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ABSTRACT 

Late Pleistocene Stratigraphy and Geologic Development 

of Cozumel Island, Quintana Roo, Mexico 

Richard Hoencke Spaw 

Knowledge of the depositional history of Cozumel Island is important 

for an understanding of the tectonics of the block-faulted eastern Yuca¬ 

tan and Belize continental margin. 

Basic information was derived from field reconnaissance and petro¬ 

graphic and minéralogie descriptions of thin sectioned and x-rayed sam¬ 

ples. Two older Pleistocene, ten late Pleistocene, and one Holocene 

shallow-water carbonate facies are differentiated by their geometries 

and positions, megafauna, sedimentary structures, textures, carbonate 

grain-types, mineralogies and cements. The two older Pleistocene facies 

represent patch reef and sandy backreef environments of deposition. The 

late Pleistocene facies were deposited in windward and leeward coral reef, 

reef pass, seagrass-stabilized backreef, oolite shoal, storm channel, 

beach, and dune environments. Beachrock is the only Holocene rock on the 

island. 

Previously described 125,000 + 15,000 B.P. reef, backreef, and beach- 

nearshore facies on the eastern Yucatan coast are in the same positions as 

the late Pleistocene facies on Cozumel Island; thus, the late Pleisto¬ 

cene Cozumel facies probably were deposited during the Sangamon Inter¬ 

glacial . 



A world-wide sea level fluctuation curve compiled from the litera¬ 

ture is applied to deposition on Cozumel. Rocks from the island record 

two periodsof submergence with associated shallow-water carbonate deposi¬ 

tion» and two intervening periods of emergence with associated subaerial 

vadose diagenesis. In reconstructing the depositional history of the 

island» it is determined that no tectonic activity has occurred since 

the latter part of the middle Pleistocene. 
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INTRODUCTION 

Purpose and Scope 

An understanding of the block-faulted eastern Yucatan continental 

margin is of prime importance to an unraveling of the tectonic history 

of the Caribbean. Little geologic work has been done in this area, and 

no geologist has ever studied Cozumel Island in detail. 

This project was designed primarily as a field reconnaissance, with 

secondary input of petrologic and minéralogie data, to delineate the 

facies present on Cozumel Island, and to make a facies map. Comparison 

of the stratigraphy of the island with that of the eastern Yucatan Pen¬ 

insula, and comparison of both stratigraphic sequences with the known 

late Pleistocene eustatic sea level fluctuation history, was made in or¬ 

der to reconstruct the depositional sequence of events for the island 

and to segregate any tectonic component that may have been present. The 

depositional histories of the atolls and banks of the western Caribbean, 

Chinchorro Bank, Turneffe Islands, Lighthouse Reef, and Glover's Reef, 

were contrasted with that of Cozumel Island in order to delineate any 

similarities or differences between their developmental histories. 

Previous Investigations 

Prior to the present Investigation, no detailed geologic study nor 

large scale map of Cozumel Island had been made; only three broad 

classifications of its geology and several sketch maps existed (Butterlin 

and Bonet, 1962; Planimex, 1970; Ramos, 1975). Each of these studies 

classified Cozumel Island and the eastern part of the Yucatan Peninsula 

as the Carrillo Puerto Formation of Miocene-Pliocene age, but each gave 
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a different description of the characteristics of this formation. Butter- 

lin and Bonet (1962) described the Carrillo Puerto Formation as a white, 

massive, 100 m thick limestone body rich in peneropolid foraminlfera and 

mollusks, hut Ramos (1975) described the same formation as a flat-lying 

crystalline white limestone, coquina, and conglomerate. The Carrillo 

Puerto Formation was described in a Planimex Consulting Engineers Report 

(1970) as creamy to white fine-grained limestone with in situ coral reefs 

and other fossils. Drilling information contained in the Planimex report 

revealed that on Cozumel Island the Carrillo Puerto Formation is 25 m 

thick and rests on a dolomite formation of unknown identity. 

Boyd, et al. (1963), in their brief reconnaissance of the narrow 

shelf around the island, described coralline algal microatolls off the 

rocky northeast coast as well as rippled sand and patch reefs off the 

west coast. 

A detailed compilation of data on the climate and hydrology of 

Cozumel Island, some of which came from records of the Secretaria de 

Recursos Hidraulicos, is contained in the Planimex Consulting Engineers 

Report (1970). 

Uchupi (1973) and Ramos (1975) indicate magnetic anomalies on or 

near Cozumel Island. Uchupi (1973) placed a positive anomaly over the 

southern end of the island, and Ramos (1975) showed Cozumel Island near 

a positive anomaly located on the Yucatan mainland directly across from 

the island. 

Two recent works contain seismic profiles and bathymetric maps of 

offshore areas around Cozumel Island (Vedder, 1971 ; Uchupi, 1973). 

Several publications on the anthropology (Roys, et al., 1940; 
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Rathje and Sabloff, 1973; Sabloff and Rathje, 1975) and two on the 

ornithology (Griscom, 1926; Bond, 1961) of Cozumel Island exist. 

The lack of detailed Information on the geology of the Yucatan 

Peninsula and Cozumel Island can be partially explained by the heavy 

vegetation, poor access, lack of surface drainage (and associated out¬ 

crops), low relief (and lack of vertical exposures), and a thick caliche 

crust on the exposed rock surfaces (Ramos, 1975). 

Location and Size 

Cozumel is a 540 sq km island located approximately 20 km off the 

northeastern coast of the Yucatan Peninsula in the state of Quintana Roo, 

Mexico (Figure 1), Paralleling this coast in a northeast-southwest trend 

the island is located between the longitudes 86°44' and 87°02' West and 

the latitudes 20°16' and 20°35' North. The island’s maximum dimensions 

are 45 km by 16 km, with the average dimensions being 36 km by 15 km. A 

majority of the island averages 5 m in elevation, but localized areas 

may be twice that height. 

Climate 

Cozumel Island has a sub-tropical climate with seasonal, moderate 

rainfall, nearly constant warm temperatures, and high humidity. 

Rainfall 

The maximum annual rainfall recorded at the Cozumel Island weather 

station of the Secretaria de Recursos Hidraulicos in the period from 

1929 to 1960 was 200 cm (80 in.) and the minimum annual rainfall was 
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Figure 1 - Location map of the northwestern Caribbean Sea, 

northeastern Yucatan Peninsula, and Cozumel Island. 

(Modified from Ebanks, 1967) 
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100 cm (40 in.)» with the average annual rainfall being 158 cm (62 in.) 

(Planimex, 1970). Although it rains throughout the year, usually it 

rains more from May through October with minimal amounts from March 

through April. The annual evaporation varies from 150 cm to 170 cm, 

which is close to the amount of annual precipitation. 

Relative Humidity 

The average annual relative humidity is 85%, with a range in average 

monthly humidity of 76% to 91% (Secretaria de Recursos Hidraulicos, in 

Planimex, 1970). 

Temperature 

Temperature records for Cozumel Island between the years 1929 and 

1960 (Secretaria de Recursos Hidraulicos, in Planimex, 1970) report an 

average monthly temperature range of 23°C (73°F) to 27°C (81°F), the 

coldest months being December and January and the warmest being May 

through September. The temperatures are generally warm, with an average 

annual temperature of 25.5°C (78°F). 

Wind 

Although the meteorological bureau does not keep records of wind 

velocities on the eastern Yucatan coast, Hoskin (1963) indicates that on 

Alacran Reef prevailing winds are from the northeast to east in winter 

and from the southeast to east in summer. For my study, I have assumed 

that wind directions on Cozumel are similar to those described above. 

Storms 

The U. S. National Weather Service recorded 13 major hurricanes 
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that have struck both the United States and Cozumel Island in the last 

100 years (Sugg, et al», 1971). Less intense storms as well as other 

major hurricanes not included in the U. S. Weather Service Report probably 

affected the island. 

Hydrography 

The major current along the northeastern coast of the Yucatan Penin¬ 

sula is the 2 knot Yucatan current that moves northward along both sides 

of Cozumel (Yucatan Channel and Approaches, 1971; Ward, 1975). Although 

there is no station for measuring tides on the northeast coast of Quintana 

Roo, Ward (1975) observed fluctuations off that coast of about .5 m during 

spring tides and .3 m during neap tides. 

Bathymetry 

Research in the western Caribbean off the east coast of Belize and 

the Yucatan Peninsula has shown the presence of several major ridges and 

intervening troughs. Stoddart (1962) pointed out the curious north-north¬ 

east to south-southwest trending alignment of the long axes of Chinchorro 

Bank, Arrowsmith Bank, Turneffe Islands, Lighthouse Reef, Glover's Reef, 

and Cozumel Island along this continental margin. He described the off¬ 

shore topography east of Belize as consisting of a number of submarine 

steps, each bounded by an east-facing escarpment and bearing a reef-mass 

rising to sea level somewhere along its crest (Stoddart, 1962; Stoddart 

and Thorpe, 1962). Depth soundings recorded on a United States Naval 

Oceanographic Chart (N.O. 28015, 1971) have provided additional pertinent 

information on the bathymetry of the Caribbean offshore from the Yucatan 
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Peninsula which substantiated the ridge and trough configuration suggest¬ 

ed by Stoddart (1962). Recent studies by Vedder et al. (1971) and Uchupi 

(1973) employing seismometers and magnetometers have led to further in¬ 

sights into the bathymetry and deeper structure of the eastern Yucatan 

and Belize continental margin. These investigations reveal the presence 

of three main en echelon ridges trending northeasterly off the eastern 

Yucatan and Belize coasts. Between each ridge deep troughs are found; 

the one east of Cozumel is at least 1,200 m deep (Uchupi, 1973). The 

most landward major ridge is defined by Cozumel Island to the south and 

the submerged Arrowsmith Bank to the north (Figure 2). This ridge ter¬ 

minates on the southern end of Cozumel and the northern end of Arrow- 

smith. Turneffe Islands and Chinchorro Bank are found along the crest 

of the second main ridge, which terminates just north of Chinchorro Bank. 

The outer main ridge is outlined by Lighthouse Reef and the banks east 

of Chinchorro Bank and Cozumel Island. Further to the north, this outer 

ridge curves towards Cuba. A deeper ridge is found near the base of the 

slope just east of the outer main ridge, and is adjacent to the 4,400 m 

(14,300 ft.) deep Yucatan Basin (Uchupi, 1973). 

The major portion of the bank located off the east coast of Cozumel 

Island on the outer main ridge is 400 m (1,300 ft.) below sea level. 

The maximum water depth in the channel between Cozumel and the mainland 

is also approximately 400 m; therefore, the island is surrounded by 

deep water on the east, west, and south sides. 

The narrowness of the shelves surrounding Cozumel Island is documen¬ 

ted by field inspections of Boyd, et al. (1963) and by examination of 

aerial photographs in the present investigation. Boyd et al. (1963) 



-8- 

Figure 2 Bathymetric map of the area offshore 

Yucatan Peninsula and Belize coasts. 

from the eastern 

(Modified from 

Uchupi, 1973) 
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found that off the eastern coast, shallow water extends for only a few 

hundred yards. 

Tectonics 

Recent studies support Stoddart’s (1962) contention that the only 

explanation for the submarine topography off the eastern Yucatan and 

Belize margin is faulting. The alignment of the onshore Rio Hondo fault 

system (Uchupi, 1973), numerous rivers in northern Belize (Dillon and 

Vedder, 1973), and the two bays in southern Mexico (Bahia de la Ascension 

and Bahia del Espiritu Santo) with the linear, straight, parallel off¬ 

shore ridges confirm this contention (Figure 2). Seismic profiles from 

the western Caribbean (Figure 3) show that each of the parallel ridges 

and troughs (described above under Bathymetry) is characterized by an 

acoustic basement (Dillon and Vedder, 1973). Information from Shell Oil 

Company wells on Ambergris Cay, Glovers Reef, and Turneffe Islands 

(Vedder, et al., 1971; Dillon and Vedder, 1973) as well as dredging off 

Cozumel Island and the Yucatan Channel indicates that the acoustic base¬ 

ment consits of volcanic, granitic intrusive, and upper Paleozoic meta¬ 

sedimentary and low-grade metamorphic rocks. Seismic profiles also show 

only thin layers of sediment trapped on the acoustic basement in the 

troughs (Figure 4). This may reflect long-term low sedimentation rates 

off the Belize and Yucatan continental margin (Dillon and Vedder, 1973). 

Interestingly, the low sedimentation rates preserve the geomorphically 

youthful aspect of this continental margin even though it is not young. 

Uchupi (1973) reported that the magnetic field along the eastern Yucatan 

and Belize continental margin shows subdued highs and lows parallel to 
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Figure 3 - Shows two seismic profiles near Cozumel Island. Profile 409 

(Uchupi, 1973) is taken from the area directly south of the 

island. Profile 31 (Vedder, et al., 1971) is taken directly 

off the eastern coast of Cozumel Island. 



SEISMIC PROFILES NEAR COZUMEL ISLAND 

MODIFIED FROM UCHUPI (1973) 

MODIFIED FROM VEDDER, £1 AL. (1971) 
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the trends of the ridges; a positive magnetic anomaly is recorded over 

Cozumel Island. The magnetic anomalies imply that basement thicknesses 

on this margin vary and are higher under the ridges than the troughs, and 

that the basement has been faulted. 

Dillon and Vedder (1973) described the evolution of the northwestern 

Caribbean in two separate plate movements: 

"1) a sphenochasmic opening of the Yucatan Basin north 
of the Cayman Ridge pivoting around the basin's southwest 
corner during the Mesozoic, and 2) movement of the Carib¬ 
bean plate relatively eastward and away from the North 
American plate, beginning in Late Cretaceous time, to form 
the Cayman Trough." 

Lack of recent seismic activity in the Yucatan Basin implies that the 

first movement has been completed. Evidence suggesting that second move¬ 

ment, a left-lateral movement, is still occurring include: recent seismic 

activity in the Gulf of Honduras-Cayman Ridge and Trough region, faults 

that break sediments near the surface of troughs between the ridges, 

drowned coral reefs, tilted beachrock on Turneffe Island, tilted Pleisto¬ 

cene (?) stalactites in submerged caves on Lighthouse Reef, and faults 

that cut late Tertiary rocks on the eastern Yucatan Peninsula (Dillon 

and Vedder, 1973). Using these hypothetical plate movements as a frame¬ 

work, Dillon and Vedder (1973) have interpreted the tectonic history of 

the Yucatan continental margin. They believe that the eastern Yucatan 

continental margin was originally formed as a rifted, trailing-edge plate 

boundary that produced normal faults that dipped eastward toward the ori¬ 

ginal axis of fracture. Rifting probably began in the Late Jurassic, con¬ 

tinuing through the Cretaceous. Rudist and Coralline growth on horsts 

probably began by Middle or Late Cretaceous but was interrupted by terri¬ 

genous sedimentation from Campanian to Paleocene in the southern part of 
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this continental margin in response to the beginning of the Caribbean 

plate movement. For most of the Tertiary, the eastern Belize and 

Yucatan continental margin subsided, and reef growth continued on the 

subsiding blocks; Shell Oil Company found 570 m of Tertiary reefs in 

the Glovers Reef well and 1,000 m in the Tumeffe Islands well. The 

amount of Tertiary subsidence may have been less farther north on the 

Ambergis Cay ridge, as only 425 m of Tertiary section were encountered 

there (Dillon and Vedder, 1973). 

Several observations can be made to fit Cozumel Island into this 

tectonic framework. First, because Cozumel Island is located a substan¬ 

tial distance north of the Guatemalan source of terrigenous sediments 

that were shed from Campanian to Paleocene, it is possible that carbonate 

sedimentation on Cozumel Island was not interrupted during this time span. 

Second, the suggestion by Dillon and Vedder (1973) that Tertiary subsi¬ 

dence of the normal fault blocks decreased moving north, away from the 

original axis of fracture, compares well with the observations that the 

horst block carrying Cozumel Island is the highest and farthest north. 

Perhaps Cozumel is the only island located on the three ridges that 

parallel the eastern Belize-Yucatan coast because its ridge (horst) has 

experienced the smallest amount of subsidence. Third, evidence suggests 

the possibility of recent tectonic activity near Cozumel Island; some 

faults were found breaking sediment in the trough Immediately seaward 

of Cozumel Island (Figure 3), and faint horizontal lamination in the 

upper part of the ridge immediately seaward of Cozumel Island may iden¬ 

tify a drowned coral reef cap (Figure 3). 
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STRATIGRAPHY OF COZUMEL ISLAND 

Introduction 

Terminology 

Most terminology used in the present work is standard, or terms are 

defined as they are used in the text. Terms which warrant special dis¬ 

cussion are explained below. 

Caliche. The term "Caliche” was used in the field, to indicate a 

mature, well-indurated duricrust deposit of secondary calcium carbonate. 

On Cozumel, the crust commonly contains dark tan laminations, and may 

occur either solely as a laminated crust, or a laminated crust overlain 

by nodules or angular clasts of presumably the same material. Clasts 

are more commonly brown, but may be black. Caliche crusts are commonly 

hummocky, varying in elevation locally as much as 3.7 m. Often laminated 

caliche forms large concentric circles, which may be cross-sections of a 

continuous, irregular crust. There are two different caliche crusts 

visible on Cozumel. The upper one, designated caliche II, is found at or 

just below the present ground surface across the entire island. The lower 

caliche crust, caliche I, is found in the lower parts of quarry sections 

on the east and central parts of the island. The presence of each of 

these caliche crusts is interpreted as evidence for subareal exposure and 

formation of a vadose diagenetic environment in a semi-arid climate. 

Caliche is not forming today in Cozumel’s sub-tropical climate. 

Facies. The term, "facies", is used in the sense suggested by 

Selley (1970): 

"A sedimentary facies is a mass of sedimentary rock which can 
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be defined and distinguished from others by its geometry, 
lithology, sedimentary structures, paleocurrent pattern, 
and fossils." 

Although some of the specific characteristics used below to define the 

Cozumel facies differ from those enumerated above, these different 

characteristics still fulfill the same function as those above; they 

describe a unique rock mass which formed under physically, chemically, 

and biologically distinct conditions. The facies described below were 

defined on the basis of specific lithologic and biologic characteristics. 

