
RICE UNIVERSITY 

FOSSIL TRACES OF THE WHITESTONE LIMESTONE 

AND ASSOCIATED STRATA OF THE WALNUT FORMATION, 

LOWER CRETACEOUS, SOUTH-CENTRAL TEXAS 

John Alfred McCrevey 

A THESIS SUBMITTED 

IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF 

Master of Arts 

Thesis Director's signature: 

by 

Houston, Texas 

March, 1974 



Copyright (c) 1974- "by John A. McCrevey 

All Rights Reserved 



TABLE OF CONTENTS 

INTRODUCTION 

Scope and Purpose page 1 

Location and Description of the Area 1 

Field and Laboratory Procedures 4 

STRATIGRAPHY 

Previous Work - Development of the Regional 
Stratigraphic and Paléontologie 
Framework 6 

ICHNOLOGY 
A 

Raison d'Etre 15 

Basic References 16 

Previous Work - Studies of Fossil Traces in 
Mesozoic and Recent Carbonate 
Environments 16 

Fossil Traces in the Bee Cave Marl 22 

Fossil Traces in the Cedar Park Limestone 30 

Fossil Traces of the Edwards Limestone 38 

Fossil Traces of the Whitestone Limestone 52 

Fossil Traces in the Keys Valley Marl 63 

Fossil Traces Associated with the Oyster Reefs 
and Intraclasts within the Bee Cave Marl and 
the Keys Valley Marl 78 

CONCLUSIONS 82 

SUMMARY - The Significance of the Fossil Traces in 
Inferring the Geologic and Diagenetic 
History of the Strata Associated with 
the Whitestone Limestone 87 

REFERENCES 91 

APPENDIX - Stratigraphic Sections 95 



GRAPHICS 

Plate I - Location of Study Area page 2 

Plate II - Study Area 3 

Plate III - The Counties of Central and 7-8 
South-Central Texas 

Plate IV - Walnut Stratigraphy According to 
Moore (1964) 9-10 

Plate V - Paleogeography of Lower Cretaceous 1n Texas 13 

Plate VI - Fossil Trace Morphologies Revealed in a 
, Slabbed and X-Rayed Piece of Bee Cave Marl 23-24 

Plate VII - Fossil Traces in the Bee Cave Marl 25-26 

Plate VIII - Fossil Traces in the Cedar Park Limestone 31-32 

Plate IX - Reconstruction of Preserved Burrows in 
the Cedar Park Limestone 33-34 

Plate X - Fossil Traces of the Edwards Limestone 39-40 

Plate XI - Diagramatic South-North Cross Section 
of Lithologic Relationships 42-43 

Plate XII - More Fossil Traces of the Edwards 
Limestone 45-46 

Plate XIII- The Whitestone Limestone and Fossil 
Traces of the Trigonia Beds 53-54 

Plate,XIV - Borings and Burrow in the Whitestone 
Limestone 56-57 

Plate XV - Fossil Traces of the Whitestone Limestone 60-61 

Plate XVI - Weathering and Fossil Traces of the 
Keys Valley Marl 64-65 

Plate XVII - Fossil Traces in Nodular Weathering 
Keys Valley Marl 66-67 

Plate XVIII - Fossil Traces in the Keys Valley Marl 69-70 

Plate XIX - Fossil Traces in the Keys Valley Marl 72-73 

Plate XX - Fossil Traces of the Oyster Reefs and 
Intraclasts in the.Keys Valley Marl and 
in the Bee Cave Marl 79-80 



Table 1 - Comparison of Rose' (1970) Criteria with 
Bored Surfaces in This Study 85 

Table 2 - Fossil Traces Found in the Shallow Shelf 
Carbonate Sequence Associated with the 
Whitestone Limestone 88-89 

Stratigraphic Section 1, South Fork of San Gabriel 
River 99 

Stratigraphic Section 2, Bagdad - Leander 100 

Stratigraphic Section 3, Heierman Ranch - Jenkins 
Ranch 101. 

Stratigraphic Section 4, Whitestone 102 

Stratigraphic Section 5, Lime Quarry 103 

Stratigraphic Section 6, Skunk Hollow 104 

Stratigraphic Section 7, Bullick Hollow - Four 
Points 105 



ABSTRACT 

Fossil Traces of the Whitestone Limestone and Associated 

Strata, Lower Cretaceous, South Central Texas 

John A. McCrevey 

The abundant burrows and borings in the pelletoidal 

oolitic Whitestone Limestone and the Cretaceous marls and 

limestones which physically surround it were studied in an 

attempt to integrate the ichnology with the known stratig¬ 

raphy and paleontology into a paleoenvironmental synthesis. 

Distorted and compacted burrows are common in the 

marls because these substrates remained soft during rework¬ 

ing by infauna. The lowest unit, the Bee Cave Marl, was 

burrowed and reburrowed by thalassinidean crustaceans in a 
f 

subtidal environment. The highest unit, the Keys Valley 

Marl, has a distinctive fossil trace assemblage that in¬ 

cludes Rhizocoral1ium, thalassinidean crustacean burrows, 

and unbranched burrows that gently spiral about a vertical 

axis. The latter burrows were probably produced by crabs 

in an intertidal environment. 

Small oyster reefs in both marls have bored shells and 

intraclasts. Thus borers lived in the environment and were 

able to function on the hardened substrates present in the 

subenvironments in and around oyster reefs. 

A limestone sequence deposited between the two marls 

underwent varying degrees of submarine 1ithification. 



Burrows of thaïassinidean crustaceans in a limestone 

wackestone, the Cedar Park Limestone, have distinct walls. 

The coarse internal fill of the burrows contrasts with the 

wackestone matrix. The burrows are not distorted by soft 

sediment compaction, but are broken by early compaction 

faults and styolitization. Because no borings are present 

it is probable that the Cedar Park Limestone hardened 

internally while remaining soft at the sediment-water inter¬ 

face. 

Two limestone grainstones, the Whitestone Limestone and 

the Edwards Formation (the rudist bearing limestones beneath 

the Whitestone Limestone) have a distinctive trace assembl¬ 

age that includes burrows and borings. Internally the 

laminations and cross bedding are intersected by soft sedi- 
t 

ment escape burrows. The borings, produced by annelids, 

sipunculids, bivalves, and sponges, occur only at the top of 

each grainstone. Because no evidence of subaerial exposure 

is preserved at either one of these bored horizons, they 

probably represent surfaces of submarine 1ithification. 

In this study, the morphology of the fossil traces in 

the marls provides a criterion for distinguishing between 

subtidal and intertidal strata. Also, the morphology and 

style of preservation of the traces provides evidence for 

the early 1ithification of the limestones. 
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FOSSIL TRACES OF THE WHITESTONE LIMESTONE AND ASSOCIATED 

. STRATA, LOWER CRETACEOUS, SOUTH CENTRAL TEXAS 

INTRODUCTION 

Scope and Purpose 

This study provides ichnological information useful in 

the evaluation of the invertebrate traces in both fossil and 

modern carbonate environments. I describe the morphology of 

the fossil traces and their relationship to the lithology, 

paleontology and diagenetic features of the strata. I have 

integrated this new information into a coordinated paleo- 

environmental interpretation of the Whitestone Limestone and 

the strata which physically surround it. This is the first 

detailed investigation of fossil traces in the suite of 

paleoenvironments represented by these strata. 

Location and Description of the Study Area 

Seventeen miles north-northwest of Austin, Texas the 

Whitestone Member crops out along the northwest-southeast 

trending Williamson-Travis county line (Plates I and II). 

The study area centers on both the political and geological 

dividing line, and is roughly four miles in east-west extent 

and fourteen miles from north to south (see Appendix for 

Base map information). . 

The northern boundary of the area is the south fork of 

the San Gabriel River; the eastern is U.S. Route 183; the 

southern, Texas Route 620; the southwestern, Lake Travis; 
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1971) 
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PLATE H. STUDY AREA 



and the western, the valleys and hollows that feed the 

Sandy Creek Arm of Lake Travis. 
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Most of the area is a grass-covered plateau used for 

sheep grazing. Its elevation is 1000-1100 feet. On the 

west, wooded hollows and valleys descend to the surface of 

Lake Travis at 714 feet elevation. 

Field and Laboratory Procedures 

Using the paleontology of Ikins (1941), the stratigraphy 

of Moore (1964), and the advice of Evans (personal communica¬ 

tions, 1971), seven stratigraphic sections were selected and 

measured along a north-south line across the trend of the 

Whitestone Limestone (Plate II). These sections started at 

or near the base of the Bee Cave Marl and extended up to the 

present day erosion surface. The lithology, paleontology 

and ichnology were noted for all sections. The stratig¬ 

raphic sections are presented in the Appendix. 

Large (20-45 cm on a side) samples were taken to the 

laboratory where they were described and photographed. They 

were then cut into vertical slabs 1-2 cm thick. These slabs 

were polished on a standard rock polishing wheel with #240 

and #450 grit abrasive. 

The internal density contrasts of the slabs were 
I 

examined by x-ray radiography using a Radi-Fluor 360 (Torr 

X-ray Corp., Los Angeles, California). This machine can 

x-ray samples up to 13.5 cm x 16.5 cm. Depending upon the 

density contrasts within slabs, thicknesses up to approxi- 
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mately 7 cm can be penetrated. Kodak Type AA Industrial 

X-ray Film was exposed. 

A long wave (366.3 mu) ultra-violet light (a "black 

light") was shown on the polished slab surfaces after they 

had been coated with mineral oil. The differential absorp¬ 

tion of the mineral oil by the bioturbated areas caused 

differential fluorescence of the oil and this made bio- 

turbation patterns visible. Photography of the visible 

rays reflected by the fluorescence proved to be very difficult; 

the main problem was obtaining even illumination of the 

slab (see Eastman Kodak Publication M-27, 1968). 

Thin sections of selected areas of some samples were 

used to confirm burrow, boring and lithologic relationships. 

Dry peels using 0.10 inch thick acetate sheets and 

acetone were made. These were used to investigate the 

grain-cement relationships in a few samples. 
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STRATIGRAPHY 

Previous Work - Development of the Regional Stratigraphic 

and Paléontologie Framework 

In the 1930's and 1940's F. L. Whitney and his students 

at the University of Texas, Austin worked extensively in the 

Cretaceous of central Texas. One of these students, W. 

Clyde Ikins (1941), gives a very complete account of the 

early studies of the Walnut Formation from Roemer (1846) 

up to the 1935 report of S. A. Thompson. 

Ikins (1941) detailed the stratigraphy and paleontology 

of the Walnut Formation and the overlying Comanche Peak 

Formation in Hood, Bosque, Coryell, Bell, Burnet, 

Williamson, Travis, and Hays counties (Plate III). He 

divided the Walnut into four units: lower limestone, lower 

clay, upper limestone, and upper clay. 

Moore (1961, 1964, 1966) called these units the Bull 

Creek Limestone, Bee Cave Marl, Cedar Park Limestone, and 

the Keys Valley Marl respectively. He applied the facies 

concept to the Walnut Formation in Lampasas, Coryell, Bell, 

Burnet, Williamson, Blanco, Travis, Hays, and Comal counties, 

and recognized the following relationships (Plate IV). 

