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CHAPTER I 

INTRODUCTION 

Statement of Problem 

This study involves a detailed investigation of 

the various lithological microfacies which are associ

ated with the formation of a phylloid algal biohermal 

complex. Furthermore, this study includes the establish

ment of the facies relationships and the delineation of 

criteria for the recognition of these various microfacies 

in similar subsurface occurrences. 

Purpose and Scope 

The Virgilian biohermal complex located three miles 

north of Powv/ow Canyon, Hueco Mountains, Texas, is se

lected for this investigation because it provides an ex

cellent reference model for similar structures in the 

adjacent subsurface Pennsylvanian rocks of Texas and New 

Mexico. Similar subsurface phylloid algal bioherms have 

proved to be excellent petroleum reservoirs. The prob

lems in subsurface exploration have involved determining 

the proximity of these biohermal build-ups. An accurate 

interpretation of the facies associated with these struc

tures would therefore assist subsurface exploration. 
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With few exceptions, past investigations concern

ing biohermal and related structures have dealt only with 

the gross lithologic and ecologic relationships of these 

build-ups. Therefore the purpose of this investigation 

is to delineate the detailed microfacies associated with 

the biohermal complex. The petrologic parameters empha

sized in this study include mode of deposition, the eco

logical distribution of organisms, porosity development, 

and diagenesis. 

Location and Accessibility 

The Virgilian biohermal complex is located in the 

Hueco Tanks area of the southern Hueco Mountains, Texas. 

This north-south trending range extends from approximately 

25 miles south of the Texas-New Mexico boundary northward 

to the Sacramento Mountains, and is located between lati

tude 31°40»N and 32°05*N and longitude 105**50'W and 

106°50»W. 

The specific area of study is located three miles 

north of Powwow Canyon (Figure 1). 

Access to the Hueco Mountains is limited to one 

paved road, U. S. Highway 62-180. From U. S. Highway 62-

180 a dirt road leads northward to Hueco Tanks. Approxi

mately 3.5 miles north of U. S. Highway 62-iSO the Hueco 

Tanks road intersects a well graded dirt road which leads 

eastward one mile to the outcrop. 





Previous Investigations 

The geology of the Hueco Mountains was first stud

ied and mapped by C. B. Richardson in 1904. His report 

consisted of a reconnaissance of that portion of the 

range west of longitude 106°00*W. The first complete 

stratigraphic sequence of the Hueco Mountains was pre

sented by J. W. Beede in 1920. His report also included 

the first complete geologic map of the Hueco Mountains 

south of the Texas-New Mexico state line. Further modi

fications of Beede*s stratigraphic column have been made 

by King and King (1929), R. E. King (1931), and P. B. 

King (1934; 1942). The latest detailed geologic map of 

the Hueco Mountains was developed by P. B. King, R. E, 

King, and J. B. Knight (1945) revised (1955). P. B. King 

(1945) first mapped the biohermal complex, which he re

ferred to as a reefoid structure (Figure 2). The bioherm 

is mapped in King^s (1945), measured section J. 3-1/2 

miles north of Powwow Canyon. 

The Hueco Mountains north of the Texas-New Mexico 

state line were mapped by Hardie in 195^. 

Further investigations pertaining to the Hueco 

Mountains were conducted by Dunbar and Skinner (1937), 

Miller and Furnish (1940), Thompson (1942; 1954), Miller 

and Parizek (1948), Laudon and Bowsher (1949), Yochelson 

(1956), Batten (195^), and Williams (1963). 



Figure 2. The Virgilian algal bioherm located 
three miles north of Powwow 
Canyon. 

i 



Definition of Terms 

Bank. A wave resistant, prominent structure on the sea 

floor formed by organisms which do not have the 

ecological potential to act as rigid frame builders. 

The banks may form by mechanical or biogenetic 

accumulation (After Klement, 1967). 

Bank Complex. The term "bank complex" encompasses the 

massive core and surrounding layered facies. 

Bioherm. A massive, mound-shaped structure which is in 

discordant relationship with the surrounding layered 

facies. Algal remains plus lime mud baffled by 

phylloid-type algae are the predominant sedimentary 

components. 

Flank facies. The layered rock sequence encasing the cen

tral core facies. 

Grainstone. A mud-free carbonate rock, which is grain 

supported and cemented by sparry calcite cement 

(After Dunham, 1962). 

Lime mud. Consolidated or unconsolidated micro-crystal

line carbonate ooze that is either chemically or 

mechanically derived. This type of sediment is 

composed of crystals 1 to 4 microns in diameter 

(After Folk, 1962). 

Microfacies. This term delineates the microscopic dif

ferences in compositional components and texture 
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which reflect changes in sedimentary conditions 

(After Carozzi, 1959). 

Mudstone. A muddy carbonate rock containing less than 10 

per cent grains. The term "muddy" refers to lime 

mud only and not to argillaceous material (After 

Dunham, 1962). 

Packstone. A grain supported "muddy" carbonate rock. 

"Muddy" refers to lime mud only (After Dunham, 

1962). 

Phylloid algae. Highly warped, leaf-like, lime secreting 

green algae. These forms are of dubious systematic 

affinities, possibly belonging to the family 

Codiaceae. 

Wackestone. A mud supported carbonate rock containing 

more than 10 per cent grain bulk (After Dunham, 

1962). 

General Geology 

The Hueco Mountains are located in the Basin and 

Range Province of trans-Pecos, Texas. The area is di

vided into three physiographic regions: 1) the Hueco 

Mountains (Figure 3), 2) the Diablo Plateau, and 3) the 

Hueco Bolson. 

The Hueco Mountains are a low barren range which 

reaches a height of 1000 feet above the Hueco Bolson to 

the west. The Hueco Mountains consist predominantly of 

tfP 



stratified sedimentary rocks which range in age from Pre-

cambrian to Cretaceous (King, 1945). 

Structurally the Hueco Mountains are essentially 

a cuesta (Diablo Plateau) with a west facing escarpment 

(Williams, 1963). Beede (1918) suggested that the major 

influence upon the structure of the region was from the 

southwest giving a gentle northeast dip to the whole 

northern part of the plateau. As a result, older Paleo

zoic rocks at the southern end of the Hueco Mountains were 

exposed, and together with the influence that produced 

the Hueco Bolson formed the long structural ridges of the 

western part of the plateau. According to Richardson 

(1909) the broad structural configuration within the area 

of study is that of a monocline with a low eastward dip. 

The major structural feature of the Hueco Mountains is an 

arch trending north-westward, whose axis lies near or a 

little west of the crest of the range (King, 1945)). 

King (1945) further states that as a result of Tertiary 

igneous activity numerous domes were superposed on the 

arch, the largest occurring in the area of older Paleo

zoic rocks and Precambrian granite in the southern por

tion of the range. Several of these igneous intrusions, 

including Cerro Alto and Hueco Tanks are probably plugs 

or stocks. Many of the intrusions have a laccolithic 

shape (e.g. Naville Mountain and a similar structure 

northwest of Red Mountain). Faults within the Hueco 



Figure 3. Geologic map of the Hueco Mountains. Mapped 
after P. B. King (1945) with additions 
by Williams (19o3). 
Indicates specific area of study. 
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Mountains are relatively subordinate features, with the 

exception of faulting which accompanied the subsidence 

of the Hueco Bolson and the uplift of the Diablo Plateau 

(Williams, 1963). 

The Hueco Mountains are bounded on the east by the 

Diablo Plateau. The Diablo Plateau is an uplifted block 

of flat-lying sedimentary rocks. Prominent mesas are 

present in the south eastern part of the plateau. The 

plateau slopes gently eastward from its western margin 

(v;illiams, 1963). 

The Hueco Bolson forms the basinal topography west 

of the Hueco Mountains. The bolson, including the Tula-

rosa Basin to the north, is a typical intermountain basin 

produced by faulting (King, 1945). The Hueco basin is 

partly filled with detritus derived from the adjacent 

mountains. Approximately 5,000 of stratified fluvial and 

lacustrine deposits were penetrated in a well drilled 

near the western edge of the basin. The maximum thick

ness of sedimentary fill in the Hueco Bolson is calculated, 

on the basis of a seismic and gravity survey to be about 

9,000 feet (McGlasson and Seewald, 1968). 



