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ABSTRACT 

GEOLOGY OF THE FREEPORT ROCKS 

Paul D. Winchester 

The study of the Freeport Rocks, a linear trend of 

isolated, submerged rock pinnacles about 6 miles offshore 

from Freeport, Texas, was conducted through the use of 

SCUBA diving, petrographic studies, and carbon-14 dating. 

The Freeport Rocks have previously been interpreted as 

a relict beach line developed about 30,000 years B.P. 

The present study determined that the environment of 

deposition was that of an offshore bar or barrier island 

which was composed of predominantly reworked material from 

the underlying Beaumont Formation. Diagenetic features 

found in the samples were cementation by low-Mg calcite 

cement (in the form of druse and blocky cement) and in¬ 

version of aragonite shells to low-Mg calcite. The dia¬ 

genetic features indicate that this bar deposit was sub¬ 

sequently subaerially exposed and cemented by low - Mg 

calcite. Since much of the original shell material was 

neomorphosed during diagenesis, carbon-14 age determina¬ 

tions could not be accepted blindly. The ages obtained 

by carbon-14 dating were interpreted in light of this 
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INTRODUCTION 

The Freeport Rocks are a linear trend of submerged 

rock pinnacles rising about 15 feet above the surround¬ 

ing bottom of 60 feet on the continental shelf offshore 

from Freeport, Texas. The pinnacles are composed of ce¬ 

mented sand, shell fragments, and caliche nodules. The 

interpretation of the origins and ages of these and simi¬ 

lar submerged ridges is very important in the understand¬ 

ing of the history of eustatic sea level changes. 

Purpose 

The study of the Freeport Rocks through the use of 

SCUBA diving, petrographic studies, and carbon-14 dating 

was designed to determine the age, environment of deposi¬ 

tion, and subsequent diagenetic history of the pinnacles. 

The Freeport Rocks had previously been studied by Curray 

(1961) who gave the pinnacles an age of about 30,000 years. 

Subsequently, Curray (1961) based a substantial part of his 

eustatic sea level curve on this information. Because of 

the material used in age determinations, there was reason¬ 

able doubt as to the validity of this 30,000 year age for 

the Freeport Rocks. Thus the present study was undertaken 

to determine whether Curray’s analysis was correct, and if 
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not to give an alternate interpretation. 

Previous Investigations 

The Freeport Rocks have been mentioned in several 

previous works. Mattison (1945) described the Freeport 

Rocks as coral heads. Price (1953) included the pinna¬ 

cles in what he described as a group of scattered, sub¬ 

merged coral heads on the saIt-dome-I i ke submerged 

mounds off the coast of Texas and Louisiana. He inter¬ 

preted them as "cobble-like accumulations of algal bodies." 

Nienaber (1958) studied the sediments offshore from the 

Brazos River and briefly mentioned the pinnacles, but did 

not study them. Curray (1960, 1961) was the first to call 

these pinnacles the "Freeport Rocks". He briefly descri¬ 

bed the pinnacles as being composed of calcareous cemented 

beachrock and coquina, and gave a carbon-14 age of 26,900+ 

1,800 years B.P. for a sample of Crassostrea virqinica 

from one of the pinnacles. Curray (1961) interpreted the 

Freeport Rocks as the "few remaining remnants of a beach 

line development from an interstadial approximately 30,000 

years ago." 

Field and Laboratory Techniques 

An expedition aboard the U.S. Coast Guard Cutter 

VaI iant in August, 1 969 was designed to study the bathymetry 

of the pinnacles and to obtain samples by dredging and grab 
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sampling. It was difficult to maneuver the large ship 

over the small pinnacles, and we were unable to obtain 

samples of the pinnacles. However, samples of clean shell 

hash from the area of the pinnacles were obtained. 

In April, 1970, we made four, one day trips to the 

Freeport Rocks and examined them by SCUBA diving. Owing 

to poor visibility it was possible only to study the tops 

of the pinnacles in relatively small areas. Samples of 

rock from the pinnacle tops were collected when they 

could be broken off the outcrop. Loose slabs of rock were 

also picked up by the divers. A depth recorder was used 

over the Freeport Rocks during these diving trips, but time 

did not permit a detailed study of the bathymetry of the 

area. 

The samples of rock recovered by the SCUBA divers were 

first treated with Clorox to remove the organic matter from 

the exterior of the samples. The rocks were then studied 

macroscopicaI Iy. Pieces of each sample were impregnated 

with clear plastic to facilitate the production of thin 

sections. The thin sections were studied to determine the 

composition, texture, and diagenetic features of the rocks. 

The thin sections were also stained to determine the min¬ 

eralogy of the carbonate constituents and cement. For sam¬ 

ples in which the cement could be separated from the con¬ 

stituent grains, the carbonate cement was studied by x-ray 

diffraction to determine its mineralogy. Carbonate cemented 
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sandstones which contained no carbonate other than ce¬ 

ment were studied by x-ray diffraction as whole rocks. 