1) The Bull Creek Limestone onlaps the Glen Rose 

Formation to the northwest and west. It is the basal unit 

in a transgressive sequence. The disconformable relationship 

of these strata dies out to the southeast 1n the subsurface 

(Moore, 1964, p. 6). 
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CENTRAL TEXAS COUNTIES 
(Hayward and Brown, 1967) 

1 - Coleman 9 

2 - Brown 10 

3 - Comanche 11 

4 - Erath 13 

5 - Hood 14 

6 - Somervell 15 

7 - Mills 18 

8 - Hamilton 19 

SOUTH-CENTRAL TEXAS 
(Moore, 1964) 

COUNTIES 

12 - Lampasas 21 

13 - Coryell* 22 

16 - Burnet 23 

17 - Bell 24 

20 - Blanco 

* Coryell County is common to 

Plate III. The counties of c 

- Bosque 

- Hill 

- Navarro 

- Coryell* 

- McLennan 

- Limestone 

- Freestone 

- Robertson 

- Travis 

- Williamson 

- Hays 

- Comal 

both areas. 

ntral and south-central Texas 

(after Evans, 1971) 



8 



9 

Plate IV. Walnut stratigraphy according to Moore (1964, 

> p. 22). Index Map (a) showing location of 

Stratigraphic Cross Section (b). Locations of 

sections: Section '26, Shingle Hill, Travis Co. 

Section 4, Whitestone, Travis Co.; Section 8, 

North San Gabriel, Williamson Co. 
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2) The Bee Cave Marl thins and contains less clay and 

more nodular interbeds to the southwest (Moore, 1964, p. 6). 

3) The Cedar Park Limestone everywhere consists of a 

lower nodular fossi1iferous micrite. Above this, but only 

along the extension of the Williamson-Travis county line from 

Jollyville to north of Burnet, lies a fossi1iferous pelletai 

oosparite five to ten miles wide, with a maximum thickness of 

forty-three feet and with a lenticular shape. This unit was 
t 

named the Whitestone Member by Moore (1964, p. 6) 

4) North and northeast of the Whitestone, the Keys 

Valley Marl lies directly on the nodular fossi1 iferous 

micrite of the Cedar Park Limestone (Moore, 1964, p. 11). 

5) The Keys Valley Marl overlaps the Whitestone 

Member but probably does not extend to the south and south¬ 

west of it (Moore, 1964, p. 8 and 11). 

6) The Comanche Peak Limestone thins to the southwest 

and interfingers with the Edwards rudist bearing limestones 

over the Whitestone Limestone. It is not found to the 

southwest of the Whitestone Limestone (Moore, 1964, p. 8). 

7) North of the Whitestone, the Walnut Formation 

consists of the four units of Ikins overlain by a thickening 

Comanche Peak and a thinning Edwards Formation (Moore, 1964, 

p. 8). 

8) The Edwards Formation transgresses the Walnut 

Formation. The regression at the end of Edwards deposition 

was followed by the Washita transgression (Moore, 1964, 

p. 26 and 36). 
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Moore (1964, p. 36) stated that the marine marsh 

environment of the Bee Cave Marl was succeeded by the normal 

marine lime muds of the Cedar Park Limestone. The Whitestone 

developed as a bar of pelletoids and ooids on an extremely 

shallow shelf parallel to the contours of the west flank of 

the North Texas-Tyler Basin (Plate V). It thus separated 

a shallow northeast shelf basin filled by the Keys Valley 

Marl from a region to the southwest where rudist bioherms and 

biostromes and interreef facies were being deposited. The 

trend of the Whitestone served as a line of demarcation 

through the deposition of the Comanche Peak, after which the 

rudist (Edwards) facies expanded to the north and east. 

Evans (1971) studied the petrology of the Whitestone 

Member. He viewed the Whitestone as an accumulation of 

carbonate debris surrounded by lime mudstones. He believed 

that a rudist patch reef or biostrome probably formed the 

nucleus upon which the pelletoidal oolitic grainstone 
f 

developed. Based upon: 1) the texture and composition 

of the Whitestone, 2) the external geometry of the grainstone 

facies, 3) the internal structures such as cross bedding, 

and 4) the paleogeographic setting, he interpreted the 

Whitestone as a Cretaceous analogue of the Recent Cat Cay 

oolitic sand belt (Ball, 1967). Briefly, the Cat Cay sand 

belt is an elongate, one mile wide, twelve feet thick sand 

lentil. The water depth over this Bahamian sand sheet 

ranges from a minimum of a few inches to a maximum of 

fifteen feet. It is parallel to the slope break and the 
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PLATE V# Paleogeography of Lower Cretaceous in Texas 
(modified after Evans, 1971) 
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major cross bedding directions are nearly perpendicular to 

the trend of the mound. 

The seven stratigraphic sections which I measured are 

presented in the Appendix. 



ICHNOLOGY 

Raison d'Etre 

I reviewed the literature concerning invertebrate 

traces in carbonate environments and found that our know¬ 

ledge fell into four categories. 

Modern traces are well studied in (1) intertidal and 

supratidal carbonates and in pellet and ooid grainstones 

(Shinn, 1968; Rice, 1969; Farrow, 1971, Braithwaite and 

Talbot, 1972). Modern traces in (2) fine grained subtidal 

carbonates are not well known, but our knowledge will 

gradually improve through the use of polyester resin 

casting and box-core studies (Shinn, 1968; Farrow, 1971). 

Fossil invertebrate traces in (3) fine grained sub- 

tidal marine carbonates: marls, limestones and chalks, 

are well studied (Farrow, 1966; Bromley, 1967, 1968; 

Kennedy, 1967, 1969; Frey, 1970; Sellwood, 1972). The 

fossil record of traces associated with (4) pelletoidal 

oolitic grainstones and the fine grained carbonates that 

often physically surround such grainstones is virtually 

unknown (Perkins, 1971, p. 19 and p. 22). 

This report is a sortie into the last territory, and 

as such, details the fossil record of the traces found in 

a shallow water pelletoidal oolitic grainstone and the fine 

grained carbonates neighboring that grainstone. At least 

part of the record may be intertidal. 



Basic References 

Basic references for the identification and terminology 

of fossil traces are Hantzschel et al. (1962), Seilacher 

,(1964, 1967), Osgood (1970), and Frey (1970). The des¬ 

criptions of the fossil traces named below and the defini¬ 

tions of the technical terms used below can be found in these 

works. 

Previous Work - Studies of Mesozoic and Recent Traces in 

Carbonate Environments 

Fossil traces may be divided into burrows and borings 

based upon the hardness of the substrate at the time a 

particular trace was made. Burrows are soft substrate 

fossil traces whereas borings are hard substrate fossil 

traces. Both kinds of traces are present in the strata 

studied in this report. 

Studies of Burrows 

Farrow (1966) bathymetrically zoned the Jurassic fossil 

traces of Britain. He found that littoral traces were 

dominated by abundant Thaiassinoides, and that Rhizocoral- 

1iurn became less abundant and more randomly oriented as 

one moved to deeper water further from shore. Both were 

associated with abundant Teichichnus and Asterosoma, 

occasional Chondrites and resting traces, and rare 

Neonereites. 



Based upon study of Recent and fossil traces, Bromley 

(1967, 1968) pointed out that irregular burrows not con¬ 

forming to the original description of Thalassinoides 

could nonetheless be considered crustacean burrows. Specif¬ 

ically, the burrows in the Upper Cretaceous chalks studied 

by Bromley lacked turning spaces and a regular branching 

plan. He also pointed out that Recent Thaiassinidean bur¬ 

rows are known from as deep as sixty-five meters of water. 

He demonstrated that burrow fills were re-excavated and the 

newly formed burrows used after the surrounding sediment 

had been lithified. He thought that his data implied a 

primary sediment eating burrower and a secondary filter 

feeding type (Bromley, 1967, p. 166). 

Kennedy and MacDougall (1969, p. 462) found Upper 

Cretaceous pellet-lined Ophiomorpha burrows associated with 

vertical meniscus-fi11ed holes and unlined, scratch 

marked, dead-end burrows. He believed that one species 

of crustacean made all three of these different but related 

burrow types. 

A study of the fossil traces of the Upper Cretaceous 

Fort Hays Limestone Member of the Niobrara Chalk in west- 

central Kansas, U.S.A. describes traces that were probably 

made in shallow seas (Frey, 1970). Thalassinoides, 

Teichichnus, and Arthrophycus are diagnostic of the 

shallowest depths while Laevicyclus. was probably produced 

in moderately deep water and Zoophycus at greater depths. 



Chondrites and PIanolites were associated with all the 

interpreted depth zones. The bathymetric zonation is not 

distinct, however, and this perhaps indicates that the trans¬ 

gression of the sea was regular and gradual (Frey, 1970, 

p. 60). Also, the compaction of the burrows and the lack of 

surficial traces (traces produced upon the sediment at the 

sediment-water interface) suggest that the sediments were 

soft and watery and subject to reworking by infauna (Frey, 

1970, p. 60). 

Thaiassinoides preserved in the Lower Jurassic of 

Britain are associated with grainstones and marls (Sellwood, 

1972). In the shallowest environments vertical U-shaped 

burrows also occur. All of the shallow water facies have 

extensive bioturbation, a high diversity of bivalves such 

as pholadomyids, venerids, mytilids, thick-shelled pec- 

tinids as well as complex crustacean burrows. Deeper facies 

have Chondrites, where it has not been destroyed by diagene¬ 

sis, less bioturbation and low diversities of thin shelled 

pectinids and protobranchs. Oolitic grainstones developed 

on only a few areas of this Jurassic shelf and some of 

these areas are engulfed in time and space by marly sedi¬ 

ments. 

Perkins (1971) noted at least three important 

assemblages of fossil traces in the Comanchean strata of 

Texas. (1) Complete casts of burrowing molluscs in living 

position are invariably associated with nodular weathering 

limestones and marls. These molluscs include: 
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Homomya, Tapes, Pholadomya, Anatina, Panopea, and Cyprimeria. 

(2) Where Chondrites, Skolithos, Cylindricum, Scoyenia, and 

Taenidium occur without Thaiassinoides, they occur as shallow, 

eroded burrows. Few ammonites and echinoids but many oysters 

are associated with such trace assemblages. Perkins said 

these facies represent restricted environments with less 

than normal salinity (1971, p. 79). In general, he finds 

Domichnia (dwelling traces) to be the dominant type of trace 

in marls, marly limestones and limestones. Fodinichnia 

(feeding traces) are also abundant. (3) Large, horizontal, 

sinuous burrows, branched and unbranched, are found 

exclusively in strata that also contain very large spatan- 

goids (irregular urchins). The diameter and cross sectional 

shape of the burrows correspond to the diameter and shape 

of the urchins. 

The functional morphology of Recent burrowing 

spatangoids is directly related to the type of sediment 

that they burrow (Nichols, 1959). In particular, the bur- 

rowers in shell, gravel, and mud do not have dorsal and 

anal fascioles and their anterior grooves are shallow. Sand 

burrowers differ from these in that they have dorsal and 

anal fascioles and their anterior grooves are deeper. 

Rasmussen (1971) has found a spatangoid preserved in living 

position in its Cretaceous burrow. 

Shinn (1968) and Farrow (1971) poured polyester resins 

into Recent burrows in a variety of shallow water environ¬ 

ments. In Florida and the Bahamas Alpheus, Cal 1ianassa 



(believed by some to be the crustacean producer of Thai a s¬ 

si no ides), and Ph.yl 1 acti s (an anemone) burrow in marine and 

intertidal sediments. Cardisoma and Uca (both crustaceans) 

burrows are confined to supratidal sediments. Also, three 

foot deep open burrow networks in muddy marine sediments 

were found to be occupied. These burrows were found to be 

open although unoccupied beneath overburdens exceeding 

eight feet (Shinn, 1968, p. 879). 