Following the objective definition of facies, environmental interpreta¬ 

tions were made. To avoid confusion caused by genetic implication, des¬ 

criptive names for facies were chosen along with arbitrary letters. 

Atoll. This term is used as defined by Stoddart (1962). According 

to him, a true atoll must possess the following characteristics: (1) a 

well-developed reef-rim and reef-flat; (2) a slope descending from the 

reefs to 200 m; (3) a central lagoon. 

Bank. This term is used broadly to mean both a partially submerged 

large-scale ridge (Chinchorro Bank) and a shoal-water sediment pile (sea- 

grass bank). 

Data Gathering Techniques 

Base map. Prior to the initial fieldwork, a base map of Cozumel 

Island was prepared using aerial photographs. The photographs were care¬ 

fully overlapped in order to minimize the distortion present around the 

edges of each photograph. All features of interest were traced on the 

map. 

Field methods. During two trips taken to Cozumel Island, a total of 

five weeks were spent in the field. In the field, notes of all observa- 
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Figure 4 Map showing roads, quarries, and sample localities on 

Cozumel Island. 



SAMPLE LOCALITIES 
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tions were recorded. Roads were drawn in on the base map after their 

lengths were measured with an odometer on a motorcycle and their bear¬ 

ings were measured on a Brunton compass. Forty-one localities were es¬ 

tablished where samples were collected and recorded (Figure 4). Samples 

were taken where a change in geometry, megafauna, sedimentary structures, 

or lithology was observed; in all, samples numbered 114. Stratigraphic 

sections were measured where there was some vertical relief, in 13 

quarries, and occasionally on the coast. All elevations were estimated 

by hand-leveling from a base level. Sea level was used as base level 

wherever possible, but the upper surface of the fresh water table was 

used as base level in inland areas. Because some of the elevations were 

calculated by hand-leveling and sighting on an assistant for distances 

of two kilometers, the accuracy of some of the elevations is questionable. 

More accurate surveying instruments could not be used. Whenever an un¬ 

usual geomorphic feature was observed, reference to aerial photographs 

was made. In places where coral and molluscs were abundant, field iden¬ 

tifications were made by referring to Appendix 1 of a "Guidebook to the 

Southern Shelf of British Honduras" (York, 1971) and "Recent Marine 

Molluscs From Northeastern Quintana Roo, Mexico" (Ekdale, 1974b, p. 199- 

218). Thorough collections were made of molluscs where possible. In 

some places, accuracy of descriptions was limited by exposures. For ex¬ 

ample, because three dimensional views of cross-bedding were impossible, 

only apparent dips were measured. 

The dense jungle which covers the island limited the field reconnais¬ 

sance to exposures along the entire coast, to the roads which circle and cross 

the interior of the island, and to the 13 quarry sections. Compared to 
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other areas in the Yucatan, the quantity of exposures is relatively large, 

since Cozumel has undergone a remarkable building program in recent years 

in response to the booming tourist trade. Numerous photographs of var¬ 

ious features were taken in the field. 

Laboratory methods* 

Hand specimen description. Upon returning from the field, each 

sample was inspected with a hand lens and described. Special attention 

was paid to grain size, mud content, color, degree of induration, root- 

casts, and megafauna. All coral and mollusc fragments were reidentifled, 

and the presence of algae was noted. 

Petrography. Standard techniques in carbonate petrography were 

used in this investigation (Bathurst, 1971; Horowitz and Potter, 1971; 

Milliman, 1974; and Wilson, 1975). Twenty-seven thin-sections were 

studied from samples chosen specially for their varied characteristics. 

Thin-sections represented all of the different geometries and positions 

of sedimentary bodies, megafaunal zones, and sedimentary structure zones. 

Poorly consolidated material was impregnated with epoxy resin in a vacuum 

before thin-sectioning. Following initial observations of thin-sections, 

half of each thin-section was stained for calcite vs. aragonite content 

with Feigel’s solution (Friedman, 1959, 1971) and was observed again. 

X-ray diffraction. Thirty-one samples were chosen for x-ray 

study of mineralogy. Samples were chosen to cover the wide variety of 

types of localities. 

Procedures vised in sample preparation closely resemble those used 

by Ebanks (1967). Loosely consolidated samples were ground by hand in 

a mortar and pestle for four minutes or less, passed through a 200 mesh 
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screen, and placed in vials. Well-indurated samples were broken with a 

hammer, run thro ugh a rock crusher, and hand-ground for less than four 

minutes in an acetone-cleaned mortar and pestle. The screen was cleaned 

with a paint brush. A modified sample holder was constructed to minimize 

the undesirable effects of packing. 

The equipment and operating parameters actually used are very similar 

to those used by Ebanks (1967). The exact information follows: 

Equipment: 
Phillips-Norelco diffractometer 
Nickel-filtered Cu K*< radiation 
Proportion counter 
Pulse-height analyzer 
Brown strip-chart recorder 

Operating Parameters: 
Radiation-Cu , Ni filtered 
slits- beam- 1 

detector- .006” 
proportional counter 
pulse-height descrimination 
scale factor- 16 on right, 8 on left 
time constant - 2 
scan rate - 1/2° 20 per minute 
chart speed - 1” = 2 minutes 

Two runs were made on each sample, one for percent aragonite, per¬ 

cent Mg-calcite, and percent calcite, and the other for mole percent 

MgGOy Peak areas measured with a planimeter were inserted in standard 

curves used by Brady (1971) in order to make calculations (Ebanks, 1967) 

which produced the desired percentages. The Brady standard curves were 

chosen because Brady used the same sample holder as was used in the pre¬ 

sent investigation. 

Basic Data and Synthesis Methods 

Synthesis methods. After acquiring a large mass of information from 

diverse input sources (Field observation, hand specimen observation, 
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thin-section observation, x-ray diffraction) synthesis was effected by 

the compilation of a large chart. This master chart contains a large 

part of the basic information collected for this thesis. After compila¬ 

tion of the chart, it was determined that the number of variables and the 

volume of information must be reduced to a more easily handled quantity. 

Therefore, the various characteristics of the samples were considered as 

to their relative importance and value in describing facies. These 

characteristics are discussed below, evaluating for each the quantity 

of Information available and its value in differentiating the facies on 

Cozumel Island. Some of the basic information and distribution trends 

involving each characteristic is given. After choosing the most impor¬ 

tant characteristics upon which the Cozumel facies were to be described, 

trends in these characteristics were traced by the use of color-code. 

Certain combinations of basic characteristics described eleven distinct 

facies which are also given below. 

Basic data. 

Geometry and position. This parameter includes size and shape 

of the body of rock, and its position relative to sea level, other rock 

bodies, and caliche crusts I and II. Because the original depositional 

geometries and positions of the late Pleistocene rock bodies are still 

intact, this very important parameter was used in defining all facies 

on the island. The specific geometries of sedimentary bodies found on 

Cozumel Island are listed in Plate II, located in the back envelope, 

and described in greater detail in the descriptions of individual facies. 

Megafauna. Megafauna has been separated into basically two 

biotopes; (1) the areas of abundant, in situ coral, with mollusks pre- 
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sent and (2) the areas where molluscs are abundant, Porltes furcata and 

other small, massive coral heads are present, and Gonlolithon and Porltes 

are locally abundant. 

Corals. Corals were identified in the field, and later from 

photographs and hand specimens. Three different coral assemblages were 

identified, each with a characteristic lateral position. These assem¬ 

blages were important in defining the three coral reef facies, and are 

described below in the sections on Facies A, B, and C. Because the corals 

were found essentially in growth position, there is no question of the 

validity of this parameter. 

Mollusks. At the beginning of this study, I intended to 

use mollusks as environmental indicators by comparing écologie studies 

on Recent Caribbean mollusks to molluscan assemblages collected in the 

Pleistocene deposits on Cozumel. 

In the field, systematic sampling of mollusks was impossible. Mol¬ 

lusks were collected wherever they occurred, and samples were more volum¬ 

inous when collected in loosely consolidated areas. Because the collect¬ 

ing methods were not thorough enough for complete, consistent coverage of 

the island, and because collections were made with time constraints, con¬ 

clusions here reached regarding molluscan distribution on Cozumel Island 

are tentative; more complete collections would be advantageous. 

Most identification of mollusks was done in the laboratory. Refer¬ 

ences used for identification of mollusks are Carribean Seashells (Warmke 

and Abbott, 1962) and "Recent Marine Mollusks from Northeastern Quintana 

Roo, Mexico" (Ekdale, 1974b). 

Although mollusk distribution trends are hard to recognize bn Cozu- 
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mel Island, five fairly well documented assemblages of mollusks appear In 

different topographic positions(Table I ). Assemblage one is from well- 

indurated rock in two quarries and one surface sample in the center of 

the island (RS-05, 09 and 10, Figure 9A). Assemblage two represents re¬ 

petition of mollusk genera in the lower part of three eastern ridge 

quarries (RS-17, Figure 9B). Assemblage three represents the coquina 

in the lower part of a west coast quarry (RS-22, Figure 9B). Assemblage 

four is from the coquina in the upper part of a quarry on the southeast 

side of the island (RS-19, Figure 33, Plate I). The coquinas on the west 

and east sides of the island vary in the exact genera represented, but are 

similar in that there is a large variety of genera present as well as a 

larger than normal number of organisms. Assemblage five is from a quarry 

in a transitional zone in front of an eastern ridge. 

Recent ecological works on mollusks were applied to these assem¬ 

blages. These investigations included studies of the environmental dis¬ 

tribution of mollusks of the northeastern Yucatan coast (Ekdale, 1972, 

1974a, 1974b) as well as those of Briish Honduras (Robertson, 1963, 1965; 

Pusey, 1971) and Florida (Ginsburg, 1972). As can be seen in Table I , 

one commonly finds considerable variation in the environments indicated 

by mollusks in any one assemblage. Another difficulty in environmental 

interpretation occurs when contradictory environments of deposition are 

indicated by mollusks vs. the other faunal constituents found in the 

same rock. Bulla, an easily recognizable gastropod, exemplifies this 

contradiction. Knowledge of the distribution of Bulla on Cozumel Island 

was the most readily obtainable; it was identified both in the field 

and in collected hand specimens. Abundant Bulla was found in the base 
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of an east coast ridge associated with abundant normal-marine, articula¬ 

ted red algae. Bulla was also found in two quarries in the center of the 

island in areas of Porites, a fairly normal-marine coral. Assuming that 

these organisms have not been transported since their death, these three 

occurrences document the preëence of Bulla in rocks formed in waters with 

normal-marine salinities. The apparent contradiction appears upon review¬ 

ing Ekdale's écologie study (1974), in which Bulla is reported as a re¬ 

stricted lagoonal mollusk found in areas even too restricted for Porites. 

Because of the disparity in the environmental interpretations of Cozumel 

mollusks, they were abandoned as criteria for defining facies. Cozumel 

mollusks were not useful in this study possibly because they were not 

systematically sampled, or biologic communities were mixed after death. 

The second possibility is not likely because Bathurst (1971), in recent 

studies of the Bahamas, has shown that no large-scale destruction of 

lithotope boundaries can be found. 

Algae. Branched Gonlolithon was identified in the field and 

used to indicate sediments of open-marine origin (Ginsburg, 1971; 

Wilson, 1975). This megafaunal information did not lead directly to 

the differentiation of facies. It was considered more carefully later on 

in the study when recognized in thin-sections. 

Sedimentary structures. This characteristic played an integral 

part in defining most facies on Cozumel Island (Facies D, F, G, H, I, and 

J). Descriptions of these features are found in the individual descrip¬ 

tions of facies and in Plate II (back envelope). Some generalizations 

regarding sedimentary structures on the island can be made. With one 

exception, no sedimentary structures are found in areas of abundant coral. 
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The exception is in a locality where the coral has obviously been trans¬ 

ported. No sedimentary structures were found in the center of the island. 

Sedimentary structures are confined to elevated features topographically 

expressed as ridges and domes. Although sedimentary structures are ex¬ 

cellent indicators of environment of deposition, the lack of good three- 

dimensional exposures of the structures on Cozumel Island makes their 

use less reliable. Where rock is well indurated or calichified, some 

sedimentary structures may be partially obscured or entirely missed. In 

the field, the maximum possible number of apparent dips was always taken. 

Color. Color is a characteristic which was noted qualitatively 

both in the field and in hand specimen. Although trends in color were 

apparent, they were regarded as meaningless for the purposes of this study. 

Texture. The textural characteristics, grain size and sorting, 

were commonly considered in the description of facies, realizing the 

biases introduced by the processes of carbonate sedimentation. 

Grain size. This parameter was carefully noted in the field 

and in hand specimen, but discarded as a fundamental parameter to be used 

in defining these carbonate facies. Frequently the distribution of grain 

sizes appeared to be nearly random. The accuracy and usefulness of this 

characteristic is also questionable because carbonate grain size is 

largely controlled by the type of organisms or inorganic carbonate grains 

present. It would be incorrect to interpret a decrease in grain size up¬ 

ward in a section as representing waning currents if the reason for a de¬ 

crease in grain size is a change in size and type of biota present. 

Grain size can be applied with caution in areas where the same biota are 

present in each case or where particles show indication of movement. One 
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such place on Cozumel Island is In a quarry in the center of the island 

(RS-09) where the skeletal particles are basically the same in two sam¬ 

ples. These two samples indicate a reduction in grain size upward from 

fine- to medium-grained, to very fine-grained. Other examples where 

grain size is obviously distinctive and significant include coarse¬ 

grained samples found in Facies B (Windward, Inner Coral Facies), Holo¬ 

cene beach sand and also Facies K (Beachrock Facies). 

Grain-size classifications used in this study for convenience were: 

coarse 1/2 - 1 mm 

medium 1/4 - 1/2 mm 

fine 1/8 - 1/4 mm 

Percent mud. The term "mud" is used here with both genetic 

(original fine-grained carbonate sediment) and non-genetic (micrite and 

microspar) meanings. The terms micrite and microspar are used as de¬ 

fined by Folk (1959) to represent grain sizes of 5/xand 5 - 2(yx, respec¬ 

tively. The percentage of mud in thin-sectioned samples was estimated 

visually using charts by Compton (1962). In estimating mud percentages, 

material of both micrite and microspar sizes were included. Major diffi¬ 

culty was encountered not only in visual estimation of percentages but 

also in differentiating between original lime mud and micrite precipita¬ 

ted secondarily in the calichification process. Initial petrographic 

indicators of calichification were the presence of clotting, laminations, 

and grains crossed by fine-grained material. Later it was found that the 

location of caliche crusts did not fully coincide with locations of the 

three above indicators. Because of these contradictions, the field evi¬ 

dence for calichification was retained as the most reliable. Estimates 
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of the percent Increase of micrite cement during calichification and re¬ 

moval of this effect to determine the original mud percentage were diffi¬ 

cult. In some areas, micrite apparently has increased 80% in the calichi 

fication process (RS-14, Facies J, Ridge and Dome Facies). On the other 

hand* in other areas calichification has seemingly had little effect on 

micrite content (RS-9, Facies D, Burrowed Molluscan Facies). For the 

present study, the writer assumed that a sample with an extremely high 

percentage (70 to 100%) of micrite or microspar cement indicates the pre¬ 

sence of more original mud than a sample with a low percentage (0 to 25%) 

If this assumption is made, one finds an interesting distribution of mud. 

With one exception, it can be said that there is always more mud in the 

three major coral zones than in other areas. Another generalization 

(with six exceptions) is that areas with physical sedimentary structures 

generally have less mud than areas with burrows or no sedimentary struc¬ 

tures. The exceptions are from Facies D in the center of the island, 

where neither mud nor inorganic sedimentary structures exist. The per¬ 

cent mud was used as additional evidence in the description of facies, 

but not as a key parameter. In interpreting the mud percentage of rocks 

on Cozumel Island, deviations from the generalization that mud percent 

is directly proportional to turbulence were kept in mind. 

Mud percentage categories used in the present investigation are: 

high 70 to 100% mud 

medium 25 to 70% mud 

low 0 to 25% mud 

Sorting. In carbonate rocks, sorting, like grain size, 

must be interpreted with caution. This is because degree of sorting is 
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a function of the original shapes and sizes of the megafauna present. 

Sorting was estimated by referring to examples in Compton (1962) . Cate¬ 

gories of the degree of sorting were established as follows: poorly-to 

moderately-sorted, moderately- to well-sorted, and well- to very well- 

sorted. Sorting trends were seen to be rather simple. In all cases, 

where sediment is well-sorted or well- to very well-sorted, physical 

sedimentary structures exist. With one exception, where there are cross¬ 

beds, the sediments are well- to very well-sorted. Sorting could not be 

determined in areas of abundant mud (70 to 100%) because of the lack of 

visible grains. Again, with one exception, in areas of moderate to poor 

sorting, there are either burrows or there were no sedimentary struc¬ 

tures visible in the field. Information regarding sorting was used as a 

supportive, rather than as a decisive, characteristic in the determina¬ 

tion of facies. 

Carbonate grains♦ A number of bioclastic and non-bioclastic 

grains were observed in thin-sections. The relative abundances of these 

grains were classed as abundant (75 - 100%), common or some (25 - 75%), 

and present (1 - 25%). 

Corals. Coral seen in thin-section was much more abundant 

in rocks selected from coral reef areas. 

Mollusks. Although mollusks were observed and recorded in 

the petrographic work, no new information was added to that already 

gathered in the field and hand specimen work. 

Calcareous red algae. Two genera of coralline algae were 

identified in thin-sections: Gonlolithon and Jania. Because the distri¬ 

bution of red algae throughout the samples is ubiquitous, the meaning of 
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distribution trends is less clear. Generally, red algae are abundant in 

samples from all three coral reef facies. The exception is at the Yacht 

Basin quarry (RS-26, Facies C, Leeward Coral Facies), where red algae are 

present but not abundant. The presence of calcareous red algae is believ¬ 

ed to indicate an environment of deposition with normal-marine salinities 

(Milllman, 1974). The widespread distribution of red algae constitutes 

yet another line of evidence for the general normal-marine conditions 

present during deposition of most Cozumel Island facies. 