Carbon-14 age dating for several samples was done 

using the benzene-synthesis lab and liquid scintillation 

counter at the Geology Department of Rice University. 

Several other samples were dated at the carbon-14 labo¬ 

ratory of the Mobil Oil Corporation in Dallas, Texas. 
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DESCRIPTION OF THE AREA 

The line of Isolated rock pinnacles known as the 

Freeport Rocks is located on the continental shelf about 

6 miles offshore from the Freeport, Texas area. The trend 

o ° 
runs in an East-Northeast direction from 28 43' N, 95 

33’ W to 28° 50.3* N 95° 8.3' W (fig.1). Three of the 

eleven pinnacles in the trend were studied in detail and 

will be referred to as pinnacle I, pinnacle II, and pin¬ 

nacle III ( fig.1). Pinnacle I is located at 28° 48.2'N, 

95° 8.3'W and is the eastern most of a closely spaced series 

of pinnacles in the center of the trend. Pinnacle II is 

located at 28° 50.3'N, 95° 8.3'W and is the easternmost 

pinnacle of the Freeport Rocks. It is separated from pin¬ 

nacle I by 8.8 nautical miles. Pinnacle III is located be¬ 

tween 28° 46' N, 95° 21' W and 28° 46.8' N, 95° 20'W which 

is 2.8 nautical miles west-southwest of pinnacle I. Pin¬ 

nacle III is called the Middle Bank by local fishermen. 

Geologic Setting 

The Freeport Rocks are located on the shallow conti¬ 

nental shelf of the Gulf Coastal province on the northern 

flank of the Gulf Coast Geosyncline. The 50,000 foot thick 

wedge of Mesozoic and Cenozoic geosynclinal strata as well 



FIGURE 1(a). Location map of study area. 





FIGURE 1(b). Location map of Freeport Rocks. Pinnacles 

a re shown in black. 
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as the underlying basement dip toward the Gulf. Several 

large structural elements interrupt the low homoclinal 

dip. These anomalies are the Rio Grande Embayment, the 

San Marcus Arch, the Houston Embayment, the East Texas 

Embayment, the Sabine Arch, the Sabine Uplift, and the 

Mississippi Embayment (fig.2 ) (Murray, 1960). Major 

systems of faults trend approximately parrallel to the 

strike of these seaward dipping beds. 

The Pleistocene and Holocene deposits of this geo¬ 

synclinal section are composed of alluvial, detaic, and 

marine sediments. During this period there was progres¬ 

sive uplift of inland sediments and a subsidence of sea¬ 

ward sediments. The hinge line separating areas of uplift 

and subsidence has moved seaward from late Pleistocene to 

late Holocene (Bernard, erf.a_l_. 1962). The position of 

this hinge line combined with oscillations of sea level 

due to glacial cycles during the Pleistocene determine the 

type of depositional environment in any given area. During 

high stands of sea level, coalescing alluvial and deltaic 

plains of the Texas river systems provided most of the 

Pleistocene sediments underlying the area of study. During 

subsequent low stands of sea level, erosional surfaces 

were created. These processes created a series of Pleisto¬ 

cene coastal plains consisting of the following four, pro¬ 

gressively older formations: Beaumont, Montgomery or Upper 



FIGURE 2. Major structural elements of the Gulf Coast 

Provinee.(after Hardin, 1962) 
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Lissie (Duessen, 1914), Bently or Lower Lissie (Deussen, 

1914), and Willis (Bernard and Leblanc, 1965). Each of 

the successively younger Pleistocene formations slope 

seaward at progressiveIy smaller rates. These rates in 

feet per mile are: (Bernard et_ .aj_. , 1962) 

Willis 10.0 

Bently or Upper Lissie 3.5 

Montgomery or Lower Lissie 2.5 

Beaumont 2.0 

The Beaumont Formation is the most important Pleis¬ 

tocene formation in this study since the Freeport Rocks 

rest direcIy on the Beaumont (Hugh Bernard, 1970, per¬ 

sonal communication) (fig.3). The Beaumont sediments are 

relatively stiff, mottled silty clays which contain caliche 

nodules, Crassostrea virqinica, and Ranqia cuneata. Over- 

lying the Beaumont in the area of the Freeport Rocks are 

Flolocene marine sediments which are p redom i nent I y clays. 

Separating the Beaumont from the Holocene is a prominent 

unconformity formed during the low stand of sea level pre¬ 

ceding the Holocene. The Freeport Rocks lie just offshore 

from the modern mouth of the Brazos River which has contri¬ 

buted much of the holocene sediment in the area. 