In the Aldebra Atoll of the Indian Ocean, A1pheus is 

characteristics of the muddy sediments of the shelf lagoons 

while Callianassa is common in the sands of channel plat¬ 

forms (Farrow, 1971). A1bunea (mole Crab) burrows occur in 

soupy, unstable back reef sand bars as well as in the more 

stable, megarippled san banks of channel platforms. 

Studies of Borings 

The literature of the traces of rock borers and rock 

borings is depauperate when compared to the number of works 

on burrows. Only recently has the important role of borers 

as eroders, topography modifiers and sediment producers 

been recognized (Goreau and Hartman, 1963). The science is 

now progressing to the point where a few tentative state¬ 

ments may be made concerning the environmental significance 

of particular fossil borings. 

Bromley (1970) summarized the knowledge of boring 

traces. This article serves as a good primer on the 

morphology of all types of borings. 
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Perkins (1971) studied the borings in the Comanchean 

of Texas. He illustrates the upper bored surface of the 

Whitestone and the borings found in some cobbles and intra¬ 

clasts. He shows how bore morphology can be related to the 

type of animal producing it. 
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Fossil Traces in the Bee Cave Marl 

Lithology and Paleontology 

The Bee Cave Marl is a mottled, clayey, fossi1iferous, 

soft-weathering unit. The whole body fossils include large 

burrowing bivalves such as Cucul1aea graci1is and h a r risi 

preserved in living position, Exogyra texana, Gryphea mar¬ 

co ui , Dictyconus walnutensis, and the irregular urchin 

Enallaster texanus (Ikins, 1941). Ammonites are rare. 

Fragmental fossils include all of the above plus some 

caprinid (rudist) debris. Some intraclasts of the marl are 

up to 3 mm in diameter and occur as burrow fills. 

Ichnology 

The most obvious traces in the Bee Cave Marl consist 

df an extensive system of mottles (Plate VI). Plate VII, 

Figure 1 shows these darker colored, very irregular, pack- 

wackestone mottles in a’wacke-mudstone matrix. Horizontal 

mottles are generally larger than vertical ones: 3-4 cm 

versus 1-1.5 cm. The mottles are irregularly oval in 

cross section with compaction spurs and flames. The bur¬ 

row walls are diffuse and show no definite line of contact 

with the matrix (Plate VII, Figure 2). Along joints and 

in other places where ground water moves more freely, the 

mottles are more easily weathered than the matrix and they 

become a system of open holes (Plate VII, Figure 3). The 

surfaces of these reexcavated burrows show no scratch 

marks or pelletai structure. In addition to these traces, 
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f 

Plate VI. Fossil trace morphologies revealed in a slabbed 

and X-rayed piece of Bee Cave Marl. The burrow systems 

interconnect in some cases, seem to be isolated in others, 

but in all cases seem to have collapsed or have been flattened 

and distorted to some degree. N.B. the small sinuous traces 

passing through larger burrows. 

(A) A burrowing bivalve in living position. 
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Plate VII. Fossil Traces in the Bee Cave Marl. 

Figure 1. Complex 

colored mottles on 

Cave Marl. Wooden 

long. 

of interconnected dark- 

a sloping surface of Bee 

hammer handle is 25 cm 

Figure 2. (A) Very diffuse burrow boundary. 
4 

(B) Burrow wall is scrambled but somewhat 

better defined in this area. Vertical bay 

scale equals 0.7 mm. Compare this figure 

with Plate VIII, Figure 2. 

Figure 3. Weathering of mottled Bee Cave 

Marl had proceeded to the point where 

mottles form an interconnected network of 

holes. Wooden hammer handle is 25 cm long. 
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X-ray radiographs show sinuous 1-2 mm diameter burrows 

crossing the first formed larger mottles (Plate VI). 

Ichnological Interpretation 

The mottles are thalassinidean burrows. Annelids ^ 

made the small sinuous, unbranched traces. It is possible 

that irregular urchin burrows may be found because their 

tests are common in the Bee Cave Marl (however, see point 

number 5 in Discussion below). 

Environmental Interpretation 

This is not a hardground. The infauna thoroughly 

reworked a relatively soft sediment. 

Discussion 

Several lines of evidence suggest to me that this 

sediment was relatively soft when it was inhabited by 

invertebrates. All relate directly to the behavioral 

patterns of the animals believed to have made the traces. 

1) The presence of large burrowing bivalves in living 

position without siphonal passageways leading directly to 

the shells or molds show that the softness of the substrate 

which allowed the molluscs to burrow also permitted their 

paths and siphonal passageways to be bioturbated out of 

existence by later infauna. 2) The fact that the pre¬ 

served burrow mottles have indistinct boundaries, along 

with 3) the fact that the burrow mottles seem to be compac¬ 

ted and flattened indicates that the substrate was soft 

even after mottling occurred. 4) The material in the 
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burrows is generally coarser grained and contains less micrite 

than the matrix material. The digging of the burrows in soft 

sediment by thalassinideans and the feeding currents produced 

by such invertebrates could account for this. The finer 

material was continuously passed up to the water-sediment 

interface, the coarser material was winnowed or fell back into 

the burrows, as burrows were actively closed by the crustac¬ 

eans or as they slumped due to disuse by the thalassinideans. 

5) Finally, no surficial traces are preserved. The surficial 

traces of sediment plowers at the sediment-water interface 

would have flat or convex-upward tops and convex-upward 

bottoms. 

In regard to (5) above a slight digression will illus¬ 

trate that knowledge of the functional morphology of the 

animals is important to the study of the traces of organisms. 

The irregular urchin Enallaster texanus is a common body 

fossil in the Bee Cave Marl and a probable producer of 

surficial traces. This urchin does not have ,the peripetal- 

ous fasciole or the double sub-anal fasciole that Nichols 

(1959) found to be characteristic of the Recent mud burrow¬ 

ing spatangoid Brissopsis lyrifera. Many broken E_. texanus 

have all the pieces of the test cemented together by 

1 ithification and not scattered far and wide. Unfortunately 

this style of preservation could indicate either death at 

the surface and crushing after burial or death in a bur¬ 

row and crushing within that burrow. One collected 
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specimen has a number of spines still attached to the up¬ 

per side of the test. This preservation is more probable 

within a burrow than at the sediment surface. 

In conclusion, until £. texanus is found in a well 

preserved burrow in life position as Rasmussen (1971) has 

found Brissopneustes danicus, or until a burrow with a 

heart shaped cross section and a well preserved fecal 

string is discovered, E_. texanus remains only a possible 

burrower. Its functional morphology pointing to a surficial 

mode of life and its surficial traces not preserved, 

texanus provides another piece of evidence that the sedi¬ 

ment remained soft for a long period of time after deposi¬ 

tion and did not present a hardground environment to the 

infauna. 

Pi agenesis 

Most of the mollusc shells and fragments have been 

leached away or recrystallized to blocky calcite. Thus, 

the body fossils are preserved mainly as internal or 

external casts. Some of the body fossils have been both 

crushed and stylolitized. Some compaction stylolites are 

present in the rock. They weather a dark rust color much 

the same as some of the boundaries of the intraclasts in 

the burrows. 
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Fossil Traces in the Cedar Park Limestone 

Lithology and Paleontology 

The Cedar Park Limestone is a mottled, fossiliferous 

nodular to massive weathering lime mudstone. In areas where 

it is not overlain by the Whitestone Limestone it forms a 

moderately prominent bench along stream courses and edges of 

plateaus. Its most dramatic exposure is the massive lime¬ 

stone overhangs at the top of the cliff along the south side 

of the South San Gabriel River north of Leander, Texas 

(Plate II). Whole body fossils are not common. Fragmental 

fossils are mostly molluscs and a few bryozoa. Vertical 

compaction slickensides up to 7 cm long are a common dia- 

genetic feature (Plate VIII, Figure 1). 

Ichnology 

The most prominent traces are the pack-grainstone 

filled burrows that form an extensive interconnected 

system of 1) dark colored mottles, 2) full relief filled 

burrows, and 3) open holes in the mud-wackestone matrix of 

the Cedar Park Limestone. These burrows have micritized 

boundaries which form sharp contacts with the matrix 

(Plate VIII, Figure 2). Their cross section is irregularly 

circular to oval, about 2 cm in diameter. The burrows are 

dominantly horizontal with vertical branches that are the 

same diameter as the horizontal passageways (Plate VIII, 

Figure 3 and Plate IX). Branching is frequent and at 

approximately 45°. 
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Plate VIII.' Fossil Traces in the Cedar Park Limestone. 

Figure 1. Vertical compaction slickensides distort and 

offset burrow systems. 
a 

Figure 2. Burrow above, matrix below (A). Well defined 

burrow boundary with micritization of adjoining matrix. 

Crystal mosaic at lower right is a recrystallized mollusc 

fragment. Horizontal bar scale equals 0.35 mm. Compare 

with Plate VII, Figure 2. 

Figure 3. Vertical face of Cedar Park Limestone. The 

burrow systems have been distorted and offset by later 

compaction. Wooden hammer handle is 25 cm long. 
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Several branches may extend from a central room and dead 

ends are common. Angular and subangular intraclasts of 

matrix material are common burrow fills. Back-filled 

meniscus structures are also present-. 

Vague mottles that may be faintly preserved parts of 

the burrows of very soft sediment burrowers are seen in 

X-ray radiographs of the Cedar Park Limestone. They are 

barely discernible under ultra-violet light. They are not 

preserved in usable detail. 

Ichnoloqical Interpretation 

The dominant traces are thalassinidean burrows 

(Kennedy, 1967; Bromley, 1967; Shinn, 1968; Farrow, 1971). 

It was not possible to determine the exact nature of 

the very vague mottles. 

Environmental Interpretation 

The Cedar Park Limestone hardened relatively soon 

after deposition enabling the crustacean burrows to remain 

open. The hardening probably took place internally while 

the sediment at the sediment-water interface remained soft. 

The cone-shaped piles of sediment present around the excur¬ 

rent openings of most crustacean burrows today and the nar¬ 

row tubes which form the sediment vents are not preserved 

in the Cedar Park Limestone. Perhaps both were eradicated 

by tidal or current action (Braithwaite and Talbot, 1972). 

Because no evidence for subaerial exposure is preserved 

and because today thalassinidean burrows are most abundant 
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in the lower intertidal and the shallow subtidal environments, 

a shallow subtidal environment is envisioned as the deposi- 

tional site of the Cedar Park. 

Discussion 

The crustaceafis that produced the burrows were probably 

physiologically more like Upogebia than Cal 1ianassa in that 

they required a more permanent burrow system (Thompson and 

Prichard, 1969). This is demonstrated by the distinctness 

of the burrow walls. It is implied in the fact that the 

vertical components of the burrows have roughly the same dia¬ 

meter as horizontal components. That is, later compaction 

and/or collapse was not sufficient to cause extensive 

flattening of the horizontal tubes and constriction of the 

vertical segments. Thaiassinidean crustaceans do not com¬ 

monly burrow in extremely hard substrates. The highly ir¬ 

regular plan of the systems perhaps indicates this; the in¬ 

fauna were avoiding the already hard parts of the sediment. 

