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ABSTRACT 

The Wayland Shale of Late Pennsylvanian (Virgilian) 

age was studied at selected outcrops near the Colorado River 

in McCulloch and Coleman Counties., Texas, in order to 

interpret the environments of deposition. More than 40 

exposures were examined and 23 key sections were measured 

and described in detail to provide information on the 

stratigraphic relationships of the shale and the overlying 

and underlying units. Generally, the shale is about 30 

feet thick. 

Samples taken from key intervals in the measured 

sections were studied in the laboratory in polished sections, 

thin sections, acetate peels, and washed residue. One 

representative exposure, location M-5 just east of Fife, 

was sampled vertically at close intervals through the 

fossiliferous part of the Wayland Shale in order to provide 

quantitative information on any successive changes in 

the fauna and on the physical properties of the sediments. 

Representative cuts of unwashed material and washed residue 

from locality M-5 were described in detail, the fossils 

identified, and specimens counted. A survey of published 

information on the fauna of the Wayland Shale was made, 

and in most cases, commonly accepted names are used to 

identify the fossils. Illustrations of the key fossils 

are included, however, as a means of providing a basis 

for resolving conflicting identifications in lieu of rigid 



taxonomic analyses. 

By tabulating and reducing the data and by graphing 

changes and trends, it was found that distinctive faunal 

assemblages could be recognized. Relationships between 

these assemblages and the physical properties, kinds, and 

distribution of the sediments together with analogies 

with Recent physical processes and with morphological 

types of animals provide a basis for reconstructing the 

depositional history on a local scale. 

Four faunal assemblages within the fossiliferous 

part of the Wayland are recognized: the Amphisites - 

Glyphostomella (offshore marine), the productid (inter¬ 

mediate marine), the Earlandinita pereglans (transitional 

marine), and the textulariid (marginal marine). Three 

facies in the units overlying the Wayland Shale also 

are distinguished: skeletal, algal, and fusulinid 

limestone types. 

At locality M-5, the Wayland Shale is interpreted 

to represent deposition in a shallow relatively nearshore 

environment but as having alternated from distinctively 

marine conditions (nodular limestones) to very shallow 

marine conditions reflecting the influence of nearby 

fluviatile deposition 



-i- 

TABLE OP CONTENTS 

Page 

INTRODUCTION .  1 

Purpose and Scope    1 
Previous Work  4 
Acknowledgments  6 

METHODS AND PROCEDURES  8 

Field Study   8 
Laboratory Study  10 

SEDIMENTARY RELATIONSHIPS  13 

General Statement  13 
Regional Occurrence  13 

Areal Distribution  13 
General Lithologic Relationships  14 

Local Relationships  l8 

FAUNA  24 

Accuracy of Environmental Interpretations.... 24 
Faunal Assemblages  25 

Earlandinita pereglans assemblage  29 
Amphisites - Glyphostomella assemblage.. 34 
TProductid assemblage   37 
Textulariid assemblage  40 

Basis for Paleoecological Interpretation  4l 
Interpretations  42 

Earlandinita pereglans assemblage  42 
Amphisites - Glyphostomella assemblage.. 44 
Productid assemblage  46 
Textulariid assemblage  47 