Other similar shoreline features are known along the 

Texas Gulf Coast. The Sabine-Heald Bank system off 



FIGURE 3 Cross section showing the relationship of the 

pinnacles to the Beaumont Formation. 
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the Northeastern Texas and Western Louisiana coast rises 

about 10 feet above a surrounding bottom of 36-42 feet 

(fig. 4). The banks are composed of sand, caliche nod¬ 

ules, and rounded shell fragments (Graf, 1966). Curray 

(1960) suggests that this bank system was formed during a 

stillstand of the transgressing sea at about 9,000 years 

B.P. The Ingleside Barrier Trend is a trend of old beach 

ridges which extends from southwest Texas into western 

Louisiana (Graf, 1966) (fig. 4). Graf (1966) believes 

that this trend was formed about 50,000 to 60,000 years 

B.P. 

Physical Characteristics of 
the Freeport Rocks 

Although the Freeport Rocks are composed of several 

small, isolated pinnacles extending in a line about 23 

nautical miles long, most of the pinnacles are concen¬ 

trated in a linear group near the center of the trend. 

This group extends in a line for 5.3 nautical miles and 

includes pinnacles I and II (fig. 1). Pinnacle II is sep¬ 

arated to the east-northeast from this group by 8.8 nauti¬ 

cal miles. The absence of pinnacles in this 8.8 mile 

stretch is probably caused by the entrenched river chan¬ 

nel of the Pleistocene Brazos River. 

Pinnacle I rises to a depth of 46 feet from a sur¬ 

rounding bottom depth of 60 feet. A detailed study of the 

size and shape of the pinnacles was not made, but it has 



FIGURE 4. Location map of other relict shoreline features. 
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been determined that the pinnacle is about 400 yards wide. 

The top of the pinnacle appears to be relatively flat with 

irregular relief of about 1 foot. One small rock pinnacle 

rises about 4 feet from the surrounding rock. The top of 

the pinnacle is made of solid rock and several outcrops 

appear to be bedded. Loose slabs of rock are scattered 

over the pinnacle and silt is found in crevices and small 

holes. The top of the pinnacle is sparsely covered by 

gorgonians and stunted coral (OcuI i na) . Owing to poor 

visibility, only the tops of the pinnacles could be studied. 

Pinnacle I I rises to a depth of 48 feet from a sur¬ 

rounding bottom of about 64 feet. The pinnacle is quite 

small, about 100 to 200 yards across, and approximately 

round in shape. The landward side of the pinnacle slopes 

off somewhat gently to the adjacent bottom while the sea¬ 

ward side drops off abruptly. The top of the pinnacle has 

an irregular relief of several feet and is composed of 

solid rock which contains numerous holes up to 4 feet deep. 

One long I inear hole or crack about 1 foot wide and 2 feet 

deep was observed. The sides of the holes and cracks show 

outcropping slabs of bedded rock. The landward side of the 

pinnacle is covered by a 2 inch layer of mud, and a turbid 

layer of water extends up 1 to 2 feet above the bottom. The 

seaward edge of the pinnacle is almost free of mud and the 

visibility is much better. As in the case of pinnacle I 
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the top of the pinnacle is sparsely covered by coral 

(OcuI i na) and gorgonians. 

Pinnacle III rises to a depth of about 40 feet, ac¬ 

cording to Coast and Geodetic Survey charts, although we 

did not encounter depths of less than about 45 feet. The 

surrounding bottom depth is about 55-57 feet. Pinnacle III 

is the largest of all the Freeport Rocks with a length of 

nearly 2,000 yards. The top of the pinnacle is very sim¬ 

ilar to that of the other two pinnacles studied and con¬ 

sists of solid rock with a fairly flat surface with local 

relief of 1 to 2 feet. The pinnacle top is fairly free 

of mud and silt except where holes and crevices have 

trapped the sediment. The pinnacle is also covered sparse¬ 

ly by gorgonians and coral (OcuIina). 



DESCRIPTION OF SAMPLES 

Four basic rock types were collected from the Free¬ 

port Rocks. These types were calcite cemented ortho¬ 

quartzite, caIcite cemented, fine to medium grained shell 

hash, calcite cemented coarseshell hash, and calcite ce¬ 

mented caliche nodules. All of the samples were fairly 

heavily encrusted by bryozoa and several species of 

boring clams. Each of the three pinnacles studied con¬ 

tained each of the four rock types mentioned above, and 

because of the great similarity between samples from dif¬ 

ferent pinnacles, the samples will be described collective¬ 

ly. 

Calcite Cemented Orthoquartzite 

MacroscopicaI Iy, the samples of calcite cemented ortho¬ 

quartzite are generally tabular in shape and about to 3" 

thick. The largest sample measured about 2 feet across. 

The samples appear to be fragments of bedded rock, but are 

too small to show any larger scale sedimentary structures. 