The lack of deep burrowing bivalves in living position 

also implies a rather firm substrate at a shallow depth in 

the sediment. The lack of a boring fauna could imply soft 

sediment at the water-sediment interface. Thus the Cedar 

Park hardened beneath the sediment-water interface and the 

depth of the crustacean burrows was limited by the hardening 

process. 
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Diagenesis 

The burrows developed a micritized rind either before 

they were filled with grainstone or afterward while the 

burrow fills were still fairly porous. Fossil mollusc shells 

were recrystallized. Vertical slickensides that commonly 

offset burrows 2-5 cm indicate that the major compaction 

occurred after the burrows were filled with sediment. 



Fossil Traces of the Edwards Limestone 

Lithology and Paleontology 

The Edwards contains two facies. The first is the 

rudist buildup (reef) - miliolid mudstone facies. It is 

the caprock of the plateau in the study area and is deeply 

weathered (Plate X, Figure 1). Polished slabs of this 

material revealed very complex diagenesis and weathering: 

complex meaning modern and Pleistocene vugs, caves, mud- 

cracks and caliche developed on and in zones of Cretaceous 

mudcracks, birdseye structure and caliche. 

In the southern part of the area (Stratigraphic 

Sections 6 and 7) the honeycomb-weathering of the Edwards 

is very similar in morphology to the thal assinidean burrows 

of the Cedar Park. However, the exact nature of the burrows 

in the Edwards could not be discerned because of the exten¬ 

sive weathering. 

The second Edwards facies is topped by what I call 

the bored surface beneath the Whitestone. Moore (1964) and 

others have simply put the rudist rich material between the 

Cedar Park Limestone and the Whitestone Limestone in the 

Cedar Park. I believe, however, that the presence of 

rudists even if only as isolated individuals in mudstone or 

if only as a major bioclast in a grainstone, qualifies the 

lithology as part of the Edwards Formation. This assignment 

also makes it easy to discuss the significance of the rela¬ 

tionships of facies*, i.e. the rudist bearing Cedar Park 
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PLATE X. Fossil Traces of the Edwards Limestone 

Figure 1. The holes of this microkarst lead to conduits 

that resemble crustacean burrows. Examination of polished 

slabs of the freshest available sample of this mudstone re¬ 

veals, however, only complex weathering mottles. Hammer lead 

is 20.5 cm long. 

Figure 2. (A) Bivalve borings on two sides of a submarine 

ledge. Geopetal fills show that the final filling of these 

borings occurred with a common "up" direction, lx. 

Figure 3. Bivalve (A) and sipunculid (B) borings. The 

longitudinal assymetry of the bivalve boring in this sec¬ 

tion is expressed as a heart shaped cavity in cross section. 

The sipunculid borings are untapered and extend downward into 

coarse grained rudist debris. (C) These are U-shaped 

annelid borings similar to but larger than those made by 

Polydora today, lx. 



Figure 3 

Figure 2 
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and the rudist bearing grainstones are transitional litho- 

types between pure Cedar Park and pure Edwards. Plate XI 

is’a north-south cross section giving my interpreta¬ 

tion of the relationships of the lithotypes. The remainder 

of this section will be concerned with the part of the Edwards 

Formation that is capped by the bored surface beneath the 

Whitestone Limestone. 

Ichnology 

The lower contact of the Whitestone Limestone is well 

exposed only at the quarry of Stratigraphic Section 5. Here 

rudist-rich grainstones and lime mudstones underlie the 

Trigonia sp. grainstone of the Whitestone. Between them is 

a burrowed and bored surface. This surface is not hori¬ 

zontal, but has up to six feet of relief expressed as ridge 

and trough topography. The peaks of the ridges are approxi¬ 

mately 1000 feet apart, and the ridges and troughs form a 

lineation oriented 135°-315° relative to True North. 

Borings occur along this surface and penetrate both the 

grainstones and the mudstones. Petrographic examination of 

the cements revealed no microstalactitic or meniscus cements 

that would indicate an intertidal or supratidal environment. 

The ridges were not more intensely bored than the troughs. 

Thus, any differential cementation of the surface was not 

obviously a function of topography or lithology. 
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Borings -- 

1) Borings with circular cross section and tapered 

longitudinal section occur in grainstone to mudstone and 

are with or without sheaths (secreted CaCÛ3 linings of 

borings). Some occur on the underside of ledges. Today 

these are produced by bivalves that rotate about their long 

axis as they bore; e.g. Pi piothyra and some Lithophaga 

(Plate X, Figure 2). 

2) Borings have a heart shaped cross section and a 

tapered, assymetrical longitudinal section. Some have re- 

crystallized sheaths. Borings are found in textures rang¬ 

ing from grainstone to mudstone. Maximum length, 2.5- 

3.0 cm; maximum diameter, 1.0 cm. Today the bivalves 

Lithophaga and Adula produce borings like this (Plate X, 

Figure 3). 

3) Borings occur in mudstone and shell material and 

have an oval cross section and a sac-shaped longitudinal 

section. Possibly Cirripedia (barnacles) of the Family 

Crytophialidae (Seilacher, 1969; Tomlinson, 1969) or 

juvenile bivalves produced these borings (Plate XII, 

Figure 1). 

4) Borings on underside of shell hash ledge. They are 

seen in thin section as very fine fill between cut shell 

fragments. Probably sponge borings (see Plate XIII, 

Figure 2). 

5) Straight untapered borings, vertical to 45° from 

the vertical, unbranched, 5 mm diameter, and up to 4 cm 
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long (Plate XII, Figure 2). The lower end of the hole has 

a smooth spherical termination. Opening is slightly lipped 

or featureless. Cross section is circular to slightly oval. 

Usually occurs in a mudstone. Probably produced by a 

sipunculid (Rice, 1969). 

6) Vertical to 45° from vertical borings, some with a 

slight spiral about a vertical axis (Plate X, Figure 3). 

Generally straight and untapered, but may have a widened 

area at bend in bottom one fourth of boring. Circular in 

cross section. These are distinctive of well sorted silt 

to fine sand sized pellet, ooid and/or foram grainstones. 

The lower end is in coarse rudist shell hash, but when 

penetrating a void the trace either goes straight through 

or conforms to the void without leaving evidence of a sheath. 

Up to 2 mm diameter and 13 cm long. Probably sipunculid 

borings (Rice, 1969). 

7) Various other horizontal to vertical meandering 

borings or burrows, especially well preserved in the mud¬ 

stone. Some are U-shaped Polydora type borings (Plate X, 

Figure 3). They are up to 5 cm long and 1-4 mm in diameter. 

Burrows 

Burrows occur in fine grained, horizontally laminated, 

well-sorted grainstone. The burrows are horizontal with 

some vertical branches, 1-3 cm in diameter, generally 

flattened oval-shaped cross section, but also, they may be 

irregular and round in cross section (Plate XII, Figure 3). 
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Geopetal fills consist of medium to coarse sized bioclasts. 

Some mottling seems to be associated with burrows and may 

represent compaction halos caused by the burrowing. How¬ 

ever, the mottling is not strictly controlled by the bur¬ 

rowing. The diameters of the vertical tubes are equal to 

the diameters of the horizontal tubes they join. There is 

some evidence of "mining" in the burrow floors. No 

scratch marks or secreted or mechanically constructed 

linings are present. These are similar to burrows des¬ 

cribed by Kennedy (1966) and Bromley (1967). They conform 

to Bromley's idea that crustacean burrows may be irregular 

in cross section and overall plan. Shinn's (1968) and 

Farrow's (1970) resin casts of Recent crustacean burrows 

support Bromley's suggestion. 

Borings? Burrows? -- 

Galleries and irregular deadend tunnels in mudstone are 

filled with grainstone (Plate XII, Figure 4). They form 

small ledge-cavern systems 2-3 cm in cross section; 

probably they furnish evidence of sea urchin grazing on 

a hardened substrate or possibly they are produced by 

crustaceans in a soft substrate. In any case, the exca¬ 

vations were modified by nestlers and later (contemp¬ 

oraneous?) borers. 

Environmental Interpretation Based Upon the Ichnology 

The lack of subaerial cements and intertidal or 

supratidal sedimentary structures strongly indicates that 
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this surface existed in the shallow subtidal zone of Lower 

Cretaceous seas. Although the evidence is largely nega¬ 

tive, it points to this conclusion. There is no positive 

evidence that the strata below the bored surface were sub- 

aerially exposed and then infested by the borers after the 

return of marine conditions. 

Discussion 

Rose (1970) used intermittent discontinuity surfaces 

marked by borings to infer submarine hardening of the 

carbonate strata (For a comprehensive discussion of Rose' 

work and how it relates to the bored surfaces of this 

thesis turn to pages 85 to 86.) Three of his seven cri¬ 

teria for such surfaces do not apply in the case of the 

bored surface beneath the Whitestone. First, this sur¬ 

face is unique in its rugged topography. It certainly, 

could not be considered to be vertically repetitive 

or geographically sporadic. Second, the Whitestone above 

this surface was deposited very quickly, not slowly as re¬ 

quired by Rose' third criterion (Rose, 1970, and this 

report p. 85)- Finally, the distribution of this sur¬ 

face is probably related to a contemporaneous structural 

element, namely the northwesterly trending San Marcos Plat¬ 

form, which lies immediately to the west of the study area. 

The bored surface beneath the Whitestone may satisfy 

Rose' criterion of a bored surface developed only in cer¬ 

tain lithic successions. In this case, the succession 
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consists of grainstones which become finer grained and better 

sorted upward until topped by a bored surface. This succes¬ 

sion is then repeated by the Whitestone itself (Evans, 1971). 

Only three of Rose' criteria apply to the bored surface 

beneath the Whitestone. 1) There is really no other physical 

or stratigraphic evidence of erosion at the surface. The 

topography developed upon it appears to be depositional 

topography - not erosion. 2) Much of the sediment beneath 

the surface was permeable when it was deposited. 3) The 

surface is directly overlain and underlain by marine sedi¬ 

mentary rocks. 

It is my opinion that without subaerial cements and/or 

supratidal sedimentary structures these mudstones and 

grainstones cannot be categorized as beach or supratidal 

deposits. This opinion is supported by my observation that 

four miles to the south, unbored grainstones of similar 

texture and composition have mudcracks, birdseye textures 

and perhaps remnants of microstalactic (subaerial) cements. 

Thus grainstones of similar age and present topographic posi¬ 

tion preserve evidence of subaerial exposure. 

We may follow one of two lines of reasoning. 1) Per¬ 

haps intertidal or supratidal conditions produced the hard 

surface which was subsequently bored. Subaerial cements were 

then destroyed by diagenesis after a grainstone, the White¬ 

stone, was deposited above this surface. This would imply 

that a rapidly deposited, porous sediment might influence the 

diagenesis of an underlying grainstone in such a way as to 
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destroy the evidence of subaerial exposure. (The mudcracked 

grainstone four miles to the south is surrounded by interreef 

mudstones). This would not account, however, for the similar 

lack of supratidal sedimentary structures and subaerial 

cements at the upper surface of the Whitestone Limestone; 

a similar grainstone that is not covered by another grainstone 

but by a probably slowly deposited marl. 