CHAPTER II 

SUMMARY OF STRATIGRAPHY 

The Precambrian red granites are the oldest rocks 

of the Hueco Mountains. They are exposed in the south 

foothills of the range. The Precambrian rocks are over

lain by Paleozoic sediments ranging in age from Ordovician 

to Permian. A generalized stratigraphic section of the 

area is illustrated in Figure 4. 

Lower to Middle Paleozoic 

The Lower and Middle Paleozoic rocks of the Hueco 

Mountains include the Bliss Sandstone of Cambrian age, 

the El Paso group and the Montoya Limestone of Ordovician 

age, the Fusselman Limestone of Silurian age and the De

vonian. These units attain a combined thickness of ap

proximately 1,000 feet. 

A detailed discussion of the stratigraphy of each 

of the Lower and Middle Paleozoic formations is beyond 

the scope of this thesis. Furthermore, several of these 

units have been the subject of recent studies. Investi

gations of the Lower and Middle Paleozoics of the Hueco 

Mountains include those of Thompson (1942;1948), Laudon 

and Bowsher (1949), Hardie (1958b), and Howe (1959). 

11 
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Figure 4. A cross section of the general stra
tigraphy of the Hueco Mountains 
showing the angular unconformity 
at the base of the Permian (FrcMO 
Williams, 1963). 
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Upper Paleozoic 

The Upper Paleozoic rocks of the Hueco Mountains 

which include sediments of Mississippian, Pennsylvanian, 

and Permian ages are approximately 3,200 feet thick. 

Upper Paleozoic rocks, including the Devonian, were origi

nally described by Richardson (1904) and grouped together 

to form the Hueco Limestone. Since that time King (1934) 

has divided this unit into four formations with several 

members. The term Hueco Limestone was since restricted 

to rocks of Lower Permian age (Wolfcamp). 

Mississippian 

The Helms Formation forms the basal Upper Paleo

zoic unit of the Hueco Mountains. The Helms Formation, 

first described by Beede (1918) from the Hueco Mountains, 

reaches a thickness of 500 feet and consists predominantly 

of limestones and sandstones. 

King (1945) divided the Helms Formation into a 

lower and upper member. The lower member consists of a 

thin to medium-bedded, gray limestone which contains 

abundant chert nodules in the upper portion. This unit 

reaches its maximum thickness in the northern Hueco 

Mountains and thins southward to less than 100 feet. The 

lower member contains fossils of Meramec age (King, 1945). 

The upper member of the Helms Formation consists 

of brown, weathered, sandy limestone which grades into 
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shales and sandy shales containing lenses of fossillferous 

limestone (King, 1945)* The thickness of the upper mem

ber remains at approximately 300 to 400 feet throughout 

the Hueco Mountain region. The upper member of the Helms 

Formation contains a distinctive Chester fauna which dis

tinguishes it from the overlying Magdalena formation 

(King, 1945). 

The Helms Formation was originally thought to be 

of Pennsylvanian age, however since that time studies by 

Weller (1948) have revealed an upper Mississippian 

(Chester) fauna. 

Pennsylvanian 

The Magdalena Limestone includes all strata of 

Pennsylvanian age in the Hueco Mountains. These rocks 

range in age from Morrowan to Virgilian (King, 1945). 

The Magdalena formation unconformably overlies the Helms 

Formation reaching a thickness of 1,700 feet where early 

Wolfcampian erosion was not effective. Pennsylvanian 

rocks of the Hueco Mountains consist predominantly of 

marine limestones, calcareous shales, and small amounts 

of sandstones and red beds. 

G. H. Gordon (1907) originally proposed the term 

Magdalena for the Pennsylvanian rocks of the Magdalena 

Mountains, Soccoro County, New Mexico. Beede (1920) 

later applied this term to rocks of Pennsylvanian age in 

i : 
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the Hueco Mountains. King (1945) divided the Magdalena 

Limestone into three divisions designated as lower, middle, 

and upper. 

The lower division (Morrowan-Atokan) of the Mag

dalena Limestone disconformably overlies the Helms For

mation in the Hueco Mountains. This unit reaches a thick

ness of approximately 500 feet and consists predominantly 

of thick bedded marine limestone (King, 1945). 

According to Seewald (1968) the basal ten feet of 

the Magdalena formation consist of a light gray, tightly 

packed, cross-bedded, oosparite. This is overlain by 

approximately 20 feet of thin bedded to massive limestone 

containing remains of brachiopods, algae, crinoids, and 

corals. The remaining 500 feet of the lower division 

consist of massive, cherty, marine limestones containing 

abundant crinoids, phylloid algae, brachiopods, tabulate 

corals (Chaetetes) and tetra corals. 

Seewald (1968) further states that the lower di

vision of the Magdalena formation was deposited in a 

shallow water environment ranging from supratidal and 

intratidal to subtidal. 

The middle division of the Magdalena Limestone 

consists of marl, marly limestone and shale. The lower 

unit (Atokan) consists of about 240 feet of cherty, 

coralline limestone and the upper unit (Desmonesian) 

of about 130 feet of limestone and shale (King, 1945). 



16 

A 20 foot section exposed in a readout along Highway 180 

in Powwow Canyon consists of thin bedded clayey, highly 

fossillferous limestone containing abundant brachiopods 

and crinoids. Overlying this unit is a four foot massive, 

highly burrowed, light to dark gray limestone which grades 

into three feet of gray shale (Seewald, 1968). The gray 

shale bed is overlain by ten feet of medium-bedded, gray, 

cherty limestone. Thin clay beds separate the limestone 

units. 

The abundant shallow water organisms of the middle 

division indicate shallow shelf deposition. The increased 

clay content may be a result of tectonic uplift of clay 

source areas (Seewald, 1968). 

The upper division described by King (1945) con

sists of fossillferous, marine limestone interbedded 

with marl. The upper division contains rocks of Des

monesian, Missourian, and Virgilian age. Rocks of Des

monesian age consist of light gray, marly limestones 

which contain numerous chert lenses (King, 1945). This 

unit is overlain by sediments of Missourian and Virgilian 

age which comprise the upper portion of the Magdalena 

Limestone. 

The middle and upper divisions of the Magdalena 

Limestone range in thickness due to early Wolfcampian 

erosion. 
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Missourian and Virgilian sediments 

Missourian and Virgilian sediments of the Hueco 

Mountains occur only to the north of Powwow Canyon as a 

result of pre-Powwow erosion to the south. 

Algal bioherms attaining a thickness of over 200 

feet and reflecting numerous transgressions and regres

sions of sea level are present in the Missourian and Vir

gilian sediments of the Hueco Mountains. Phylloid algae 

comprise the dominant biotic constituent of these bio

herms. The massive limestones containing abundant shallow 

water organisms are interrupted by conglomerate zones in

dicating periods of subaerial exposure. 

The thick-bedded marine limestones, coarse con

glomerates, and repeated cycles of sedimentation in the 

upper unit of the Magdalena limestone may reflect, as 

Seewald (1968) suggests, an increase in tectonic insta

bility of the area during this time. However, several 

factors including the extensive development of these 

Pennsylvanian cyclothems in other areas of North America 

would suggest wide ranging eustatic sea level changes 

rather than local tectonism as the primary cause of 

cyclical sedimentation. Furthermore, four parallel zones 

of limestone pebble conglomerate, indicating periods of 

subaerial exposure, are found within the biohermal complex 

considered in this investigation. The parallel nature of 

these zones would indicate a relatively stable sea floor. 
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Uplift and subsidence as a result of local tectonism 

would tend to be accompanied by tilting. The numerous 

sea level changes and periods of prolific algal growth 

recorded in the biohermal sediments would also tend to 

support wide ranging sea level fluctuations rather than 

local tectonism. 