A microscopic examination of the rocks showed the fol¬ 

lowing composition: 

Qua rtz 
Blocky calcite cement 
Heavy Minerals 

62$ 
38$ 



A textural analysis was carried out by a grain count 

of the thin sections. By using the method described by 

Friedman (1958), the grain sizes in thin section were con¬ 

verted to grain sizes which would have been obtained by 

sieving. Each of the samples was studied and found to be 

quite similar texturally. Thus, all of the data have been 

combined and will be presented here as a composite of all 

orthoquartzite samples. The cumulative curve for the ortho¬ 

quartzite is given in figure 5. Using Folk (1968) as a 

guide, the following textural parameters were calculated: 

Median grain size = Md = 50$ on cumulative curve 

Md = 3.740 

Graphic Mean grain size = M^ = (016 + 050 = 084)/3 

M = 3.730 
z 

Graphic standard deviation ='3”Q = (084 - 016)/2 

cr G = 0.385 

Thus, the median size of the grains is in the very fine 

sand range. The graphic standard deviation of 0.385 in¬ 

dicates that the sediment is well sorted. Thus, the ortho¬ 

quartzites of the Freeport Rocks are quite similar to mod¬ 

ern beach sands of the Texas Gulf Coast. 

CaIcite Cemented 
Fine to Medium Grained Shell Hash 

The samples of calcite cemented fine to medium grain¬ 

ed shell hash are tabular in shape, about 1 to 2 feet across, 



FIGURE 6. TOP. Photomicrograph of orthoquartzite sam- 

BOTTOM. 

pie. Bar scale = 0.2mm. 

Photomicrograph of fine to medium grain¬ 

ed shell hash sample. Bar scale = 0.5mm. 
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and up to 6 inches thick. The samples are well-bedded 

and lack cross bedding. 

A microscopic study of these rocks in thin section 

revealed the following composition: 

Rounded Bivalve fragments 40% 

Quartz sand 1 5% 

Bryozoa fragments 5% 

Echinoderm fragments <\% 

Blocky calcite cement 30% 

Void space 1 0$ 

Although the total percentage of bryozoan fragments in 

alI the rock is about 5%, some samples contain as much 

as 20% bryozoan fragments. The shell fragments are 

very well rounded, and no complete shells are present. 

Blocky calcite cement fills most of the interparticIe 

space; however, there are patches of void space which 

have not been filled by the cement. The size of most of 

the shell fragments ranges from about 1mm. across to 4mm. 

across. The quartz grains are fine to very fine sand 

sized. Due to the irregular shapes of most of the shell 

fragments in the rock, an accurate size analysis could not 

be conducted by grain counts of thin sections. 

Calcite Cemented Coarse Shell Hash 

Most of the samples of calcite cemented coarse shell 
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hash are tabular and fairly small - less than 1 foot across 

and 2 to 3 inches thick. The outstanding feature of these 

rocks, when viewed macroscopicaI Iy, is the presence of 

large (up to 6cm. across), complete valves of Ra nqia 

cu neata and Crassostrea virqinica. Below many of these 

valves are void spaces which are lined by coarse drusy 

calcite. Within these rocks are also patches of fine 

grained shell hash. 

A microscopic examination of the rocks reveals the 

following composition: 

Bivalve shells and 1 a rg e shel1 fragments 32$ 

Sma 1 1 rou nded biva1 Ive fragments 29$ 

Qua rtz sand 9$ 

B1ocky and drusy calcite cement 30$ 

Thin section study shows large shell fragments with drusy 

calcite cement filling the void space below the shell. In 

some cases the druse has grown partway into a void; other 

voids are completely filled by druse. Above many of these 

shells is a concentration of quartz sand and silt indicat¬ 

ing that the shelI acted as an "umbrella" to create the 

void space below it (fig. 6). Because of the large vari¬ 

ation in grain size and shape in these rocks, an accurate 

grain size analysis was impossible. 



FIGURE 7. TOP and BOTTOM. Large shells acting as "um¬ 

brellas" with quartz sand a- 

bove shells and blocky caI- 

cite below shells. Bar scale 

= 0.Omm. 
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CaIcite Cemented Caliche Nodules 

MacroscopicaI Iy the calcite cemented caliche nod¬ 

ules are strangely shaped rocks which are formed as ce¬ 

mented aggregates of caliche nodules and shell fragments. 

The caliche nodules make up almost the entire rock; usually 

a few shelI fragments are cemented to the exterior of the 

noduIes. 

A microscopic study of the rocks reveals the follow- 

? ng composition: 

Very fine grained calcite 90$ 

Fine shell fragments 4$ 

Quartz sand and silt 1$ 

Calcite cement 5$ 

The caliche is composed of micrite and contains about 

1$ quartz grains within the nodules. X-ray diffraction 

shows that the calcite is pure low-magnesian calcite 

(1.8 moi. % Mg). The nodules are cemented together at 

points of contact by blocky calcite cement (fig-8 5 . 



FIGURE 8. TOP. Photomicrograph of caliche. Large white 

grains are quartz. Bar scale = 0.05mm. 