2) The negative evidence presented points to the 

necessity of developing new and/or additional criteria for 

recognizing submarine cementation in the fossil record (see 

p. 85). 
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Fossil Traces of the Whitestone Limestone 

Lithology and Paleontology 

The Whitestone Limestone has two major facies. The 

cross bedded Trigonia shell hash usually occurs below a 

cross bedded, pelletoidal oolitic grainstone. Evans' 

(1971) study of the carbonate petrology of the Whitestone 

Limestone showed that this overlying pelletoidal oolitic 

grainstone represents a progressive breakdown and reworking 

of the Trigonia material. He found no subaerial carbonate 

cements. The Trigonia, high spired gastropods, and miliolid 

forarns are the major body fossils in the lower unit. Milio¬ 

lid forams along with echinoderm and mollusc fragments are 

the dominant body fossils of the pelletoidal oolitic grain¬ 

stone. 

Ichnology 

The flat "pool table" upper surface of the Whitestone 

is a bored surface and is generally oxidized red in color 

(Plate XIII, Figure 1). When quarry bulldozers strip the 

overlying Keys Valley Marl, from the top of it, they also 

remove a very thin, soft weathering layer of the Whitestone. 

This layer appears to be a laminated and iron oxide streaked 

admixture of Keys Valley and Whitestone. Small holes in this 

surface are believed by Perkins (1971, p. 18 & p.c.) to be 

barnacle and sponge borings. I have seen this surface only 

in a very few samples in the corners and along the walls of 

some of the quarries. I cannot confirm that the holes are 
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Plate XIII. The Whitestone Limestone and Fossil Traces of 
the T r i g o n i a Beds. 

Figure 1. Gently undulating surface of Trigonia beds are 

covered by approximately seven feet of pelletoidal oolitic 

grainstone. Keys. Valley Marl forms the perimeter of the 

quarry. 

Figure 2. Sponge boring in Trigonia cast. The bivalve 

shell has been leached away leaving the calcite filled 

sponge boring. In upper left notice the shadow of the 

boring's connections with what was originally the outer 

surface of the Trigonia valve. Horizontal bar scale equals 

2.0 mm. 

Figure 3. X-ray radiograph & drawing of very indistinct 

vertical burrow in Trigonia shell hash. Producer of trace 

is unknown’. G = gastropod; B = burrow. Radiograph lx; 

drawing 1.5x. 
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Figure 1 

PLATE XIII 

Figure 5 
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a biologic rather than a weathering feature. Where this 

layer has been stripped away, however, the majority of bi¬ 

valve borings in the upper surface of the Whitestone lack 

well developed posterior openings. This indicates that part 

of the borings have been removed (either in the Cretaceous 

or in the Recent). 

Borings -- 

la) Short, vertical, untapered, unbranched borings 

are 5-10 mm in diameter, 1-2 cm long, and their lower ends 

are rounded (Plate XIV). Probably made by sipunculids. 

lb) Thin vertical "spaghetti" borings are 2-3 mm 

diameter and up to 18 cm long (Plate XIV). They are round 

to oval cross section. Often these intersect and in the 

lower parts, branch (?) at extreme angles of approximately 

90°. They become U-shaped only by the intersection of two 

borings. Probably produced by sipunculids (Rice, 1969). 

2) Borings have either a heart-shaped or circular 

cross section. Their longitudinal section tapers; the small 

end of the taper is the bore entrance (Plate XIV). They are 

up to 5 cm long and 1.5 cm diameter. The cross section of 

the siphonal passageway is generally oval to figure 8-shaped. 

Calcareous sheaths that form bore linings are seldom preser¬ 

ved. Borings were produced by bivalves. 

3a) The upper surface of the Whitestone is very ir¬ 

regular. The irregularities are on the scale of 1-2 mm. 

In thin section they are seen as irregular sediment fill 

between cut and truncated grains. Produced by sponges. 
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Plate XIV. Borings and Burrow in the Whitestone Limestone 

X-ray radiograph of a 2 cm thick vertical slab of 

the top of the Whitestone. There are at least 

three types of borings. (A) Bivalve. (B) Short 

stubby annelid or sipunculid. (C) Spaghetti-type 

bore. 

Notice the horizontal layering of the upper surface 

as contrasted to the cross-bedding below. Note 

also the vertical escape burrow (D) within the 

cross-bedding. 

IX 
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PLATE XIV 
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3b) Borings occur within the shell material of the 

Trigonia beds (Plate XIII, Figure 2). They form an inter¬ 

secting network, whose branches are up to 1 mm in diameter 

and parallel to the shell surface. Smaller entrance tubes 

extend up to the shell surface. These are the borings of 

sponges. 

Burrows -- 

1) Holes which are 2-7 cm in diameter approach the sur¬ 

face of the Whitestone vertically or at low angles to the 

vertical (Plate XV, Figure 1). Usually they have a lip 

composed of piled up ring of sand approximately 1.5 cm 

wide. It was not possible to obtain a sample. Perhaps these 

are related to the vertical lebensspuren seen within the 

Whitestone (number 2 below). 

2) Vertical "escape" burrows are round in cross sec¬ 

tion, 2-2.5 cm in diameter, usually 16+ cm in height, have 

nested cone structure and lead downward into vertical 

meniscus filled tubes (Plate XIV). When they taper downward, 

they can be imagined to be crustacean burrows (the mole crabs 

of Farrow (1971 and page 20 of this report). The same struc¬ 

ture could be made by burrowing anemones (Shinn, 1968). When 

connected to horizontal tubes of equal diameter they can be 

seen as collapsed thalassinidean burrows (Bromley, 1967). 

Connection of these to much larger (2X diameter) horizontal 

burrows implies that they are the breathing tubes of irregu¬ 

lar echinoids (Nichols, 1959; Rasmussen, 1972). The latter 
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is very seldom seen, and I have never seen whole irregular 

echinoids preserved within the Whitestone. 

3) Shallow, vertical burrows in the upper surface of 

the Whitestone have the shape of the edge of a very short 

cylinder (Plate XV, Figure 2). They are up to 1 cm wide 
« r 

and 8 cm long. Probably they are the lower part of U-shaped 

burrows extending downward from the overlying Keys Valley 

Marl. 

4) Short, vertical, back-filled burrows occur in the 

Trigonia shell hash. Preservation is very indistinct 

(Plate XIII, Figure 3). They are 6 mm in diameter x 4 cm 

long. Of unknown origin. 

Environmental Interpretation Based Upon the Ichnology 

All of the borings and burrows are common in inter¬ 

tidal and shallow subtidal environments today. The lack of 

crustacean "volcanoes" perhaps indicates that current and/or 

tidal action was sufficient to move the excurrent sediment 

from the immediate vicinity of the excurrent holes. 

Environmental Interpretation Based on All Lines of Evidence 

The ooids and the avalanche cross bedding point to very 

shallow subtidal conditions. The lack of subaerial cements 

points to submarine cementation of the upper surface of the 
•t 

Whitestone. Perhaps this cementation was in response to a 

shallowing of the sand bank and a slackening in sedimentation 

and/or reworking of the constituent particles. An algal 

' mat may have stabilized the sediment and been influential in 
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Plate XV. Fossil Traces of the Whitestone Limestone. 

Figure 1. Top of a quarried block of Whitestone Limestone 

showing two of the depressions that may be the entrances to 

crustacean burrow systems. Note the multitude of smaller 

biogenic holes in the surface. 15 cm. rule for scale. 

Figure 2. Diagram of the edge of a cylinder-shaped burrow. 

They are seen in the upper surface of the Whitestone.as a 

horizontal slot that is shallower at either end than they 

are at the middle, lx. 



Figure 1 
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the cementation. The mat’s weathered remnant may be the 

previously mentioned upper soft-weathering layer between 

the Whitestone and the Keys Valley (p. 52, this report). 

Discussion 

The fossil traces do not solve the subaerial - submarine 

cementation question. They show only that the environment was 

most certainly very shallow subtidal and could have been 
# 

intertidal (see also pages 49-51 and pages 85-86 ). 

The shallow cylinder edge burrows which may be the 

lower end of U-shaped burrows point to the absolute necessity 

of realizing that perhaps the entire surface was not evenly 

or completely cemented before the Keys Valley was deposited 

upon it. Many boring organisms can secrete sheaths on the 

walls of their borings in order to either close up holes in 

their borings or to bind loose substrate material. That is 

to say that perhaps the ONLY cementation that occurred was 

beneath algal mats and/or in the immediate vicinity of the 

borings of organisms. 
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Fossil Traces in the Keys Valley Marl 

f 

Lithology, Paleontology and Ichnology 

There are two dominant lithofacies in the Keys Valley 

Marl (Plate XVI, Figure 1). Generally they are interbedded 

but there is a zone about 9-12 feet above the base of the 

Keys Valley that is dominated by the beds of what I will 

call the "blocky-weathering facies". 

The facies that dominates the lower levels of the Keys 

Valley is clayey, fossiliferous, nodular, dark-colored, and 

nodular-weathering. Whole body fossils are common and in¬ 

clude large burrowing bivalves such as Cucullaea gracilis 

Cragin, C.yprimeria sp., Homomya fredericksburgensis Ikins 

and Corbis rob!esi Bose preserved in living position. The 

oysters Exogyra texana Roemer and Gryphea marcoui Hill and 

Vaughn,the cephalopods Metengonoceras sp. and Oxytropidoceras 

sp., and the gastropods Lunatia sp. and several species of 

Tylostoma are also abundant. Fragmental fossils are 

ubiquitous. 

The traces in this facies are three types of burrows. 
4 

Their intersections are influential in creating the nodular 

weathering (Plate XVI, Figure 2 and Plate XVII). That is, 

the burrow-fills apparently weather differentially than the 

matrix. This, depending upon the spacial density of the 

burrows, produces nodules of different sizes.. These "primary" 

nodules break down of course with further weathering. Any 

particular weathered outcrop has material from all stages of 
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Plate XVI. Weathering and Fossil Traces.of the Keys 

Valley Marl 

Figure 1. Nodular-weathering Keys Valley Marl below (A) 

is interbedded with blocky-weathering facies (B) near the 

hammer. The blocky-weathering facies dominates above this 

(C). Wooden hammer handle is 25 cm long. 

Figure 2. A vertical slab of nodular weathering Keys 

Valley Marl showing burrows that spiral about a vertical 

axis,(A) and horizontal burrows of various sizes. See 

Plate XVII. Horizontal bar scale equals 2.0 cm. 
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Figure 1 

PLATE XVT 

Figure 2 
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this process. 

1) The first type of trace is a mudstone-packstone- 

filled vertical burrow in a similar matrix. These are 

circular in cross section where not flattened by compac¬ 

tion and they gently spiral about a vertical axis. They 

are 0.5-2.0 cm in diameter and have indistinct wall boun¬ 

daries (Plate XVI, Figure 2 and Plate XVII). 

2) Smaller sinuous, unbranched circular to oval in 

cross section, 3-8 mm in diameter traces are oriented from 

horizontal to vertical and may be U-shaped in some cases 

(Plate XVII). No webbed structures (spreiten) have been 

observed between the limbs, however. Generally, these 

burrows are mudstone filled and occur in the same mudstone- 

packstone matrix. 

3) Grainstone-filled, short, curved, circular to oval 

in cross section pipes are up to 3 cm in diameter and 

weather out of the mudstone-packstone matrix (Plate XVIII, 

Figure 1). Often larger knots of grainstone with several 

pipes extending from them weather out. 

The second lithofacies of the Keys Valley Marl is a 

light-colored blocky-weathering mudstone. Oyster frag¬ 

ments up to 2 cm long are the dominant fossils. Dictyconus 

sp. (a foram) is also a common fossil. Traces in this facies 

are of two types. 