The biohermal complex studied in this thesis is 

the northernmost Pennsylvanian unit mapped and described 

by King (1945i Section J). Primitive species of Triti-

cites (fusulinids) which are similar in stage of evolu

tion to those of Middle or Upper Canyon (Missourian) are 

found in the lower portion of the biohermal complex. In 

the upper portion of the biohermal complex two advanced 

species of Triticites are found, which resemble forms in 

the lower Cisco (Virgilian) (Williams, 1963). 

Williams (1963) further states that the beds north

east of the biohermal complex contain a Bursura fusulinid 

fauna (Lowest Permian). This would indicate that the 

upper division of the Magdalena formation, as originally 

defined, is partially Permian in age. 

Permian 

The Magdalena Limestone is unconformably overlain 

by the Hueco Group of Permian age, with its basal Powwow 

Conglomerate and upper Deer Mountain Red Shale. The 

Hueco Group is the youngest rock unit exposed along the 
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crest of the Hueco Mountains. To the east and southeast 

in the Diablo Plateau the Hueco Group is overlain by 

Permian (Leonardian) and Cretaceous rocks (King, 1945). 

The Hueco Group lies unconformably upon underlying 

rocks of the Hueco Mountains which range in age from 

Ordovician to Pennsylvanian. The Hueco Group reaches a 

thickness of 1500 feet at its type locality in the Hueco 

Mountains. 

The term Hueco was first introduced by Richardson 

(1904) and included the Pennsylvanian and Permian series 

of trans-Pecos, Texas. King (1934) restricted the term 

Hueco Limestone to rocks of Permian age, dividing the 

Hueco into lower, middle, and upper divisions. The Pow

wow Conglomerate and Deer Mountain Red Shale were con

sidered as members of the lower and upper divisions. 

Since the term "division" has no standing in the strati

graphic code, Williams (1963) raised the lower, middle, 

and upper divisions to formation rank. The Hueco Lime

stone was re-named the Hueco Group, consisting of the 

Hueco Canyon Formation, Cerro Alto Limestone, and Alacran 

Mountain Formation respectively. Williams also retains 

the Powwow Conglomerate and Deer Mountain Red Shale as 

members. 

Hueco Canyon Formation 

The Hueco Canyon limestone consists of a basal 

conglomerate and red bed sequence overlain by 600 feet 
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of olive gray, medium to thick bedded limestone. The 

Hueco Canyon Formation, excluding the Powwow Member, 

reaches a thickness of 635 feet in Hueco Canyon, Hueco 

Mountains, Texas (type locality). The Powwow Member of 

the Hueco Canyon limestone consists of pebble and cobble-

size fragments of limestone and chert which reach a 

thickness of 95 feet north of Powwow Canyon (Williams, 

1963). 

Cerro Alto Limestone 

The Cerro Alto Limestone consists of medium gray, 

medium to thick-bedded limestones reaching a thickness 

of 460 feet at the type locality exposed in the south 

walls of Hueco Canyon (Williams, 1963). 

Alacran Mountain Formation 

The Alacran Mountain Formation, exclusive of the 

Deer Mountain Red Shale Member, consists of light to 

medium olive gray, medium to thick-bedded limestones 

which reach a thickness of 622 feet (Williams, 1963). 

The Deer Mountain Red Shale Member exposed along 

Deer Mountain Mesa (type locality) consists of reddish 

brown shales reaching a thickness of 122 feet. 



CHAPTER III 

METHODS OF STUDY 

Field Procedure 

One hundred and ninety rock samples were taken 

from the core and flank sediments of the biohermal com

plex. Nine sections were selected for sample collection: 

three in the core facies, and three in each adjacent 

layered zone. Samples were selected on the basis of 

visible lithologic variations and measured vertical 

distance. Each rock was marked to record its original 

position and stratigraphic order. The elevation of each 

sample locality was also noted. In addition photographs 

were taken to illustrate the gross stratigraphic rela

tionships of the biohermal complex. 

Laboratory Procedures 

Various methods, including acetate peels, insol

uble residues, polished slabs, and thin sections, can be 

used in the study of carbonate rocks. Thin sections were 

preferred for this study because they are the most ac

curate means of studying detailed carbonate textures. 

21 
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Microscopic Procedures 

The first part of the thin section study was to 

identify and record all components. This information 

along with the relative abundance of each component was 

recorded on raw data charts. Numbers were assigned to 

each parameter to indicate relative abundance. No 

numerical value was intended. 

Abundant 

Common 

Rare 

Absent 

: » 1 

« 2 

« 3 

= Not marked 

The thin sections were run six times using the above 

method in order to attain a uniform description of all 

components. The final raw data charts are listed in the 

appendix (pp. 81-89). 

A Bausch and Lomb binocular microscope, developing 

a range of magnification between X13 and X 75, was used 

for thin section analysis. 

Photomicrographs were taken with a Leica Ml camera 

attached to a Leitz ortholux microscope. 

Calcite-Dolomite Test 

For spot tests, some thin sections were stained 

with alizarin red-S to test for dolomite. Calcite would 

stain a dark red, whereas dolomite would remain unaf

fected. 



CHAPTER IV 

THE MORPHOLOGY AND ECOLOGY 

OF PHYLLOID ALGAE 

Phylloid algae comprise the dominant biotic con

stituent of the algal bioherms. These green, calcareous, 

marine algae are of possible affinities to the family 

Codiaceae. Phylloid algae are now recognized as being 

important world-wide contributors to both biohermal and 

non-biohermal carbonate facies of Pennsylvanian and early 

Permian age. In the United States these algae range from 

Morrowan to Wolfcampian in age. They have also been re

ported from the Middle Permian Trogkofel limestone of the 

Karnische Alpen, Austria (Flugel, 1966). 

Morphology 

Several genera of phylloid algae have been de

scribed. The most common ones are Anchicodium Johnson, 

1946, Ivanovia Khvarova, 1946, and Eugonophyllum. Konishi 

and Wray, I96I. These three forms are closely related 

and possess the same general morphological and ecological 

characteristics. Each contains a thallus which forms 

irregular, sometimes wavy blades. In cases of good 

preservation the walls of the thallus show a teeth-like 

structure, whereas the interior of the blade is filled 

23 
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with sparry calcite. Usually only the outer portion of 

the wall is preserved due to the lack of calcification 

of the inner structure. Therefore the identification of 

the calcified remains is based upon the outer wall 

structure or "teeth" (Plate IV, a and b). 

The outer wall structure is preserved in only a 

few of the specimens studied in this investigation. In 

most instances it is impossible to assign an altered re

main to a specific genus. For this reason the general 

term phylloid algae is used. The remains that were, identi

fied in this study belonged to the genus Eugonophvllum. 

According to Konishi and Wray (1961) Eugonophvllum 

contains a calcified thallus with broad undulating blades 

perforated sporadically. The blades are pseudoparenchy-

matous, consisting of cortex (differentiated into an 

inner and outer layer) and medulla. The medulla is com

posed of filaments extending parallel to the surface of 

the blade and is dichotomizing as well as interweaving. 

The inner cortex (subcortex) is composed of a prominent 

layer of anastomosing utricles extending parallel to the 

surface. The outer cortex is thin and generally recrys-

tallized, consisting of fine branchlets extending per

pendicularly from the subcortical utricles. The spore 

chambers are located within subcortical protuberances 

in the blade, are spherical in shape, and scattered ir

regularly over the surface of the blade. Konishi and 
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and Wray (1961) further state that the differentiation of 

the cortex into an inner (subcortex) and an outer layer 

is a distinctive feature of Eugonophvllum (Figure 5). 

yuuuuuuuuyuuuuuiJUiJUuuTOUU i 
finnnnnf^nnrninmnnnnnnnnnnfln -

EUGONOPHVLLUM 

m ViVĴ  vv V vvY vv v v \ i 

ANCHICODIUM 

BiiliCiililililillllliCIiycyilliliOlilllillliDIII 

IVANOVIA 
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CALCIFOLIUM 

Figure 5. Schematic diagram illustrating wall 
structure as seen in transverse 
sections of blady upper Paleo
zoic Codiaceae. X25. Utricles 
are shown in solid black. De
gree of calcification is indicated 
by intensity of stippled pattern. 
C = cortex; c = outer cortex; c-^ = 
subcortex; M = medulla. (From 
Konishi and Wray, 1961). 

