level, is believed to have been responsible for the drainage of 

the ponds. 

The silcretes containing the silicified plant material are 

located in the middle of the fluvial facies of the Camp Rice 

Formation indicating that the silcretes were once buried by 

fluvial sediments from the Ancestral Rio Grande (Hawley, 1980, 

personal communication). In the sandy intervals of collection 

sites 1 and 6 (Rincon area) the vertical orientation of the plant 

stems and the yery fine to fine grain size of their surrounding 

sediment indicate that the sediment may have been eolian (not 

fluvial). While basin filling in extensive areas adjacent to the 

Rio Grande Valley culminated in late Kansan time, valley entrench

ment began in late Illinoian time (Hawley and Kottlowski, 1969). 

Episodic valley entrenchment exposed the former buried silcrete 

bodies as silcrete mesas or benches and formed the present-day 

mesa, terrace, fan, and badland topography (Hawley, 1980, personal 

communication). 



CHAPTER III 

MECHANISMS OF SILICIFICATION PROPOSED BY OTHERS 

Mechanisms of silicification proposed by other authors 

(Table 1) can be divided into the following four groups: (1) 

impregnation (Sigleo, Leo and Barghoorn, Went, Schopf, Drum, and 

Arnold); (2) replacement (Fairbanks and Correns); (3) impregnation 

and replacement [BuurmanT; and (4) impregnation, replacement, or 

impregnation-replacement (St. John). 

Impregnation or mineralization refers to the filling of pores, 

cracks, or interstices of a porous mass (plant) with a mineral 

material (silica). Sigleo (1977) inferred from silica-filled 

lumens, pit replicas, and thin section data that silicification 

was a permineralization (impregnation) process. In a detailed 

study, Leo and Barghoorn (1976) proposed that silica initially 

accumulated on the more accessible cellular surfaces in woody 

tissue especially on the inner cell walls and progressively built 

outward filling available void spaces. During more advanced 

stages of silicification the woody template, initially setting 

the pattern and form of silica emplacement, decomposed and allowed 

more open space for silica deposition (Leo and Barghoorn, 1976). 

The following three step process of silicification was described 

by Went (1971): (1) initial impregnation of lumina of tracheids, 

tracheae, and fiber cells with silica, (2) decomposition of cell 

walls surrounding impregnated lumina, and (3) secondary silica 

11 



TABLE 1 

MECHANISMS OF SILICIFICATION PROPOSED BY OTHERS 

12 

Author(s) 

1. Sigleo 

3. Buurman 

4. Went 

5. Schopf 

6. Fairbanks 

7. Drum 

Year 

1977 

2. Leo and Barghoorn 1976 

8. Correns 

1972 

1971 

1971 

1970 

1968 

1950 

Proposed Mechanism(s) 
of Silicification 

Impregnation 

Impregnation 

Impregnation and Replacement 

Impregnation 

Impregnation 

Replacement 

Impregnation 

Replacement 

9. Arnold 1941 Impregnation 

10. St. John 1927 
Impregnation, Replacement, 
or 
Impregnation-Replacement 
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impregnation of open space left by decomposition of cell walls. 

Schopf (1971) suggested that silica permeated cell lumens, 

intercellular spaces, and the cell-wall structure; subsequently it 

filled the interstices and cell lumens of the tissue, leaving the 

organic cell walls and contents (to a smaller degree) intact. In 

1968, Drum silicified plant tissue in the laboratory and implied 

that opaline silica was deposited on all exposed cell wall 

surfaces but initially and most completely on inner cell wall 

surfaces creating siliceous replicas of cellular spaces. Also a 

grid-like network surrounding the siliceous replicas of cellular 

spaces was formed by deposition of silica in voids created by 

dissolution of middle lamellar regions (Drum, 1968). Arnold (1941) 

believed that silica was a preserving agent which filled cell 

cavities and intercellular spaces. 

The mechanism of silicification by replacement has been 

described as a "molecule-by-molecule" process (Fairbanks, 1970). 

Fairbanks proposed that carbonic acid, formed from carbon dioxide 

(evolved from bacterial decay) combined with alkaline waters, 

neutralized the solution and caused precipitation of silica on 

decaying plant surfaces. According to Fairbanks, "as a cellulose 

molecule is destroyed, acidifying the water in its immediate 

vicinity, silica is precipitated to take its place" (Fairbanks, 

1970). A similar process of replacement of plant material by 

silica was suggested by Correns (1950). Surfaces of organic 

material were dissolved and replaced by silica which was formed 
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from the mixing of alkaline waters with carbon dioxide (Correns, 

1950). 

A silicification mechanism, consisting of impregnation and 

replacement, was described in a report by Buurman (1972). The 

author proposed that most fossilizations of wood were perminerali-

zations (impregnations), but replacement of cell walls was inferred 

in samples comprised of disordered tridymite (Buurman, 1972). 

A mechanism of silicification involving impregnation, 

replacement, or impregnation-replacement was proposed by St. John 

(1927). Three cases of silicification were cited: (1) cell 

cavities and intercellular spaces became filled with silica, 

preserving plant tissue, (2) plant material was completely 

replaced, or spaces filled first and then tissue was replaced, and 

(3) cavities of some parts of plant were filled and other portions 

completely replaced (St. John, 1927). 

In view of the various mechanisms of silicification cited 

above, a general definition of silicification is given as: the 

emplacement of silica in organic material resulting in the 

preservation of its morphology. A more specific and detailed 

definition of silicification concerning the mechanism described 

in this study will be mentioned in Chapter VIII. 



CHAPTER IV 

SAMPLE DESCRIPTION 

Samples from the Rincon and San Diego Mountain collection 

sites (Figs. 2 and 3) were maeroscopically and petrographically 

examined. All detrital grains found in these specimens, unless 

otherwise noted, are poorly sorted and angular to subrounded. The 

dominant rock types occurring in these two areas are lithic ashes 

and subarkosic sandstones. 

The Rincon area contains: (1) yery fine to fine grained 

subarkosic sandstone containing silicified plants (collection 

sites 1 and 6 ) , (2) coarse silty lithic ash void of silicified 

plants (collection sites 2, 3, 5, and 6 "middle-upper"), and (3) 

coarse silty to wery fine grained lithic ash containing 

silicified plants (collection sites 4, 6 "lower-middle", and 7). 

The lithic ash from collection sites 2, 3, 5, and 6 "middle-upper" 

was thought to contain silicified material at the time of 

collection, but petrographic analysis revealed no plant material 

in the samples. 

Although the two types of subarkosic sandstones in collection 

sites 1 and 6 differ in grain size, silicified plant morphology, 

and location they both lie in the same stratigraphic unit. The 

very fine grained subarkosic sandstone in collection site 6 is 

very friable, yellowish tan in color, and highly porous. Grains 

(91 to 122 microns in size) predominantly consist of quartz with 

15 
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minor amounts of feldspar, muscovite, mierochalcedony, and 

volcanic rock fragments. Silicified plant stems (Fig. 7), oriented 

upright in the sandstone, are white to grayish cream in color and 

cylindroidal in shape. The cylindroidal type stems are commonly 

20mm in length, 5 to 8mm in height, and 20mm in width. The short 

lengths of the plant stems may indicate segmentation in their 

structure. 

The fine grained subarkosic sandstone in collection site 1 

consists mainly of quartz grains (125 to 200 microns in size) with 

minor amounts of feldspar, mierochalcedony, and volcanic rock 

fragments. The sandstone is whitish gray to light tan in color, 

slightly indurated, calcareous, and porous. The silicified plant 

material (Fig. 8) associated with the sandstone occurs upright 

(vertical) in the sediment and as float. The siliceous stems are 

cylindroidal in shape, white to grayish cream in color, 9 to 22mm 

in length, and 3 to 4mm in diam.eter. 