BOTTOM. Patch of cement between two caliche nod¬ 

ules. Bar sea Ie 0.5mm. 





16 

DlAGENESIS 

Diagenesis of carbonate sediments includes the chem¬ 

ical and physical changes that take place within the sed¬ 

iment from the time it is deposited until the sediment 

has been completely Iithified. There are several reasons 

for studying the diagenesis of the sediments which formed 

the Freeport Rocks. Probably the most important reason is 

the understanding of the environment in which these diagene- 

tic changes took place. Also important is the effect that 

diagenetic changes have upon the apparent ages of the samples 

as determined by carbon-14 age dating. In the Freeport 

Rock samples the diagenetic features include cementation 

by carbonate minerals and recrystallization of the consti¬ 

tuent carbonate grains. 

Cementation 

Before discussing the specific cement types found in 

the Freeport Rocks, a brief review of cement types and their 

meaning should be useful. MineraIogicaI Iy there are three 

basic carbonate cements: aragonite cement is usually precipi¬ 

tated in the form of a fibrous cement (fig. 9 ) or uncom¬ 

monly as a micrite matrix. Aragonite cement forms only in the 



marine environment or as beachrock cement. High-mag¬ 

nesian calcite is usually precipitated as a m i cite ma¬ 

trix or as a fibrous cement (Friedman, 1968) (fig. 9 ). 

High-magnesian calcite cement is also precipitated only 

in the marine environmnet or as beachrock cement. Low- 

magnesian calcite cement is most commonly precipitated as 

a druse growing into void spaces or as a blocky mosaic 

which fills intergranuIar spaces (fig. 9 ). Low-magnesian 

calcite forms only in a fresh water environment and may be 

precipitated in either the meteoric vadose zone (zone 

above the water table where pores are filled with water 

and air) or meteoric phreatic zone (zone below the water 

table where pores are filled with water only). Low-mag- 

nesian calcite cement formed in the vadose zone is preci¬ 

pitated where meteoric water is in contact with grains. 

Because of the surface tension of the water the vadose ce¬ 

ment is almost always precipitated first in finer grained 

beds where pore spaces are smaller. In early stages, the 

vadose cement tends to form meniscus cement (Dunham, 1969) 

which rounds the pore spaces (fig. 9 ). Vadose cements 

generally are fine grained because of the limited volume 

of pore fluid available (Land, 1970). The grain size of 

phreatic low-magnesian calcite cement tends to be larger 

than that of vadose cement since the pore spaces are com¬ 

pletely filled with meteoric water (Land, 1970). Thus, 



FIGURE 9. Examples of carbonate cement types. 

A. Aragonite and high-Mg calcite 
1. Fibrous cement 
2. Micrite Matrix 

B. Low-Mg calcite 
1. Druse 
2. Blocky cement 
3. Meniscus cement 



A 
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coarse blocky low-magnesian calci+e cement is probably 

precipitated in the meteoric phreatic zone. 

All of the carbonate cement in the samples studied 

was found to be low-magnesian calcite cement despite the 

present submergence of the rocks under about 45 feet of 

marine water. The magnesiumcontent of the calcite was 

calculated from x-ray diffraction data using the method 

described by Ebanks (1967). in this method the position 

of the calcite peak with relation to a standard silicon 

peak is plotted against mol.$ magnesium in the calcite 

(fig. 10). The magnesium content of the cements studied 

ranged from 0.3 mo I.% to 3.8 mo I % Mg (Table I). The source 

of the calcite for this cement is probably dissolved shell 

material. In one sample an extremely well cemented layer 

contains abundant molds formed by the dissolution of shell 

material. 

Several types of low-magnesian calcite cement are 

found in the samples from the Freeport Rocks. The only 

cement type found in the orthoquartzite samples was fairly 

coarse grained blocky calcite cement. Each cement grain 

encloses several quartz grains (fig. 11. ). The fine to 

mediurn grained shell hash is also cemented exclusively by 

blocky calcite cement. Most of the intergranular space is 

filled by a blocky calcite mosaic, although there are numer¬ 

ous small patches within the rocks in which the intergranuIar 



FIGURE 10. Graph showing relationship of $Mg in cal 

cite to the calcite X-ray peak position, 

(after Ebanks, 1967) 
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TABLE I 

Sample 

PWI - 

PWI - 

PW I 

PW I 

PW I I - 

PW I II - 

PWI II- 

PW I I I - 

PWI I I- 

Num be r 

I 1 

4 

Sample Type 

bIocky caIcite 
cement 

bIocky caIcite 
cement 

drusy calcite 
cement 

cal i che 

bIoc ky calcite 
cement 

bIoc ky calcite 
cement 

bIoc ky calcite 
cement 

bIocky calcite 
cement 

bIocky calcite 
cement 

mo I % Mg 
in calcite 

2.7 

3.9 

0.3 

1 .8 

2.7 

3.3 

3.0 

2.4 

1 . 8 



space is completely void of cement (fig. 11). In some 

cases the blocky calcite grains transcend particle bound- 

ries with a resultant "ghost" shel I fragment within a 

blocky mosaic (fig. 12). The cement in the caliche nod¬ 

ules is also coarse blocky caIcity (fig. 8). 