According to Konishi and Wray (1961) among Recent 

algal genera, bladelike growth forms similar to that 

interpreted for phylloid algae may be found in the Chloro-

phyceae and Phaeophyceae (Figure 6). 
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Figure 6. Growth habit of Recent Phaeophycea, 
Thalassiophvllum clathrus (Gmelin) 
Postels and Ruprecht. Natural 
size. (From Setchell, 1905, as 
shown in Konishi and Wray, 1961). 

Ecology 

Phylloid algae are found predominantly in car

bonate rocks deposited in low energy environments. They 

are found associated with fusulinids, ophthalmid fora

minifera, brachiopods, and Dasycladaceae (lime-secreting 

green algae). As Konishi and Wray (1961) indicate, phyl

loid algae frequently occur as the dominant biotic con

stituent and may occur to the exclusion of other fossils. 

Phylloid algae are believed to have grown on the 

ocean floor in the form of broad, warped leaves. In 

growth position they are interpreted as having been at 

least several inches in height. The delicate structure 

of the algal leaves suggests that these organisms could 

not survive a high degree of wave activity, indicating 
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major growth occurred in quiet water below wave base. 

The association of phylloid algae with ophthalmid fora

minifera suggests that prolific algal growth occurred at 

depths of 6 to 10 feet (Ellas, 1963). Moore (1957) indi

cates that in recent oceans ophthalmid foraminifera reach 

maximum abundance at depths of 0 to 10 feet. 

According to Konishi and Wray (1961) Eugonophvlliuii 

inhabited the inner sublittoral environment at a depth 

below normal wave agitation and possibly extending to 

depths of 100 feet, but occurred most abundantly in.the 

shallow portion of its depth range. 



CHAPTER V 

RESULTS OF STUDY 

The Virgilian biohermal complex located three miles 

north of Powwow Canyon represents several biogenetic ag-

gregational banks developed as a result of sediment baf

fling by phylloid algae. By their shape and geological 

setting, these algal sediment accumulations occur as 

bioherms. 

The investigation of the biohermal complex includes 

field observations integrated with microscopic examination 

of 200 thin sections. Several parameters including mode 

of deposition, ecological distribution of organisms, 

porosity development, and diagenesis are emphasized in 

this study. 

The biohermal complex, which is approximately three-

fourths of a mile long and one-half mile wide, covers an 

area of three and one-half square miles. The maximum 

thickness of the biohermal complex is 25O feet. 

The biohermal sediments consist predominantly of 

unsorted lime mud and phylloid algal remains which have 

accumulated in a relatively low energy environment. Two 

distinct megafacies are observed in the biohermal complex: 

1) core, and 2) flank facies. This delineation is based 

upon gross field relationships and variations of lithology. 

28 
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The different microfacies associated with the biohermal 

complex are discussed in detail later in this chapter. 

Core Facies (massive) 

The core facies can be described as a massive, 

mound-shaped limestone unit which is encased by strati

fied sediment. The massive core facies is in discordant 

relationship to the peripheral layered facies. Two areas 

of intensive core development are observed in the bio

hermal complex, the largest of which is approximately 

40 feet thick with a diameter of 300 feet (Figure 7). 

Weathered portions of the rock clearly exhibit abundant 

remains of phylloid algae which can be recognized by the 

unaided eye. 

Thin section studies reveal that the massive core 

facies contains a lime mud matrix with abundant grain 

supported fossil remains. These fossil remains are pri

marily phylloid algae of the family Codiaceae. These 

leaf-like seaweeds formed effective sediment baffles 

which trapped lime mud and lime sand thus developing a 

gradual mound-like accumulation of sediment. 

Fossil remains present in minor amounts include 

fusulinids, foraminifera, brachiopods, and Dasycladaceae 

(lime secreting green algae). Texturally, the major 

rock types according to Dunham^s classification are 
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wackestones and packstones. Recrystallization of the 

matrix or fossil grains is rarely observed. 

The large quantity of lime mud in the core facies 

suggests low energy, quiet water deposition below wave 

base. These conditions apparently represent the optimal 

environmental setting for the growth of these algae. 

Interruptions of algal growth as a result of un

favorable energy fluctuations are recorded by sediments 

comparable to those of the flank facies. These sediments 

occur between algal build-ups in the core facies and 

are considered with sediments of the flank facies. 

Flank Facies (layered) 

The flank facies consists of stratified limestones 

which discordantly abut against the massive core facies 

(Figure 8). These rocks appear as dark grey, aphanitic 

limestones which weather to a light gray color. 

Rocks of the flank facies consist of mud and grain 

supported sediment containing abundant fossil remains. 

The type of matrix varies from lime mud to sparry calcite 

cement. Particle types present in the flank facies in

clude intraclasts and remains of foraminifera, fusulinids, 

lime secreting algae (Codiaceae and Dasycladaceae), ostra-

cods, gastropods, brachiopods, and crinoids. According 

to Dunham*s classification the flank facies is composed 

of mudstones, wackestones, packstones, and grainstones. 
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Unlike the core facies, the layered flank facies 

did not develop under uniform energy conditions. This 

is indicated by the variations in sedimentary textures 

and skeletal remains. The cyclicity of lithologic de

velopment suggests periods of quiet water sedimentation 

alternating with periods of turbulence. 

Five different depositional environments with 

distinct types of limestones and faunal assemblages are 

recorded in the flank facies. These deposits suggest 

normal marine shelf sedimentation during transgressive 

and regressive fluctuations of sea level. 

Microfacies Analysis 

Six major microfacies can be recognized in the 

biohermal complex. This subdivision is based upon matrix 

types, grain to mud ratios, and identification of skele

tal particles. Two types of matrix are present: lime 

mud, and sparry calcite cement. The sediments of the 

biohermal complex range from mud supported to grain 

supported limestones. According to Dunham*s classifi

cation they include mudstones, wackestones, packstones, 

and grainstones. 

The main faunal constituents are calcareous algae, 

foraminifera, and fusulinids. Less frequently found are 

brachiopods, crinoids, ostracods, and gastropods. 



34 

Several facies (e.g., the foraminiferal facies) 

are spread laterally through both core and adjacent 

layered sediments. The phylloid algal facies on the 

contrary is restricted to the cores of the bioherms. 

Vertical differentiation of facies is also present 

indicating cyclic sedimentation which will be outlined 

later in this chapter. 

Lime mud facies 

The lime mud facies is made up of mud sized sedi

ments with a varied assemblage of mud supported allochems 

(Plate I, a and b). These allochems include fusulinids, 

gastropods, crinoids, brachiopods, ostracods, and phylloid 

algae. Many of the fossil grains are encrusted by 

ophthalmid foraminifera and Girvanella (blue-green algae). 

The skeletal particles represent less than ten per cent 

of the rock. 

In many of the specimens intermittent lenses of 

sparry calcite are present as a result of vug filling of 

leached grains. Only slight alteration due to recrys

tallization has occurred in the lime mud facies. Accord

ing to Dunham*s classification this facies is a mudstone. 

The dark color, lack of skeletal particles, and 

high percentage of lime mud suggest low energy, quiet 

water deposition. The presence of ophthalmid foramini

fera and Girvanella algae suggest that the water depth 
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was very shallow. This facies is present in both core 

and adjacent areas. 

Fusulinid facies 

This facies consists of grain to mud supported 

calcarenites and calcirudites in which fusulinids are 

the dominant faunal component (Plate II, a and b). Also 

present in smaller amounts are crinoids, brachiopods, 

and calcareous algae. The variation in size of indi

vidual fusulinids indicates little or no sorting. .Re

crystallization is rare and little porosity is developed. 

Texturally, these rocks are mostly wackestones, indicat

ing quiet water deposition. Dunbar (1957) indicates 

that Pennsylvanian fusulinids preferred shallow seas, 

living on quiet sea floors with little current activity. 