Collection sites 2, 3, 5, and 6 "middle-upper" represent a 

coarse silty lithic ash that contains no silicified plant m.aterial. 

All samples are highly indurated, diatomaceous, porous, and contain 

mostly quartz grains (50 microns in size) with small amounts of 

feldspar and mierochalcedony. Colors consist of cream to light 

gray (collection site 2), tan (collection site 3), grayish white 

to cream (collection site 5), and tannish gray to cream (collection 

site 6 "middle-upper). 

A coarse silty to very fine grained lithic ash containing 
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abundant silicified plant material represents the type of rock 

found in collection sites 4, 6 "lower-middle", and 7. This 

lithic ash is porous, highly indurated, diatomaceous, and contains 

abundant quartz grains (50 microns in size) and with traces of 

feldspar. Unconsolidated areas of ash are randomly scattered 

throughout the indurated areas. Colors range from grayish tan or 

grayish cream (collection sites 4 and 7) to creamy light gray 

(collection site 6 "lower-middle"). The white to grayish cream 

colored silicified stems (Figs." 19'and 20) are randomly oriented 

and dispersed within the ash matrix. The siliceous material 

consists of bulbus and root (wedge) shaped structures, and 

triangular, cylindroidal, and flattened stems. The bulbus material 

is 8 to 20mm in diameter and the root structures are 25 to 30mm 

in length. Triangular stems in cross-section measure approximately 

2mm from the center of the stem to each of its apices (lengths 

unknown). Cylindroidal stems are 8 to 40mm in diameter, and the 

flattened stems are 70mm in length, Srrm in width, and 5mm in 

height. 

The San Diego Mountain area (collection sites 8 and 9) consists 

of two basic rock types: (1) coarse silty to very fine grained 

lithic ash (SDM sample numbers 1, 3, 4, 5, and 6) which in many 

cases has abundant silicified plant material and (2) fine grained 

subarkosic sandstone (SDM number 2) which contains silicified 

plant material. These two rock types are represented by six 

samples labeled San Diego Mountain (SDM) sample numbers 1, 2, 3, 
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4, 5, and 6. The very fine grained lithic ash of SDM sample 

number 1 (Fig. 21) is light green to tannish brown in color, 

highly porous, diatomaceous, highly indurated, and calcareous. 

Quartz grains (up to 70 microns in size), with minor amounts of 

feldspar, calcitic algal grains, ostracod shells (300 to 450 

microns in length and 30 microns in width), mierochalcedony, and 

silicified plant fragments occur within the lithic ash. The 

silicified plant stems are oriented upright in some areas and 

unoriented in other areas (Fig. 21). These stems are tan in color, 

triangular in shape (f̂ ig". 22), 14 to 25 mm in length, 1 to 1.5mm 

from the center of the stem to each of its apices (in cross-

section), and encrusted with calcareous algal material. Distinct 

thin horizontal ash layers can be seen in some hand specimens 

(Fig. 21) indicating reworked airfall ash deposits. 

A slightly porous, diatomaceous, highly indurated, gray, 

coarse silty lithic ash comprises SDM sample number 3. The lithic 

ash contains an abundance of quartz grains (45 to 60 microns in 

size), small amounts of feldspar, and mierochalcedony. Scattered 

fragments of silicified plant material are distributed throughout 

the lithic ash matrix. 

SDM sample number 4 represents a tannish gray, diatomaceous, 

coarse silty, slightly porous, indurated lithic ash. Grains 

(30 microns in size) predominantly consist of quartz with minor 

amounts of ealcite, reworked lithic ash, and feldspar. Silicified 

grayish white plant fragments are abundantly dispersed throughout 



19 

the lithic ash. 

SDM sample number 5 consists of coarse silty lithic ash which 

is grayish white to cream in color, highly porous, diatomaceous, 

partially indurated, and calcareous. The lithic ash contains a 

preponderance of quartz and calcareous grains (50 microns in size) 

and traces of feldspar. Silicified plant stems, randomly oriented, 

are cylindroidal in shape, 1.2mm in diameter, 7mm in length, and 

encrusted with calcitic algal material. 

SDM sample number 6 is a coarse silty, yellowish brown, 

slightly porous, diatomaceous, indurated lithic ash. Grains (50 

microns in size) consist predominantly of quartz and minor amounts 

of ealcite, feldspar, reworked lithic ash, and calcareous algal 

grains. Dark silicified plant material (Fig. 9) is randomly 

distributed throughout the matrix. 

The fine grained subarkosic sandstone associated with SDM 

sample number 2 is pinkish gray in color, indurated, and slightly 

porous. Grains (152 microns in size) are predominantly quartz 

with small amounts of feldspar, ealcite, and mierochalcedony. 

Silicified stems, randomly oriented and distributed throughout the 

sandstone, are white-cream to brown in color, cylindroidal in 

shape, 2 to 4mm in diameter, and 9 to 12mm in length. 



CHAPTER V 

MINERALOGY 

Diagenetic Minerals 

Identification 

Thin sections and x-ray diffraction data were used to determine 

the diagenetic minerals occurring in the Rincon and San Diego 

Mountain areas. X-ray diffraction data indicated the presence of 

quartz, ealcite, smectite, illite, low tridymite, and low 

cristobolite. Thin-section analysis confirmed all minerals 

identified by x-ray diffraction (except smectite, illite, and low 

tridymite) and revealed opal and the following petrographic 

varieties of quartz: mierochalcedony (length fast and slow), 

chalcedony (length fast and slow), megaquartz, and flamboyant 

megaquartz. 

Occurrence 

1. Calcite occurs as sparry and micritie cement, recrystal

lized micrite (microspar and/or pseudospar), and algal encrusting 

material. 

2. Clays, smectite and/or illite, were found to be 

alteration products of ash (inplaee) and oriented clay films or 

argillans. 

3. Low t r i dym i te , i den t i f i ed only by x-ray d i f f r a c t i o n , was 

20 
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solely restricted to unconsolidated ash. 

4. Opal (amorphous) occurs as silicic evaporative films or 

silans. 

5. Lussatite, the fibrous form of cristobolite, occurs as a 

secondary mineral from the crystallization of opal. 

6. Mierochalcedony and chalcedony (length fast and slow) 

occur as a replacement of lussatite and as void filling preeipi-

tants. 

7. Megaquartz occurs as a void filling precipitant. 

8. Flamboyant megaquartz occurs as a recrystallization of 

mierochalcedony. 

Distribution Within Rincon Area 

Most of the sparry and micritie calcite cements (including 

microspar) are concentrated in samples (sandstone and plants) from 

collection site 1, but small amounts of micritie calcite cement 

are present in specimens (voids in lithic ash) from collection 

sites 2 through 6. The largest amounts of detectable clay 

(smectite and/or illite) occur as argillans in samples (sandstone) 

from collection site 6. The sample from collection site 1 (lithic 

ash) contains only opal, but samples from sites 2 through 7 exhibit 

crystallization of opal to lussatite. Of these areas, collection 

sites 4 through 7 display higher degrees of crystallization 

(mierochalcedony, chalcedony, megaquartz, and flamboyant 

megaquartz). Mierochalcedony and chalcedony are present in 
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collection sites 4 through 7, megaquartz is restricted to 

collection sites 4 and 5, and flamboyant megaquartz occurs only in 

collection site 4. 