1) Dominant are very vague mottles which can be seen 

only under long wave ultra-violet fluorescence and even 
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PLATE XVIII. Fossil Traces in the Keys Valley Marl 

Figure 1. Horizontal-grainstone filled thalassinidean 

burrows. Individual pipes cross in upper center. Beneath 

the scale is a large knot of grainstone with pipes leading 

to it. Right hand scale in cm. 

Figure 2. Vertical slab of blocky-weathering Keys Valley 

Marl in natural (day) light. Compare with Figure 3. 

1 division on the scale equals 1.0 mm. 

Figure 3. B1ocky-weathering Keys Valley Marl in ultra¬ 

violet light. Note the horizontal "krinkled" laminations 

and mottles in the central area of the vertical slab. This 

is the same surface photographed in Figure 2. 
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then they are indistinct (Plate XVIII, Figures 2 and 3). 

Their exact geometry has not been ascertained. 
i 

2) The second type of trace in the blocky weathering 

facies of the Keys Valley Marl is a very distinct, 5 x 7 mm 

oval in cross section, gently arcuate, mainly horizontal 

trace that is probably U-shaped (Plate XIX, Figure 1). It 

is identical to traces found associated with oyster reefs 

and large mudstone cobbles in both the Keys Valley Marl and 

the Bee Cave Marl (see p. 8l). In the latter cases, how¬ 

ever, only fragments 2-4 cm long have been found. 

Interpretation of the Ichnology 

Based on the evidence discussed below I believe that 

the fossil traces in the Keys Valley Marl were made by the 

following kinds of organisms. 

1) The burrows that spiral about a vertical axis were 

made by crabs. 

2) The sinuous unbranched burrows are annelid burrows. 

3) The grainstone-fi11ed pipes and knots are the bur¬ 

rows of thalassinidean crustaceans. 

4) The indistinct mottles may be either poorly pre¬ 

served algal laminations or back-filled crustacean burrows. 

5) The gently arcuate, horizontal, oval-shaped burrows 

are annelid burrows Rhizocoralliurn if one accepts that they 

are U-shaped and can imagine spreiten between the limbs 

of the U. 
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Plate XIX. Fossil Traces in the Keys Valley Marl 

Figure 1. Horizontal burrows are preserved in this piece 

of blocky-weathering Keys Valley Marl below A and E. This 

was probably a single U-shaped burrow extending from A to 

B, turning at C, and then through D to E. Upper scale 

labeled in cm. 

Figure 2. Distribution of Crustacean burrows in relation to 

tidal range. (A) 6 species of crabs. (B) 3 species of deca 

pods, 1 species of stomatopod. (Modified after Braithwaite 

and Talbot, 1972, Figure 1). 
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Environmental Interpretation Based on All Lines of Evidence 

The Keys Vallèy Marl is distinctly different from the 

Bee Cave Marl and the Cedar Park Limestone in stratigraphic 

position, paleontology and ichnology. Whereas the stratig¬ 

raphic position of the Bee Cave Marl and the Cedar Park 

limestone are within a transgressive sequence, the position 

of the Keys Valley Marl in terms of transgression versus 

regression is uncertain. Formerly when the bored upper 

surface of the Whitestone was considered to represent sub¬ 

aerial exposure, the Keys Valley Marl with its marine fauna 

could be clearly interpreted to represent a transgression, 

followed by shoaling conditions of the Edwards Formation. 

Evans' (1971) data suggest that the rudist-rich sediments 

below' the Whitestone and the Whitestone itself do indeed 

represent a local regression to shallow subtidal condition 

where sedimentation outpaced deepening of the waters. Does 

the Keys Valley Marl represent a transgression and there¬ 

fore a reversal of this local regression or does it repre¬ 

sent a continuation of shallowing conditions, perhaps into 

the intertidal regime? 

The presence of ammonites puts limits on the environ¬ 

mental interpretation. The ammonites are more abundant in 

the Keys Valley Marl than in the Bee Cave Marl or the Cedar 

Park Limestone. Also, they tend to be concentrated in 

layers. Although they are the cosmopolitan types which 

Young (1972, p. 719) thinks represent the breaching of 

the Stuart City shelf edge reefs by transgression and the 
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introduction of oceanic fauna into formerly protected 

shelf lagoons, thè thinning of the Keys Valley Marl over 

the Whitestone and its non-deposition to the south of the 

Whitestone coupled with the presence of supratidal 

Edwards Limestone to the south of the Whitestone suggest 

that the Keys Valley Marl could have been deposited in very 

shallow water. In this case, the concentration of ammonites 

in layers could represent the stranding of these open ocean 

invertebrates on tidal flats. 

The ichnology of the Keys Valley Marl also distinguished 

it from the Bee Cave Marl and the Cedar Park Limestone. The 

unbranched burrows that gently spiral about a vertical axis 

are similar to the supratidal and intertidal crab burrows 

that Braithwaite and Talbot (1972) found in the Recent sedi¬ 

ments of the Seychelles Islands (Plate XIX, Fig. 2). The 

Recent crab burrows spiral about a vertical axis, usually 

have a single entrance, and sometimes are J-shaped. In 

dontrast, the shrimp burrows, which include burrows made by 

four types of decapods and one type of stomapod (Squi 11 a), 

have a vertical funnel-shaped entrance shaft leading to 

horizontal passageways at depth. All of the shrimp burrows 

branch. They are all intertidal or subtidal (down to 30M 

in Braithwaite and Talbot's study). The interpretation of 

the unbranched burrows that gently spiral about a vertical 

axis as intertidal crab burrows coupled with the presence 

of shrimp and annelid burrows that may be either inter¬ 

tidal or subtidal burrows suggest that parts of the Keys 
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Valley Marl may have been intertidal. 

Another interpretation is based on the rarity and lack 

of orientation of the Rhizocoral1ium burrows which occur in 

the blocky-weathering facies of the Keys Valley Marl. In 

the Jurassic of England, Farrow (1966) found Rhizocoral1ium 

to be both less abundant and without consistent orientation 

in deeper water sediments. The similar aspects of the 

Rhizocoral1ium burrows coupled with the presence of ammonites 

in the Keys Valley Marl could lead to a parallel interpreta¬ 

tion of the Keys Valley.Marl as a deeper water sediment. 

However, in the Keys Valley Marl the best preserved 

Rhizocoral!ium are only incompletely preserved (note 

expecially the lack of spreiten). Thus, their rarity is 

perhaps due to their obliteration by diagenesis, and their 

abundance and orientation in the paleo-environment are not 

accurately reflected by their preservation. It follows 

that the Rhizocoral! ium in this study do not define either 

the depth or environment of deposition. 

The abundant annelid burrows of the nodular-weathering 

lithofacies point either to an intertidal or subtidal 

regime. Grainstone-filled, horizontal, thalassinidean 

burrows denote intertidal to subtidal conditions. These 

are not abundant, but they along with the annelid burrows, 

do rule out an enduring supratidal environment. The bur¬ 

rows that spiral about a vertical axis probably denote 

intertidal conditions. 

The blocky-weathering lithofacies is characterized by 
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indistinct mottles, Rhizocoral1iurn and oyster fragments. 

Perhaps this lithofacies represents tidal pools or small 

subtidal basins that normally collected only fine grained 

sediment, but during rough weather caught coarser material. 

Burrowing and diagenesis have destroyed all but the most 

robust of the calcitic debris, namely the oyster fragments. 

Some of the indistinct mottles may be remnants of laminated 

algal structures and not fossil traces in the usual sense. 

In summary, the Keys Valley Marl is distinctly different 

from the Bee Cave Marl in stratigraphic positions, paleontol¬ 

ogy and ichnology. The above described ichnology suggests 

that an intertidal interpretation of parts of the Keys 

Valley Marl may be warranted. This further suggests that 

an intensive paleoecological study of the Keys Valley 

Marl over a wide area might prove to be very fruitful. 
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Fossil Traces Associated with the Oyster Reefs and Intraclasts 

Within the Bee Cave Marl and the Keys Valley Marl 

Lithology and Paleontology 

Accumulations of calcitic oyster shells (Exogyra and 

Gryphea) occur in the two marls. Associated with these are 

cobble-sized carbonate mudstones that are extensively bored. 

In some instances the reefs are surrounded by a flanking 

fan of pelletoidal grainstones. In general, the reefs 

measure less than a hundred feet in horizontal extent and 

from one to a few feet high. 

Ichnology 

Borings 

1) Borings have a tapered longitudinal section, are 

1 cm in diameter, 2-3 cm long, and have a heart-shaped cross 

section (Plate XX, Figure 1). Many borings are broken show¬ 

ing that bioerosion weakened the strata to the point where 

it collapsed, perhaps under some overburden. Lithophaga 

is one of a number of modern day boring bivalves that make 

holes like this. 

2) Gryphea shells have round to oval cross-sectioned 

borings up to 1 mm in diameter (Plate XX, Figure 2). Depth 

of boring is approximately equal to diameter. The borings 

only rarely contain bivalve shells and then never more than 

one valve. The valve is always much smaller than the 

boring indicating that it may be a detrital accumulation 
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or the valve of a nestler. Borings probably were made by 

barnacles, or perhaps by juvenile bivalves. 

3) Hairpin-shaped borings occur in oysters and intra¬ 

clasts. Usually they are 1 cm long with each branch up to 

1 mm in diameter. These are Polydora annelid-type borings. 
f 

4) Irregular-shaped networks of borings in Exogyra and 

Gryphea shells and in intraclasts (Plate XX, Figure 3). They 

are up to 1 mm diameter. These are sponge borings. 

Burrows 

1) Horizontal, gently curving (arcuate), unbranched 

burrows without scratch marks or back-filled features 

(Plate XX, Figure 4). The flattened cross section, 5x7 

mm is regular in outline. They are produced by annelids 

or possibly crustaceans. Probably they are the trace 

Rhizocoralliurn (see page 71 and Plate XX, Figure 4). 

Environmental Interpretation Based Upon the Ichnology 

Bivalve borings and annelid burrows are common in 

intertidal environs today. The other three types of borings 

produced by barnacles, sponges and Polydora-type annelids 

are found today almost exclusively in subtidal regimes. 

Discussion 

I interpret the environment of the Keys Valley Marl as 

subtidal to intertidal. The Bee Cave Marl environment was 

subtidal. The fossil traces in the oyster reefs and intra¬ 

clasts of these two members of the Walnut Formation are a 

mixture of intertidal to subtidal. 
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CONCLUSIONS 

1) Bee Cave Marl - 

a) In the study area the Bee Cave Marl was de¬ 

posited in a subtidal environment. Burrows of thalassinidean 

crustaceans dominate this member. Although these burrows 

are found today in both intertidal and subtidal environments, 

in the Bee Cave Marl, there is no other ichnological or 

physical evidence for intertidal conditions. 

b) The Bee Cave Marl remained soft, at least dur¬ 

ing the time it was inhabited by infauna. The burrows do 
4 

not have sharply defined walls, and collapse structures 

show that the burrows were distorted plastically after 

their formation. The presence of large burrowing bivalves 

in living position further testifies to the long-term soft¬ 

ness of the sediment. 

c) The major difference between the Bee Cave 

Marl and the Cedar Park Limestone is that the Bee Cave 

Marl has a much higher clay content. This may be the rea¬ 

son why the Bee Cave Marl remained soft long after deposi¬ 

tion while the Cedar Park Limestone seems to have 1ithified 

early in its diagenetic history (see below). 