He further states that they were often in close proximity 

to algal colonies but were usually avoided by other or

ganisms. The sparse fossil remains other than fusuli

nids found in this facies would tend to support this 

theory. Because of the gregareous growth habits of 

phylloid algae, the lack of associated algal remains 

can only be attributed to unfavorable conditions for 

algal growth. The lack of high energy indicators, and 

the mud supported nature of the fusulinid facies, sug

gest that water depths were too deep for prolific algal 

growth which occurs in less than 10 feet of water. This 
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facies is distributed equally in both core and adjacent 

areas• 

Algal-fusulinid facies 

Calcareous algae, uniserial and biserial fora

minifera, and fusulinids are the main faunal elements 

of this facies (Plate III, a and b). The calcareous 

algae consist of forms belonging to the family Dasy

cladaceae and phylloid type algae, which are probably 

related to the family Codiaceae. Also present in rare 

amounts are crinoids, brachiopods, gastropods, and 

ophthalmid foraminifera. The majority of skeletal par

ticles show grain support. The matrix is predominantly 

lime mud with small amounts of sparry calcite as a re

sult of vug filling. A moderate amount of recrystalli

zation of the lime mud matrix occurs in this facies. 

These rocks are classified as packstones. The presence 

of abundant phylloid algae in association with ophthalmid 

foraminifera would suggest deposition in quiet water at 

a depth of 6 to 10 feet. This facies is distributed 

equally in both biohermal and surrounding layered facies. 

Phylloid algal facies 

The algal limestones consist of mud to grain sup

ported sediments containing abundant skeletal remains of 

phylloid algae in a lime mud matrix (Plate IV, a and b). 
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Phylloid algae, a branch of lime secreting green algae 

of the family Codiaceae, are the dominant fossil con

stituents of this facies. These algae vary in number 

from common to abundant. 

According to thin section analysis only slight 

recrystallization of the lime mud matrix has taken place. 

Niamerous lenses of sparry calcite are present in the 

lime mud matrix due to vug filling of original voids 

between algal blades. 

Texturally, the phylloid algal limestones would 

be classified as wackestones and packstones. The deli

cate structure of the algal leaves, suggesting that these 

organisms could not survive a high degree of wave activi

ty, indicates that this facies was deposited in quiet 

water below wave base. As mentioned in Chapter IV 
* 

phylloid algae grew at water depths from 6 to 10 feet. 

This assiimption is based on the association of these 

algae with ophthalmid foraminifera, which can be corre

lated with present day forms. In recent oceans ophthal

mid foraminifera reach their peak of abundance at depths 

of 0 to 10 feet. 

Phylloid algae are the main constituents of the 

biohermal complex, and in terms of their growth habit 

have an extreme influence upon development of the mound 

and subsequent developing porosity. (For a further dis

cussion, see p. 54) 
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Algal blades are also found to a very minor ex

tent in the adjacent layered facies. 

Ophthalmid foraminifera facies 

The foraminiferal sediments range from mud sup

ported to grain supported and usually contain abundant 

allochems in a lime mud matrix. The main diagnostic 

fossils of this facies are foraminifera belonging to the 

family Ophthalmidiidae (Plate V, a and b). 

The ophthalmid foraminifera are encrusting forms 

which occur attached to various bottom dwelling organisms. 

The encrusted skeletal grains which were observed are 

fusulinids, brachiopods, crinoids, algal blades, and 

dasyclad algae. 

In many cases, recrystallization has almost com

pletely destroyed the encrusted skeletal particles, but 

has had little effect upon the encrusting ophthalmids. 

The result is a distinctly visible ophthalmid pattern 

conforming to the shape of the barely visible ghost 

structure of the fossil. 

Texturally, this facies consists almost entirely 

of packstones. The ophthalmid assemblages grew in 

shallow marine water, however, the grain supported nature 

of the sediment and sparse phylloid algal remains in this 

facies, indicate sedimentation at energy levels too tur-

' bulent for normal algal growth. This would indicate 



39 

deposition above wave base. The ophthalmid foraminifera 

facies is found in both core and layered sediments. 

Lime sand facies 

This facies consists of coarse grained lime sands 

containing abundant grain supported allochems. These 

allochems consist of a variety of skeletal particles and 

abundant intraclasts. The abundant grain types are 

fusulinids and dasyclad algae. Also present in signifi

cant amounts are foraminifera, brachiopods, and phylloid 

algae. Many of these skeletal grains appear as broken 

fossil debris (Plate VI, a and b). 

The matrix varies from lime mud to sparry calcite 

cement. Profound recrystallization of the lime mud ma

trix is common. In many cases sparry calcite cement 

forms the matrix, or occurs as separate lenses or patches 

Solution stringers and finely dispersed silica are also 

common and would be an indication of recrystallization. 

According to Dunham*s classification these rocks 

represent packstones and grainstones. Evidence, such as 

channeling, broken fossil debris, high cement content, 

and the grain supported nature of the sediment suggest 

deposition in turbulent water above wave base. 

Deposition of the lime sand facies probably oc

curred a few inches below low tide. This facies is found 

in both the biohermal core and adjacent layered facies. 
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PLATE I 
(Flank facies) 

a. Lime mud facies—Mudstone containing lenses of vug 
filling sparry calcite conforming in shape to 
the structure of the leached fossil grain. 

b. Lime mud facies—Mudstone containing solution string
ers. Note the irregular shaped vugs filled with 
sparry calcite cement and patchy recrystallization 
of the lime mud matrix to microspar and pseudo
spar. 



b. 

PLATE I 
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PLATE II 
Flank facies) 

a. Fusulinid facies. Wackestone containing Triticites-
type fusulinids. 

b. Fusulinid facies. Wackestone containing a Triticites-
type fusulinid. Note the well preserved wall 
structure consisting of tect\im and keriotheca. 



b . 

PLATE I I 
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PLATE III 
(Flank facies) 

a. Algal-fusulinid facies—Wackestone containing dasy
clad algae, fusulinids, and leached fossil grains 
The leached grains are filled with sparry cal
cite. 

b. Algal-fusulinid facies—Packstone containing abundant 
dasyclad and scattered phylloid algal remains. 
Note recrystallization of the lime mud matrix to 
pseudospar. 

8 



b . 

PLATE I I I 
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PLATE IV 
(Core facies) 

a. Phylloid algal facies—Wackestone containing phylloid 
algae (Eugonophyllum). Note the well preserved 
wall structures. 

b. Phylloid algal facies—Wackestone containing a well-
preserved algal blade (Eugonophyllum). Note the 
floating teeth, i.e. cortex and subcortex. 



PLATE IV 
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PLATE V 
(Flank facies) 

a. Ophthalmid facies. Packstone containing abundant 
ophthalmid foraminifera. Note the excellently 
preserved fusulinids filled with sparry calcite 

b. Ophthalmid facies. Packstone containing abundant 
ophthalmid foraminifera. Note the recrystalli
zation of the lime mud matrix to microspar and 
pseudospar. 



b . 

PLATE V 
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PLATE VI 
(Flank facies) 

a. Lime sand facies—Poorly sorted, broken and rounded 
fossil debris in a recrystallized lime mud ma
trix (packstone). Note the ostracod shells and 
intraclasts. 

b. Lime sand facies—Poorly sorted, broken fossil de
bris cemented by sparry calcite (grainstone). 
Note the excellently preserved intraclasts. 
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Cyclical Sedimentatinn 

As mentioned earlier, various combinations of the 

six microfacies tend to be cyclically repeated in a given 

vertical section. This vertical repetition of rock types 

is a common feature through both core and adjacent layered 

sediments. Only an outline of the sedimentary cycle is 

given here, an interpretation of this cycle is given on 

page 55. 

f. Lime sand facies 

e. Ophthalmid foraminifera facies 

d. Phylloid algal facies 

c. Algal-fusulinid facies 

b. Fusulinid facies 

a. Lime mud facies 

This outline indicates a normal marine cycle containing 

a massive carbonate unit (d). Normal marine sedimenta

tion is represented by facies a, b, c, e, and f. This 

sequence is found in the adjacent layered sediments and 

between build-ups in the core area. The phylloid algal 

facies is present in the sedimentary cycle only in the 

core facies (Figure 9)» 

Cause of Biohermal Growth 

Two factors strongly suggest that phylloid algae 

are the main cause of the carbonate build-ups. First, 



massive core facies showing three 
consecutive periods of algal 
growth 
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thin section analysis reveals that the phylloid algal 

facies is restricted almost entirely to the core facies 

of the carbonate build-ups. The phylloid algal facies is 

almost completely absent in the adjacent layered sedi

ments. Secondly, the build-ups are composed almost en

tirely of algal blades with lenses of lime mud. This 

would rule out the possibility of other organisms de

veloping these build-ups. 