Distribution Within San Diego Mountain Area 

Most of the calcium carbonate occurs as encrusting algal 

material (partly recrystallized to microspar and pseudospar) in 

SDM sample numbers 1 and 5, and sparry ealcite and minor amounts 

of micritie cement in SDM sample numbers 1, 4, 5, and 6. Smectite 

and/or illite, alteration products of ash (Fig. 23), are 

predominantly concentrated in SDM sample number 3. The only silica 

occurring in SDM sample numbers 1 through 6 is opal. 



CHAPTER VI 

DIAGENESIS 

The following section describes the diagenesis of ash, 

subarkosic sands, and associated plant materials in the Rincon and 

San Diego Mountain areas. 

Ash and Associated Plant Material 

Rincon Area 

The process by which vugs, formed from dissolution of 

aragonite shells in incompletely lithified lime mud, partially 

collapse and form fractures (Jacka and Brand, 1977) is homologous 

to the formation of voids and fractures in unlithified ash 

containing plant material. The dissolution of ash and diatoms, 

and decomposition of plant material create vugs which partially 

collapse and form fractures. Later, after many episodes of soil 

water invasion, the fractures become solution channels. 

The presence of many petrographic varieties of quartz in the 

ash and associated plant material indicates diagenetic "maturity" 

within the Rincon area. 

The following stages of diagenesis are recorded in siliceous 

deposits occurring within ash and associated plant materials. 

1. Dissolution of diatoms and glass shards by percolating 

ground water and decomposition of (randomly oriented) plant 

23 
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material created vugs and fractures which developed into solution 

channels (Fig. 24). The vugs and solution channels sometimes 

became filled with internal sediment consisting of grains of 

reworked lithified ash and detrital grains (Fî g. 18). 

2. Rapid evaporation of silicic solutions caused opal to 

precipitate and coat diatoms, remnants of glass shards, plant 

surfaces, internal sediment, and inner walls of vugs and solution 

channels (Fig. 25). The opal films or coats (silans) progressively 

accumulated and filled in remaining void spaces (Figs. 26, 27, and 

28). These films or silans exhibit a botryoidal morphology 

(Figs. 29 and 30) which imparts a vermicular appearance to the 

altered ash (Figs. 31 and 32). Opal appears transparent to opaque 

(dark brown to black in color) under transmitted light and is 

isotropic. 

3. The opal (containing water) dehydrated or desiccated 

and irregular cracks or fractures developed producing a porous 

m.edium (Fig. 33). 

4. Water entering and penetrating the fractured and porous 

opal created a favorable environment for the crystallization of 

opal to lussatite (Fig. 34). Lussatite appears as bright fibrous 

bands (under crossed polarizers) lining the insides of voids 

(Fig!'35). As described by Sundin (1974), fibers of lussatite 

under crossed polarizers are approximately perpendicular to the 

surface, and exhibit undulose extinction and parallel to 

subparallel fiber growth (Fig. 36). Lussatite is usually 
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transparent to opaque (light to dark brown in color) under plane 

transmitted light. As noted by Sundin (1974), lussatite lining 

voids exhibits an increase in crystallinity toward the outer 

portions of the banded sequence (Fig. 35). 

5. Lussatite was commonly replaced by mierochalcedony or 

chalcedony (length fast and slow). The replacement process involves 

dissolution of lussatite crystals and precipitation of miero

chalcedony or chalcedony crystals along replacement fronts (Fig. 

36). The term "mierochalcedony" represents (in this study) 

crystals of chalcedony which are less than 30 microns in length. 

The mierochalcedony and chalcedony, resulting from alteration, are 

composed of blocky patterns of fibrous crystals (transparent 

under transmitted light) oriented perpendicular to remnant 

lussatite banding (Figl 37). In many instances small, horizontally 

elongated pods of chalcedony occur within a lussatite band (Fig. 

36). This suggests that the replacement fronts have expanded 

horizontally within lussatite bands. In some instances the lussa

tite morphology is preserved after conversion to mierochalcedony 

or chalcedony; however, in many instances the banded structure 

became distorted, disrupted, or obliterated (Figs.^38, 39, and 40). 

6. Much mierochalcedony and chalcedony (length fast and slow) 

initially nucleated on lussatite and subsequently was precipitated 

as void-filling cement. Three characteristic patterns of 

chalcedony precipitation are displayed: 1) one single radial 

bundle of fibers extending from edge of void inward toward a 
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common point (Fig. 41); 2) several radial bundles of fibers 

extending from the edge of a void toward the center (Fig. 42), 

forming a polygonal configuration (from the impi'̂ gement and 

termination of radial bundles) as described by Sundin (1974); and 

3) subparallel to parallel fibers (approximately perpendicular to 

banding and equal in length) which form bands (Fig. 42). 

7. Megaquartz filled voids initially lined with miero

chalcedony. Euhedral and subhedral crystals of megaquartz have 

sharp extinction under cross polarizers and are transparent under 

transmitted light. Petrographic evidence indicates that the 

megaquartz commonly exhibits an increase in crystal size toward the 

middle of a void (Fig. 43); this represents a drusy fabric. Note 

that steps 6 and 7 could possibly occur simultaneously during the 

crystallization of opal to lussatite and/or the replacement of 

lussatite by mierochalcedony or chalcedony. 

8. In rare instances mierochalcedony recrystallized to 

flamboyant megaquartz. Euhedral terminated crystals of flamboyant 

megaquartz are transparent under transmitted light and have sharp 

extinction under crossed polarizers (Fig. 44). 

9. Micritie calcite cement commonly filled fractures and 

occurred as ealcitans coating altered and unaltered bands of 

silica in voids (Fig. 45). 

Thick and thin void filling sequences exhibit complex variations 

in varieties of silica and stages of diagenesis. Bands of unaltered 

opal are intercalated with bands of lussatite, mierochalcedony 
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p.73 
or chalcedony (Fig. 37). Degree of erystallinity or stage of 

diagenesis bears no relationship to relative age of individual 

bands. Degrees of crystallization and stages of diagenesis 

reflect variations in amount of time in which materials were in 

contact with water. 

Discussion 

Hawley, Baehman, and Manley (1976) inferred that during 

Pleistocent time in the New Mexico-West Texas region, which 

includes the span of time involved in the silicification of the 

plants, interglacial and glacial periods were responsible for 

cyclic climatic changes. Furthermore, they said that maximum 

glacial intervals were characterized by increased precipitation 

and by decreased temperature and evaporation, whereas transitions 

from glacial to interglacial intervals were characterized by 

increased aridity (Hawley, Baehman, and Manley, 1976). 

Within interglacial or glacial periods, glaciers can exhibit 

temporary episodic advances and retreats due to waxing and waning. 

These fluctuating glacial intervals are defined to be stades 

(advance) and interstade (retreat) glacial stages (ASCN, 1941). 

It is probable that the same climatic conditions described (by 

Hawley, Baehman, and Manley) as characterizing maximum glacial 

intervals and transitional glacial to interglacial periods 

occurred during maximum stade and transitional stade to interstade 

stages. 
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In the following interpretation of silica diagenesis with 

respect to climate, a wet interval (rise in water table) 

represents a semi arid to subhumid climate and a dry interval 

(drop in water table) represents a semiarid to arid climate. 

It is inferred that during dry intervals opal films or 

silans formed from rapid evaporation of silicic solutions and 

subsequently dehydrated or desiccated forming irregular cracks or 

fractures. Then during wet intervals water entered and penetrated 

the fractured and porous opal causing it to crystallize to 

lussatite. If the wet intervals were long enough lussatite was 

replaced by mierochalcedony or chalcedony; mierochalcedony 

recrystallized to flamboyant megaquartz; and megaquartz, 

mierochalcedony, and much chalcedony precipitated directly 

subsequently filling voids. 