The most varied cement types are found in the coarse 

grained shell hash. Many of the large shell fragments 

were deposited with void spaces below them. These void 

spaces are now partially or completely filled with a 

coarse calcite druse (figs. 13,14). In most cases this 

druse grew into the void spaces from all sides, but in some 

instances it grew only downward from the overlying shell ma¬ 

terial. In other instances, a layer of fine calcite druse 

formed around a void space and the void was then filled by 

a second generation blocky calcite mosaic (fig. 14). This 

fine druse is often in the form of microstaI actitic cement 

which extends downward from shell fragments. In other cases 

there has been no druse precipitated and the i ntergranuI ar 

spaces are filled by a blocky calcite mosaic (fig. 15). 

In some instances this blocky calcite mosaic is very coarse 

grained with grains up to 2 mm. across (fig. 15). 

Since all the cement present in these samples is low- 

magnesian calcite, all of the cement was precipitated in a 

fresh water environment. It is possible that some of the 

cement was originally precipitated as aragonite which 



FIGURE 11. TOP. Blocky calcite cement in orthoquart¬ 

zite sample. Note large cement grains 

in extinction, (crossed-nichoIs) Bar 

scale = 0.2mm. 

BOTTOM. Blocky calcite cement in fine to me¬ 

dium grained shell hash sample. Bar 

scale 0.5mm. 





FIGURE 12. TOP and BOTTOM. "Ghost" shell fragments 

within blocky calcite cement. Bar 

scale = 0.2mm. 





FIGURE 13. TOP. Coarse calcite druse growing downward 

into a void. Bar scale = 0.2mm. 

BOTTOM. Coarse calcite druse growing into a 

void from all sides. Bar scale = 

0.2mm 





FIGURE 14. TOP. Drusy calcite cement filling a void 

below a large shell fragment. Bar 

scale = 0.2 mm. 

BOTTOM. Fine grained calcite druse below a 

large shell fragment, and a second gen¬ 

eration blocky calcite cement which 

fills the void. Bar scale = 0.2mm. 





FIGURE 15. TOP. Blocky calcite cement filling 

below a large shell fragment, 

scale =0.2mm. 

BOTTOM. Coarse blocky calcite cement. 

vo i d 

Ba r 

Ba r 

scale 0.5mm. 
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later inverted to low-magnesian calcite with resultant loss 

of the aragonite cement texture. It is possible that the 

orthoquartzites were originally cemented by aragonite as 

beachrock and this fibrous cement later inverted to blocky 

calcite cement. However, it is now impossible to distin¬ 

guish between these two processes. The cement types in the 

coarser grained rocks are much more clearly original void 

filling cement which was precipitated in a fresh water 

environment. There are some cement textures which seem to 

indicate a vadose environment of precipitation, even though 

no evidence exists of any meniscus cement. The cases in 

which drusy cement extends downward from shelI fragments 

into void spaces while there is no corresponding upward 

growth of druse from the bottom of the void seem to point 

to a vadose origin. There is however much more evidence of 

phreatic cement. The blocky calcite mosaic which completely 

fills void spaces without a prior generation of drusy ce¬ 

ment would probably be formed in the phreatic zone. Voids 

which have been filled by calcite druse growing inward from 

all sides of the void agree with the phreatic interpretation. 

Thus, some of the cementation may have taken place within 

the meteoric vadose zone, but most of the cementation of 

these rocks took place in the phreatic zone. 

Neomorphism of Shell Material 

Folk (1965) uses the term neomorphism to mean a change 
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in crystal form of carbonate material with its composition 

remaining constant. More specific processes of neomorphism 

are inversion, strain recrystaIIization, and recrystalli¬ 

zation. In inversion, aragonite is replaced by calcite. 

Inversion may be aggrading, in which finer grained arago¬ 

nite is replaced by coarser grained calcite, or degrading, 

in which coarser grained aragonite is replaced by finer 

grained calcite. Strain recrystallization is the process 

in which strained calcite crystals are replaced by unstrain¬ 

ed calcite crystals. This process may be aggrading or de¬ 

grading. Recrystallization is the process in which calcite 

crystals are replaced by coarser calcite crystals (aggrad¬ 

ing) or by finer calcite crystals (degrading). 