The growth habit of phylloid algae is in the form 

of highly warped, irregular, thin leaf-like blades which 

show openings of sporangia distributed over the entire 

surface. These observations were made on algal blades 

which had been selectively silicified and were preserved 

in a matrix of lime mud. Deposits of these silicified 

blades occur in the Hueco Limestone of the Franklin Moun

tains , Texas, and the Robledo Mountains, New Mexico. 

Specimens from these deposits have been dissolved in 

hydrochloric acid which yielded the silicified algal 

blades in complete preservation exhibiting all their 

former morphological features (Klement, personal communi

cation). The shape of these organisms reflects their 

ability to trap or bind sediment. 

Under optimum growth conditions, these algae grew 

in great numbers forming large meadows on the sea floor. 

The large warped leaves trapped or baffled the sediment 

and, as the individual algae died, they were partially 
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buried and covered by a new growth of algae. Due to the 

baffling effect of the algae the rates of sedimentation 

in these dense algal patches were many times the amount 

of surrounding normal areas which contained only scattered 

algal blades. This would account for the high mud con

tent of the core facies. 

Interpretation of Cyclical Sedimentation 

A correct environmental interpretation of the sedi

mentary cycle is necessary in order to derive the sedi

mentary history of the biohermal area. The vertical 

repetition of rock types can be explained best by fluctu

ations in sea level representing several marine trans

gressions and regressions. The total marine sequence 

consists of well aerated sediment indicating shallow 

water, shelf deposition (Figure 10). 

The initial phase of the sedimentary cycle is 

represented by the lime mud facies which records a trans

gressive period of time accompanied with a slight in

crease in water depth. 

As deposition continued, marine regression began. 

Conditions for organic growth on the sea floor became 

optimal as water depth decreased. This initial phase of 

abundant organic activity is represented by the fusulinid 

facies. V/ater depths at this time were greater than 10 
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•:̂ :r̂ î::̂ i=̂ '̂ ^ \^^ 
V 

J oO N ** vO ^ O J^ G M fvj S 
UJ 
10 

1 . ^ I'O"! 

fi \ l 

'ii^mi 

% 

•.Ti, j r ; . 

M M N r ^ — — — — — _ — — — 

P 
ii i 

» II 
, , ' » , . • . , . , 1 

^ 
^ 

mi 
(^« 

vo in ^ n M -

O 
O 
(VI 

in ^ to c4 ~ 

L
E

G
E

N
D

 

F.
 

Li
m

e 
S

an
d 

Fa
ci

es
 

E.
 O

pt
ha

lm
id

 F
oc

ie
s 

l"l'l 

D.
 P

hy
llo

id
 

A
lg

al
 F

ac
ie

s 

C.
 

A
lg

al
-F

u
su

lin
id

 F
ac

ie
s 

6.
 F

us
ul

in
id

 F
ac

ie
s 

A
. 

Li
m

e 
M

u
d

 F
ad

es
 

jm
b

e
r 

V
er

ti
ca

l 
sc

al
e:

 K
5i

n
.=

 5
ft

. 
H

or
iz

on
ta

l 
n

o
t 

to
 s

ca
le

 
R

om
an

 
nu

m
er

al
s 

in
d

ic
at

e 
se

ct
io

n
s 

A
ra

bi
c 

nu
m

er
al

s 
in

d
ic

at
e 

sa
m

p
le

 n
i 

N 
% 

\ 

m . . . 1 , 1 ^ ^ . • • ' . • * •"•'•.••'.•'.'.•'•••• 

•I N - o (n (J> 
ro Ki in (\i N 

^ 
^ 
^ 
^ • i - : 

ol 0 

LLA 

Mo 
0 0-

. < ? • 
% 

' • Bis 
r .,»;''^i^v*.'"'»'-'-Trt 

/.v:.: 
' ^ . 

vO lf | B -4 - o c P O O t - ' O i P ^ K l c a — o tn « h-

in 

N 
M 

> 
J 

6 
•t?t-"-

^ 

* It 

m «>5P 

H 

0 
:!i 1̂^ 

< O i p T t - ( o r > l =: o ( X ) l C O ^ • v O l n ^ l • ^ o ^ ^ - -
® 

« 

® 

:?^ 

4 

o 
in 

H > 
Ui 
J 

6-4. J ' . 

0 0 1'̂  

,0 'r-

a • . . " 

tn 

®^»^ 
^S'® @®®« 

, ^ ^ 
N : = 2 a > O D N v O l P ^ K l 

0 
in 
0 

VO iO ^ K) 

cvi 

(M 

10 

Ul 
- I 
Ul 

O f t 

®s 

®«^ 

H S 
f^ 
^' 

N = 2 (J> d l N V O i f t ^ ? 0 M -

IP s in 
O 
O 



'•—"'•"••""•'-'••""*••• »\mmmiidu»mi^imaammr' 

57 

feet as indicated by sparse phylloid algal remains. 

Regression continued, as indicated by the algal-

fusulinid facies. The abundant algal remains present in 

this facies suggests that water depths were now approxi

mately 6 to 10 feet and conditions for phylloid algal 

growth were excellent. 

During this period of time prolific algal growth 

occurred in localized pastures on the ocean floor. This 

was probably a result of sea level fluctuation and ir

regularities of the ocean floor which created isolated 

shoals. Although the surrounding deeper areas contained 

isolated algal blades, the slight variations in water 

depth created optimal conditions for algal growth on many 

of the shoals. Phylloid algae grew on these local shoals 

so abundantly that the rate of sedimentation in these 

areas was many times the amount of that of the adjacent 

deeper water. 

The algae flourished in these quiet, clear waters, 

until another fluctuation in sea level lowered wave base 

and created a more turbulent environment in which the 

algae could not survive. 

The algal build-ups grade gradually into the 

ophthalmid limestones. This marks the beginning of less 

stable and more shallow water conditions. The fact that 

phylloid algal remains are sparse in the ophthalmid 

facies suggest that deposition was now above wave base. 
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As regression continued, first lowering wave base 

over the shoal areas and then over the surrounding deeper 

areas, the coarse lime sands were incorporated into the 

sedimentary cycle. The lime sand facies represented the 

end member of the sedimentary cycle. Water depths at 

point were probably a few feet below low tide. In many 

cycles regression continued and subaerial exposure oc

curred. This is discussed below. 

As mentioned previously, at least five mounds, or 

periods of prolific algal growth are developed in the 

biohermal complex. In many cases, the cycles are incom

plete and repetition of two or three facies occurs many 

times. This is most commonly found in the thicker car

bonate build-ups and represents minor transgression and 

regression of sea level. 

Limestone Pebble Conglomerate 

Four horizontal units of limestone pebble con

glomerate are present in the biohermal complex (King, 

1945). These units are approximately two feet thick and 

extend through core and layered sediments. These zones 

contain numerous rounded calcareous cobbles and pebbles 

in an aphanitic limestone matrix. The cobbles and 

pebbles are usually intraclasts derived from the lime 

sand facies. This would indicate erosional reworking 

of the biohermal sediments. Further evidence of 
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subaerial exposure such as channeling and broken fossil 

debris is common in the conglomerate units. These 

erosional indicators are found throughout the bioherm, 

however only four extensive periods of subaerial ex

posure are evident. These conglomerate zones were for

merly correlated with the lower Permian Powwow con

glomerate. However, an abundant fusulinid fa\ma in the 

uppermost beds of the bioherm is definitely of Virgilian 

age. 
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CHAPTER VI 

POROSITY DEVELOPMENT AND DIAGENESIS 

Porosity 

Porosity development in the biohermal complex is 

a function of depositional fabric, extent of secondary 

leaching, and degree of secondary pore filling by sparry 

calcite precipitates. 