Changes in climatic periods, arid to semiarid or subhumid and 

semiarid or subhumid to arid are thought to be represented by 

thick and thin alternating bands of opal (dry interval) and 
p:i3 

lussatite or mieroehalcedony-chalcedony (wet interval) (Fig. 37). 

A thick bandof highly altered (or crystallized) opal could 

represent a long dry interval followed by a long wet interval, and 

a thin band of highly altered opal could represent a short dry 

interval followed by a long wet interval. Furthermore, a thick 

band of slightly altered opal could represent a long dry interval 

followed by a short wet interval, and a thin band of slightly 

altered opal could represent a short dry interval followed by a 
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short wet interval. 

San Diego Mountain Area 

The absence of petrographic varieties of quartz in the ash 

and associated plant material indicates diagenetic "immaturity" 

within the San Diego Mountain area. 

The following stages of diagenesis are revealed from siliceous 

deposits occurring within ash and associated plant materials. 

1. Dissolution of diatoms and glass shards by percolating 

ground water, and the decomposition of (randomly and vertically 

oriented) plant material created vugs and fractures which later 

developed into solution channels as in the Rincon area (Fig. 46). 

2. Percolating ground water, carrying clays in suspension, 

evaporated and subsequently deposited clay films or argillans on 

plant surfaces (internal argillans) (Fig. 47). 

3. Detrital grains were deposited inside decayed areas 

within the plant as internal sediment (Fig. 48). 

4. Solutions rich in calcium carbonate discharged through 

ash and deposited sparry calcite cement within plants, vugs', and 

solution channels. The sparry calcite cement tended to fill 

voids and extend outward replacing ash and diatoms (Fig. 49). 

The micritie encrusting algal material may have served as 

favorable sites for sparry ealcite precipitation. Some of the 

micritie algal material recrystallized to microspar and pseudospar 

)S0 
(Fig. 50). 



30 

5. Silicic solutions precipitated opal which coated diatoms, 

remnant glass shards, sparry calcite cement, plant surfaces, and 

inner walls of vugs and solution channels (Figsy'27, 28, 46, and 

51). Opal also impregnated and partially replaced the calcareous 

encrusting algal material (Fig. 13). As in the Rincon area, opal 

films accumulated one on top of the other extending outward and 

partially filled voids (Fig. 27). 

Subarkosic Sands and Associated Plant Material 

Sands in Collection Site 1 of Rincon Area 

The unit above the sand layer containing the silicified 

plants is a thin layer of calcite which appears to be algal origin. 

Within this thin layer originally siliceous diatoms and shards 

have been replaced by calcite. Subsequently small nodules of 

opaline silica were em.placed as replacement of the calcium 

carbonate. No crystalline varieties of silica were found in the 

(vertically oriented) opaline plant stems occurring in the sand 

layer below the calcareous thin unit. 

The following steps describe the diagenesis of the sand layer 

containing the silicified plants. 

1. The inner cores and other parts of (vertically oriented) 

plant material decomposed and created voids (Fig. 52). Some of 

initially deposited sediment surrounding the plant was transported 

and emplaced within these voids as internal sediment by natural 

http://em.pl
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gravitational forces and percolation of ground water (Fig. 53). 

2. Descending ground water, carrying colloidal clays, moved 

through sediment and evaporated depositing optically oriented clay 

films or argillans around detrital grains, internal sediment, and 

plant surfaces (Figs. 54, 55, and 56). Steps 1 and 2 may have 

occurred simultaneously. 

3. Micritie calcite cement largely filled intergranular pore 

spaces (Fig. 54) and some inner cores of plants engulfing internal 

sediment (Fig. 57). The micritie calcite partially replaced 

argillans and outer rims of detrital grains (Fig. 54). 

4. Silicification of plant remains took place after emplace

ment of micritie calcite had occluded most of the primary porosity. 

Vertically oriented hollow stems and decomposed root systems 

provided relatively high permeability channels for silicifying 

fluids and opal films (silans) were precipitated on plant remains 

(Fig. 58). Opal impregnated and partially replaced micritie 

calcite both within the plant (Fig. 57) and sand matrix (Fig. 54). 

Some of the internal sediment which was not cemented with micritie 

calcite was cemented by opal (Fig. 53). Also internal argillans 

formied on top of plant replicating silans (Figs. 56, 59, and 50.) 

5. Later sparry calcite was precipitated within residual 

voids (in sand and plant) and some replacement of silicified plant 

materials by sparry calcite took place (Fig. 58). 
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Sands in Collection Site 6 of Rincon Area 

1. Both sand grains (Fig. 17) and plant remains were coated 

by optically oriented clay films (argillans) which were 

pedogenically emplaced by illuviation of clay colloids. 

Subsequently much pore filling sodium smectite was precipitated 

within small primary intergranular voids. This smectite is highly 

water sensitive and would greatly expand when wetted fronts 

penetrated the soil. 

2. Central portions of plant stems slowly decomposed along 

with much of the root systems. Vertically oriented (hollow) stems 

and decomposed root systems provided the only permeability 

channels. Silicification followed illuviation of clay (argillans) 

and precipitation of pore fill clays and was restricted to the 

plant materials. Opal was precipitated as silans on remaining 

plant materials and later as partial void fill. 

3. The opal was subjected to freshwater diagenesis and 

subsequently converted to stable silica polymorphs [lussatite and 

length fast and slow mierochalcedony and chalcedony (Fig. 611]* 

4. Some of the voids within the plants were filled with 

length fast and slow chalcedony (Fig. 42). 

San Diego Mountain Area 

1. As in the Rincon area, argillans developed around 

detrital grains (Fig. 62). 



2. Silicic solutions precipitated opal as silans which 

coated argillans and plant surfaces CFigs. 16, 64, and 65). Opal 

films progressively accumulated and extended outward filling 

intergranular pore spaces and plant voids (Fig. 63). 

33 



CHAPTER VII 

MINERALOGIC MATURITY OF SILICA FOUND IN 

RINCON AND SAN DIEGO MOUNTAIN AREAS 

Conditions necessary for crystallization of opal or 

recrystallization of other petrographic varieties of silica are not 

understood. Petrographic analysis revealed that contact of opal 

Cor other petrographic varieties of silica) with water was mainly 

or solely responsible for crystallization and subsequent replace-

ment or recrystallization within the study areas. Figures 56, 67, 

and 68 exhibit a geopetal fabric in which bottoms of voids are more » 

crystallized or recrystallized than tops. The lower portion of a 

void is a place where contact with vadose water would be most \ 

prolonged, making it the most favorable area for crystallization, ] 

replacement, or recrystallization. 

Within the Rincon area, differences in crystallization, 

replacement, and recrystallization between collection sites 2 and 3 

(opal and lussatite) and collection sites 4 through 7 (miero

chalcedony, chalcedony, megaquartz, and flamboyant megaquartz) 

indicate that one area (sites 4 through 7) was in contact with 

water longer than the other (sites 2 and 3). Two possible 

explanations which could account for differences in time that the 

areas were in contact with water are: 1) the porous plant material 

in sites 4 through 7 could have acted as receptacles for water 

allowing a favorable environment for crystallization, whereas plant 
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material was unavailable for water retainment in sites 2 and 3; or, 

2) younger sediment could have covered sites 2 and 3 prematurely, 

terminating or greatly decreasing the crystallization, replacement, 

and recrystallization. 