The samples from the Freeport Rocks contain large 

fragments as we I I as whole valves of Ra nqia cu neata. These 

shells were originally totally aragonite (Majewske, 1969), 

but during diagenesis the aragonite has been replaced by 

low-magnesian calcite (fig.16 ). This replacement could 

have been aggrading inversion, or it could have been a pro¬ 

cess of void forming solution and subsequent precipitation 

of a blocky calcite mosaic. If the original aragonite shell 

material had been dissolved to form a void prior to pre¬ 

cipitation of calcite, all of the shell structure would 

have been destroyed. However, in the samples studied, the 

structure of the original shell can still be seen by streaks 
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of brown organic matter (fig. 17). Thus, the process which 

replaced the aragonite with blocky calcite must have been 

aggrading inversion. This replacement probably took place 

in the solid state, in the presence of liquid-films (Folk, 

1965). Some of the shelI fragments in the samples were 

originally composed of low-magnesian calcite, and these 

shells have retained their original form and microfabric 

(fig.18). 



FIGURE 16. TOP. Ra nqia cu neata shel I in which the 

aragonite has been replaced by blocky 

calcite. Bar scale = 0.5mm. 

BOTTOM. Detailed view of blocky calcite which 

has replaced the original aragonite 

in a Ra nqia shell. (crossed-nichoIs) 

Bar scale 0.2mm. 





FIGURE 17. TOP. Ra nqia cu neata shell in which the 

original aragonite was replaced by 

blocky calcite by a process of ag¬ 

grading inversion. Note the streaks 

of organic matter showing original 

shell structure. (crossed-nichoIs) 

Bar scale = 0.5mm. 

BOTTOM. Detailed portion of top photo¬ 

micrograph. Bar scale = 0.2mm. 





FIGURE 18. TOP and BOTTOM. Large shells showing no 

neomorphism. Bar scale = 0.5mm . 
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ABSOLUTE AGE DATING OF SAMPLES 

The results of the carbon-14 age determinations for 

the samples are given in Table II. Included with ages 

determined for samples in the course of this study, an 

age for a sample from the Freeport Rocks determined by 

Curray (1960) have been included. A study of the ages of 

shell material collected from the Gulf Coast beach near 

High Island, Texas was also conducted during my study of 

the Freeport Rocks. The carbon-14 dating of these shells 

was done by the Mobil Oil Research and Development Corpora¬ 

tion in Dallas, Texas. The error quoted is the 1cT devia¬ 

tion of the counting statistics. The significance of these 

ages, and the interpretation of all age data will be dis¬ 

cussed below. 
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D I SCUSSION 

Environment of Deposition 

The Freeport Rocks were probably deposited as a series 

of open marine offshore bars or barrier islands. There is 

no mud present in the sediments, ail of the shell fragments 

are very we I I rounded, the sediments of each bed are we I I 

sorted, and large particles such as caliche nodules are 

present in some beds. Thus, the data indicate that the 

sediments were deposited in a high energy environment as 

would be present at an offshore bar or barrier island. 

The majority of the shel I material (Ra nqia cu neata and 

Crassostrea v i rqinica) indicates a brackish water environ¬ 

ment, but it is quite evident that these shelIs have been 

reworked from the underlying Beaumont Formation. A similar 

situation is occurring at the present time on the open Gulf 

of Mexico beach near High Island, Texas. Because of the 

uplift of the High Island salt dome, the Beaumont Formation 

is brought to the surface in that area. The modern beach 

which directly overlies the Beaumont Formation contains a 

very high percentage of reworked Ra nqia cu neata . Crassos¬ 

trea virqinica, and caliche nodules. Trenches dug in the 

beach reveal layers of almost pure sand, layers of fine 
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grained shell hash, layers of coarse shell material (pri- 

ma riIy Ra nqia cu neata and Crassostrea virqinica), and layers 

of abundant caliche nodules (fig. 19). Thus, the modern 

beach sediments at High Island, if lithified, would be al¬ 

most identical to the rocks found on the Freeport Rocks. 

Since the Freeport Rocks occupy the same stratigraphic po¬ 

sition as the High Island beach and contain identical rock 

types, it appears probable that the Freeport Rocks were de¬ 

posited in the same manner as either an open marine beach, 

offshore bar, or barrier island. The presence of exclusive¬ 

ly low-magnesian calcite cement indicates that the sediments 

of the Freeport Rocks went through a period of fresh water 

diagenesis, either in the vadose or phreatic zone, following 

their deposition in a marginal marine environment. 

Age of Formation 

Since most of the shell material in the samples from 

the Freeport Rocks has been reworked from the Pleistocene 

Beaumont Formation, and since much of the material has been 

recrystallized, a great deal of care must be taken in inter- 

pretting carbon-14 ages for Freeport Rock samples. Curray 

( 1 960, 1961) reported an age of 26,900+. 1800 years B.P. for 

a sample of Crassostrea viriqinica collected from the Free¬ 

port Rocks. His comments on the accuracy of the age were 

"slightly recrystallized, so should be older..." (Curray,1960). 