The major porous zones appear to have occurred in 

the carbonate zones of biohermal development. These 

zones occur as porous lenses encased by relatively non-

porous layered sediment. They represent packstones, 

with high intergrain porosity which is partially destroyed 

by a secondary sparry calcite precipitation. This inter

grain porosity is best developed in the phylloid algal 

facies and is a result of original voids created during 

deposition. 

According to the growth form of phylloid algae, 

they not only trap sediment, but create high primary 

porosity. Phylloid algae are believed to have grown 

and accumulated in place, with little or no transporta-

tic- .fter death. As the algae died, the algal blades 

piled up in the form of loose, warped leaves. Each leaf 

acted as a miniature umbrella, creating a void 

60 
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underneath which was only partially filled by lime 

mud. 

These depositional voids are preserved provided 

that the lithification of the sediment is rapid enough to 

prevent the collapse of the brittle algal blades by the 

weight of the overburden. According to Pray (1966) 

lithification of organic banks occurs soon after depo

sition of lime mud, and during bank growth. This theory 

is supported by the fact that little evidence of overly 

close packing, or fossil deformation of brittle algal 

blades is found in the bank complex. 

Of further importance is the fact that the pres

ence of high initial porosity is a prerequisite to the 

formation of secondary leaching porosity and resulting 

diagenetic change. This secondary leaching porosity 

will increase the original primary porosity. Data from 

the Greater Aneth Field, Four Corners Area, Utah, may 

serve as an example. Porosity values range from 3.5 to 

26.2 per cent, averaging 10 per cent. Permeability 

values reached a maximum of 932 millidarcys, averaging 

25 millidarcys. The estimated primary and secondary 

petroleum reserves may amount to 500 million barrels 

(Klement, 1969). 
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Diagenesis 

Limestones are subject to diagenetic alteration 

soon after deposition. They are altered by such proc

esses as solution, cementation, recrystallization, and 

replacement. These processes result in an alteration of 

the primary depositional textures and the formation or 

secondary diagenetic fabrics with increasing age of the 

limestone. In many cases the diagenetic effects are so 

intense that the primary sedimentary features may be 

completely obliterated. Diagenetic changes including 

recrystallization, leaching, and cementation have modi

fied the original rock textures and voids of the algal 

bioherm to some extent. The degree of alteration ranges 

from slight recrystallization of the lime mud matrix to 

a complete obliteration of both matrix and skeletal re

mains by a profound recrystallization. 

Recrystallization 

The most important changes in the depositional 

textures of the bank complex result from different de

grees of recrystallization of the various grain types 

and the original lime mud matrix. 

According to Folk (1959) recrystallization indi

cates a process in which the original crystals of a par

ticular size and morphology become converted into crystals 
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of different grain size or morphology, but the mineral 

species remains identical before and after the process. 

Recrystallization is common throughout the bank complex, 

however intense recrystallization is restricted to the 

lime sand and algal-fusulinid facies. Only minor amounts 

of recrystallized lime mud occur in the algal biohermal 

zones. 

Recrystallization in the biohermal complex pro

duces a fabric of sparry calcite which usually contains 

lenses of unaltered lime mud. Anhedral crystals are 

produced which range in size from 4 to 400 microns. Ac

cording to this size range the original lime mud (micrite) 

is altered to both microspar and pseudospar. 

Microspar (Microcrystalline Calcite) 

Microspar refers to recrystallized lime mud crys

tals which range in size from 4 to 30 microns (Folk, 

1965). Unaltered lime mud ranges in crystal size from 

1 to 4 microns, 

Microspar is present in all six facies. In most 

cases microspar appears as small patches replacing por

tions of the lime mud matrix. Recrystallization of the 

lime mud matrix produces a micro-crystalline texture 

displaying uniformity of crystal size which closely re

sembles unaltered lime mud (Figure 10). A uniform micro-

crystalline texture is also produced by complete 
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recrystallization of crinoid fragments and fusulinid 

tests (Figure 11). In both cases the contact boundaries 

between recrystallized and unaltered zones are grada-

tional. 

In areas of intense recrystallization microspar 

replaces fossil fragments. Microcrystalline calcite is 

also observed destroying the wall structure of phylloid 

algal remains (Figure 12). In many cases replacement by 

microspar almost completely destroys the original rock 

texture leaving only a few fossil ghosts. This form of 

intense diagenesis produces a matrix devoid of fossil 

material which resembles a low energy limestone. 

Pseudospar (Coarse Crystalline Calcite) 

This form of calcite differs from microspar in 

crystal size. In many respects pseudospar closely re

sembles true pore-filling sparry calcite. The crystal 

size of pseudospar is greater than 30 microns (Folk, 

1965). Unlike microspar, pseudospar does not display a 

uniform crystalline texture. 

Pseudospar in the bank complex appears in the 

form of large, glassy crystals, which grow to a diameter 

of 400 microns. The crystal size tends to increase 

toward the center of the altered zone. This creates a 

gradational boundary between altered and unaltered 

lenses. Crystals of pseudospar closely resemble sparry 



f„„r.o T? Recrvstallization of a crinoid Figure 12. R^crysca^^^ ^^ produce microspar. 



Figure 14 
Depositional texture altered by re
crystallization of the lime mud 

matrix to produce pseudospar. 
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calcite, however in many cases inclusions of undigested 

silt, clay, or organic matter are incorporated into the 

crystal matrix suggesting recrystallization rather than 

precipitation. 

Pseudospar occurs in the bank complex as small 

patches incorporated into a microcrystalline matrix 

(Figure 13). This microcrystalline matrix may consist 

either of lime mud or microspar. Pseudospar is also 

observed replacing fossil grains. In many cases de

struction of the fossil grains leaves ghost structures 

which still show the affinities of the former grains. 

This is another indication that the observed sparry cal

cite is pseudospar rather than a precipitate. 

Under conditions of intense recrystallization the 

larger grains appear to be floating in a sparry calcite 

matrix. This phenomenon is common in the lime sand 

facies (Figure 14). 

In summary, textural changes from a microcrys

talline lime mud to microspar and pseudospar, inclusions 

of unrecrystallized lime mud, diminuation of fossil re

mains, and floating skeletal grains indicate recrys

tallization of the original sediment, 

Void-Filling Calcite (Sparrv Calcite) 

Sparry calcite occurs in the biohermal complex 

as a result of precipitation into pores left after 
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leaching and non-deposition of lime mud in cases of pri

mary porosity. Void filling calcite can be distinguished 

from coarse recrystallized calcite (pseudospar) by its 

pure, transparent appearance, and interlocking mosaic 

texture. Furthermore, void filling sparry calcite is 

in distinct contact with the grains and shows pronounced 

variations in crystal size (Folk, 1965). 

As explained earlier, the algal core facies ex

hibits a high primary porosity. This primary porosity 

is frequently enlarged by secondary leaching of the 

matrix and grains. Features created by leaching include 

molds which conform to the shape of the original leached 

grain, irregular vugs, and intragrain vugs found pre

dominantly in algal blades (Figure 15). 

The process of leaching was greatly intensified 

during periods of subaerial exposure of the algal bio

herm. During these periods of emergence fresh water 

percolated downward through the encased, porous algal 

lenses. As these solutions migrated dovmward they be

came oversaturated and precipitation of sparry calcite 

occurred at, or below the water table. As a result of 

these solution and precipitation processes, secondary 

and primary pores were created and enlarged above the 

water table, while pore cavities were destroyed by pore 

filling calcite below the water table. This form of 

diagenetic cementation has almost completely destroyed 
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all primary and secondary porosity in the bank complex. 