Z) Cedar Park Limestone 

a) The Cedar Park Limestone like the Bee Cave 

Marl was deposited in a subtidal environment, for the same 

reasons as above. Thalassinidean burrows are common. The 

environment of the Cedar Park was perhaps wave- or current- 
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influenced because no conical piles of sediment are pre¬ 

served around the exits of the crustacean burrows. 

b) Because borings do not occur in the Cedar Park 

Limestone, the sediment at the sediment-water interface was 

probably soft. 

c) However, the edges of the burrows in the 

Cedar,Park are well defined and micritized. This indicates 

early 1ithification, indeed, a substantial amount while 

still inhabited by the burrowers. 

d) The absence of large burrowing bivalves in 

l.iving position also points to the Cedar Park being rather 

firm at a shallow depth in the sediment. 

e) Conclusions b, c, and d together imply that 

the Cedar Park lithified internally while remaining soft 

at the sediment-water interface. 

f) Moreover, by comparing the burrow walls of 

the Bee Cave Marl (indistinct) with the burrow walls of the 

Cedar Park Limestone (well-defined) it is possible to state 

that in the fossil record ephemerally open burrows can be 

distinguished from permanently open burrows. 

3) Edwards Limestone 

a) The burrows obscured by diagenesis and 

weathering in the interreef mudstones of the Edwards 

Limestone (Stratigraphic Sections 6 & 7) are probably very 

similar to the thalassinidean burrows of the Cedar Park 

Limestone. 



b) The Cedar Park Limestone and the Whitestone 

Limestone are genetically closer to the Edwards Limestone 

than to the Key Valley Marl or the Bee Cave Marl. This 

deduction is based upon 1) the high clay content of both 

marls, 2) the absolute lack of rudists in the marls, and 

3) the burrows in the Edwards inter-reef mudstones that are 

probably very similar to those of the Cedar Park Limestone. 

4) Bored Surfaces 

a) The rugged topography of the bored surface 

beneath the Whitestone and the upper somewhat hummocky but 

unbored surface of the Trigonia beds are depositional, not 

erosional surfaces. These surfaces have no subaerial 

cements, birdseye textures, mud-cracks, or caliche 

associated with them. 

b) The flat upper surface of the Whitestone 

represents depositional planing by approach to sea level, 

followed by submarine cementation. Again there is no 

evidence for a subaerial event (Evans, 1971; this paper). 

This level surface was extensively colonized by borers. 

c) All bored surfaces investigated (the upper 

bored surface of the Whitestone, the bored surface beneath 

the Whitestone, and the bored oyster reefs and associated 

intraclasts) were lithified in the submarine environment, 

and were hard when penetrated. Boring is demonstrated by 

the shapes of the traces as well as the fact that where 

borings penetrate granular material, the grains are cut, 



85 

not pushed aside or compacted Into the walls. Bored cobbles 

must have been hard in order to maintain their fragmental 

shape. All of this does not mean that the bored surfaces 

had to be evenly cemented. Perhaps all cementation was 

associated with biologic processes, either of the borers 

themselves or of other organisms such as algae. 

d) All of the criteria of Rose (1970, 1972) for 

submarine cementation are' not met by the bored surfaces 

investigated in this study (see p. 49 and p. 62 ). 

CRITERION Bored oyster 
reefs and 
intraclasts 

Surface 
beneath 
Whitest. 

Upper 
Whitest 
surface 

1) repetitive 
surfaces + « mm 

2) permeable stratum 
below bored surface - + + 

3) stratum above bored 
surface accumulated 
slowly + . + 

4) certain lithic 
succession + ? ? 

5) no relation to 
structure + • « 

6) marine sediments ★ + ★ 

7) other evidence ‘ + + + 

TABLE i. Comparison of Rose' (1970) Criteria with 
Bored Surfaces in this study. (+) = Rose' 
criterion met by surface in question. 
(-) * Rose' criterion not met by the 
surface. (?) = (+), if the succession is 
a fining upward grainstone. (*) * (+), if 
intertidal « marine. 
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At most, only three of Rose' criteria apply to all 

three surfaces, a) Number 4 if we accept the "certain lithic 

succession" as a fining upward grainstone. A different 

succession would apply in the case of the bored oysters and 

intraclasts. It would consist of the microfacies associated 

with the reefs, b) Number 6 if we include intertidal in our 

definition of marine. This seems to be reasonable, 

c) Number 7, the only definitive criterion, here, as in Rose* 

study, one of negative evidence. That is, mudcracks, 

birdseye texture and subaerial cements do not occur 

associated with any of these surfaces even though such 

structures are preserved nearby in unbored grainstones and 

mudstones. 

5) Miscellaneous Conclusions 

a) Enallaster texanus was probably a surficial 

sediment plower. It does not have the morphological 

characteristics of modern urchins that burrow into muds, and 

it has not been found preserved in its burrow. No 

distinctive urchin burrows that would point to an infaunal 

mode of life have been found. 

b) Burrows that spiral about a vertical axis are 

probably the intertidal burrows of crabs. This type of 

burrow may be very stable structurally in the wet-dry 
4 

environment of the intertidal or their shape may make it 

easier for crabs to mine the sediment for food. 

c) Burrows that spiral about a vertical axis may 

be used for digeopetals. I have never seen burrows of this 

size spiral about any axis other than a vertical one. 
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SUMMARY - The Significance of the Fossil Traces in Inferring 

the Geologic and Diagenetic History of the Strata Associated 

with the Whitestone Limestone 
» 

Table 2 presents my summary of the important ichnologic, 

lithologic, and paléontologie features of this carbonate 

sequence. 

Terrigenous carbonates (marls) interfinger with purer 

carbonates. The higher clay mineral content of the Keys 

Valley Marl and the Bee Cave Marl relate them to the northerly 

and westerly terrigenous strata (i.e., the Paluxy Sandstone), 

while the lack of clay material in the Cedar Park, the 

Whitestone, and the Edwards Limestones class them as purer 

carbonates. 

Fossil traces in the Bee Cave Marl and the Cedar Park 

Limestone label them as subtidal deposits (Plate VI and 

Plate IX). It is not possible at the present time to 

evaluate the relative depths of deposition of these two 

interfingered units. They were probably deposited in normal 

or near normal marine conditions because the crustacean 

burrows are not accompanied by the restricted marine burrow 

assemblage of Perkins (1971, p. 79) and this thesis (p.H). 
The diagenesis of the burrow walls in the Cedar Park 

Limestone indicates thatrthese burrows were open for long 

periods of time. The wall boundaries are well defined and 

have micritized halos. In contrast, the burrow walls in the 

Bee Cave Marl are indistinct and many of the burrows are 

collapsed and show soft sediment distortion. Thus, the 
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traces show that the Cedar Park Limestone lithified early 

while the Bee Cave Marl remained soft during its reworking by 

the infauna. The rudist grainstones beneath the Whitestone 

and the Whitestone itself represent shallowing conditions 

where sedimentation outpaced any deepening of the waters. 

Within both units soft sediment burrows are abundant. Both 

units are topped by a bored horizon that probably was lithified 

in a very shallow marine environment. 

The Keys Valley Marl has a distinctive trace assemblage 

which may indicate a culmination of the local regression with 

intertidal conditions (Plate XVII). Spiral burrows of the 

type found in the Keys Valley Marl have, in various studies, 

been associated with intertidal conditions (Shinn, 1968; 

Farrow, 1971; Braithwaite and Talbot, 1972). Rhizocoral 1 iurn, 

the burrows of annelids, and the burrows of thalassinidean 

crustaceans, however, do not strongly support enduring 

intertidal or supratidal conditions. The paleontology of the 

Keys Valley Marl, particularly the ammonites and the regular 

echinoderms, also inveigh against long term restricted, or 

intertidal, or supratidal, conditions. 

Thus, the fossil traces provide significant criteria that 

can be used in coordination with other lines of evidence to 

develop an integrated interpretation of the geologic and 

diagenetic history of these strata. 
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APPENDIX - Stratigraphic Sections 

Introduction 

Plate II shows the map locations of the seven 

stratigraphic sections which- I measured. The next part of 

this report, Location of Stratigraphic Sections, contains 

exact map coordinates and a verbal description of the site 

of each section. 

Only basic field observations are charted. Paleon¬ 

tological identifications are by comparison to Ikins (1941). 

Stratigraphic nomenclature follows Moore (1961, 1964, 1966) 

except in the case of the rudist-bearing stratum beneath the 

Whitestone Limestone. This exception is explained and 

discussed on pages 38 and 41. The lithologic descriptions 

employ Dunham's (1962) textural terms with adjective 

modifiers. I also have used one of Folk's (1962) terms. 

Micrite refers to clay sized carbonate particles only. I 

accept Folk's idea that pellets are pellets and not micrite 

even though they are composed of micrite and even though 

their origin (deposition versus diagenetic) may be unknown. 

, Fossil trace Identifications are referenced and dis¬ 

cussed within the body of the text. 

The cumulative thicknesses are in feet. Please note 

the scale change in Section #5. 

Symbols 

*vw present erosion surface -covered interval 

— lithologic contact inferred  lithologic contact 
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Location of Stratigraphic Sections 

Base Maps: A) Leander Quadrangle, Texas, 7.5 minute series, 
topographic (1962) U.S. Dept. Interior. 

( 

B) Nameless Quadrangle, Texas, 7.5 minute series, 
topographic (1962) U. S. Dept. Interior. 

C) Lake Travis Quadrangle, Texas 15 minute series, 
topographic (1959) U.S. Dept. Interior. 

Stratigraphic Section 1 - South Fork of San Gabriel River 
Base Map A. 

Section starts at 890 foot elevation, on the 

south side of the South Fork of the San Gabriel 

River, approximately 0.5 miles southwest of 

U.S. Route 183 bridge. Section continues to 

top of cliff; then south across bulldozed open 

area, and to the top of hill at 30°36'i8" N, 
l 

97°52'11" W. 

Stratigraphic Section 2 - Bagdad - Leander 
Base Map B. 

Section starts at 1030 foot elevation where 

dry stream bed crosses Farm Road 2243, 4.7 

miles west of Leander-, Texas. Section 

continues northeast along F.M. 2243 to top of 

hill where most of section is covered. 

Stratigraphic Section 3 - Heierman Ranch and Jenkins Ranch 
Base Map A & B 

A composite section: 1) Along a dirt road on 

Jenkins Ranch, Starts at 30°32'44" N, 

97°52'20" W, continues north up the hill to 

30°32151“ N, 97°52'19" W. 2) On Heierman 
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Ranch, starts in gully northeast of quarry 

and continues to the quarry located at 

30°32'55" N, 97°53132" W. 

Stratigraphic Section 4 - Whitestone 
Base Map A & B 

Section starts in gully just north of the 

junction of F. M. 1431 and Trails End Road 

(Base Map B). It then wanders eastward to 

the quarry located at 30°31,45" N, 

97°52125" W (Base Map A). 

Stratigraphic Section 5 - Lime Quarry 
Base Map A. 

Section on the south wall of the quarry just 

south of Bonnet Cemetery. This quarry is not 

on the map. It is located at approximately 

30°30'02" N, 97°51100" W. 

Stratigraphic Section 6 - Skunk Hollow 
Base Map C. 

Section starts at 30°28'20" N, 97°52'12" W 

on the south side of the hollow, just below 

a prominent bench. Section continues 

southeast across this bench and up to the 

top of the plateau at 30°28'08" N, 

91°51157" W. 