Calcareous green algae. Halimeda appears to be abundant 

and ubiquitous throughout all rocks on the island. Dasycladacean algae 

are present only in one facies, the Ridge and Dome Facies, where they 

are occasionally present to abundant. Halimeda distributions did not 

directly help delineate facies; the existence of Halimeda, however, is 

of environmental significance, as discussed below. 

Foraminlfera. All foraminifera were noted, but only a few 

varieties were identified. Foraminifera identified included peneropolids 

and miliolids. This potentially useful environmental tool was not in¬ 

vestigated because of time constraint. 

Bryozoans. Bryozoans were not used in the differentiation 

of facies because of their wide and apparently haphazard distribution. 

The presence of bryozoans was considered important because it helped 

document the normal-marine salinities (Milliman, 1974) believed to have 

been present throughout the entire submerged bank during deposition. 

The presence of bryozoans in the lower part of quarry RS-09 (Facies D) 

in the center of the island, and the absence of them in the upper sur¬ 

face of the island is used, along with other evidence, as a possible 
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argument of a change in environmental conditions, perhaps salinity or in¬ 

creased wave energy upward in the section. 

Echinoderms. It appears that echinoderms are scattered 

haphazardly throughout the island. Again, echinoderms are used to in¬ 

dicate normal-marine salinities. 

Peloids. These slightly ellipsoidal to spherical grains 

are commonly clotted, sometimes with spar-filled pores. Their average 

sizes fall in two categories: those .1 x ,1 mm, and those .3 x .4 mm. 

Peloids were carefully scrutinized in thin-section to ascertain if they 

were formed from pellets, rounded Halimeda, ooids, or some other grain 

(Plate 1A). It is probably impossible to determine the origin of these 

peloids without use of a scanning electron microscope. Several generali¬ 

zations about distributions can be made. No pellets are associated with 

the outer coral reef community (Facies A), the eolianite (Facies J), or 

the beachrock (Facies K). Neither are they found below caliche I in 

quarry 11. Either a few or no pellets are associated with the other two 

reef communities (Facies B and C). Pellets are not abundant in the low¬ 

est part of RS-32 (Facies H, Large-scale Trough Cross-bedded Facies) nor 

in the ridge (Facies F, the Small-scale Cross-laminated Facies, and 

Facies the Parallel-Laminated Facies) on the west side of the island. 

Abundant pellets are found throughout the center of the island (Facies D) 

and in the ridges (Facies D, F, and G) on the east side of the island. 

The distribution of peloids is useful in defining facies when combined 

with other information. 

Ooids. The ooids found on'Cozumel Island are mostly well- 

developed and have micritic nuclei. Average sizes vary from .2 x .2 to 
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Plate 1 

A- Photomicrograph showing elliptical and spherical clotted peloids 

and blocky calcite cement between grains (Xl70). 

B- Photomicrograph showing well-developed ooids and fine-grained 

matrix (X170) . 
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.3 x .3 mm (Plate IB). Although oold distribution forms a consistent 

pattern, ooids were used directly to define only one facies (Facies G) . 

As seen in figure 5, ooids are abundant along the western coast from the 

Jet Ski Beach (RS-27) to a locality just west of the connection of the 

Palancar Reef road to the southern road (RS-28) throughout the upper parts 

of the ridge sequences. They are not found 2.3 km into the center of the 

island (RS-09) or 1.5 km inland from the southwest shore (RS-38), and are 

only present in the Leeward Reef (Facies C) and Burrowed areas (Facies D). 

The only place on the east side of the island where ooids are present is 

in the upper parts of the eastern ridges (Facies G). The abundance of 

ooids increases upward in any ridge on Cozumel Island. Some of the ver¬ 

tical changes in carbonate grain abundances are shown in figure 6. 

Clasts. In three localities along the west coast (Facies F, 

G, and H), intraclasts are fairly abundant. The grains included in the 

clasts are ooids commonly smaller than the surrounding ooids. In the 

upper part of the town ridge (RS-32), two ooids are found cemented to¬ 

gether with a matrix which is, in turn, oolitically-coated. Thus, evi¬ 

dence for early cementation exists. In several other areas, fine-grained 

caliche clasts were observed. 
i 

Grain preservation. No clear-cut patterns involving grain 

preservation were found, but information on this was recorded on the mas¬ 

ter chart. 

Cements. Although in-depth study of the diagenetic history 

of Cozumel Island was beyond the scope of this project, common cement 

types were identified in the thin-sections using size, shape, and miner¬ 

alogy of the cements as criteria. The cement types recognized were mi- 
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Figure 5 - Map showing lateral distribution of ooids in surface 

rocks on Cozumel Island. Darkness of coloring indi¬ 

cates relative abundance of ooids. 



DISTRIBUTION OF OOIDS 
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Figure 6 - Shows the relative abundance of carbonate grains in some 

facies on Cozumel Island. Part A shows the location where 

the cross-section was taken. Part B shows a schematic 

cross-section of Cozumel in an early stage of development 

with the relative abundances of grains in Facies A, B, C, and 

D. Part C shows the same cross-section in a later stage with 

the relative abundances of the same grains in Facies A, B, 

D, F, and G. The names of these facies are as follows: 

Facies A- Windward, Outer Coral Facies 
Facies B- Windward, Inner Coral Facies 
Facies C- Leeward Coral Facies 
Facies D- Burrowed Molluscan Facies 
Facies F- Small-Scale Cross-Laminated Facies 
Facies G- Gently Seaward-Dipping, Parailel-Laminated Facies 



A-LOCATION OF SCHEMATIC CROSS-SECTION 
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crite, microspar, blocky mosaic, acicular, bladed palisade, and needle 

fiber cement. Only a few associations between cements and other para¬ 

meters were found. Bladed cement rimmed all grains in magnesium calcite- 

rich rocks (Facies K) (known from x-ray diffraction) which greatly re¬ 

sembled beachrock in the field. Bladed cement also found in the middle 

part of a dome on the east coast (Facies J) probably represents splash- 

zone cement (discussed later under Facies J). Therefore, the cement types 

were useful only in defining Facies K. 

Mineralogy. X-ray mineralogy information is recorded on Table 

II. To ascertain patterns more easily, the mineralogy of samples was 

divided into four categories: 

low % aragonite - 0 to 25% aragonite and the rest low magnesium 

calcite 

moderate % aragonite - 25% to 50% aragonite and the rest low 

magnesium calcite 

low % magnesium calcite - 0 to 20% magnesium calcite and the 

rest aragonite and low magnesium calcite, and 

high % magnesium calcite - 20 to 50% magnesium calcite and the 

rest aragonite and calcite. 

There are several observable distributions of these minéralogie classes. 

The lowest percentage of unstable mineralogy, 0 to 25% aragonite and the 

rest low magnesium calcite, is frequently found in samples from caliche 

zones (RS-01-01, RS-14-03, RS-16-02, RS-27-02) and always in samples be¬ 

low caliche I (RS-09-01, RS-10-02, RS-11-01, RS-19-01). Samples with 

0 to 20% magnesium calcite are somewhat puzzling (RS-14-02, RS-30-01, 

RS-22-03). The first sample is from the middle of a dome (Facies J) in 
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an area where bladed, palisade cement is found. This probably represents 

recent splash-zone cement. It is questionable why the second and third 

samples are so high in magnesium calcite. They are from areas of abun¬ 

dant mollusks, but mollusks are abundant in many other areas as well. Per¬ 

haps a disproportionately large quantity of magnesium calcite-rich bio¬ 

clasts were ground and included in these samples. Samples in the class 

with the highest magnesium calcite percent are restricted to Recent 

beach sand and beachrock (Facies K). No other meaningful arrangement 

patterns of minéralogie data were observed. Minéralogie data derived by 

x-ray diffraction directly contributed to the establishment of Facies K. 

When coupled with information derived from staining, it also was impor¬ 

tant in petrographic work. 

Calichif ication. The positions of caliche crusts I and II 

relative to all samples and sea level is extremely useful information 

and was used in defining each facies. Specific relationships can be 

found in the geometry and position sections of each facies description. 

Special consideration was given to distinguishing original mud from mi- 

crite formed in the calichification process (see section above, percent 

mud). Caliche crusts on Cozumel Island are believed to represent im¬ 

portant periods of sea level lowering, non-deposition, and diagenetic 

alteration in a semi-arid climate (see section above, Terminology - 

caliche). 

Root casts. Root casts were noted in the field and in hand 

specimen. Scattered root casts were found indescriminately across the 

island on the upper surface. Abundant intertwined large rhizocretions 

were discovered along the east coast associated with rocks of the Ridge 
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and Dome Facies (Facies J). 

Microscopic hollow tubules. Microscopic hollow tubules, some¬ 

times called root hair sheaths (Ward, 1975), were found in eight thin- 

sections. These tubules are usually transparent, about 16.5/Jt in dia¬ 

meter, and are denser in some areas. They are found almost entirely be¬ 

tween grains, although in at least one case, they appear to have split 

open a grain. These tubules commonly branch, not only off a stem of 

equal diameter to the offshoots but also off stems of larger diameters. 

Sometimes a row of three or four branches from a common stem may occur 

on the same side of the stem perpendicular to the stem. Some of these 

tubules have nodes on them. All of the tubules observed were non-aragon- 

ltic, as determined from staining. Determination of the origin of these 

hollow tubules would require more careful study, but the writer considers 

these features to be tiny rootlets and not algae or fungi. This judge¬ 

ment is based on comparison of the Cozumel tubules with some on the 

Yucatan mainland (Ward, 1975) and with endolithic blue-green algae des¬ 

cribed by Urish (1976; Personal communication, 1976). They are con¬ 

fined to the middle of a dome (Facies J)and most parts of the major 

ridges (Facies D, F, and G). 

Facies Above Caliche I 

Characteristics considered most essential to the description of 

facies on Cozumel Island ares geometry, position, and location of sedi¬ 

mentary bodies; megafauna; sedimentary structures; carbonate grains; 

texture; mineralogy and cements. In the following section, each facies 

is described using the above characteristics. Discussions of the hypoth- 



-38- 

esized and depositional environments in which each facies formed follow 

each description. 

Facies A - Windward, Outer Coral Facies 

Description. Facies A is generally a narrow strip of flat-lying rock 

with areas of interspersed mounds, lining the eastern coast of Cozumel 

Island. This facies is approximately 150 m wide (Figure 7, Plate I ). 

The flat-lying areas range from 0 to 2 m above sea level, while the mounds 

are up to 4 m above present sea level (Figure 8A). These mounds are cir¬ 

cular in plan view, hemispherical in cross-sectional view, and may be 12 

to 13 m in diameter. Distances between mounds range from 15 to 38 m. 

Commonly they are found in groups of half a dozen or more, or in lines 

along the coast. These mounds are fairly abundant along the eastern 

coast north of the east-west road crossing the middle of the island, but 

are absent on the southern half of the east coast. Although in places 

hard to see, caliche II covers this facies except where Facies J overlaps 

it, in which case Facies J is covered by caliche II (Plate 2A) . 

Throughout Facies A, corals in growth position are abundant. The 

diversity in coral genera visible in the field appears to be low; this 

facies is characterized by three major coral genera and two large gastro¬ 

pods. This assemblage includes: 

Diploria - several species which are abundant and large (6 inches 

to 3 feet in diameter) 

Montastrea annularis - both large massive heads and columnar 

growth forms 

Montastrea cavernosa - occasionally present 

Agaricla - very abundant in groups of vertically-oriented fronds 



Figure 7 - Locations of the coral reef facies (Facies A, B, and C). 



CORAL FACIES 
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Figure 8 - East-west cross-sections of Cozumel Island. Plate I 

shows the locations of these cross-sections. 

A. This cross-section is based on four quarry 

sections located on the road which traverses the center 

of the island. 

B. Crosses the area midway between cross-section A 

and the southern end of the Island. It is based solely 

on two quarry sections; the central part of this cross- 

section is hypothetical. 

Names of Facies shown in these cross-sections are as follows: 

Facies 
Facies 
Facies 
Facies 
Facies 
Facies 
Facies 
Facies 
Facies 
Facies 
Facies 

AA - Lower Coralline Facies 
BB - Lower Molluscan Facies 
A - Windward, Outer Coral Facies 
B - Windward, Inner Coral Facies 
C - Leeward Coral Facies 
D - Burrowed Molluscan Facies 
E - Mollusk Coquina Facies 
F - Small-Scale Cross-laminated Facies 
G - Gently Seaward-Dipping, Parallel-Laminated Facies 
H - Large-Scale Trough Cross-Bedded Facies 
J - Ridge and Dome Facies 
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Plate 2 

A - Coral mounds In Facies A, Windward, Outer Coral Facies, at locality 

RS-41. Person is in background for scale. 

B - Broken Acropora cervicornis fronds in Facies B, Windward, Inner 

Coral Facies, at locality RS-34. 
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Strombus - present 

Turbo - abundant 

The low diversity fauna in Facies A contains the largest, most massive 

coral heads found on Cozumel Island. Although coral genera found in the 

mounds are similar to those found in the flat-lying areas, there is a 

zonation of coral visible in the mounds which is not found in adjacent 

areas of this facies. Larger massive coral heads (8 inches to 3 feet), 

mainly Diplorla and Montastrea, together with columnar Montastrea are 

found around the periphery of each mound. The centers of the mounds are 

mainly characterized by the presence of delicate, vertical, closely- 

spaced Agaricia fronds which do not appear to show any preferred orien¬ 

tation. Between mounds isolated large (3-foot) Dlploria heads commonly 

occur. 

Mo sedimentary structures were found in this facies, although there 

were few cross-sectional views. 

A single thin-section of this facies (from locality RS-41) shows 

some coral, articulated red algae, and bryozoans. Hallmeda, foraminifera, 

and serpulid worm tubes are present but no non-bioclastic grains were 

found. 

The percent mud is high but the sample selected for thin-sectioning 

was probably calichified. Because of the large mud content, it was im¬ 

possible to classify the degree of sorting in this sample. 

This facies contains a low percentage of aragonite. The cement is 

mostly micrite with some microspar between grains, but the coral skeleton 

is still acicular aragonite. 

In a few places along the east coast, debris channels crossing 
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Facies A (Subfacies A) are found. One such locality is on the coast 13.5 

km south of the road crossing the middle of the island. Dimensions of a 

representative channel are one meter thick and 61 m wide, oriented with 

length perpendicular to the long axis of Facies A. The debris consists 

of abraded fragments of a large variety of small coral genera and 

Acropora cervlcomis fronds which are occasionally found bedded in 1-inch 

layers. 

Environment of deposition. Assuming that the present wind patterns 

on Cozumel Island were similar to those in the late Pleistocene, the 

location of this facies indicates that Facies A was a windward coral reef. 

Studies on late Pleistocene eollanites off the northeastern Yucatan coast 

indicate that this is a valid assumption (Ward, 1975). 

The coral genera and their respective growth forms support the in¬ 

terpretation that Facies A occupied a protected position, possibly just 

leeward of a reef flat outer margin (reef wall). The environmental inter¬ 

pretation of the mounds in this facies is less clear. 

The coral genera found in this facies closely agree with those in 

the Diploria-Montastrea-Porites community on Ala cran's windward reef 

(Logan, 1969). Here, these frame-building anthozoans with domed or en¬ 

crusting habit are found in shallow water behind a protective barrier, in 

water deep enough (greater than 30 feet) so that the normal wave action 

is oscillatory. Ginsburg (1971) reports that this same protected posi¬ 

tion of Montastrea and Diploria is substantiated in the Florida Reef 

Tract. On the Nicaraguan atolls a zone of abundant Diploria and massive 

Montastrea is 20 - 50 m wide, located just behind the windward reef flat 

outer margin at depths from a few centimeters to greater than 1 m 
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(Milliman, 1969a, 1969b). The same protected position for corals of these 

genera and habits is described in the Florida Reef Tract by Bathurst (1971). 

The lack of abundant Millepora alclcornis and Acropora p alma ta further 

suggests that Facies A corals are not of the windward reef flat outer 

margin (Milliman, 1969a, 1969b, 1973). 

Frost and Langenheim (1974) have pointed out that Montastrea 

annularis with a large, massive habit are found in a reef flat environ¬ 

ment, and the mammiliform habit of Diploria suggests an environment with 

moderately rough water somewhere behind a reef front. Thus, this growth 

form information supports the contention that Facies A formed in a some¬ 

what protected environment behind a reef barrier. 

Although it is possible that the Cozumel mounds represent patch 

reefs behind a barrier reef (Milliman, 1967, 1973; Ebanks, 1975), there 

are several differences between the Cozumel mounds and patch reefs. 

Firstly, the Cozumel mounds lack a central sand-filled depression sur¬ 

rounded by an outer rim with abundant coral growth as is true on Alacran 

patch reefs (Kornicker, et al., 1959); rather, the centers of the 

Cozumel mounds are the highest points and are occupied almost entirely 

by vertically-oriented Agaricia fronds. Secondly, some characteristi¬ 

cally abundant patch reëf genera like Acropora cervicornis and Porites 

porites (Milliman, 1973) are missing in the mounds on Cozumel Island. 

Thirdly, patch reefs usually do not form in a continuous line directly 

behind barrier reefs near a shelf break. Bathurst (1971) describes 

Florida patch reefs as forming in the backreef a considerable distance 

from the reef flat, but Ebanks (1975) describes patch reefs immediately 

leeward of the barrier in northern Belize. More thorough study of these 
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mounds is needed for a complete environmental interpretation. Because 

part of Facies A has been recently flooded and eroded by the post¬ 

glacial sea level rise, it was impossible to determine if there was a reef 

barrier seaward of Facies A. 

The major carbonate grains in Facies A.sediment are much like those 

in most recent coralgal facies; coral and red algae predominate. Des¬ 

criptions of coralgal facies in the Bahamas (Bathurst, 1971) and northern 

Belize (Pusey, 1975) are different from those of Facies A on Cozumel be¬ 

cause the latter has fewer inorganic grains. The presence of encrusting 

bryozoans and serpulids in this facies is entirely consistent with Pusey*s 

(1975) studies of the coral reef environments. 