While both localities, Rincon and San Diego Mountain areas, 

have similar rock types and plant morphologies, they differ greatly 

in degree of crystallization or mineralization. The Rincon area 

has opal, lussatite, and numerous petrographic varieties of silica, 

whereas the San Diego Mountain area contains only opal. Silica 

in the Rincon area is much more highly crystallized than in the 

San Diego Mountain area. This reflects a much longer history of 

moisture penetration in the Rincon than the San Diego Mountain area, 

indicating that the Rincon area is.older than the San Diego 
i\ 
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CHAPTER VIII 

MECHANISM OF SILICIFICATION 

After macroscopic examination, silicified plant material from 

the Rincon and San Diego Mountain areas initially appeared to be 

organic material replaced by silica. Further investigation with 

the petrographic microscope revealed that the plant tissue was not 

replaced, but only crudely replicated by evaporative opal films or 

silans (adapted from Brewer, 1964). 

The presence of silans around grains, plant surfaces, diatoms, 

and remnant glass shards (Fig. 25) indicates that the replication 

process occurred in a vadose environment where meteoric water 

percolated downward through the sediments containing the plants. 

The dissolution of ash and diatoms shown in figures 24 and 46 

provided the descending meteoric water with silica. Photomicro

graphs of silans occurring on the exterior and interior (Fig. 25) 

of plants strongly suggest that silicic solutions entered and 

permeated the entire plant and later precipitated and deposited 

opal films (silans) on all exposed plant surfaces. Internal 

sediment aligned parallel to plant length (Fig. 53), elongate 

cylindroidal deposits of calcite parallel to plant length (Fig. 

53), and internal argillans (within plant) parallel to plant 

length (Figs. 47 and 56) show that most of the silicic fluid flow 

was through longitudinal conducting vessels (Fig. 69) of the 

plants. 
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From the crude replicated cellular tissue, it appears that 

the plants are a type of aquatic monocot. The plant parts in 

question seem to be comprised primarily of parenchyma tissue, the 

cells of which are normally quite permeable to solution flow 

within their primary wall matrix (Morey, 1980, personal 

communication). It is believed that silicic fluids entered and 

deposited opal films within and on the inside of the permeable cell 

walls subsequently filling available void spaces. Later as cell 

walls decomposed and created additional void space, opal was 

deposited in their place producing a grid-like network of replicated 

cells (Figs. 70 and 71). 

The replication process (silicification) mentioned above is 

similar to that described by Leo and Barghoorn (1976), Went 

(1971), and Drum (1968) cited earlier in Chapter III. 

The following summary describes the succession of events 

involved in the replication process: 1) meteoric water percolates 

downward through sediment containing plant material and dissolves 

ash and diatoms, 2) solutions rich in silica permeate exterior and 

interior of plant, 3) silicic solutions evaporate rapidly 

(illuviation) and precipitate and deposit opal films (silans) on 

all exposed plant surfaces, 4) opal films progressively accumulate 

and fill pre-existing and later formed (from plant decomposition) 

void space, and 5) all plant material eventually decomposes and 

leaves an opal replica or cast of itself. 

According to the silicifying mechanism (silans) proposed in 
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th is report, s i l i c i f i c a t i o n can be defined as: the replication of 

plant morphology by the i n f i l t r a t i o n and deposition of s i l i ca 

material on a l l accessible plant surfaces and in pre-existing and 

later formed (from plant decay) plant voids. 



CHAPTER IX 

CONCLUSIONS 

1. The plant flora studied in this report represents emergent 

type aquatic plants which lived in swampy ponded areas with 

ostracods, diatoms, and in some instances calcareous algae. The 

ponded areas were often sites of ash (direct airfall and/or 

internal drainage of previously deposited airfall ash from 

surrounding highlands) and fluvial sediment deposition. Subaerial 

exposure, drainage (from drop in water table due to climatic 

change), and fresh water diagenesis transformed the former ponded 

areas into silcretes. 

2. Petrographic analysis revealed that the silicified plant 

material occurring in the Rincon and San Diego Mountain areas was 

not replaced by silica, only replicated by opal films or silans. 

3. The replication process (illuviation) occurred in a 

vadose environment where meteoric water, rich in silica from 

dissolution of ash and diatoms, percolated downward and deposited 

evaporative films of opal (silans) on plant surfaces and 

surrounding sediment. 

4. The permeable nature of the cell walls of the plants 

allowed easy passage of silicic fluids from cell to cell. Opal 

was deposited on interior and exterior areas of the permeable 

cell walls, subsequently filling pre-existing and later formed 

(from plant decay) void spaces. An opal replica or cast of the 
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plant remained when all organic matter subsequently decomposed. 

5. Desiccation of opal formed a porous medium and the 

continual contact of opal (or other petrographic varieties of 

silica) with water concurrently induced crystallization 

subsequently forming lussatite. 

6. Lussatite was commonly replaced by mierochalcedony or 

chalcedony (length fast and slow). 

7. Much mierochalcedony and chalcedony initially nucleated 

on lussatite and subsequently was precipitated as void-filling 

cement. 

8. Megaquartz filled some voids initially lined with 

mierochalcedony. 

9. In rare instances mierochalcedony recrystallized to 

flamboyant megaquartz. 



LIST OF REFERENCES 

American Commission on Stratigraphic Nomenclature (ACSN), 1961, 
art. 40. 

J Arnold, C.A., 1941, The petrifaction of wood: Mineralogist, v. 9, 
no. 9, p. 323-324, 353-355. 

Brewer, R., 1964, Pedological features I: cutans, iji Fabrics and 
mineral analysis of soils: New York, Wiley and Sons, 
p. 205-233. 

y Buurman, P., 1972, Mineralization of fossil wood: Scripta Geol., 
, V. 12, p. 1-43. 

Correns, C.W., 1950, Zur geochemie diagenese: Geochim. Cosmochim. 
Acta 1, p. 49-54. 

^ Drum, R.W., 1968a, Petrifaction of plant tissue in the laboratory: 
Nature, v. 218, p. 784-785. 

Fairbanks, E.E., 1970, The toughness of silicified wood: Earth 
Sci., v. 23, no. 2, p. 65-67. 

Folk, R.L., 1959, Practical petrographic classification of lime
stones: Am. Assoc, of Petroleum Geol. Bull., v. 43, p. 1-38. 

, 1965, Some aspects of recrystallization in ancient lim.e-
stones, 211 L.C. Pray and R.C. Murray, eds., Dolomitization 
and limestone diagenesis, a symposium: Soe. Econ. 
Paleontologists and Mineralogists, Spec. Publ. no. 13, 
p. 14-48. 

Hawley, J.W., 1975, Quaternary history of the Dorfa Ana County region, 
south-central New Mexico: Socorro, New Mex. Geol. Soe. 
Guidebook to the Las Cruces County, 26th Field Conf., 
p. 139-149. 

Hawley, J.W,, Baehman, G.O., and Manley, K., 1975, Quaternary 
stratigraphy in the Basin and Range and Great Plains 
Provinces, New Mexico and western Texas, jji W.C. Mahaney, 
ed.. Quaternary stratigraphy of North America: Stroudsburg, 
Pennsylvania, Dowden, Hutchinson, and Ross, p. 235-275. 

Hawley, J.W., and Kottlowski, F.E., 1969, Quaternary geology of 
the south-central New Mexico border region, }n_ Border 
stratigraphy symposium: New Mexico Dur. Mines Mineral 
Resources Circ. 104, p. 89-104. 