Stratigraphic Section 7 - Bullick Hollow - Four Points 
Base Map C. 

Section starts just below the prominent 

bench that is at the base of the road cut 

0.9 miles northwest of Four Points on the 



Anderson Mill Road (not as marked on base 

map). Section continues southeast up the 

road cut and then east-southeast across the 

wooded area that 1s the top of the Oollyvlll 

Plateau. Section ends before reaching Texas 

Highway 620. 
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SOUTH FORK OF SAN GABRIEL RIVER 
STRATIGRAPHIC SECTION *1 
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LITHOLOGY AND PALEONTOLOGY 

Flaggy, chalky weathering mic¬ 

rite. Original textures and 
structures completely destroyed. 

Nodular weathering with layers 
of ammonites, Gryphea. Exogyra. 

Cyprimeria. This biomicrite has 
abundant shell fragments as well 
as whole fossils. 

ICHNOLOGY 

Unobservable. 

Variable sized burrows form a 

distinct vertical and horizontal 
pattern. Burrows filled v/ith 
micrite or wacke-packstone. 

100 

90 

80 

70 

157 Oxytropidoceras zone. 

178 
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:Contact not exposed. 
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176 

g 177 

50 M 
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40 
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30 

Biomicrite and recrystallized 
limestone. Upper parts with 
small coral and Pinna in life 
position9 miliolias. hxogyra. 

gastropod fragments. Whole 
Anatina and Turritella through¬ 
out. 

Biomicrite, Exogyra. Gryphea. 

fragmental and whole molluscs. 

Horizontal and vertical branch¬ 
ing burrow systems, 1.5 cm dia¬ 
meter. Grainstone fill of shell 
fragments. Burrow edges are 
micritized. 

Wackestone filled burrow systems 
approximately 2.0 cm diameter. 

20 

10 

890* 

Exogyra reef, intraclasts. Sponge borings in Exogyra. 

Biomicrite, Exogyra. mollusc and Wackestone filled systems, 2.0 
echinoid fragments, whole Cucul- cm diameter. Smooth, horizontal 
laea. micrite intraclasts. burrows, 7.0 mm diameter. 

0 
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STRATIGRAPHIC SECTION m2 
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70 

60 

1100' 

*2 
M 
w 

Mostly covered. Nodular Keys 
Valley Marl weathering. 

50 

165 

jCovered. 

Hard brecciated mudstone to 
wackestone with forams. mollusc 
fragments and small, spired gas¬ § 159 

40 
« 

tropods. 

0< 

30 

i 
M 
O 

Nodular weathering mudstone to 
wackestone. Whole molluscs in 
living position, echinoid spines 
and forains. 

Horizontal and vertical, mud¬ 
stone to wackestone filled 
irregular burrows. 

Irregular burrows. 

Wackestone to grainstone filled 
horizontal and vertical burrow 
systems with 42-55° angle of 
branching. 

Nodular weatheringt mudstone 
to wackestone filled horizontal 
and vertical burrows. 

20 

10 

iCovered 

Soft weathering gray marl with 
abundant Gryphea. few molluscs 
and echinoid. fragments • A mud¬ 
stone to wackestone matrix. 

Irregular mottles approximately 
1*5 cm diameter. Gradational 
into matrix. 
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HEIERMAN RANCH 8 JENKINS RANCH 
STRATIGRAPHIC SECTION *3 

LITHOLOGY AND PALEONTOLOGY ICHNOLOGY 

60 

50 

49 Wackestone with oysters and high 
50 spired gastropods. Some styloli- 
51 tization. 

Branching burrows up to 1*5 cm 
diameter. Predominantly hori¬ 
zontal. Similar to Bee Cave Marl 
burrows of sample 105* 

40 

50 

'Micrite with oyster fragments and 
some echinoid spines. 

S 179 

S (3 Micrite with whole Exogyra and 
ta â high spired gastropods. 

^ 188 

Bioturbated (scrambled). 

Mudstone to wackestone filled 
branching burrows 1*5 cm dia¬ 
meter. Weather nodular. 

20 

10 

0 

1051' 

ht CQ 

1020' 

185 Pelletoidal oolitic grainstone 
184 interfingers to the north with 
183 wackestone and packstone having 

forams, ostracodes and oysters 
Below: cross bedded Trigonia 
;grainstone. 
ÎCovered contact. 
Mudstone with honeycomb weather¬ 
ing. miliolids and gastropods. 

65 

Bored upper surface. 

Horizontal and' vertical, branch¬ 
ing, 1.5 cm diamter burrow 
systems. Packstone filled. Prob¬ 
ably have micritized edges. 
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70 

60 

50 

40 

179 

181 
180 

•1048'-yTST 

rA G, 55D 
S g a g TRIG 
5 co 

Mottled mudstone with oyster 
fragments and a few echinoid 
spines. 
Mudstone to wackestone with 
whole oysters, regular and ir¬ 
regular echinoids. Oyster-lith- 
.oclast reefs* Oxytropidoceras*. 

Pelletoidal oolitic grainstone 
with forams, echinoid and mol¬ 
lusc fragments. 
Cross tedded Trigonia grainstone 
•with pellets ana whdTe Turntellai 

Mostly covered* few rudist* bi¬ 
valve ana gastropod fragments* 

Distinctive mottling* 

Bored oysters* Mudstone to 
wackestone filled burrows of 
variable size and shape* 

Bored surface* 

"Escape" burrows 

Sponge borings in Trigonia 
valves. Back filled burrows 
in matrix, 
"Brass ring" weathering. 

30 

20 

10 

Gentle slopes and gulleys- 
mostly covered* Pew whole 
Cucullaea harrisi* Exogyra, and 
Grynhea plus echinoid spines* 

Indistinct mottles approximate¬ 
ly 1*5 cm diameter* 

0 
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18 

10301 Silt to fine sand sized biopel— 
^ letoidal oblitic grainstone, 

Echinoid and mollusc fragments. 

Upper part very weathered. 

16 

14 

12 

g 19 
o 
& 
H Upward fining sequence. 

*4 

w 
§ 18 Trigonia buried in finer grained 
S material consisting of pellets, 
[3 micritized shell fragments and 
ËJ bored intraclasts. 

Lower part with vertical 
escape burrows. 

Short, back filled burrows 
between shells. Sponge borings 
in Trigonia valves. 

10 

6 

6 

4 

17 

16 

15 

14 

Bored surface/Upper 3.5 well sort¬ 
ed silt and fine sana sized pellets 
and obids. Lower 5 poorly sorted grainstone with }Sr rudists. 
harp contact. 

Well sorted silt to fine sand 
sized pelletoidal grainstone. 

Coarser grained than below. Rudist 
fragments up to 2". High spired 
gastropods. Silt sized geopetal 

Gradational contact. 
Poorly sorted, coarse grainstone 
with rudist and oyster fragments 
and intraclasts. 

Burrows similar to below, but 
vertical tubes are dominant. 
Probably upper part of those 
below. 
Slightly flattened,full relief, 
horizontal,gently curving bur¬ 
rows, 9 mm diameter. Pilled witl 
silt sized pellets, forams, and 
shell fragments. 

No traces. 

2 

g 

1 

13 

Sharp contact. 

Poorly sorted grainstone of molluscs, 
echinoid spines, miliolids, algal 
plates and rudists (up to ln). 

No traces. 

0 
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137 

Mudstone with Toucasia and mil¬ 
iolids. Heavily weathered• 

Unobservable, 

to 

“7TT Cross bedded pelletoidal oSlitic 
«o grainstone. Cross sets up to 12" 
135 thick. Silt sized mollusc, eçhinoid 

—3 foram fragments. Small high 

No traces, 
present. 

Dessication voids 

134 

and fo 
spired gastropods. 
1" thick chalky weathering flags 
of grainstone. Silt to fine sand 
sized mollusc, echinoid and forautt 
fragments in horizontal laminations. 

133 Rubble slope of honeycomb weather¬ 
ing. Abundant rudists and miliolids. 

Massive ledge of honeycomb weathered 
mudstone. Caprinids and toucasia. 

132 

60. 
•10251 

50 g 

131 

îMarly weathering mudstone to wacke- 
•stone. Fragmental to whole fossils circular mottles. Horizontal 
in living position. High sPir®J ones generally of mudstone, 5 om 
.gastropods, robust bivalves, Pinna, diameter. Larger inclined ones 
•and fragments of radiolites. filled with wackestone. 

40 

30 

20 

10 

3 

995' 

« 

1 Exogyra reef with miliolids and 
ecninoid spines. Exogyra very 
.large. 

:Mudstone with Cucullaea harrisi. 
•Mostly covered on a gentle slope. 

129 Mudstone to packstone with Exogyra 
and Turritella. 

Same as sample # 128 below. 

Probably nodular weathering. 
Indistinct burrow systems. 

No borings in Exogyra. 

965* lOA Exogyra reef with flank deposits 
of pelletoidal grainstone. Mili- 
olids, echionoderm spines and 
mollusc fragments. 

Horizontal, full relief, arcuate 
smooth, unbranched burrows 5 ~ 
8 mm diameter. 
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BULLICK HOLLOW-FOUR POINTS 
STRATIGRAPHIC SECTION *7 
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120 

110 
Low to high angle cross beds of 
fine to medium sand sized grain- 
stone: forams, echinoid fragments, 
ottids, pellets and rounded to sub- 
angular micritized particles. 

100 

ICHNOLOGY 

Irregular diagenetic silica 
mottling. No reasonable^bur¬ 
rowing pattern discernable. 

90 

80 

i 
CQ 

M 

70 

Covered on plateau surface. 
Scattered chert balls and chalky 
weathering mudstone with mili- 
olids. 

149 

148 

Chalky weathering mudstone with 
a few miliolids. Chert balls up 
to 2*5 cm diameter. 

60 

50 

995’ in 

§ 

1 
w 

107 
 106 

110 

109 

Chalky weathering wacke-packstone 
with small gastropods ana miliolids. 

ÏSVSSte3 "lll°ul ”aet0" “ttles ““ t01-° °* 

&ÈUS^itE*HliSÎÎSt,»£à1S3rlniaa Ê" of hard layered mudstone. Horizontal branching burrow. 
2M of faintly layered mudstone. systems up to 5 cm diameter. 

40 

30 

s 
20 ° 

104 Marly weathering mudstone to^ _ 
?§|lîîS0ÏS-iïÇfcSlit!?2.“6î|Ê 
IÊâî!l.sîfô|S?îIl SgXSigtei). 

105 Lima. Neithea. Exogyra. Pinna 
caudium. Protocardiafand Pholad- 
omya. 

Irregular mottles,^walls son 
what gradational with matrix 

ills some- 
 "gradational witn matrix. 
Cross.sections are circular, 
oval, and flat bottomed, 5-15 
mm diameter. 

103 Oyster reef with flank debris. See sample # 102 below. 

10 
167 

102 

930' 

pq 

Unfossiliferous mudstone. Lith- 
oclasts and oysters cemented 
together. Caliche? 

Mudstone to wackestone. Oyster 
fragments and thin shelled 
bivalves. Large, whole gastropods: 
Tylostoma and Lunatia. 

Very hard, coarse sand sized 
grainstone. Eorams, thin shelled 
bivalves, few echinoids, caliche 
fragments • 

Sponge borings in oysters. 
Bivalve borings in oysters and 
lithoclasts. Horizontal, smooth 
unbranched burrows, 5 um high, 
7 mm wide. 

101 