If the shell was reworked from the Beaumont Formation, its 



FIGURE 19. Three cross sections showing typical strati 

graphic sequences in the beach near High 

I sI and, Texas. 
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true age should be between 20,000 and 50,000 years B.P. 

In this paper, Beaumont deposition is considered to have 

ended 20,000 years B.P. Therefore, the end of the Pleisto¬ 

cene is also considered to be 20,000 years B.P. It has been 

determined by Chappell, Polach, and Lovering (1969) that 

recrystallized shell samples give falsely young carbon-14 

ages but that there is no correlation between the degree of 

recrystallization and change in apparent age. According 

to Morner (1971), if a sample containing dead carbon is con¬ 

taminated by 1-5$ modern carbon, the sample will give an 

apparent carbon-14 age of 24,000 - 36,000 years B.P. 

Thus, it is quite possible that the true age of the 

Crassostrea shell is about 50,000 years B.P. instead of 

the apparent age of 26,900+. 1800 years B.P. if enough "new" 

carbon was introduced to the shell during recrystallization. 

The study of the High Island beach mentioned previous¬ 

ly was undertaken to determine the relationship of the age 

of the shells on the beach to the age of the beach itself. 

The results of the age dating as given in Table I I indicate 

a wide range of ages for the reworked Ra nqia and Crassostrea 

shells. The results indicate that the shells were indeed 

reworked from older sediments, and that recrystaIization 

has given widely different ages to shells that probably are 

alI about the same age. 

The age of 22,886j^ 431 B.P. for PW I II-9 is important 
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since it is the apparent age of the low-magnesian calcite 

cement from one of the orthoquartzite samples. The cement 

was probably formed when shell material within the sediments 

was dissolved and subsequently reprecipitated as calcite 

cement. Thus, the source of the calcite was probably a mix¬ 

ture of predominatly reworked Pleistocene shelIs and a les¬ 

ser amount of contemporaneous shells. During the solution 

and reprecipitation process some atmospheric was incor¬ 

porated into the cement. Consequently, the true age of 

formation for the cement is probably less than 22,886+ 431 

B.P. This age, therefore, indicates that the Freeport Rocks 

were lithified less than 22,886± 431 years B.P. 

The age of 15,857+^ 268 B.P. for sample PWI -1 1 is pro¬ 

bably the most significant date obtained from the Freeport 

Rocks. Sample PWI_11 is one of the caliche nodules collect¬ 

ed from Pinnacle I. The caliche nodule was probably re¬ 

worked from the Beaumont Formation and could have formed on 

the subaerially exposed Beaumont surface at any time during 

the low stand of sea level during the late Pleistocene. 

Since caliche forms as low-magnesian calcite, very little 

recrystaI I i zation should have taken place in the nodule 

during its subsequent subaerial exposure. A petrographic 

examination of the nodule prior to carbon-14 age dating 

showed no apparent signs of recrystallization. Thus, the 

age of 15,857+^ 268 B.P. for the caliche is probably a valid 
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age. Since the caliche formed on the Pleistocene Beaumont 

surface prior to its incorporation into the sediments of the 

Freeport Rocks, the age of the Freeport Rocks must be less 

than 15,857+ 268 B.P. 

Various sea level curves have been presented which 

differ greatly for the Pleistocene before 15,000 years 

B.P. However, most of the curves agree fairly we I I for 

the period since 15,000 years B.P. The following discussion 

will be based on the sea level curve for the past 15,000 

years given by Curray (1960,1961,1964,1965) and Shepard 

(1960) (fig.20). Since it has been determined that the 

age of the Freeport Rocks is less than 15,8 5 7+_ 268 B.P., 

we must find a time when sea level was at about -40 to -48 

feet after 15,857+^ 268 B.P. During the period between 

7,500 B.P. and 8,200 B.P. there was a stillstand of the 

transgressing sea at about -48 feet. It seems likely that 

the Freeport Rocks were deposited as an offshore bar or 

barrier island during this stillstand. Figure 21 is a 

series of cross sections which summarize the history of the 

Freeport Rocks. 



FIGURE 20. Sea level curve, (after Shepard, 1960) 





FIGURE 21. Series of cross sections giving the history of 

the Freeport Rocks. 

(a) . 16,000 B.P. - Sea level at -300 feet. 
The Beaumont surface is subaerially expos¬ 
ed and caliche is forming in the soil zone. 

(b) . 7,500 - 8,200 B.P. - the sea has trans¬ 
gressed to about -50 feet. The Freeport Rocks 
are being formed as an offshore bar which is 
incorporating material reworked from the 
Beaumont Formation. 

(c) . 7,500 - 8,200 B.P. - the sea has re¬ 
gressed slightly, leaving the Freeport Rocks 
subaerially exposed. The sediments are being 
I i thified . 

(d) . Present - the sea has transgressed to its 
present level and the Freeport Rocks are sub¬ 
marine pinnacles. 
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