41 



42 

Hawley, J.W., Kottlowski, F.E., Strain, W.S., Seager, W.R., 
King, W.E., and LeMone, D.V., 1969, The Santa Fe Group in the 
south-central New Mexico border region, ijn_ Border 
stratigraphy symposium: New Mexico Bur. Mines Mineral 
Resources Circ. 104, p. 52-79. 

Jacka, A.D., and Brand, J.P., 1977, Biofacies and development and 
occlusion of porosity in a lower Cretaceous (Edwards) reef: 
Jour. Sed. Pet., v. 47, p. 366-381. 

.)/r LeMone, D.V., and Johnson, R.R., 1969, Neogene flora from the 
Rincon Hills, Do?ia Ana County, New Mexico, in Border 
stratigraphy symposium: New Mexico Bur. Mines Mineral 
Resources Circ. 104, p. 77-88. 

-/Leo, R.F., and Barghoorn, E.S., 1976, Silicification of wood: 
Harvard Univ., Bot. Mus. Leaflets, v. 25, no. 1, p. 1-47. 

i St. John, R.N., 1927, Replacement vs. impregnation in petrified 
wood: Economic Geology, v. 22, p. II^-IZ^, 

^Schopf, J.M., 1971, Notes on plant tissue preservation in a 
Permian deposit of peat from Antarctica: Am. J. Sci., v. 271, 
p. 522-543. 

Seager, W.R., Clemons, R.E., and Hawley, J.W., 1975, Geology of 
Sierra Alta quadrangle. New Mexico: New Mexico Bur. Mines 
Mineral Resources Bull. 102, 56 p. 

Seager, W.R., and Hawley, J.W., 1973, Geology of Rincon quadrangle. 
New Mexico: New Mexico Bur. Mines Mineral Resources Bull. 
101, 42 p. 

Seager, W.R., Hawley, J.W., and Clemons, R.E., 1971, Geology 
of the San Diego Mountain area, Dorta Ana County, New 
Mexico: New Mexico Bur. Mines Mineral Resources Bull. 97, 
36 p. 

V Sigleo, A.M., 1977, Organic and inorganic geochemistry of the 
petrifcation of wood: Doctor's dissertation. University of 
Arizona, 79 p. 

Strain, W.S., 1969a, Late Cenozoic strata of the El Paso area, in 
Border stratigraphy symposium: New Mexico Bur. Mines 
Mineral Resources Circ. 104, p. 122-123. 

' / Sundin, P.J., 1974, Investigation of siliceous intervals within 
the Ogallala Form.ation from analysis of subsurface core 
material: Master's thesis, Texas Tech University, 63 p. 



43 

Went, F.W., 1972, Fossilization of plants by impregnation: Proc 
Koninkl. Akad. Wetenschap., v. 75, p. 106-114. 



APPENDIX 

OF 

DEFINITIONS 

44 



45 

DEFINITIONS 

Argillans: Optically oriented clay films around grains or 
other surfaces formed from the evaporation of descending 
vadose waters (adapted from Brewer, 1964). 

^i^ans: Opal films around grains or other surfaces formed from 
the evaporation of descending vadose waters (adapted from 
Brewer, 1964). 

Calcitans: Calcitic films around grains or surfaces (adapted 
from Brewer, 1964). 

Microspar: Recrystallized micrite crystals 5 to 30 microns in 
size (Folk, 1965). 

Pseudospar: Recrystallized micrite crystals greater than 30 
microns in size (Folk, 1965). 

Sparry Calcite: Void filling ealcite crystals greater than 4 
microns in size (Folk, 1959). 

Micrite: Lime mud consisting of calcite crystals less than 1 
to 4 microns in size (Folk, 1959). 

Mierochalcedony: Crystals of chalcedony less than 30 microns 
in size. No strict definition of the term has been proposed, 
A precedent for this definition was established by Folk's 
1965 definition of microspar to represent a certain crystal 
size of chalcedony. 

Geopetal Fabric or Structure: The internal structure or 
organization that indicates original orientation of a 
stratified rock (Sander, 1936). 

Internal Sediment: Sediments that are derived from the 
surface of, or within, a more or less consolidated sediment, 
and deposited in secondary cavities found in the host rock 
(after its deposition) by internal erosion or solution 
(Bathurst, 1958). 
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In the following appendix each micrograph was taken with a 

reticle that superimposes a micrometer grid across the center of 

the field. The scale of each photo is indicated according to the 

smallest division of the grid which will be designated as d̂. For 

example, d = 10 microns; a micron is equal to 0.001 mm. 

Those micrographs taken under crossed polarizers will be, 

indicated with an )^. Micrographs taken in plane light wijl be 

given no designation. 
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CciQiOTierai c F.-'Liĵ îore j Pi.o.:e.-.̂  .-);..j 
sanGbtcne gyDsun-! oed': | Wiorenp''-
a'lQ coiiqiornef5'e 

CS- Congiorne 

. - ^ ' . ^F i . r 

Kir ^' - 1 

I 

A Co.iociiO-' S'lef-yi 

1 

— — 

• • • ' 

1 
— 1 D ' ' e j ' 

, W n i ' e M ^ ' ^ e - B " : 

^ -

Gf-C'iciQiC C>>;iLi'.'- G.^"-."-;-!', ' 

concea'ed a^s'ifed *\iie'f } 
mte red ::^ii -̂ " O'-w'ii^r w-. siô - I 
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Fig. 3.--Map of San Diego Mountain study area. Adapted from 
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b.—Photograph showing the typical silcrete mesa or bench 
(containing silicified plants) representative of the Rincon 
area. 
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Fig. 6.--Photograph showing the typical silcrete mesa or oench 
(containing silicified plants) representative of the San 
Diego Mountain area. 
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Fig. 7.—Photograph of siliceous plant stems found upright in very 
fine grained subarkosic sandstone. Collection site 6, 
Rincon area. 

Fiq 8 --Photograph of siliceous plant stems found upright in fine 
qrained subarkosic sandstone. Collection site 1, Rincon area 
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Fig. 9.—Photograph of dark silicified plant material found 
randomly oriented in coarse silty lithic ash. SDM sample 
6, San Diego Mountain area. 
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Fig. 10.--SEM micrograph of diatoms occurring 1n "pocket" of 
unconsolidated ash within very fine grained lithic ash. 
SDM sample number 1, San Diego Mountain area. 
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Pig. 11.—SEM micrograph of diatoms as described in Fig. 10. 
SDM sample number 1, San Diego Mountain area. 
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Fig. 12.--Micrograph of ostracod shell and surrounding calcareous 
encrusting algal material which have been replaced by opal 
(black). ]Iery fine grained lithic ash. SDM sample number 1, 
San Diego Mountain area, d = 11 microns. X. 

Fig. 13.--Micrograph of calcareous encrusting algal material (red). 
Large portions of the algal material has been replaced by opal 
(light brown), \lery fine grained lithic ash. SDM sample 
number 1, San Diego Mountain area, d = 42 microns. 
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Fig. 14—Micrograph depicting oriented slide of reworked volcanic 
ash. Material was scraped from layer of poorly consolidated 
ash which is IntercalatedVith sandstone and sandy ash. 
yery fine grained llthtc ash. SDM sample number 1, San Diego 
Mountain area, d = 4.3 microns. 
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Ash Fia 15 —Micrograph showing oriented slide of reworked ash. 
was scraped from a "pocket" of soft ash within indurated 
lithic ash. Coarse silty to very fine grained lithic ash. 
Collection site 6 "lower-middle", Rincon area, d = 10 microns 
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16.--Micrograph of silans around detrital grains, 
grained subarkosic sandstone. SDM sample number 2 
Diego Mountain area, d = 4.3 microns. 