The abundant fine-grained material in this facies is consistent 

with textures found by James, et al. (1976) in the Belize Reefs. Mud 

percent does not reflect current activity but instead is derived from 

bioerosion activities. Apparently the open reef framevrork is infilled 

by silt-containing granule- to boulder-size coral fragments aided by a 

wave-pumping effect (James, et al., 1976). This silt-sized material is 

presumably derived from the bloerosion of reef material by crabs, the 

large gastropod Strombus, the echinoid Diadema, the boring sponge Cliona, 

boring mollusks, filamentous and coccold blue-green algae, and parrot 

fish (Bathurst, 1971). The micrite seen in the thin-section of Facies A 

may be silt-sized material that can only be identified under scanning 

electron microscope or very thin thin-sections (James et al., 1976). 

Subfacies A probably represents channels cutting through the wind¬ 

ward reef (reef passes) with a sediment source in Facies B, directly be¬ 

hind Facies A. Facies B is chosen as a source because more Acropora 
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cervicomis is found there. This sediment source implies a seaward move¬ 

ment of reef debris which is consistent with Pusey*s (1975) description of 

movement of debris through reef passes in the northern Belize barrier reef. 

Facies B - Windward, Inner Coral Facies 

Description. Facies B occupies a flat area directly landward from 

Facies A with the outer edge located approximately 150 m inland from the 

Caribbean coast (Figure 7, Plate I). Its dimensions are roughly 45 km X 

750 m, with an unknown thickness (Figure 9A). This flat area is covered 

with caliche II. 

The fauna of this facies is characterized mostly by coral, many gas¬ 

tropods, and some pelecypods. The corals are partly in growth position, 

partly debris. Facies B has a more diverse fauna with smaller corals 

than those in Facies A (Plate 2B, Table III). Genera present include: 

Acropora cervicornis - abundant 

Diploria - small 

Agaricia - thin, in small groups 

Siderastrea - small 

Montastrea annularis - small 

Porites porites var furcata (or divaricata) - abundant 

Manicina mayori 

Less ubiquitous genera include: 

Mycetophyllia 

Favia 

Eusimilia fastigata 

Mollusk genera include: 

Strombus 

Turbo 
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Other gastropods are abundant, while some pelecypods are present. 

No sedimentary structures were seen in this facies, but no cross- 

sectional view was seen. 

The two thin-sectlons from this facies (RS-29 , 34) indicate abun¬ 

dant coral, abundant to some red algae, some mollusks, foraminifera, 

Halimeda and bryozoans, and a few echinoderm fragments. A few peloids 

are also present. 

Coarse to medium sand-sized grains were observed in hand specimen, 

but in thin-section this facies is characterized by a very high percen¬ 

tage of micrite, some of which is presumed to be original mud. Sorting 

is obscured by the large percent of micrite, much of which is microporous 

and chalky. 

The mineralogy of this facies shows a small percentage of aragonite 

(24%) and the rest, low magnesium-calcite. Most cement is micrite; the 

coral skeleton within the "cement" is still composed of acicular aragonite 

needles. 

Environment of deposition. The location of Facies B directly behind 

Facies A, the coral genera present, and the relative abundance and detri- 

tal condition of the megafauna place Facies B on the inner part of a reef 

flat environment, directly behind the reef proper. Milliman (1969a, 

1969b, 1973) and Ginsburg (1971, 1972) describe inner reef flats as partly 

covered with sand and rubble with areas of bare rock bottom. The sandy 

bottoms are suitable substrate for small, unattached corals like Porites 

divaricata and Manicina (both found in Facies B), as well as green algae, 

annelids, crustaceans, holothurians, burrowing mollusks, and echinoids. 

The bare rock bottom is aiitable for the attachment of small corals of the 
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genera Siderastrea, Montastrea, and Diplorla. These same coral genera 

are abundant in rocks of Facies B on Cozumel Island. The line of broken 

Acropora cervlcornis fronds found on the seaward edge of this facies may 

represent a zone behind the quieter-water corals (Diploria and Montastrea) 

similar to that found by Milliman (1969a, 1969b) on the four Nicaraguan 

atolls. The coral genera found in Facies B are the same genera that were 

found to be the least resistant to Hurricane Iht tie (Stoddart, 1963). Be¬ 

cause many of the Facies B corals are broken, this facies could represent 

debris piled behind the reef by storm waves rather than an jLn situ accumu¬ 

lation of inner reef flat corals. From Facies A to Facies B, the increase 

in number of mollusks, as well as the continued abundance of corals and 

red algae, compare well with abundance trends in the inner reef flat en¬ 

vironments of the Nicaraguan atolls (Milliman, 1969) and the northern 

Belize shelf (Pusey, 1975; Ebanks, 1975). 

The trace of peloids in this facies coupled with their absence in 

Facies A may indicate that Facies B is closer to the area of peloid pro¬ 

duction. 

The micrite matrix between the coarse-grained skeletal material 

(seen in two thin-sections) may have been formed by infilling of fine¬ 

grained material (James, et al., 1976) or by subareal diagenetic alter¬ 

ation (calichification). 

The gradational contact observed between rocks of Facies B and 

Facies D probably represents the transition from inner reef flat to 

backreef lagoon environments. 

Facies C - Leeward Coral Facies 

Description. Rocks of this facies are found from 0 to 3 m above 
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sea level along most of the west coast (Figures 8B and 9). This facies 

is a minimum of 400 m wide and approximately 30 km long (Figure 8, 

Plate I ). In some places it forms a low pavement along the shore (Plate 

3A), and in others, it is higher. No mounds were seen in this facies. 

In places it is exposed with no overburden and is covered with caliche 

II. In other areas it is covered with a ridge directly on the coast. 

Here a sharp contact exists on top of the coral, but without a caliche 

crust. In this case, caliche II is in the top of the ridge. 

Facies C contains abundant coral in growth position and some gastro¬ 

pods and pelecypods. Common coral genera present include: 

Montastrea annularis - abundant columnar and some large massive 

forms 

Diploria - large heads, several species present 

Agarlcia - present 

Acropora cervicornis - occasionally present to abundant 

in places 

Porites porties var furcata (or divaricata) - occasionally 

present 

Other less ubiquitous genera: 

Eusmllia 

Manic ina 

This coral assemblage appears to be transitional between Facies A and B 

in that Facies C contains Acropora cervicornis and various small coral 

genera like Facies B, but also has large massive Montastrea and Diploria 

heads as in Facies A (Table III). 

No sedimentary structures were observed in this facies, although 
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Figure 9 - The location of this north-south cross-section of 

northwestern Cozumel Island is on Plate I. It follows 

the trend of a ridge, with information derived from 

road cuts in two areas (RS-32 and RS-26) and beach 

sections (RS-27) in another area. 

Names of facies found in this cross-section are as follows 

Facies C - Leeward Coral Facies 

Facies D - Burrowed Molluscan Facies 

Facies F - Small-scale Cross-laminated Facies 

Facies G - Gently Seaward-Dipping, Parallel Laminated 

Facies 

Facies H - Large-scale Trough Cross-bedded Facies 

Facies I - Large-scale Planar Cross-bedded Facies 



NORTH-SOUTH CROSS-SECTION OF 

NORTHWESTERN COZUMEL ISLAND 

C* 

METERS 

SCALE LEGEND 

HORIZONTAL- 

I CM=.5 KM 

VERTICAL- 

I CM-.8M 

EXAGGERATION- 

X 625 
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Plate 3 

A- Flat-lying Facies C-Leeward Coral Facies rock on west coast. 

B- Stained photomicrpgraph of sample of Facies C from locality RS-26 

showing peloids, coral skeleton, calcite mosaic and micrite matrix 

(X 10). 
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there were some vertical exposures. 

The thin-section of this facies (RS-26) indicates abundant coral and 

some mollusks, red algae, Halimeda, and foraminifera. There are also a 

few echinoderm fragments. A few peloids and ooids are also present 

(Plate 3B). 

There is a medium to high percentage of micrite present; the mi- 

crite percent in these samples ranges from 25 to 76%. This high percen¬ 

tage may represent a large concentration of original mud because none of 

the thin-sectioned samples were calichified. It is impossible to de¬ 

scribe the sorting because of the large percentage of mud. 

Two x-rayed samples contain no magnesium - calcite and 30% and 46% 

aragonite, more than is present in Facies A or B. Perhaps this greater 

percentage of aragonite is caused by the occurrence of a larger amount 

of coral in the x-rayed samples. An alternate cause of the higher ara¬ 

gonite percentage in Facies C is that the samples are not calichified, 

whereas all samples from Facies A and B are. Cements are mostly micrite, 

but some microspar, calcite mosaic, and acicular aragonite (coral 

skeleton) are also present. 

Environment of deposition. The location of this coral reef facies 

on the present-day leeward side of Cozumel suggests that it was once a 

leeward peripheral reef. The lack of the marked coral zonation present 

in the windward reef facies of Cozumel Island, as well as the abundance 

of Monastrea annularis with a columnar growth form further suggest that 

this was a deeper leeward peripheral reef (Logan 1969). The leeward 

Cozumel reef, unlike recent leeward peripheral reefs in the Nicaraguan 

atolls (Milliman, 1969), appears to have been fairly continuous. It is 
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similar to the leeward reefs of the Nicaraguan atolls in that it lacks 

Millepora and Acropora pal ma ta (Milliman, 1969a, 1969b) . 

The lack of sedimentary structures and petrographic information 

generally supports this interpretation. 

The fine-grained matrix may be explained as the result of in situ 

production of silt by bioerosion and subsequent deposition in the abun¬ 

dant pockets and voids between the large coral skeletons (James, et_ al^., 

1976). The lower percentage of micrite in Facies C (than in Facies A 

and B) may reflect the observed lack of calichification of this facies. 

Ridges - General Description 

Facies D, F, and G are often found in quarry sections in ridges. 

Two ridge shapes were found on Cozumel Island: linear ridges and broad, 

high areas (Figure 10, Plate I). Although linear ridges are located on 

both the east and west sides of the island, they are more numerous, 

longer, higher, and wider on the east side of the island than on the west 

side. A typical eastern ridge is 10 km long, 240 m wide, and 4.9 to 8.6 

m above sea level. The western linear ridge is 5 km long, 50 m wide, and 

0 to 68 m above sea level. All of the linear ridges are oriented at 

roughly the same acute angle to the present coastline. The eastern 

ridges are located much farther inland than the western ridge: from 1 to 

4.25 km and from 0 to .75 km inland, respectively. In front of the wes¬ 

tern ridge is a short segment of a second ridge. These parallel ridges 

are separated by a 200 m-wide depression. The second type of ridge on 

Cozumel Island is a broad (1 km X 1/2 km?), 2-4.5 m-high area that inter¬ 

sects the wouthwestern coast with a vertical drop along the shore 

(Figure 8B). 
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Figure 10 - The location of ridges (topographic highs) on the 

surface of Cozumel Island. 



COZUMEL RIDGES 
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Facies D - Burrowed Molluscan Facies 

Description. Facies D rocks are generally found either directly 

below Facies F in the ridges or in the center of the island (Figure 11, 

Plate Ï). This facies is thicker (.3 to 1 m) and less variable in ver¬ 

tical position in the eastern ridges than in the western ridges (Plate 

III, back envelope). In three localities in the western ridges, Facies 

D occurs above Facies F. In one of these places, the section proceeds 

upward from burrowed to laminated to burrowed again (Plate III). Facies 

D is directly covered by caliche II in the center of the island and in 

the three localities cited above (Figure 8A). 

Megafauna include abundant mollusks, locally abundant Goniolithon, 

some Porites porites var furea ta, and an occasional small, massive coral 

head. 

In the ridge sections, burrowing is widespread; consequently, us¬ 

ually no physical sedimentary structures exist. Occasionally vertical 

variations in quantities of burrows are seen. In places where only a 

few burrows exist, parallel laminations can be found (Figure 12). The 

close association of burrows and sedimentary structures is not as ob¬ 

vious in quarries in the eastern ridges as in western quarries. The 

burrows are large, straight ophiomorpha-type burrows, 4 cm in diameter, 

with even wider "turn-around" areas. Burrow exteriors are clotted 

(Plate 4A). NO physical or biogenic sedimentary structures were ob¬ 

served in the two central island quarries. 

Seven Facies D samples were thin-sectioned: three from the center 

(RS-05, 09), three from the southwestern side (RS-24, 37, 38) and one 

from the base of an eastern ridge (RS-17). The most abundant bioclasts 
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Figure 11 Location of Facies D. 



BURROWED MOLLUSCAN FACIES 
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Figure 12 - The location of this north-south cross-section of 

southwestern Cozumel is shown on Plate 1. Information 

shown in this cross-section is from three quarry 

sections (RS-20, 2], and 22). 

Names of facies shown in this cross-section include: 

Facies C - Leeward Coral Facies 

Facies D - Burrowed Molluscan Facies 

Facies E - Mollusk Coquina Facies 

Facies F - Small-scale Cross-laminated Facies 

Facies H - Large-scale Trough Cross-bedded Facies 



NORTH-SOUTH CROSS-SECTION OF 

SOUTHWESTERN COZUMEL ISLAND 

METERS 

D D' 

SCALE LEGEND 

HORIZONTAL* FACIES C K 
_e_! 

ICM-.5KM D 51 

VERTICAL- E |g£| 

ICM-.8M F É 

EX AGGER ATI ON- H 

X 625 COVERED X 



Plate 4 

A- Shows parallel lamination and small-scale "cut and fill" overlain by 

ophiomorpha-type burrows of Facies D, the Burrowed Molluscan Facies. 

B- Photomicrograph of Facies D sample from center of Cozumel Island 

(RS-05). Shows peloids, mollusks, miliolid foraminifera, red algae, 

and lacks fine-grained matrix (X 43). 
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are mollusks and large, articulated red algae; however, red algae are 

less common in samples from the center of the island. Common fragments 

include Halimeda and foraminifera, with few fragments of bryozoa and 

coral. Peloids are the most abundant grain-types in all samples. Ooids 

are present only in west coast samples (Plate 4B). 

The grain-size decreases upward in the center of the island from 

fine- to medium-grained in the lower sample, to very fine-grained in the 

upper sample. Host other Facies D samples are fine-grained. The percent 

micrite is low in all samples of this facies. Sorting varies from poor 

to moderate, to moderate to well. 

Minéralogie data from 8 x-rayed samples varies from 14 to 40% 

aragonite. One exception exists where the mineralogy is 78% aragonite, 

4% magnesium-calcite, and 18% low magnesium-calcite. Cements include 

micrite, microspar, and some blocky calcite. 

Variation within Facies D. Although rocks in the center of the is¬ 

land and in the ridges around the periphery are grouped together as Fac¬ 

ies D, several differences exist. Goniolithon is much more abundant a- 

round the periphery than in the center of the island, whereas burrows are 

abundant around the periphery but are absent in the center of the island. 

Lack of good exposures in the center of the island may effect these 

differences. 

Facies D - Environment of deposition. 

Evidence suggests that the entire central area of Cozumel, an area 

approximately 40 x 20 km, was a bank with well-circulated water of nor¬ 

mal-marine salinities (See Facies D, F, and G - Environmental Signifi¬ 

cance of Common Characteristics below). The difference in elevation be- 
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tween the upper surface of the ridges and the upper surface of the cen¬ 

ter of the island, approximately 6 m (Figure 8A), implies that during 

the last high sea level stand (the time during which Facies D was pro¬ 

bably deposited), the bank was covered by only about 6 m of water. 

The fauna and biogenic sedimentary structures of Facies D are simi¬ 

lar to those of four recent environmental examples: the Halimeda Facies 

of the northern Belize shelf (Pusey, 1975; Ebanks, 1975; Purdy, et al., 

1975), the lagoonal banks on the leeward side of the Alacran Reef lagoon 

(Folk, 1967; Logan, 1969), the oolitic and grapestone lithofacies of 

the Great Bahama Bank (Purdy, 1963a, 1963b; Bathurst, 1971), and the 

inner lagoon east of the Florida Keys (Ginsburg, 1971, 1972; Turmeland 

Swanson, 1976). These backreef environments are all characterized by 

areas of sea-grasses, Thalassia and Syringodium, which stabilize the 

bottom, provide forage for a number of organisms, and act as substrate 

for encrusting and attached organisms (Pusey, 1975). Bathurst (1971) 

describes some of the varieties of organisms found in sea-grass areas 

of the Bahaman oolitic lithofacies: 

* = preserved in sediments 

** = found in Facies D 

Sea Grasses - Thalassia and Syringodium (roots)* 

Four species of echinoids ** 

Twenty-two species of pelecypods ** 

Sixteen species of gastropods ** 

Green algae - Halimeda**, Penicillus, Rhipocephalus, Üdotea, 

and Acetabularia 

1 

Red algae - Laurencia and Goniolithon** 
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Polychaetes - Arenicola (tubes)* 

Crustaceans - Callianassa, crabs (Burrows) ** 

Holothurians 

Numerous and various sponges * 

Corals - Porites** and Manicena ** 

Many organisms capable of preservation in sediments are represented in 

Facies D. 

Large, simple burrow systems characterize Facies D. Similar burrow 

systems have been found in Holocene beach sand on the Georgia coast and 

are formed by Callianassa major (Shinn, 1968). The same origin has been 

suggested for burrows found in the Pleistocene Miama Oolite, Florida 

(Shinn, 1968). Shinn suggests that the simplification of Callianassa 

(ophiomorpha-type) burrows in sandy deposits may be a universal feature 

related to the grain size of the matrix materials. Crustacean burrowing 

is reported to be more intense in sea-grass-stabilized areas (Bathurst, 

1971) . Thus, the presence of crustacean burrows in Facies D rocks is 

further evidence of its backreef, sea-grass environment of deposition. 

Burrowed, sea-grass communities are capable of developing banks and 

bars by the lji situ deposition of skeletal debris (Logan, 1969; Ginsburg, 

1971; Turmel and Swanson, 1976). This ability to create topographic highs 

on the sea floor provides a model for the initiation of the ridges on 

Cozumel Island (see Development of Ridges). 

The lack of fine-grained sediments in Facies D can be explained by 

current winnowing. Although present-day grass-stabilized areas act as 

fine-sediment traps on the Florida shelf (Ginsburg, 1971; Turmel and 

Swanson, 1976) and the leeward banks of Alacran Reef (Logan, 1969), 
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currents are strong enough to winnow muds from the oolitic facies of the 

Great Bahama Bank (Bathurst, 1971) and the Halimeda facies of the north¬ 

ern Belize shelf (Purdy et al., 1975). The sorting of Facies D may re¬ 

flect the work of burrowers and sediment stabilizers rather than sorting 

due to current agitation. 