The pores are closed with subhedral, transparent crystals 

of calcite ranging up to 500 microns in size. These 

crystals contain straight boundaries and tend to enlarge 

toward the center of the pore area. Also observed are 

crystals of fibrous calcite which line the walls of the 

vugs and are usually oriented perpendicular to the walls 

(Figure 16). Vug filling calcite is found throughout 

the bank complex, but it is more commonly associated 

with the phylloid algal and algal-fusulinid facies. • 

Sparrv Calcite Cement 

Sparry calcite cement is precipitated out of solu

tion into intergranular pore space during the diagenetic 

lithification of a sediment. 

The process of winnowing creates intergranular 

pores. This is caused by currents which are strong 

enough to wash away the lime mud or prevent it from set

tling out of suspension and accumulating in between the 

grains. The resulting voids are filled by directly pre

cipitated sparry calcite cement. Sparry calcite occur

ring as a cementing agent is found only in the lime sand 

facies. The cement consists of glass-clear, interlocking 

crystals which reach a size of 500 microns. 



Figure 16. Phylloid algal blade filled with 
rigure ± y calcite after leaching. 

sparry ca 



Irregular vug filled with sparry cal
cite. Note crystals of fibrous 
calcite lining the walls of the 
vug. 
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Dolomitization 

Dolomitization of the biohermal sediments is re

stricted to the occurrence of occasional isolated dolo

mite rhombohedra in the matrix. It is remarkable that 

in the many surface and subsurface studies of phylloid 

algal deposits on a world wide basis, dolomitization has 

never been reported to be of any significance. 

The absence of dolomitization may be due to the 

fact that these mounds grew in an open, unrestricted 

shelf environment where conditions for oversaturation 

and necessary concentrations of magnesium were not de

veloped. 



CHAPTER VII 

CONCLUSION 

Based on lithological and palentological para

meters, as well as sedimentary textures, the following 

environmental interpretations may be derived from the 

detailed microfacies analysis of the biohermal complex, 

1. The existence of a biohermal complex is docu

mented by a pronounced lithologic break between core and 

flank deposits, by the massive nature of the algal build

ups , and by the concentrated distribution of phylloid-

type algae in the mound. The ecological distribution 

of organisms in the core and flank facies reflects two 

different megafacies. 

a. The massive core facies consists predominantly 

of phylloid-type algae. The predominant rock 

type is a wackestone. Minor amounts of pack

stones and mudstones are also present. The 

massive core deposits represent periods of 

intensive algal growth. These mounds grew in 

quiet, shallow waters, below wave base at 

depths of 6 to 10 feet. This assumption is 

based upon the association of phylloid algae 

with ophthalmid foraminifera, 
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According to Moore (1957) ophthalmid fora

minifera live in recent oceans predominantly 

at depths of 0 to 10 feet, 

b. Units adjacent to the algal-core facies dis

play recognizable differences in lithology 

and fauna. The stratified flank facies con

tain a variety of skeletal types including 

fusulinids, foraminifera, calcareous algae, 

crinoids, ostracods, brachiopods, and gastro

pods. The dominant rock types include mud

stones, wackestones, packstones, and grain

stones. The heterogeneity of the flank facies 

reflects a variety of paleo-depositional 

patterns which range from wave-sheltered shal

low to turbulent conditions, 

2. Six microfacies can be recognized in the bio

hermal complex including one in the core facies and five 

in the flank facies. 

Flank: 

a. Lime mud facies - This microfacies consists 

predominantly of lime mud with fossil material 

composing less than ten per cent of the rock 

matrix. The rock type is predominantly a 

mudstone. 

b. Fusulinid facies - This microfacies consists 

predominantly of fusulinids incorporated into 

a lime mud matrix. The rock type is 
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predominantly a wackestone. 

c. Algal-fusulinid facies - These deposits con

sist of fusulinids and green calcareous algae 

of the families Dasycladaceae and Codiaceae, 

The matrix is lime mud which develops into a 

wackestone or packstone. 

d. Ophthalmid facies - Ophthalmid foraminifera 

are dominant in these deposits which include 

algae, fusulinids, crinoids, and brachiopods, 

A lime mud matrix is observed which is common

ly recrystallized. Wackestones and packstones 

are present in this microfacies. 

e. Lime sand facies - These deposits are composed 

of skeletal calcarenites containing intraclasts 

and fossils including fusulinids, foramini- . 

fera, algae, crinoids, and brachiopods. The 

matrix is often composed of sparry calcite 

cement. Intense recrystallization of the lime 

mud matrix is common. Rock types include pack

stones and grainstones. 

Core: 

f. Phylloid algal facies - The diagnostic fossil 

of this facies is Eugonophyllum. a phylloid-

type alga belonging to the family Codiaceae, 

Few other fossils are found associated with 
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this alga. The dominant rock type is a wacke

stone, 

3. The six microfacies of the bank complex tend 

to be cyclically repeated through both core and flank 

facies. Two types of cycles are present: 

a, A normal marine cycle containing one or more 

algal core units, b) a normal marine cycle 

found predominantly in the flank facies and 

between algal build-up units of the core 

facies. The cyclical sedimentation was regu

lated by water depth. Several transgressions 

and regressions of sea level are reflected in 

both sedimentary cycles. A complete cycle 

represents a regressive phase of sea level in 

which water depths ranged from moderately 

shallow to less than three or four feet. 

Fluctuations of sea level were frequent as 

indicated by the repetition of two or three 

microfacies rather than complete cycles. 

4, Microfacies analysis indicates that differences 

in sedimentation exist between the massive core facies and 

adjacent flank facies. Abundant algal growth created an 

interruption in the normal sedimentary cycle (flank 

facies) causing mound growth (core facies). The promi

nent mounds or core units of carbonate sediment were 

constructed in situ by phylloid type algae. These algae 
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appeared as highly warped leaves attached to the sea 

floor which acted as sediment baffles. The rate of sedi

mentation was greatly increased in these algal meadows 

causing bank development. There is no evidence of rigid 

frame-building organisms. This, plus the high mud con

tent suggests that the bioherm developed in low energy, 

well protected areas, below wave base. 

5. The major porous zones of the bank complex are 

restricted to the encased core facies. High primary 

pcrcsity is developed in the core facies as a result of 

tiny umbrellas created by the warped algal blades as 

they piled up in the form of loose leaves after death. 

Sediment was trapped on the upper surface of the algal 

blade preserving a water filled cavity beneath the lower 

surface. Much of the primary porosity of the bank com

plex has been destroyed by secondary vug filling. 

6. Diagenetic alterations of rock material were 

extensive as a result of a high initial porosity which 

facilitated leaching. Important diagenetic alterations 

affecting the bioherm include recrystallization, leach

ing, and vug filling by sparry calcite cement. Dolo

mitization is almost completely non-existent with only 

occasional dolomite rombohedra occurring in the matrix. 
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APPENDIX 

RAW DATA CHARTS 

Key to Abbreviations 

CI -- Rock Classification 

G -- Grainstone 

M — Mudstone 

P — Packstone 

W — Wackestone 

PA — Phylloid algae 

DA -- Dasyclad algae 

Fu — Fusulinids 

OF -- Ophthalmid foraminifera 

Ci -- Crinoids 

Br -- Brachiopods 

G -- Gastropods 

Os -- Ostracods 

In -- Intraclasts 

SO — Stromatolites and oncolites 

PC -- Precipitated calcite 

R -- Recrystallization 

The chart number refers to the section number 
from which the samples were collected. 
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CHART I 

Sam 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

CI 

M 
P 
P 
P 
P 
M 
P 
M 
P 
P 
M 
P 

PA 

3 

3 
3 

3 

2 

3 

DA 

3 
3 

1 

1 

Fu 

2 

2 

2 
2 

OF 

1 

1 
1 

1 

1 

Cr 

3 

1 
2 
3 

2 
3 

Br 

3 
2 

3 

3 

G 

3 

3 

Os 

3 

3 

3 

IN 

1 

2 

So 

3 

PC 

3 

3 

3 

3 

R 

1 
3 

3 
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