Fine 
San 

17.--Micrograph of argillans around detrital grains. Very 
fine grained subarkosic sandstone. Collection site 6, 
Rincon area, d = 4.3 microns. X. 
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Fig. 18.--Micrograph of internal sediment which has been emplaced in 
solution channels and cemented with opal that has altered to 
mierochalcedony. Coarse silty Hthic ash. Collection site 5, 
Rincon area, d = 30.4 microns. X. 

fc-

Fig. 19 —Photograph of siliceous material consisting of bulbus and 
root (wedge) shaped structures; and triangular, cylindroidal, 
and flattened stems (randomly oriented in ash). Coarse silty to 
very fine grained lithic ash. Collection sites 4, 6 'lower-
middle", and 7, Rincon area. 
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Fig. 20.-Photograph displaying morphology of silicified stems 
Coarse silty to very fine grained lithic ash. Collection 
sites 4, 6 "lower-middle", and 7, Rincon area. 

Fig. 21.--Photograph of siliceous triangular stems (partially 
oriented upright and unoriented in ash). Horizontal ash 
layers (H) occur at top. ^ery fine grained lithic ash. SDM 
sample number 1, San Diego Mountain area. 
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Fig. 22.—Photograph showing morphology of siliceous triangular 
stems (transverse view) encrusted with calcareous algal 
material (red). \ery fine grained lithic ash. SDM sample 
number 1, San Diego Mountain area. 

Fig 23 --Micrograph of clays, smectite and/or illite, occurring as 
alteration products of ash (inplaee). Coarse silty lithic 
ash. SDM sample number 3, San Diego Mountain area, d - 4.3 
microns. X. 
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Fig. 24.--Micrograph of coarse silty lithic ash. Solution channels 
and vugs formed by dissolution of ash, diatoms, and decomposi
tion of plant remains. Fractures were formed by partial col
lapse of channels and vugs before matrix was completely 
lithified. Fractures, channels, and vugs were later coated by 
opal silans. Collection site 3, Rincon area, d = 42 microns. 
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Fiq 25 —Micrograph of opal films or silans around diatoms (D) and 
remnant glass shards (S). Coarse silty to very fine grained 
lithic ash. Collection site 4, Rincon area, d = 2.9 microns. 
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Fig. 26.--Micrograph of opal films or silans which have coated 
outside and inside surfaces of plant stem and filled available 
spaces. Non banded dark material is opal; dark to translucent 
banded material is opal-lussatite, and non banded translucent 
material Is mieroehalcedony-chalcedony. Coarse silty to very 
fine grained lithic ash. Collection site 7, Rincon area. 
d = 27.5 microns. 
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Fig. 27.--SEM micrograph of opal-replicated plant tissue (longitudi 
nal view). Silans have coated plant surfaces, progressively 
accumulated, and subsequently filled available void spaces 
within plant. Dark silicified plant material randomly 
oriented In coarse silty lithic ash. SDM sample number 6, 
San Diego Mountain area. 



66 

Fig. 28,--SEM micrograph of botryoidal silans which have coated 
plant tissue and infelled remaining voids. Coarse silty to 
very fine grained lithic ash. Collection site 6 "lower-
middle", Rincon area. 
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Fig. 29.--SEM micrograph exhibiting botryoidal (warty) morphology 
of opal films or silans which have coated plant stems, yery 
fine grained subarkosic sandstone. Collection site 6, 
Rincon area. 
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Fig. 30.--SEM micrograph showing a more highly magnified view of 
the botryoidal morphology shown in Fig. 29. Rincon area. 
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Fig. 31.--Micrograph of opal films or silans exhibiti 
morphology which imparts a vermicular appearance 
ash. Dark non banded material is unaltered ash 
translucent banded material is opal-lussatite (L 
lucent material is mieroehalcedony-chalcedony (C 
tion of banded lussatite. Coarse silty to very 
lithic ash. Collection site 7, Rincon area, d 

ng a botryoidal 
to the altered 
(A); dark to 
); and trans-
) from altera-
fine grained 
= 8 microns. 
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Fig. 32.—Micrograph same as Fig. 31, but taken under crossed polari
zers. Black non banded material is unaltered ash (A); black 
banded material is opal (0); yellowish banded material is lus
satite (t); non banded material with high birefringence is micro-
chalcedony-chalcedony (C). Rincon area, d = 8 microns. X. 

Fig. 33.--Micrograph of opal band (0) above exhibiting irregular 
cracks or fractures from dehydration or desiccation, and fibrous 
lussatite bands (L) below. Coarse to very fine grained lithic 
ash. Collection site 4, Rincon area, d = 4.3 microns. 
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Fig. 34."SEM micrograph of lussatite fibers transecting original 
opal bands. Coarse silty to very fine grained lithic ash. 
Collection site 6 "lower'middle", Rincon area. 
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Fig. 35.—Micrograph of bright fibrous bands of lussatite lining the 
insides of voids (V) and exhibiting an Increase in erystallinity 
toward the middle portions of voids. Coarse silty to very fine 
grained lithic ash. Collection site 7, Rincon area, d = 11 
microns. X. 

Fig 36 --Micrograph displaying bands of unaltered opal CO) interca
lated with bands of lussatite (L), or mieroehalcedony-chalcedony 
(C). Horizontally elongated pods of chalcedony occurring within 
lussatite bands suogest that replacement fronts have expanded 
horizontally within lussatite bands. Coarse silty to very fine 
grained lithic ash. Collection site 4, Rincon area, d = 8 
microns. X. 
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37.—Micrograph of alternating thick and thin bands of opal (0), 
lussatite (L), and mierochalcedony (C). The crystals of miero
chalcedony (from alteration) are fibrous and perpendicular to 
remnant lussatite banding. Coarse silty to very fine grained 
lithic ash. Collection site 4, Rincon area, d = 5.4 microns. X. 

Fig. 38.--Micrograph displaying distortion, disruption, and oblitera
tion of banded lussatite structure after conversion to miero
chalcedony or chalcedony. Coarse silty to very fine grained 
lithic ash. Collection site 4, Rincon area, d = 8.0 microns. 
X. 
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Fig. 39.—Micrograph exhibiting remnant cell structure in which miero
chalcedony replaced lussatite, which replicated opal silans, and 
disrupted, distorted, and obliterated original (opal) morphology, 
Coarse silty to very fine grained lithic ash. Collection site 6 
"lower-middle", Rincon area, d * 4.3 microns. X. 

Fig 40.--Micrograph showing distortion, disruption, and obliteration 
of'opal-lussatite (OL) replicated cells by mierochalcedony (C) 
replacement. Coarse silty to very fine grained lithic ash. 
Collection site 6 "lower-middle", Rincon area, d = 4.3 microns. 



75 

Fig. 41 .--Micrograph of void filling chalcedony in which one single 
radial bundle of chalcedony fibers extend from edge of void 
(V) inward toward a common point. Coarse silty to very fine 

Collection site 4, Rincon area, d = 11 
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Fig. 42.—Micrograph displaying two types of void filling chalcedony; 
1) several radial bundles of chalcedony fibers (upper left) 
extend from edge of void (V) inward toward the center forming 
a polygonal configuration and 2) subparallel to parallel fibers 
(lower right) of chalcedony (approximately perpendicular to 
banding and equal in length) form bands on inner walls of 
void (V). Center of silicified stem. Collection site 6, 
Rincon area, d = 34 microns. X. 
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Fig. 43.—Micrograph of void (initially lined with mierochalcedony) 
filled with megaquartz cement which exhibits an increase in 
crystal size toward the middle of the void (drusy fabric). 
Coarse silty lithic ash. Collection site 5, Rincon area, 
d = 8.0 microns. X. 