The trace of ooids in western Cozumel Facies D may indicate inci¬ 

pient oolite shoal development limited to the leeward margin of the back- 

reef lagoon. The scarcity of ooids in Facies D may suggest that the 

ooid-producing shoals had not yet reached the optimum producing-depth 

of 1.8 m reported by Newell, et al., (1960). 

Sandy areas adjacent to the sea-grass shoals of Facies D may have 

been stabilized by a subtidal algal mat (Bathurst, 1971) or may have been 

colonized by green algae, mollusks, and echinoids (Milliman, 1973). 

Channels (see Facies H) possibly of tidal or storm origin cut through 

the oolite shoals and sea-grass banks on Cozumel. 

Some differences exist between Facies D and the Recent environmental 

examples. Pusey (1975) describes greater abundances of Halimeda in sea- 

grass-covered sea floors in northern Belize than are found in Facies D on 

Cozumel Island. Ooids are the predominant grain in the oolitic litho- 

facies of the Great Bahama Bank (Bathurst, 1971), whereas peloids are the 

most abundant grain in Facies D. Lastly, mud present in sea-grass banks 

of the Florida shelf (Ginsburg, 1971; Turmel and Swanson, 1976) and the 

leeward banks of Alacran Reef (Logan, 1969) is absent in Facies D on 

Cozumel Island. 

Facies E - Mollusk Coquina 

Description. Representatives of this facies are found in two local- 
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ities (Figure 13). On the east side of the island Facies E is 1 m thick 

and directly overlies caliche I. On the west side, it is 1/3 m thick 

directly covering an in situ coral reef (Figure 8B). 

Mollusks are very abundant with little matrix between shells. On 

the east side, large, articulated Goniolithon is also abundant. In 

both localities, both the quantity and diversity of mollusks is high 

(Plate 5A). 

No sedimentary structures are present in this facies. 

The one thin-sectioned sample from this facies (RS-19) is the 

eastern example. It is characterized by abundant mollusks, peloids and 

red algae, some Halimeda and foraminifera, and a few bryozoans and 

echinoderms. 

Mud content is variable throughout the thin section from 20 to 100%, 

and the sample appears to be poorly sorted. 

The aragonite content in the west coast sample is moderate (31%), 

but it is lower (18%) in the eastern sample. The only cement present is 

micrite cement. 

Environment of deposition. The composition of this facies is very 

similar to that of Facies D. It also lacks the abundant coral that 

would indicate a reef origin of sediment for this facies; therefore, 

this sediment probably originated in the bank interior. 

The extremely high abundance of a wide variety of mollusks as well 

as branched algae and peloids may indicate that these carbonate grains 

were concentrated by abnormally strong (possibly storm) currents. The 

location of this facies directly on top of the well-preserved in situ 

leeward coral reef suggests a rapid covering and killing of this reef, 
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Figure 13 Location of Facies E 



MOLLUSK COQUINA FACIES 

1 
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Plate 5 

A - Abundant mollusks In Facies E, Mollusk Coquina Facies at locality 

RS-22. 

B - Small-scale planar cross-laminations of Facies F, the Small-scale 

Cross-laminated Facies, at locality RS-11. 
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a process easily explained by the major currents which develop during a 

major storm or hurricane. On the west coast the position of this facies 

seaward from a.large channel that is oriented perpendicular to the pres¬ 

ent coastline (Facies H) further suggests that Facies E deposits could 

be deposition cones formed at the leeward ends of scour channels. Simi¬ 

lar channels cut through Thalassia-covered shoals and their associated 

deposition cones have been described by Stoddart (1963) in his study of 

the effects of Hurricane Hattie in Belize. 

Facies F - Small-scale Cross-laminated Facies 

Description. This facies is present in every ridge section except 

RS-11 (Figures 8A, 8B). In these ridges, Facies F is always directly 

beneath Facies G except at the locality RS-11. Facies F is also found 

in one locality on the southwestern side of the island in an inland 

quarry section that is not in a ridge (RS-21, Figure 12). The vertical 

position of Facies F is not as regular in the western ridges as it is in 

the eastern ridges (Plate III). In three localities on the west coast 

where Facies G is missing, Facies F is directly overlain by Facies D. 

In another locality on the west coast, Facies F is at the top of the sec¬ 

tion, overlain only by caliche II. Although it generally overlies Facies 

D rocks, Facies F occasionally overlies other facies (Facies H and I) on 

the western side of Cozumel Island (Figures 8A, 9). Facies F is thicker 

in the eastern ridge sequences than the western ones; average thickness 

varies from .7 m in the eastern ridges to .3 m in the western ridges. 

Figure 14 shows the known locations of Facies F. 

The only megafauna observed in this facies is mollusks. 

The characteristic sedimentary structures present are small-scale 
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Figure 14 Location of Facies F. 



SMALL-SCALE CROSS-LAMINATED FACIES 
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trough and planar cross-laminations. Laminae are less than 1 cm thick, 

and set thicknesses vary from 4 to 26 cm. The planar cross-laminae dip 

at high angles (25° to 30°) (Plate 5B). Parallel laminations are pro¬ 

minent in two localities and are included in this facies. Only apparent 

dip was observed in the field. Exposures do not permit a three-dimen¬ 

sional view of cross-laminations. One "cone-in-cone burrow was found 

crossing laminations in RS-28. 

Three thin-sections (RS-17, 26, 32) were made from samples from 

both an eastern and a western Cozumel ridge. Biodastic grains include 

abundant mollusks, some Halimeda, and the presence of coral, red algae, 

foraminifera, and bryozoans. Peloids are abundant in the eastern ridge 

sample, but only some are found in the sample from the western ridge. 

Ooids are the most abundant grain in the western ridge samples and are 

absent in the samples from the eastern ridge. Oolith aggregates are 

found in the western ridge samples. 

Only a small amount of mud is found in rocks of this facies (0 to 

30%), which is generally very well-sorted, with some elongate grains 

parallel. 

X-ray diffraction shows a variable aragonite percentage (35% and 

65%). Although some areas of micrite and microspar were found between 

grains, blocky calcite is the predominant cement type. 

Environment of deposition. The major carbonate grain-types in 

Facies F are indicative of normal-marine, backreef environments. The 

sedimentary structures in Facies F further define its shallow-water, 

wave-agitated environment of deposition. 

The Increase in the percentage of ooids upward from Facies D to 
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Facies F (Plate II) on the west coast may be explained by an upward in¬ 

crease in agitation on the ooid-producing oolite shoals. Two possible 

mechanisms for increasing the agitation come to mind. The first possi¬ 

bility is that water on top of the shoals became shallower as they 

accreted upward. The second possibility is that the strength of currents 

crossing the shoals could have increased in response to the constriction 

imposed by the development of nearby sea-grass banks (Facies D), or cays 

(the Cozumel ridges). 

The only biogenic sedimentary structure in Facies F, the "cone-in¬ 

cone" burrow, probably was formed by a sea anemonie. Shinn (1968) de¬ 

scribed recent examples of these burrows in wave-agitated, cross-lamin¬ 

ated carbonate sands of the Florida backreef. 

Small-scale cross-laminations and parallel laminations have been 

described in shallow, agitated water in two settings that are compatible 

with the Cozumel setting: isolated shoals and bars on a shallow, sub¬ 

merged bank, and the upper shoreface zone in front of a prograding beach 

(usually on a barrier island). Because the sedimentary structures of 

Facies D, F, and G are commonly found together in the ridge sequences, 

their environmental significance will be discussed collectively follow¬ 

ing the discussion of Facies G. 

The higher degree of sorting in Facies F than in Facies D may re¬ 

flect the increased current activity in Facies F. 

Facies G - Gently Seaward-dipping, Parallel-laminated Facies 

Description. This facies is found in the upper part of the eastern 

Cozumel ridges and in the northwestern coastal ridge (Figure 15, Plate I). 
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Figure 15 - Location of Facies G. 





-72- 

Out of eight cross-sections on the west coast, this facies is missing 

in five (Plate III). It appears that Facies G is found on the west 

coast in the topographically better expressed ridge (Figures 8A, 8B). 

In most places where it is missing, Facies G seems to be replaced by 

Facies D. Where it exists, Facies G is always underlain by Facies F. 

This facies is always directly overlain by caliche II. 

Mollusks are usually the only megafaunal component, although some 

Porites was found in one locality. Mollusks can be very abundant, but 

generally are less abundant than in Facies D and E. 

The sedimentary structures which predominate are slightly seaward¬ 

dipping, parallel laminations. These have a dip range of from 0° to 

13.5°, while the average dip is 5.7°. These laminations are always sea¬ 

ward dipping (Plate 6). 

Three thin-sections (RS-11, 17, 32) reveal that varied grain-types 

present in the sediment include some red algae, Halimeda, and foramin- 

ifera, and a few bryozoans and echinoderms. Ooids are not only abundant 

in this facies on the western side, but are also present in samples from 

the eastern side of the island. Peloids are abundant on the eastern side 

and some are in samples from the western side. An oolith aggregate is 

also present. 

Mud content is low; samples are mostly well- to very well-sorted. 

Sample RS-11-09 is an exception, with its larger mud content and mod¬ 

érât e-to well-sorted texture. 

The calcium carbonate contains a moderate percentage of aragonite 

(40% and 34%). Cements include micrite, microspar, calcite mosaic, and 

needle fibers. 
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Plate 6 

Shows vertical sequence of sedimentary structures and associated facies 

found in west coast ridge at locality RS-26. The Burrowed Molluscan Fac¬ 

ies is overlain by the Small-Scale Cross-Laminated Facies, which is capped 

by Facies G, the Gently Seaward-Dipping, Parallel-Laminated Facies. 
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Environment of deposition. The carbonate grain-types in this facies 

are interpreted as indicating a normal-marine backreef environment (see 

section below). The position, presence of ooids, sedimentary structures, 

and sorting of Facies G provide strong evidence for a foreshore (beach) 

environment of deposition. 

Facies G caps only the tallest ridges on Cozumel and is never over- 

lain by another facies. This unique position supports the interpreta¬ 

tion that the ridges represent islands with beaches on the highest por¬ 

tions. 

The abundant ooids in Facies G on the western side of the island 

probably indicate the continued presence of oolite shoals somewhere 

along that margin between the ridges. The presence of ooids in Facies 

G (and the ooids) may have formed in a beach environment. Another possi¬ 

ble origin for the eastern Facies G ooids is on oolite bars located in 

gaps between the islands (ridges) on the eastern side of Cozumel Island. 

The best criterion for interpreting the depositional environment of 

Facies G is its sedimentary structures. A large number of studies have 

shown that low-angle, gently seaward-dipping, parallel laminations, like 

those found on Cozumel Island, are diagnostic of foreshore swash-zone 

deposition (Imbrie and Buchanan, 1965; Van Straaten, 1965; Berryhill, 

et al., 1969; Clifton, et al., 1971; Howard, 1971; Reineck and Singh, 

1971; Blatt, et al., 1972; Howard et al., 1972; Howard and Reineck, 

1972; Wunderlich, 1972; Bernard, et al., 1973; Moiola and Spencer, 

1973; Harms, et al., 1975; High, 1975; Reinick and Singh, 1975; 

Stapor and Tanner, 1975). 

Swash-zone deposits commonly have better sorting than adjacent near- 
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shore areas. Thus, the fact that rocks of Facies G are better sorted 

than those of Facies D may be further evidence of the swash-zone ori¬ 

gin of Facies G. 

Facies D, F, and G - Environmental Significance of Common Characteristics. 

The mutual association of Facies D, F, and G and similarities in 

their megafauna, carbonate grain-types, and matrices indicate the close 

relationship of their depositional environments. Important distinctions 

can also be made between these facies based on differing stratigraphic 

sequences, inorganic and biogenic sedimentary structures, and sorting. 

The occurrence of Porites divarlcata as well as other small, massive 

corals indicates that normal marine salinities were present across the 

entire submerged bank. Rarity of corals indicates possibly few patch 

reefs in the central part of this bank. The back-reef position of these 

facies can also be inferred by common to abundant mollusks (Bathurst, 

1971; Ebanks, 1975). The large genetic diversity of the mollusk 

assemblage indicates a less-restricted depositional environment than the 

pellet-mud facies described by Bathurst (1971) west of Andros Island, 

Great Bahama Bank. Bathurst reported the presence of only two molluscan 

genera. A precise environmental interpretation based on the mollusks 

present in the Cozumel Island facies is not possible (see Mollusk section 

p. 20 ). Patchy occurrences of abundant articulated red algae as well as 

their presence in lower abundances with common Halimeda and traces of bry- 

ozoans and echinoderms in most samples from these facies further supports 

the contention that normal marine salinities and a certain amount of 

current activity prevailed across the entire bank throughout Cozumel's 

late Pleistocene development (for data on red algae as indicators of 
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normal marine salinities see Ginsburg, 1971; Milliman, 1974; Wilson, 

1975). 

Peloids, the most abundant grain-type in Facies D, F, and G on the 

east side of Cozumel and in Facies D on the west side, are of uncertain 

origin. It is possible that these peloids formed by the process of the 

micritization of fecal pellets, inorganic accretions, or skeletal grains 

by boring algae as described by Illing (1954) for peloids in Bahaman 

sediments. If this process has occurred in Cozumel sediments, one would 

expect to find grains in various stages of this process. This gradation 

was not observed in the Cozumel samples; thus, it appears that the 

recrystallization (micritization) process cannot be documented. Alterna¬ 

tively, the Cozumel peloids may be cemented fecal pellets of unknown ori¬ 

gin; however, fecal pellets are generally more elongate than are the 

Cozumel peloids. Because of these uncertainties regarding their origin, 

peloids were not used in the environmental interpretation. 

Ooids are present in Facies D on the western side and are the most 

abundant grain-type in Facies F and G. On the east side of Cozumel, ooids 

are present only in Facies G (Plate II). Newell, et al. (1960) described 

recent oolite formation several kilometers into the western (leeward) 

side of the Great Bahama Bank. Ooids form on a broad, irregular ridge 

2 to 4 km wide in shallow (6 feet deep), well-agitated water. Purdy 

(1963) and Bathurst (1971) later re-described this same oolite facies. 

The depositional environments of Facies D, F, and G probably include 

similar oolite shoals. The ooids on the western side of Cozumel may have 

formed on shoals located in gaps between cays or sea-grass banks on this 

leeward margin. Indications are that the eastern ridges formed under 
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higher"energy" conditions than the western ridge. If ooids were pro¬ 

duced on oolite shoals between cays or sea-grass banks, one would expect 

to find abundant ooids not only in the western ridges, but also in the 

eastern ridges. The lack of ooids in Facies D and F of the eastern 

ridges suggests an alternate source of ooids on western Cozumel^ per¬ 

haps shoals on the far southwestern end of the bank that were exposed 

to the strong north-moving Yucatan Current. The presence of ooids in 

Facies G in the eastern ridges may be best explained by ooid-forming 

processes similar to those active on beaches in Laguna Madre (Freeman, 

1962). 

Fine-grained material is rare in all three facies. Bathurst (1971) 

pointed out that there is not always a direct relationship between cur¬ 

rent strength and mud percentage. The presence of sediment baffles 

(Thalassia), binders (subtidal algal mats), or the lack of fine-grained 

sediment producers (Penicillus, Udotea, and Rhipocephalus) can all cause 

exceptions in this direct relationship. In spite of these problems, the 

lack of mud often can be used on a gross scale as an indicator of cur¬ 

rent strength. Although the percent fines cannot be used to distinguish 

between turbidity in the coralgal vs. oolitic facies of the Great Bahama 

Bank, it can be used to distinguish between turbidity in the pellet-mud 

facies vs. the oolitic facies (Bathurst, 1971). Within these limitations 

one may asstime that the lack of mud in Facies D, F, and G indicates cur¬ 

rents on Cozumel similar in intensity to those of the grapestone and 

oolitic facies of the Great Bahama Bank or the Halimeda facies of the 

northern Belize shelf, areas that also have a low percentage of "fines". 

Although current conditions on the much smaller Cozumel Bank must have 



-78- 

been somewhat different from those on the Great Bahama Bank, a descrip¬ 

tion of these currents is useful. Tidal currents in channels on the 

Great Bahama Bank may reach 2 kn, but they are negligible toward the 

center of the bank (Bathurst, 1971). Currents associated with hurri¬ 

canes, though short-term, are strong. Winds also cause a drift of the 

water on the bank. Apparently the deep ocean currents have little 

effect on water movement within the bank. 

In general, the common characteristics of Facies D, F, and G indi¬ 

cate that the entire Cozumel Bank was covered with well-agitated water 

of normal-marine salinities throughout the deposition of these facies. 

Environmental Significance of Sedimentary Structures in Ridge Facies: 

Evidence for Upward Accretion vs. Progradation of Ridges 

Shoaling upward sequences of sedimentary structures similar to those 

found in Facies D, F, and G on Cozumel Island form on isolated shoals and 

cays with histories of upward accretion, as well as in beach-nearshore 

areas in front of prograding land masses. The presence of some irregular 

sequences of sedimentary structures, coupled with geometric characteris¬ 

tics of the ridges on Cozumel support an upward accretionary rather than 

progradational mechanism of ridge development on the island. 

Recent environments where sedimentary structures formed by upward 

accretion are found include: the oolite and grapestone bars, banks, 

shoals, and cays in the Bahamas (Imbrie and Buchanan, 1965; Ball, 1967), 

areas on- and offshore from cays on the northern Belize shelf (Stoddart, 

1964), and areas on-and offshore from the leeward cays of Alacran Reef, 

Mexico (Folk, 1967). Each of these sedimentary bodies possess crusta¬ 

cean-burrowed zones usually overlain by par all el-laminated or small-scale 
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cross-laminated sands, overlain by gently-dipping, parallel laminations. 

Departures from this idealized sequence occur on shoals that never reach 

sea level and where beach deposits do not form. Another variation is that 

the lower burrowed and small-scale cross-laminated zones are sometimes 

mixed in spatial distribution, because the currents producing these 

shallow-water sedimentary structures are variable. 

Sequences of cross-beds similar to those found on Cozumel also form 

today in the foreshore and upper and lower shoreface zones adjacent to 

the coastlines of barrier islands or continents. Examples include: the 

barrier island complex of Galveston Island, Texas (Bernard, et al., 

1973) and Sapelo Island, Georgia (Howard, 1971; Howard et al., 1972; 

Howard and Reineck, 1972; Wunderlich, 1972), and the coasts of the Gulf 

of Gaeta, Italy (Reineck and Singh, 1971), and the state of Oregon 

(Clifton, et al., 1971). The idealized sequence of sedimentary struc¬ 

tures found in these progradational shorelines is a burrowed zone, over- 

lain by parallel laminations, overlain by small-scale cross-laminations, 

and finally overlain by gently seaward-dipping, parallel laminations. 

Four points of evidence indicate that the ridges on Cozumel (and 

Facies D, F, and G) formed by upward accretion and not progradation. 

First, the absence of Facies G (beach deposits) on some west coast ridges 

is more compatible with an upper accretionary shoal or bar origin than a 

prograding shoreline origin. Second, vertical variations in some of the 

Cozumel sections from Facies D upward to Facies F and then to Facies D 

again can be better explained by the variable sequences described in bars 

and shoals than by the more regular progradational sequences. Third, 

because the Cozumel ridges have only one crest and the prograding shore- 
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line model requires a number of parallel beach-ridges, the upward-accre¬ 

tion bars and cays model may be a closer analogue. Fourth, the location 

of the Cozumel ridges far behind the windward reef suggests that these 

features did not prograde seaward. If the Cozumel ridges had prograded, 

one might expect them to be located closer to the shelf break, perhaps on 

top of the windward coral reef as they are on the Yucatan east coast (see 

Comparison of Cozumel and Eastern Yucatan Ridges below). 

Although the evidence from the scattered quarry sections on Cozumel 

Island is not conclusive, the information available on ridge geometry and 

sedimentary structures tends to support the processes of upward accretion 

of shoals and cays, rather than progradation of beach-nearshore sediments. 

Development of Ridges 

Several striking characteristics of the ridges on Cozumel Island not 

previously discussed must be included in any hypothesis regarding their 

origin: 

(1) The ridges are long, thin, and continuous. 

(2) Eastern ridges are taller, wider, and longer ("better developed") 

than the western ridge. 

(3) The western ridges and "highs" are partially located directly 

on top of the leeward coral reef (Facies C) ; the eastern 

ridges are not. 

(4) All of the ridges are oriented roughly at 40° to the present 

prevailing Easterlies and at acute angles to the present 

shoreline. 

(5) Two hundred meters in front of the west coast ridge, there is a 

relatively short segment of a smaller ridge parallel to the 

larger one. 
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Considering the above characteristics of the ridges, the facies 

found in them, and all of the previous discussions of the associated 

environments of deposition, the following two-stage, hypothetical de- 

positional history is proposed. 

The first stage of ridge development begins with the in situ upward 

accretion of sea-grass-stabilized banks (Facies D). This accretion con¬ 

tinues, and as the banks become obstructions that constrict currents, 

they become agitated and rippled (Facies F). 

As the sea-grass banks on the western side of the island are accre¬ 

ting, the associated increased current activity causes oolite shoals to 

form in the areas between. Tidal movements on these shoals also contri¬ 

bute to the agitation of the environment. Upward accretion continues un¬ 

til the shoals reach sea level (perhaps in response to high spring tides 

or storms), and become small, ephemeral cays with their corresponding 

beaches (Facies G). 

The first stage of this hypothesis is fairly well documented and 

consistent with the known facts. The upward accretion of sea-grass banks 

by iri situ production of skeletal debris has been proposed to explain 

Cozumel's Facies D (see Facies D - Environment of deposition). Continued 

accretion of these submerged banks into cays has also been proposed for 

the leeward cays on Alacran Reef by Folk (1967) and for Rodriguez Key 

in Florida by Ginsburg (1971) and Swanson and Turmel (1976) . The upward 

accretionary histories of cays on the three Belize atolls have been pro¬ 

posed by Stoddart (1962, 1964). 

As noted in the discussion on the environmental significance of sedi¬ 

mentary structures, good correlation exists between the sedimentary struc- 



-82- 

tures found on bars, shoals, and barely-exposed cays in the Bahamas 

(Imbrie and Buchanan, 1965), and in the ridges and highs on Cozumel. 

Also already noted is that an upward accretion model better explains the 

observed sedimentary sequences in the Cozumel ridges than a prograda- 

tional shoreline model. 

The lack of coral shingle and abundant fine coral debris in Facies 

D, F, and G, coupled with the position of the eastern Cozumel ridges 

close to the lee of the windward reef flat (Facies B) supports the in 

situ origin of the grains present in the ridges. 

According to Stoddart’s (1962, 1964) theory of cay evolution, the 

position of ridges far behind the inner reef flat (1 to 4 km) may mean 

that the eastern side of Cozumel experienced a greater degree of ex¬ 

posure and was deeper than all the recent Caribbean atoll examples. 

The second stage of the Cozumel ridge development hypothesis is 

the formation of wind-driven longshore currents and their associated 

sediment transport simultaneously southward along the fronts of the cays. 

This process caused split accretion on the southern ends of the cays and 

resulted in the development of long, narrow islands oriented at acute 

angles (around 45°) to the prevailing winds. The earlier-formed north¬ 

ern ends of these ridges may have moved in a leeward direction as the 

later-formed southern ends were accreting southward. On the leeward side 

of the northwestern island, a small, linear offshore bar formed. 

The second stage of this hypothesis is more questionable, but ex¬ 

plains a number of obvious features of the ridges. The process of spit 

accretion on islands by longshore transport is well documented in both 

carbonate and clastic environments. Ball (1967) described spit accretion 
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on the ends of cays In the Bahamas, and Bernard, et^ al. (1973) reported 

the same processes on Galveston Island. Ward (1975) reports 14 nautical 

miles of spit accretion on Isla Blanca on the northeastern Yucatan shelf 

within the last 3,000 to 5,000 years. Assuming the presence of the 2 kn 

north-moving Yucatan Current, southward spit accretion of these cays re¬ 

quires wind-generated currents of even higher velocities. Important evi¬ 

dence indicates the influence of winds and wind-generated currents on the 

formation of Cozumel ridges, and, consequently, substantiates the south¬ 

ward spit accretion of these cays. Firstly, assuming the late Pleisto¬ 

cene wind directions to be similar to the recent ones (which is fair ac¬ 

cording to Ward (1975), the orientation of the ridges on Cozumel Island 

40° to the recent prevailing Easterlies is near the optimum angle of 

longshore transport. This angle is also close to the 45° angle between 

prevailing Easterlies and the Alacran leeward cays found by Folk (1967). 

Secondly, the larger size of the ridges located on the windward, eastern 

side of Cozumel may be additional evidence for this contention. Thirdly, 

the position of the leeward ridge on top of the leeward coral reef may 

possibly document the leeward migration of the ridge in response to winds. 

Stoddart (1962) and Folk (1967) documented this process in studies on 

small cays found in atoll settings. It seems, however, that leeward mi¬ 

gration would be more difficult to accomplish with a 5 km long island 

such as the leeward ridge because there would be fewer gaps through 

which the sediment could move. The grain-types present in the ridges 

are consistent with those which would be supplied by the southward 

longshore drift mechanism of ridge formation; the areas north of the 

ridges are in Facies D. 



-84- 

A major problem with the second stage spit-accretion mechanism is 

that in recent environments where this process is operative, beach ridges 

also generally mark an associated seaward progradation. Evidence has 

been shown above (see Environmental Significance of Sedimentary Struc¬ 

tures in Ridge Facies) that opposes this seaward progradation process. 

An alternate hypothesis explaining the second stage of Cozumel ridge 

development is stepwise spit accretion of the ridges from south to north 

in successive time periods. According to this hypothesis the ridges 

would become younger northward. This postulate requires the north-mov¬ 

ing Yucatan Current to have been stronger than the south-moving wind¬ 

generated longshore currents. Holocene beach ridge and northward spit 

accretion on the northeastern Yucatan shelf on Isla Blanca (Ward, 1975) 

documents the strength of the Yucatan Current and supports this alter¬ 

nate hypothesis. Evidence on Cozumel Island for this contention is 

fourfold. First, the eastern ridges are successively farther seaward 

toward the north. These ridges also curve slightly inland toward the 

north, a configuation consistent with that of the accreting end of a 

spit. Second, the submerged northern end of Cozumel suggests that the 

island may be tilted toward the northwest, and, thus, beach ridges formed 

in succession in response to the shoaling of the bottom to a critical 

depth. Third, the presence of the ridge on the leeward side of Cozumel 

may be better explained by northward longshore transport on the seaward 

side of the ridge than wind- generated currents crossing the wide, shal¬ 

low bank from the east. Fourth, the distribution of the most abundant 

oolite in a narrow band along the western side of the island may further 

reflect the transporting ability of the northward longshore current. 
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Another hypothesis for the origin of the ridges is that they devel¬ 

oped by in situ upward accretion of 5- to 10-km long linear islands in 

depressions located to the lee of topographic highs on the older, rock 

sea floor. A similar origin has been proposed for the short cays south 

of Ambergris Cay off Belize (Stoddart, 1962) as well as for Rodriguez 

Key of the Florida Keys (Ginsburg, 1971; Turmel and Swanson, 1976). No 

similar origin has been invoked for ridges of lengths comparable to those 

on Cozumel. Linear highs (or depressions) on the sea floor that are all 

parallel and oriented at an acute angle to the present Cozumel shore¬ 

lines could have formed by karst solution along fractures. If this pro¬ 

position were true, one should see a topographic high on an older, 

calichified surface directly beneath the western ridge, but there is no 

such evidence. 

At the present time, the first hypothesis seems the most reasonable, 

but the other hypothesies are of considerable merit. In conclusion, the 

ridges on Cozumel Island apparently developed by two major processes: 

in situ sand production and upward accretion into cays, and longshore 

transportation of sediment. 

Facies H - Large-scale Trough Cross-bedded Facies 

Description. This facies is found in three west coast sections, al¬ 

ways directly beneath Facies F, the small-scale, cross-laminated zone 

(Figure 16, Plate III). Facies H seems to correlate elsewhere with the 

burrowed molluscan Facies D rocks and the small-scale festoon, cross- 

laminated Facies F rocks. They are found roughly in the middle of the 

sections (Figures 8A and 8B). 

This facies has an entirely molluscan megafauna. 



-86- 

Figure 16 - Location of Facies H. 
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Major sedimentary structures are large-scale trough cross-beds 

(Plate 7A). In two localities, trough axes are oriented roughly parallel 

to the coastline. Only one trough is complete with beds dipping from 

both sides inward. In all cases, beds dip a maximum of 30°. Trough 

heights range from 32 cm to 1.5 m; the width of the complete trough is 

18.5 m. Individual beds measure greater than 1 cm in thickness. 

Information available from one thin-section (RS-32) indicates the 

presence of abundant ooids, mollusks, red algae and Halimeda, some 

bryozoans, and few poloids, foraminifera and echinoderm plates, (Plate 

7B). 

This facies has a very low mud content, 0 to 10%; grain-sizes range 

from coarse to medium, with average sizes being medium. At one locality 

(RS-32), large clasts 8 cm in length, of laminated previously cemented 

rock, were found. The thin-sectioned sample was well-sorted. 

An x-rayed sample of this facies had a low percentage of aragonite 

(27%), the rest being low magnesium calcite. The rare cement present is 

mostly micrite. 

Environment of deposition. The probably laterally-equivalent posi¬ 

tions of Facies H and Facies D suggest that this large-scale trough, 

cross-bedded facies represents channels through sea-grass shoals. 

The presence of sedimentary structures and the smaller quantity of 

mollusks differentiate Facies H from Facies E. 

The similarity in constituents between this facies and Facies D, and 

the lack of coral indicate an inner bank rather than a peripheral reef 

origin of sediments. 

The laminated clasts of rock found in the base of this deposit must 
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Plate 7 

A - Shows half of a large trough of Facies H, the Large-Scale Trough 

Cross-Bedded Facies at locality RS-32. Large beachrock (?) clasts 

are also visible. 

B - Photomicrograph of Facies H from RS-32. Shows mollusk, peneropolid 

foraminifera Halimeda, peloids, ooids, and "dean" matrix (X 43). 
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have béen eroded by violent currents, such as are present during storms 

or hurricanes. The fact that it is well-sorted shows that this facies 

was deposited with considerable current activity. 

Facies H appears to represent scour channels that were cut during 

hurricanes through the shoals or sea-grass banks of Facies D. A similar 

depositional environment was observed by Stoddart (1963) on the Belize 

shelf after Hurricane Hattie. An alternative interpretation is that 

these channels represent tidal channels that formed either at ends of 

embayments into banks or between cays (Ginsburg, 1971; Bathurst, 1971). 

This interpretation appears to be less viable because no closely-spaced 

parallel channels were observed on Cozumel and neither embayments nor 

small cays existed on Cozumel during the time of the formation of Facies 

H. 

Facies I - Large-scale Planar Cross-bedded Facies 

Description. This facies characterizes only one area, but because 

of its large lateral extent, it was determined in the field to be indeed 

different from Facies H (Figure 17). Facies I is located on a beach on 

the northwest coast adjacent to Facies C and is overlain by the small- 

scale, cross-laminated Facies F (Figure 9). 

Megafauna in this facies includes abundant mollusks, massive Diploria 

heads, and oriented Acropora cervicomis fronds. Fronds are oriented 

with their lengths parallel to the strike of the bedding. The abundance 

of these organisms varies laterally. 

Typical sedimentary structures include large-scale, high-angle, 

planar cross-beds with a strike of N 4°E and a consistent, 28° to 31° N 

W dip. Each bed is greater than 1 cm thick (Plate 8). 
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Figure 17 Location of Facies I 
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Plate 8 

View of bedding in Facies I, the Large-Scale Planar Cross-Bedded Facies. 
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Petrography, based on one thin-section (RS-27), shows abundant 

tnollusks, some ooids, peloids, red algae, Halimeda, and a bryozoan frag¬ 

ment. 

The medium mud percentage, 25 to 50°, may be explained by calichi- 

fication. The sample is well-sorted. Note that this percentage of mud 

is lower than that in any other coral facies rocks. 

This sample has an unusually high aragonite content (42%). The 

cement is mostly micrite. 

Environment of deposition. The location of this facies next to the 

leeward reef (Facies C) as well as the large number of oriented coral 

fronds found parallel to the strike of the cross-beds reveal that the 

principal source of sediments for the facies was the coral reef. 

The high angle, large-scale cross-beds dipping roughly perpendicu¬ 

lar to the reef trend probably represent accretionary forsets filling a 

leeward reef pass due to the seaward return-flow of currents across the 

reef. The good sorting, excluding the coral shingle, substantiates the 

hypothesis that strong currents were important factors in the deposition 

of this facies. 

Modern analogues of seaward movement of sediments through reef 

passes include those on Tarawa Atoll, in the Gilbert Islands (Weber and 

Woodhead, 1971) and on the northern Belize barrier reef (Purdy, et al., 

1975). 

Facies J - Ridge and Dome Facies 

Description. Rocks characterizing Facies J are found exclusively 

along the east coast of Cozumel and repeatedly occur in three basic 

sedimentary bodies (Figure 18, Plate I). The first is that of a linear 
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Figure 18 - Location of Facies J. 



RIDGE AND DOME FACIES 
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ridge roughly 1 km long, 30 m wide and 2 to 3 m tall, that may trend 

roughly parallel to the coast for a half a mile before disappearing 

southward into the ocean at an acute angle with the present shoreline. 

The trend of these ridges is approximately N 20°E and they appear to be 

roughly parallel to each other (Plate 9A). The second sedimentary body 

in this facies is a dome-shaped hill (Plate 9B). One large isolated dome 

was sighted, as well as many smaller ones which appear to be connected to 

the ridges described above. Each of these domes (and associated ridges) 

form a résistent point which extends slightly seaward from the general 

shoreline trend. The large dome is 9.5 m high and 250 m in diameter; 

the smaller mounds are 3 to 5 m tall. The linear ridges associated with 

the small mounds extend into the Caribbean toward the south at an acute 

angle to the coast. The trend of these ridges is roughly the same as 

that of the isolated linear ridges: N 20°E. The third type of sedimen¬ 

tary body containing Facies J rock is a broad, high hill much more lat¬ 

erally and vertically extensive than the two previously described bodies. 

These hills begin at or below sea level and extend inland for a consid¬ 

erable distance; they are approximately 12 m or more in height and 1.5 

km in diameter. Rocks in this form also connect to linear ridges. All 

of these rocks are located on the eastern, windward coast of Cozumel; 

most of these features were sighted on the southern half of the island, 

although two were seen on the northeastern coast. All of the above var¬ 

ieties of Facies J extend into the water; consequently, the exact base 

level of this facies relative to sea level is unknown. Regardless of the 

morphologic features, all Facies J rocks overlie Facies A coral rocks and 

have a thick caliche crust (II) on top of them (Figure 8B). 
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Plate 9 

A - View just seaward of axis of linear ridge of Facies J, the Ridge 

and Dome Facies. 

B - View of Facies J dome at RS-14. 
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No megafauna was seen in any Facies J rocks. 

Two types of sedimentary structures were observed in rocks of the 

ridge and dome facies. In the largest dome-shaped hill, high-angle 26° 

west (landward) dipping cross-beds were observed (Figure 19). In the 

same dome at a lower level, roughly horizontal bedding was observed. 

In each transverse cut through a linear ridge, low angle 1/2° east (sea¬ 

ward) dipping beds were seen. The variation in directions and angles of 

dip seen in the field may be explained by the lack of three dimensional 

views of cross-bedding; only apparent dip was measured (Plate 10A). 

Vertical sections showing rocks in Facies J are rare. Bedding commonly 

continues upward through an area of root casts to the calichified upper 

surface. These rhizocretions form a dense, interconnecting network of 

large branches 4 cm in diameter, as well as smaller, 1/2 cm branches 

(Plate 10B). The root cast zone may range in thickness from .5 to 1 m, 

depending on the size and geometry of the specific feature. Rhizocre¬ 

tions were only observed in the ridges and domes, not in the large hills. 