Fig. 44.--Micrograph of mierochalcedony which has partially recrystal 
lized to flamboyant megaquartz. Note terminated crystals (T) 
of flamboyant megaquartz (middle left). Coarse silty to very 
fine grained lithic ash. Collection site 4, Rincon area, 
d = 4.3 microns. X. 
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Fig. 45.—Micrograph of micritie calcite cement which has'filled 
fractures and coated altered and unaltered bands of silica in 
voids. Coarse silty to very fine grained lithic ash. 
Collection site 4, Rincon area, d = 34 microns. X. 

Fig. 46.--Micrograph of very fine grained lithic ash exhibiting 
solution channels and vugs (with inner walls coated with opal) 
formed from the dissolution of ash and diatoms, and decomposi
tion of plant material. Calcareous algal material (red) has 
been partially replaced by opal (light brown). SDM sample 
number 1, San Diego Mountain area, d = 11 microns. 
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Fig. 47.—Micrograph of internal argillans deposited on plant 
surfaces and plant-replicating silans in the interior of plant 
stem. \Jery fine grained lithic ash. SDM sample number 1, San 
Diego Mountain area, d = 29 microns. X. 

Fig. 48.--Micrograph of internal sediment emplaced within hollow 
inner core of silicified plant stem, \lery fine grained lithic 
ash. SDM sample number 1, San Diego Mountain area, d = 
42 microns. X. 
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Fig. 49.--Micrograph of sparry calcite which has filled voids, 
extended outward, and replaced ash and diatoms, yery fine 
grained lithic ash. SDM sample number 1, San Diego Mountain 
area, d = 11 microns. 

Fig. 50.--Micrograph of calcareous algal material (red) which has 
partially recrystallized to microspar and pseudospar. Large 
portions of the algal material (including recrystallized material) 
have been replaced by opal (brown), ^ery fine grained lithic ash. 
SDM sample number 1, San Diego Mountain area, d = 7.27 microns. 
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51.--Micrograph of opal films or silans which have coated 
diatoms (D), remnant glass shards (S), and grains (G). Very 
fine grained lithic ash. SDM sample number 1, San Diego 
Mountain area, d = 4.3 microns. 

p-ig. 52.—Photograph of voids within siliceous plant stems (longi
tudinal and transverse) formed by decomposition of inner cores 
and other parts of plant material. Collection site 1, 
Rincon area. 
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Fig. 53.--Micrograph of sparry and micritie calcite cement (above), 
and opal cemented internal sediment (below) occurring within 
hollow inner cores of plant stem (oriented upright in 
sediment). Cements and internal sediment are aligned parallel 
with plant length indicating fluid movement direction. Fine 
grained subarkosic sandstone. Collection site 1, Rincon area, 
d = 42 microns. X. 
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54.--Micrograph of micritie calcite cement (red) which has filled 
intergranular pore spaces and partially replaced argillans and 
outer rims of detrital grains. Opal (light brown) has impreg
nated and selectively replaced portions of the micritie calcite 
cement. Fine grained subarkosic sandstone. Collection site 1, 
Rincon area, d = 11 microns. X. 

Fig. 55.--Micrograph of argillans deposited around detrital grains of 
internal sediment within plant stem (oriented upright in sedi
ment). Fine grained subarkosic sandstone. Collection site 1, 
Rincon area, d = 11 microns. X. 
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56.--Micrograph of internal argillans deposited on plant surfaces 
and plant-replicating silans in the interior of plant stem 
(oriented upright in sediment). Fine grained subarkosic sand
stone. Collection site 1, Rincon area, d = 4.3 microns. X. 

Fig. 57.--Micrograph of internal sediment within inner core of silici
fied plant stem (oriented upright in sediment) cemented with 
micritie calcite (red). Opal (light brown) has replaced most of 
the micritie ealcite cement. Fine grained subarkosic sandstone. 
Collection site 1, Rincon area, d = 43 microns. X. 



85 

Fig. 58.—Micrograph of sparry calcite cement deposited within opal-
replicated cellular voids in silicified stem (oriented upright 
in sediment). Some of the sparry calcite has been replaced by 
opal. Fine grained subarkosic sandstone. Collection site 1, 
Rincon area, d = 4.3 microns. 

Fig. 59.--Micrograph of internal argillans deposited on top of opal 
cement and opal-replicating silans within siliceous stem 
(oriented upright in sediment) indicating alternation of silan 
and argillan development. Fine grained subarkosic sandstone. 
Collection site 1, Rincon area, d = 2.9 microns. X. 
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Fig. 60.—Micrograph same as Fig,"59, but taken under plane light 
Rincon area, d = 2.9 microns. 

Fig. 51 ..-(Micrograph of ve r t i ca l l y oriented s i l i c i f i e d plant stem 
(transverse). Blue material is epoxy, dark material within plant 
stem is opal ; and white material wi th in plant stem is lussat i te 
and mieroehalcedony-chalcedony. \lery f ine grained subarkosic 
sandstone. Collection s i te 5, Rincon area, d = 42 microns. 
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Fig. 62.—Micrograph of argillans around grains. Fine grained 
subarkosic sandstone. SDM sample number 2, San Diego 
Mountain area, d = 4.3 microns. X. 

Fig. 63.--Micrograph of silans which coated detrital grains (above) 
and plant surfaces (below), and subsequently filled intergranular 
pore spaces and plant voids. Fine grained subarkosic sandstone 
SDM sample number 2, San Diego Mountain area. d = 11 microns 
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Fiq 6 4 — S E M micrograph of silans (S), around grains (G). Fine 
grained subarkosic sandstone. SDM sample number 2, San Diego 
Mountain area. 
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Fig. 65.--SEM micrograph showing a more highly magnified view of 
silans around grain as shown in Fig. 64. San Diego Mountain 
area. 
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Fig. 66.—Micrograph of geopetal fabric 1n which bottom Cbelow) of 

void (V) is more crystallized or replaced than top (above) 
indicating lower portions of a void is a place where contact 
with vadose water would be most prolonged making it the most 
favorable area for crystallization, replacement, or recrystal
lization. Bottom of void contains opal (0), mierochalcedony 
(C), and lussatite (L), whereas top of void contains only 
opal. Coarse silty lithic ash. Collection site 6 "middle-
upper", Rincon area, d = 42 microns. X. 
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Fig. 67.--Micrograph same as Fig. 66, but taken under plane light, 
Rincon area, d = 42 microns. 

Fig. 68.--Micrograph of geopetal fabric in which the bottom of the 
void (V) to the right is more highly crystalline than the top 
to the left. Opal (0) occurs at the top and opal and lussatite 
(OL) occur at the bottom. Coarse silty lithic ash. Collection 
site 2, Rincon area, d = 3.9 microns. X. 
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Fig. 69.--SEM micrograph of silans which coated plant tissue 
(conducting vessels). Dark plant material unoriented in 
coarse silty lithic ash. SDM sample number 6, San Diego 
Mountain area. 
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70.--Micrograph of grid-like network of opal-replicated cells 
in silicified stem. Very fine grained lithic ash. SDM sample 
number 1, San Diego Mountain area, d = 3.2 microns. 

Fig. 71.--Micrograph showing closer view of the opal-replicated cells 
shown in Fig. 70, San Diego Mountain area, d = 2.0 microns. 