Because there were no vertical outcrops cut in the large hills, no 

rhizocretions or cross-beds were observed in them. 

No ooids or peloids are seen in the four thin-sections for this 

facies (RS-14, 16). In general, red algae, mostly Jania and Halimeda, 

are abundant. Dasycladacean algae are occasional to abundant; this is 

the only facies containing abundant dasycladaceans. Some foraminifera 

and a few echinoderms are also present, and bryozoans varied from few to 

abundant, depending on the sample (Plate 11). 

Rocks of Facies J are fine-grained, and samples contain very little 

micrite. Very fine-grained calcite cement is abundant in samples from 
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Figure 19 - Cross-section of RS-14, a large mound-shaped eolianite 

on the eastern coast of Cozumel. This figure shows 

vertical locations of cross-laminations, rhizocrétions, 

and caliche II. The mineralogy of two x-rayed samples 

is also shown 



EOLIANITE CROSS-SECTION 

COZUMEL CARIBBEAN 

ISLAND SEA 

SAMPLE 04 

SAMPLE 03 

ELEV. IN 
METERS SAMPLE 02 

MINERALOGY 

SAMPLE % ARAG. % MG- 
CALCITE 

MOLE % 
MGCO3 

LOW MG- 
CALCITE 

02 30 15 11.4 55 

03 24 — — 76 
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Plate 10 

A - High- angle (30°) landward-dipping laminations in Ridge and Dome 

Facies at RS-14. Top and bottom of photograph are horizontal and 

beds are dipping to the west (left). 

B - Rhizocretions in the upper part of the Ridge and Dome Facies at 

RS-14. 
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Plate 11 

Photomicrograph of Ridge and Dome Facies sample showing the fine-grained 

angular bioclasts (X 43). 



•» 
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the caliche crust zone. Well-rounded to subangular bioclasts and grains 

are well- to very well-sorted. 

The mineralogy of the large mound changes upward from 30% aragonite 

and 15% magnesium calcite at 4.3 m above sea level to 24% aragonite and 

no magnesium calcite at 7 m above sea level (Figure 19) . A change in 

cement types corresponds to this change in mineralogy; cements change 

from non-aragonitic bladed crystals rimming all grains upward to rocks 

with areas of micrite between grains. 

Environment of deposition. The mound shape of some of the sedimen¬ 

tary bodies associated with this facies is characteristic of recent dunes 

(Dickinson, et al., 1972). The ridges connected to domes on Cozumel are 

morphologically similar to dune ridges with platformward advancing spill¬ 

over lobes formed at breaches in ridge crests (Ball, 1967). The consid¬ 

erable height reached by some examples of this facies (12 m) has counter¬ 

parts on Isla Mujeres (Ward, 1975) and onshore from beaches in the Carib¬ 

bean (Milliman, 1969). 

The lack of megafauna in this facies helps to identify it as a 

wind-transported deposit (Dickinson, et al., 1972), and contrasts with 

the mollusk-filled beach deposits (Facies G). 

The large-scale, high-angle, landward-dipping cross-laminae charac¬ 

teristic of this facies is characteristically eolian (Ball, 1967; 

Dickinson, et al., 1972; Reineck and Singh, 1975; Ward, 1975). The 

low-angle seaward (windward) dipping strata in this facies is also oc¬ 

casionally present in dunes (Reineck and Singh, 1975; Ward, 1975). 

The fact that Facies J is finer grained than Facies G compares well 

with the generalization that dune sands are finer grained than beach 
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sands (Stoddart, 1964; Relneck and Singh, 1975). The high degree of 

sorting in Facies J, equalled only by Facies F aqd G, further indicates 

the dune environment of deposition for this facies (Stoddart, 1964; 

Ball, 1967). 

Of the three Pleistocene eollanites described on the northeastern 

Yucatan coast (Ward, 1975; Ward and Wilson, 1976), the low percentage 

of inorganic carbonate grains in Facies J makes its composition more like 

that of the Mujeres eolianite. Apparently, the Cozumel eolianite contains 

more coral and coralline algal fragments than the Mujeres eolianite. 

Adequate comparison of the mineralogic-diagenetic stages of the 

Cozumel and Mujeres eollanites is not possible with the paucity of data 

from Cozumel, but it is interesting to compare the information that is 

available. The fact that the two x-rayed Cozumel samples have different 

magnesium calcite percentages, even though the bioclasts are similar, is 

consistent with variations observed in the mineralogy of the Mujeres 

eolianite (Ward, 1975). Because most of the grains in the poorly-cement¬ 

ed sample RS-14-02 (Figure 19) are rimmed with bladed, palisade non-ara- 

gonitic cement, and only fine-grained cement is found in sample RS-14-03 

(located higher in the RS-14 section), it is suggested here that the mag¬ 

nesium calcite in sample RS-14-02 on Cozumel is not a remnant of the ori¬ 

ginal mineralogy but rather is a reflection of splash-zone, bladed mag¬ 

nesium calcite cementation (Ward, 1975). The aragonite weight percentage 

in Cozumel's Facies J is substantially lower than it is in most samples 

in the Mujeres eolianite, even though there are more coral fragments in 

the Cozumel samples. The only samples on Mujeres with comparably low 

aragonite percentages are those taken near weathered caliche zones, 
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paleosols, or rocks In the marine environment (Ward, 1975), but the Cozu¬ 

mel samples were not found in any of these positions. It has been shown 

that, in general, the aragonite percentage decreases and low magnesium 

calcite percentage increases in rocks with increasing age; thus, the 

lower aragonite percentage of the two Cozumel samples may indicate that 

the Mujeres eolianite is somewhat younger than the Cozumel eolianite. 

Rocks of this facies are most likely eolianites formed in the sub¬ 

areal environment by the piling of beach-derived sediment behind a 

shoreline by strong onshore winds. These winds were most likely eas¬ 

terlies in the Pleistocene (Ward, 1975) as they are today. This is 

substantiated by the knowledge that all of the observed eolianites 

were found on the east coast of Cozumel. The position of the base of 

these eolianites and the corresponding beach that was the source of 

sediment was at least a few meters below present sea level, as Facies J 

is partially submerged at the present time. 

Facies K - Beachrock Facies 

Description. This facies is characterized by a flat, seaward¬ 

dipping pavement in scattered localities on the present beaches on the 

east coast in the intertidal zone. These deposits trend parallel to the 

beach and sometimes curve into the water. The pavements commonly exhibit 

drainage patterns with ridges and rills oriented perpendicular to the 

length of the deposit. Both large, massive blocks of rock and small, 

round coral fragments are cemented into the matrix of the beachrock. The 

coral fragments look identical to round, white, coral fragments found 

loose on the beach. The large, massive blocks also have uncemented 

identical counterparts resting on the beach nearby. 
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No megafauna Is present except recent serpulid worms and rounded 

coral heads. 

No sedimentary structures were seen, although no vertical sections 

were observable. 

Petrographically, the rock consists of abundant mollusks, foraminif- 

era, and red algae, some Halimeda and echinoderms, and a few serpulid 

tubes. 

No mud is present, and grains are very coarse. The thin-sectioned 

sample (RS-15) showed well- to very well-sorted grains. 

The mineralogy and cements are very characteristic of Facies K. It 

has, by far, the largest aragonite and magnesium calcite percentage of 

all Cozumel samples: 53% aragonite, 47% magnesium Calcite, and 7% cal¬ 

cite. Bladed, non-aragonitic, palisade cement rims all grains. 

Environment of deposition. This facies has a number of characteris¬ 

tics similar to those of beachrock. Kaye (1959) and Bathurst (1971) de¬ 

scribe beachrock as sporatically-distributed, cemented calcarenite found 

on beaches in the Intertidal zone. This description is similar to that 

of Facies K given above. Beachrock generally forms a flat pavement dip¬ 

ping seaward at a low angle (Kaye, 1959; Multer, 1975), a characteristic 

shared by Facies K. Elongated rills oriented perpendicular to the strike 

of Facies K rocks, as well as the occurrence of large blocks and rounded 

coral heads cemented into the sandy matrix once again compare well with 

characteristics of beachrock reported by Kaye (1959) and Bathurst (1971). 

Bathurst (1971) suggested another criterion for the identification 

of beachrock which is met by Cozumel's Facies K: the texture of beachrock 

should be identical to the texture of the adjacent sand. 
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The extremely high percentage of aragonite, as well as the large 

amount of magnesium calcite, suggests that these deposits are Recent. 

The larger percentage of magnesium calcite in these rocks than in recent 

beach sand reflects the presence of bladed palisade (magnesium calcite) 

cement, which is the result of recent cementation processes carried out 

by sea water (Bathurst, 1971; Ward, 1975). 

Facies Below Caliche I 

Facies AA - Lower Coralline Facies 

Description. Exposures of this facies are restricted to the lower 

parts of the two quarries in the center of the island and the sfloor of 

three eastern Cozumel quarries (Figures 8A, 8B, Plate III). Caliche I, 

which everywhere directly overlies this facies, is absent in all of the 

western Cozumel sections. In one quarry borings by ClIonia (sponges) and 

pholads (clams) were observed. This crust is sometimes hummocky, with 

maximum variations in elevation of 4 m. As can be seen in the cross- 

sections of Cozumel, this facies forms a broad, flat platform across most 

of the island, but dips down under younger deposits near the western 

(and possibly eastern) edges. 

Abundant corals and mollusks comprise the megafauna characteristic 

of this facies. Corals present include: 

Montastrea - large (3* x 4’), massive, small and massive, 

and columnar 

Diploria - small, massive 

Acropora cervicomis - abundant in patches in one quarry 

These corals are not always abundant; they may be disoriented and 
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scattered among mollusks and calcarenite. 

No sedimentary structures were seen in this facies. 

One badly weathered and leached thin-sectioned sample (RS-09) re¬ 

vealed some mollusks, foraminifera, bryozoans, echinoderms and abundant 

Halimeda. 

A moderate amount of micrite was found, and sorting could not be 

determined. 

There was a low percentage of aragonite in the two x-rayed samples, 

and only micrite was seen between the grains. 

Environment of deposition. The environment of deposition of this 

facies is not so clear as the environments for the younger facies above 

caliche I. The flat-topped shape and abundant corals suggest a coral 

reef platform, but the writer is unsure if this coral is abundant and 

continuous enough to represent a reef. It is more likely that this facies 

represents a bank covered with abundant patch reefs and coralgal mollus- 

can sands (Facies BB). 

Petrographic character is consistent with a normal-marine, patch 

reef environment, even though coralgal components are missing. These 

may be missing because of extensive leaching of the thin-sectioned sample. 

The moderate amount of fine-grained material may be secondarily in¬ 

filled silt like that described earlier in Facies A, B, and C. 

The borings in caliche I probably document the initial flooding of 

this previously lithified surface. 

Facies BB - Lower Molluscan Facies 

Description. This facies is found in one eastern quarry where it is 

covered by caliche I (Figure 8A). 
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Mo Husks are the only megafaunal component found In Facies BB. 

No sedimentary structures were seen, but the one exposure was poor. 

Carbonate grains discerned from one thin-section (RS-11) include 

a trace of mollusks, foraminifera, bryozoans, red algae, and Halimeda. 

A very large percentage of fine-grained material was observed in 

the thin-section. This is most likely cement and not original lime mud, 

because the sample looks as if it has been leached. 

A low percentage of aragonite, abundant micrite, and a small amount 

of blocky calcite cement characterize the sample. 

Environment of deposition. The biota of this facies is similar to 

that of Facies D: normal-marine, but without an appreciable quantity of 

coral. Because of the inadequate information now available on this fac¬ 

ies, further speculation regarding its environment of deposition is not 

made 
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COMPARISON OF STRATIGRAPHY OF COZUMEL ISLAND 

AND THE YUCATAN EAST COAST 

General Aspects of the Yucatan East Coast 

The Pleistocene and Holocene carbonates of the eastern Yucatan 

coast are characterized by two types of ridges: beach ridges and dune 

ridges. Ridges of three different ages are found on the northeastern 

Yucatan coast. 

The most inland set of beach ridges forms a strand-plain that starts 

at Puerto Juarez and parallels the coast for 150 km to the south (Figure 

20). The highest elevation of a beach ridge in this belt is 10 m, sug¬ 

gesting a maximum sea level position somewhere near that figure» (Ward 

and Brady, 1976a; Ward and Brady, 1976b). Three uranium-thorium age 

dates on Diploria and Montastrea specimens show ages of 125,000 + 15,000 

B.P. (Ward, personal communication). These dated corals were taken from 

the middle and lower parts of this strand-plain progradational sequence. 

Another Montastrea was sampled 18 km inland from the Caribbean at an ele¬ 

vation of 3 m on the mainland side of the upper Pleistocene strand-plain. 

Although a reliable age was not possible, this sample is very old, possi¬ 

bly around 400,000 years (Ward, personal communication), and may repre¬ 

sent shallow-water carbonates of the Carrillo Puerto Formation. A more 

comprehensive description of these 125,000 year old beach ridges will 

follow in the section, Upper Pleistocene Strand - Plain Calcarenite. 

Partially-submerged Pleistocene eolianites make up the bulk of the 

islands of Mujeres, Cancun, and Contoy (Ward, et al., 1973) (Figure 21). 



-108- 

Figure 20 - Map showing the location of the islands off the 

northeastern Yucatan coast and the oldest Pleistocene 

ridges on the mainland. This map also shows the 

location and width of ridges on Cozumel Island for 

comparison with those on the mainland. (Modified 

from Ward & Brady» 1976a). 
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Figure 21 - Location of beach and dune ridges on the northeastern 

Yucatan coast. (Modified from Ward, 1975). 
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These carbonate dune ridges are located on the seaward edge of a plat¬ 

form now 5 fm below sea level, and show no evidence of having been sub¬ 

merged more than they are at the present time (Ward and Wilson, 1974; 

Ward, 1975). The elevation of these ancient dunes on Isla Mujeres ranges 

from 6 m on the northern end to 30 m on the southern end of the island. 

Two whole rock samples were C-14 dated with ages of 26,000 to 28,000 B.P. 

again representing only minimum ages. 

Holocene beach and dune ridges have formed by accretion from Puerto 

Juarez north to Isla Blanca (Figure 21). At the same time, tombolos 

developed at both ends of Isla Cancun, and dunes formed on the seaward 

side of the Pleistocene eolian ridges on that island (Ward and Wilson, 

1976). The dunes on Isla Blanca reach an elevation of 3.5 m, but the 

dunes on Cancun reach at least 7 m above sea level. Dates on these 

Holocene deposits range from 2,300 to 2,700 B.P. (Ward, 1975); 

Sea Level History of Eastern Yucatan 

Using the positions and ages of the beach and dune ridges outlined 

in the preceding section, and assuming tectonic quiescence of the eas¬ 

tern Yucatan coast for the last 125,000 years, Ward and Wilson (1974) 

have reconstructed the late Pleistocene sea level history. According to 

Ward and Wilson (1974), the oldest beach ridges (125,000 B.P.) repre¬ 

sent a Sangamon sea level maximum of 25 ft. (8 m). Slow retreat of sea 

level resulted in the erosion of the "5-fm terrace" until a still-stand 

around the -30 ft. level resulted in the development of the outer 

Pleistocene eolianite ridges (26,000 to 28,000 B.P.?). In referring to 

Logan, et al. (1969), Ward and Wilson (1974) suggest a regression of 
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sea level to a maximum of about -420 ft., with an earlier still-stand 

at -300 ft. The last phase in this sea level history is the post-glacial 

transgression which (according to Logan, et al., 1969) began about 18,000 

years ago. Brady's (1971) work on coastal marsh and lagoonal deposits 

indicates that sea level reached 12 to 15 ft. below the present level 

5,000 to 6,000 yrs. ago, and deposition of Holocene beach and dune 

ridges thus began the accretion process that is continuing today. 

Although their Pleistocene sea level history of the Yucatan is 

quite possibly accurate, I have made a few changes in Ward and Wilson's 

(1974) history, as will be shown in a later section (a Revised Sea Level 

History of Eastern Yucatan). 

Upper Pleistocene Strand-plain Calcarenite 

All of the information in this section comes from the recent work of 

Drs. W. C. Ward and M. J. Brady on the eastern coast of the Yucatan 

Peninsula (Ward and Brady, 1976a, 1976b, personal communication). A 

150-km-long late Pleistocene strand-plain is located near the present 

eastern coastline of the Yucatan Peninsula. This .5 to 4 km wide zone 

is composed of a number of discrete, parallel ridges (maximum of 20). 

The height (approximately 8 m) and the age (125,000 + 15,000 B.P.) of 

these beach deposits imply deposition during the Sangamon interglacial. 

A typical cross-section of these beach ridges seen in quarries reveals 

what has been interpreted as a progradational beach to offshore coral 

reef sequence (Ward and Brady, 1976a, 1976b). A detailed description 

of this sequence, along with Ward and Brady's interpretations, is shown 

in Figure 22. The sequence begins with an older (coralline?, or mollusk- 
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Figure 22 - Diagrammatic stratigraphic column of eastern Yucatan 

ridge sequence. (Modified from Ward and Brady, 1976a 

and personal communication). 
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Halimeda) limestone which is overlain by a pholad- and sponge-bored 

calichified surface. This lower crust varies in elevation with a maxi¬ 

mum elevation of 2.5 m. Directly on top of the crust, large coral heads 

are found attached; two dates come from corals in this position. This 

caliche crust is overlain by unbedded fine-coarse calcarenite that also 

contains micrite. These backreef deposits are commonly overlain by 

lower shoreface horizontally-laminated fine-coarse calcarenite. In places 

the offshore backreef lagoon deposits are directly overlain by a channel 

deposit of large-scale trough cross-bedded tidal or storm-wave deposits, 

that correspond to the upper shoreface zone of a nearshore beach profile. 

In this zone, conglomeratic layers of large blocks (150 cm X 30 cm) of 

parallel-laminated calcarenite are found. These clasts are apparently 

storm-derived penecontemporaneously cemented beachrock. Large, slightly 

abraded coral heads found in this part of the ridge sequence have also 

been dated. The upper shoreface deposits also contain smaller-scale 

trough x-beds and some horizontal bedding. Capping these trough x-bedded 

calcarenites are the laminated, low-angle cross-stratified swash zone de¬ 

posits. In the area of seawardmost progradation of these ridges, upper 

shoreface and foreshore calcarenite directly overlay coral reef limestone. 

Figure 23 shows Ward and Brady's (1976) schematic cross-section, showing 

the relative positions of the various facies that they have identified. 

Comparison of Cozumel and Eastern Yucatan Ridges 

There are a number of major geometric differences between the ridges 

on Cozumel Island and those along the eastern Yucatan coast. Some of 

these differences are the same as those found in comparing Cozumel to 
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Figure 23 - Schematic cross-section of the strand-plain calcarenites 

on the Yucatan Peninsula (Erom Ward and Brady, 1976a) . 
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recent barrier coastlines (see section "Development of the Ridges"). 

Only in one locality on Cozumel is there more than one discrete ridge, 

but on the mainland a zone of parallel ridges is the rule. The maximum 

width of a ridge on Cozumel, 240 m, is substantially thinner than the 

width of the beach-ridge belt on the mainland, which varies from .5 to 

4 km. The ridges on Cozumel are oriented at an acute angle to the 

present coastline, whereas the ridges on the mainland more closely par¬ 

allel the coast. The 5- to 10-km Cozumel ridges are less continuous 

than the 190-km-long mainland ridges (Figure 20). Lastly, the windward 

ridge on Cozumel is never found on top of the windward coral reef as it 

is on the mainland. One geometric similarity is that the elevations of 

these ridges are comparable. 

If one compares the Internal characteristics (sedimentary structures, 

biologic constituents, matrix) of the ridge sections of the Yucatan main¬ 

land and Cozumel Island, from the lower caliche crust and upward to the 

upper caliche crust, a number of gross similarities and smaller-scale 

differences are found. The lower caliche crust is found in phases at 

higher levels on Cozumel than on the mainland, and unlike conditions on 

the mainland, this crust is never covered with attached corals on Cozu¬ 

mel. The lower caliche surface is pholad- and sponge-bored on Cozumel 

as well as the Yucatan mainland. The transgressive lag deposit charac¬ 

teristic of the mainland is not found on Cozumel, although some caliche 

clasts are found in some localities overlying the lower caliche surface. 

The lower imbedded molluscan micritic and fine-coarse calcarenite zone 

of the mainland is similar to the Burrowed Molluscan Facies of Cozumel 

Island except for the lack of micrite on Cozumel. The vertical in- 
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crease in grain size that was observed in the mainland deposits was not 

observed on Cozumel. Both low-angle, cross-laminated and burrowed, bio- 

clastic calcarenites are found in the middle parts of Cozumel ridge sec¬ 

tions and in mainland sections; however, on Cozumel, the low-angle lam¬ 

inations are not necessarily confined to a position above the burrowed 

zone and below the trough x-bedded zone. On Cozumel, these parallel- 

laminations are found vertically-mixed with the small-scale cross-lam¬ 

inated facies as well as the burrowed molluscan facies. Large troughs 

are found on Cozumel in positions comparable to those on the mainland 

and contain conglomeratic layers of parallel-laminated blocks. Although 

abundant mollusks are found in these troughs on Cozumel, the unabraded 

coral heads found on the mainland are not. There are only a few such 

troughs on Cozumel, none of which were seen in the windward ridges. 

The multidirectional, high-angle cross-laminated zone of the mainland 

section probably is comparable to the Small-scale Cross-laminated 

Facies on Cozumel, although there are apparently fewer trough sets and 

more planar sets of cross-laminations visible in this facies on Cozumel. 

Also, multidirectional sets are not obvious in the Cozumel ridges. The 

well-laminated, low-angle cross-stratified zones that cap the ridges 

both on the mainland and on Cozumel Island are nearly identical. The 

upward increase in numbers of ooids as well as the higher degree of sorting 

in the mainland ridges agrees with trends found on Cozumel Island. Both 

are overlain by rhizocretions and a caliche crust. 

The differences between the geometries and sedimentary structures of 

the ridges on the mainland and those on the island suggest the need for 

different mechanisms of ridge formation. Many of these arguments are the 
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same as those used In the section on Cozumel Ridge Development. 

Evidence supporting progradation of a nearshore beach complex on the 

mainland include the wide belt of a number of parallel ridges, each pre¬ 

sumably recording the seaward accretion of the ridge, the location of 

parts of this sequence directly on top of the reef, the vertical change 

in grain-size, and the regular sequence of sedimentary structures simil¬ 

ar to those described in recent nearshore clastic environments (Van 

Straaten, 1965; Clifton, et al., 1971; Reineck and Singh, 1971; How¬ 

ard ^ al^. , 1972; Howard and Reineck, 1972; Wunderlich, 1972). 

Some of the critical evidence cited above for a progradational se¬ 

quence is missing on Cozumel. Firstly, except in one minor instance, 

the topography of the Cozumel ridges does not record accretion of beach 

ridges; the island ridges are too thin and only one crest exists. Se¬ 

condly, the windward ridges are always located behind a reef facies, 

but never on top of one. Thirdly, no vertical variation in grain size 

on Cozumel is obvious. Lastly, the sedimentary structures found in 

quarries on Cozumel are less regular in vertical position and somewhat 

different in variety than those found in the offshore, lower shoreface, 

upper shoreface, and foreshore-backshore areas in recent environments. 

The sedimentary structures on Cozumel tend to correlate better with 

those found on carbonate bars and shoals (Imbrie and Buchanan, 1965). 

Therefore, the evidence based on geometry, position, texture, and sedi¬ 

mentary structures better supports the mechanism of beach-ridge progra¬ 

dation for the mainland ridges than for the Cozumel ridges. 

The setting on Cozumel was probably different than it was on the 

mainland: Cozumel was most likely a flat-topped, totally-submerged bank, 
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whereas the mainland was a gently westward-shoaling shelf. This differ¬ 

ence in setting most likely influenced deposition and may explain the 

difference in mechanisms of ridge development on the Yucatan mainland 

and Cozumel Island. 

Comparison of Facies Position on Cozumel and the Mainland 

Because the detailed characteristics of both the eollanites and the 

beach ridges have been described in earlier sections, only a comparison 

of their sequential relationships will be discussed here. 

The top of the lower caliche crust and older limestone below is 

approximately 1 m lower on the mainland than on the island. The eleva¬ 

tions of the Pleistocene coral reefs and their contemporaneous beach 

deposits are nearly the same on Cozumel and the mainland across from it. 

The partly-submerged position of the Pleistocene eollanites on Cozumel 

as well as their maximum elevations are comparable to the position of the 

eollanites on Cancun, Mujeres, and Contoy Islands. The Holocene deposits 

rimming Cozumel Island were not studied. 



-119- 

SEA LEVEL FLUCTUATIONS, DATING, AND TECTONICS 

World-wide Sea Level History in the Late Pleistocene 

Three basic components are necessary for the construction of sea 

level fluctuation curves: sea level indicators, dates on those indica¬ 

tors, and a tectonic history of the region under study. Sea level indi¬ 

cators are nearshore deposits or organisms indicative of the position 

of sea level at the time of their formation or life. Twelve commonly- 

used sea level indicators are shown in Table IV, along with some recent 

references to studies where they have been utilized. Two methods are 

commonly employed for dating late Pleistocene sea level indicators: 

radiocarbon (C^) and uranium series (Th^^®:U^^). 

A large number of sea level fluctuation studies have been made. 

Correlation, however, between these studies is difficult because errors 

have been made in the use of each of the components listed above (Figure 

24). In some studies, sea level indicators have been incorrectly iden¬ 

tified. One example of this is Milliman and Emery's (1968) beachrock 

that was later re-interpreted as sandstone of intermediate (30-m) depth 

(MacIntyre, et al., 1975). In addition, the inherent accuracy of sea 

level indicators varies. For instance, the sea level position marked 

by certain red algae or coral is only accurate within 20 m, because that 

is range of depths where these organisms live; but the position of a 

beach ridge always marks sea level exactly. Errors in the second com¬ 

ponent of sea level curves, dating, have led to gross inaccuracies, like 

the well-documented but probably incorrect sea level maximum around 

30,000 B.P. In this example, Carbon-14 dates mainly on shells in the 
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Figure 24 - Shows the variation in late Quaternary published sea 

level curves. (From Curray, 1975). 
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range from 20,000 to 80,000 B.P. used In many studies were later found 

to be Invalid due to contamination of samples with recent carbon (Morner, 

1970). A third problem area that has led to inaccuracies in sea level 

studies is that some work has been done in tectonically active areas 

without the recognition of these complications and proper adjustments 

in the data being made. This problem is exemplified in the dispute be¬ 

tween H.T. Stearns and W. T. Ward over the tectonic stability of Hawaii. 

Although Stearns (1964, 1974), has found anomolously-high sea level po¬ 

sitions on Hawaii after comparing his data with that of Australia, he 

refuses to accept the possibility that Hawaii has been uplifted since 

the development of those indicators, as has been suggested by Ward (1974) 

Despite the correlation difficulties outlined above, I have made a 

reconstruction of sea level fluctuations for the last 130,000 years, 

borrowing curves from what I believe are accurate studies (Figure 25). 

The first segment of this curve which covers the last 4,500 years is 

from Scholl and Stuiver's (1967) work in southern Florida, using peat 

and shallow water mollusks dated by . The second segment is derived 

from Milliman and Emery's (1968) curve, which was compiled from a var¬ 

iety of sea level indicators found in eleven different parts of the 

world. The 38 samples used in this study were radiocarbon-dated. This 

sea level curve was used only back to 17,500 B.P. the last data point 

before inaccuracies in the radiocarbon method become acute (Morner, 1970) 

There has been considerable discussion about the time of the Late Wis¬ 

consin sea level minimum. Numerous works have repeatedly located two 

different minima at 20,000 B.P. and 15,000 B.P. (Morner, 1971). I have 

chosen the Milliman and Emery curve which shows one minimum of -130 m at 
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Figure 25 - This late Pleistocene sea level curve was constructed from 

three published works: Scholl and Stuiver (1967), 

Milliman and Emery (1968) and Morner (1970). These three 

studies are believed to be as reliable as any other late 

Pleistocene studies on sea level fluctuations that are 

available. 
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15,000 B.P., because it was constructed from a larger variety of sea level 

indicators from around the world, and thus, it may be more reliable than 

other studies that were more limited in scope. The third and oldest seg¬ 

ment of the sea level curve compiled in the present study consists of a 

7.5 m positive sea level position 122,000 B.P. reported by Morner (1970) 

and dated by uranium series methods. A comparable sea level high has been 

reported in northeastern Yucatan by Ward and Wilson (1974) and Ward and 

Brady (1976a) and elsewhere by many others (Pratt and Dill, 1974; Morner, 

1976). Globorotalia menardii abundances as well as the oxygen- 18 con¬ 

tent of pelagic foraminifera document a continuous sea level drop between 

the 80,000- 125,000 B.P. Sangamon high and the 15,000- 20,000 B.P. Wis¬ 

consin low (dashed line on Figure 25) (Morner, 1970; Matthews, 1974). 

In conclusion, a striking generalization can be made regarding the 

late Pleistocene sea level history: very little accurate information 

exists on this subject, especially between 20,000 B.P. and 120,000 B.P. 

(Morner, 1970, 1976; Curray, 1975). 

Revised Sea Level History of Eastern Yucatan 

By taking the positions and known accurate ages of eastern Yucatan 

sea level indicators (Ward and Wilson, 1974; Ward, personal communica¬ 

tion), and comparing this information with the sea level curve based on 

world-wide features (Figure 25), the following reconstruction of sea 

level fluctuations and depositional events on the mainland is made. 

At around 125,000 B.P. during the Sangamon Interglacial, sea level 

was around 8 m higher than it is today, and the oldest beach ridge plain 

developed along the coast. Sea level then retreated to a position 
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around -30 ft, and the Pleistocene eollanites formed possibly during a 

still-stand. The time period in which this deposition most likely oc¬ 

curred was between 81,000 and 30,000 B.P. Sea level continued to fall 

to a maximum of -130 m at around 15,000 B.P., and the upper caliche crust 

developed. Sea level then rose rapidly until 3,500 B.P., when it reached 

a level of 1.5 m below present sea level and Holocene beach and dune ridge 

accretion began, along with partial erosion of the eollanites. 

Sea Level History of Cozumel Island 

It has been shown that the positions of beach and dune deposits on 

Cozumel are generally the same as those same deposits on the mainland. 

One major exception is the absence of the younger Pleistocene beach 

ridges on Cozumel. Because these deposits are in similar positions rela¬ 

tive to present sea level, it is assumed that no major movements of the 

Cozumel horst block have occurred since the period of development of the 

lower caliche surface (caliche I). Asstiming no tectonic activity has 

taken place, one can assign equal ages to deposits in equal positions 

relative to present sea level. The consequence is to assign an age of 

125,000 + 11,000 B.P. for the beach deposits capping the ridge se¬ 

quences on Cozumel Island. Uranium series dating of Cozumel coral sam¬ 

ples was attempted, but proved impossible because of diagenetic altera¬ 

tion. The assignment of this age allows a crude sea level-depositional 

history of Cozumel to be derived. 

Facies AA and BB were deposited during a sea level stand at least 

4 m above present sea level (assuming no tectonic activity) prior to the 

Sangamon Interglacial. This sea level high may correspond with the 



-126- 

Middle Pleistocene Yarmouth Interglacial. Sea level lowered an indeter¬ 

minate amount dinring the Illinoian Glaciation and caliche I developed on 

Facies AA and BB. Sea level rose to 8 m above present level approximately 

125,000 B.P. during the Sangamon Interglacial, and the ridges and reefs 

developed on the submerged bank. Sea level fell, and at a level of -9 m 

or so, a still-stand occurred with the resulting dune development. Sea 

level continued to fall to a maximum of -130 m at 15,000 B.P., and 

caliche II developed. Sea level then rose to around 1.5 m below present 

sea level at 3,500 B.P., and erosion of the Pleistocene eolianites as 

well as Holocene deposition began. 
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ENVIRONMENTAL RECONSTRUCTION OF COZUMEL THROUGH TIME 

Depositional History of Cozumel Island 

Subsequent to the probable Late Jurassic Initial rifting of this 

block-faulted margin, deposition of carbonate shelf and reef facies on 

the Cozumel horst block commenced in the Cretaceous and probably con¬ 

tinued throughout most of the Tertiary (Dillon and Vedder, 1973). Oc¬ 

casional periods of subareal exposure of the island occurred during per¬ 

iods when sea level was a few meters above its present level or lower. 

Coral reef and shallow-water molluscan carbonate sand deposition oc¬ 

curred during the sea level high associated with the Yarmouth Inter¬ 

glacial Âge. Sea level then lowered during the Illinoian Glacial Age, 

and caliche I developed on top of Facies ÂÂ and BB (Figure 26). No appre¬ 

ciable dissolution of the positive block ensued (Purdy, 1974), because 

these lower deposits are relatively flat-topped. Sea level then rose 

during the Sangamon Interglacial to a maximum of around 8 m above pre¬ 

sent sea level at around 125,000 B.P. The flooded Cozumel bank once 

again became a "carbonate factory" with its peripheral reefs (Facies A, 

B, and C), oolite shoals, and sea-grass banks (Facies D, F) accreting 

upward, and storm channels (Facies H) eroding the banks and re-deposi¬ 

ting sediment (Facies E). Linear cays eventually developed by lateral 

accretion (Figure 27). 

Sea level then dropped in response to the Wisconsin Glaciation, 

pausing at a level around -9 m, where it piled large dunes (Facies J) 

on the eastern edge of the subaerially-exposed island, on top of the 

reefs that were formed during the Sangamon Interglacial (Facies A) 



-128- 

Figure 26 - Block diagram of Cozumel during Illinoian Glacial Age. 

Sea level is at an indeterminate low level, the bank is 

exposed, and Caliche I forms on top of the Lower Coralline 

and Molluscan Facies. 
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Figure 27 - Block diagram of Cozumel during Sangamon Interglacial Age. 

Sea level is 8 m above the present level, the bank is sub¬ 

merged, and the "carbonate factory" is producing sediment. 
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(Figure 28) . Sea level then continued its lowering until it reached a 

maximum depth of -130 m at 15,000 B.P. During this time the island was 

exposed to subareal diagenesis, and caliche II developed (Figure 29). 

Sea level began its final ascent and reached a level of -1.5 m at 3,500 

B.P. At this time, the rate in sea level rise slowed, and Holocene de¬ 

position of sediments on the narrow shelf surrounding the island, as well 

as the erosion of the eollanites and reef rocks began (Figure 30). 

Comparison of Cozumel Island 

with Other Banks and Atolls in the Western Caribbean 

Cozumel and the other banks or atolls, Chinchorro Bank, Turneffe Is¬ 

lands, Lighthouse Reef, and Glovers Reef are located on ridges parallel 

to the Belize and Yucatan continental margin, but Cozumel is the only 

real island found in this setting. As has been pointed out earlier in 

the tectonics section, some evidence suggests that this difference can 

be explained by a continuous decrease in the amount of subsidence of 

fault blocks farther away from the center of rifting (Dillon and Vedder, 

1973). If Tertiary subsidence of the other atolls and banks was greater 

than that of Cozumel, the sequences of Tertiary shallow-water carbonate 

deposits on them probably are thicker. Obviously, the other banks should 

be capped by Holocene sediments that are missing on Cozumel Island. 

Another apparent difference is the lack of Holocene tectonic activity on 

Cozumel Island, and its documentation on Turneffe Islands and Lighthouse 

Reef (See Tectonics). 
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Figure 28 - Block diagram of Cozumel during Early Wisconsin Glacial Age. 

With sea level 9 m below the present level, dunes are piled on 

top of Facies A, and the rest of the bank is subaerially ex¬ 

posed. 
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Figure 29 - Block diagram of Cozumel during Wisconsin Glacial Age. 

With sea level substantially lower than the present level 

(-130 m), Caliche II forms. 
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Figure 30 - Block diagram of Postglacial Cozumel Island, Sea level 

returns to its present level, erodes the Pleistocene 

dunes (Facies J), and Holocene deposition around the 

edges of the Island begins. 
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