CARBONATE FACIES   .    50 

Skeletal Limestone    50 
Algal Limestone  50 
Fusulinid Limestone  50 



-ii- 

Page 

DEPOS IT IONAL HISTORY    51 

General Statement  51 
Sequence of Events    52 

SUMMARY AND CONCLUSIONS  56 

REFERENCES  58 

APPENDICES 

Description of samples from loc. M-5. 64 

Table 

1 Numbers of fossils in washed residues of 
200-gram samples of fossiliferous Wayland 
at loc. M-5 (in 7 sheets). 



-iii- 

LIST OP ILLUSTRATIONS 

Figure Page 

1 Sketch of area studied showing loca¬ 
tions of the measured sections  3 

2 Generalized stratigraphic section of 
Upper Pennsylvanian rocks in the Colorado 
River valley  5 

3 Excavation in fossiliferous Wayland at 
loc. M-20 prior to detailed sampling.... 9 

4 Ripple-marked surface of Avis Sandstone 
at loc. C-3  9 

5 Avis Sandstone at loc. M-24  17 

6 Crossbedded Parks Mountain conglomerate 
at Terriere's loc. 16020 in Brown County, 
Texas  17 

7 Compiled cross sections of Graham Forma¬ 
tion in Colorado River valley area  19 

8 Nodular limestone no. 2 in the fossili- 
ferous Wayland at loc. M-20  22 

9 Close-up of the caniniid biostrome in 
the fossiliferous Wayland at loc. C-3... 22 

10 Abundance of fossils in the fossiliferous 
Wayland at loc. M-5-....  26 

11 Faunal diversity for total fossils and 
for ostracodes, foraminifers, gastropods, 
pelecypods, and brachiopods of the fossi¬ 
lif erous Wayland at loc. M-5  27 

12 Faunal dominance for foraminifers and 
ostracodes of the fossiliferous Wayland 
at loc. M-5   28 

13 Occurrence of quartz sand grains in the 
fossiliferous Wayland at loc. M-5  30 

14 Occurrence of burrows in the fossili- 
ferous Wayland at loc. M-5  31 



-iv- 

Figure Page 

15 Abundance of foraminifer taxa in the 
fossiliferous Wayland at loc. M-5  32 

16 Abundance of foraminifer taxa in the 
fossiliferous Wayland at loc. M-5  33 

17 Abundance of dominant ostracode taxa in 
the fossiliferous Wayland at loc. M-5... 35 

18 Abundance of bryozoan genera in the 
fossiliferous Wayland at loc. M-5  36 

19 Estimated abundance of brachiopod taxa 
in the fossiliferous Wayland at loc. M-5 38 

20 Estimated abundance of molluscan taxa in 
the fossiliferous Wayland at loc. M-5... 39 

Plates Following Appendices 

1 Carbonate lithologies in beds above the 
Wayland Shale. 

2 Foraminifers from the Wayland. 

3 Foraminifers from the Wayland. 

4 Ostracodes from the Wayland. 

5 Ostracodes from the Wayland. 

6 Brachiopods from the Wayland. 

7 Brachiopods, scapholopod, gastropods, and 
pelecypods from the Wayland. 

8 Sponges, corals, and bryozoans from the 
Wayland. 

9 Pelecypods, cephalopods, trilobite, crinoids, 
echinoid, holothurians, and ophiuroid from the 
Wayland. 



INTRODUCTION 

Paleontologists and stratigraphers commonly recognize 

that distinctive faunal assemblages are associated with 

particular rock types in many parts of the geologic column 

and that the physical and biological characteristics of 

these assemblages provide clues to the depositional environ¬ 

ments. Until recently, however, little work has been done 

to quantify, tabulate, and define the detailed significance 

of the fossils which occur in such rock types as the 

fossiliferous shales, fusulinid and algal limestones, and 

black shales of the Pennsylvanian System. 

Purpose and Scope 

This report summarizes the results of a detailed in¬ 

vestigation of a fossiliferous unit on a local scale'. 

Quantitative methods are applied to a diverse fauna in an 

attempt (l) to define stratigraphic and sedimentary relation¬ 

ships, (2) to determine types and relative abundances of 

fossils, and (3) to make interpretations from the above 

which will lead to an understanding of the environments of 

deposition. An attempt is made also to describe a model 

to which subsequent studies can be compared. The snail 

fauna of the Dickerson and East Mountain Formations and 

the Campophyllum fauna of the Gunsight Formation of Texas 

and the diverse fauna of the Holdenville and Wewoka Forma¬ 

tions of Oklahoma all resemble the fauna of the Wayland 



-2- 

Shale in varying degrees and would be suitable for a 

comparison. 

The Wayland Shale, a fossiliferous mostly marine member 

of the Graham Formation, was selected for this study because 

the fauna is abundant and diverse, because the fossils are 

particularly well preserved, and because many previous sys¬ 

tematic studies facilitate identification of the fossils. 

Publications describing the stratigraphy in McCulloch and 

Coleman Counties in central Texas also indicate a considerable 

variation in facies (Bullard and Cuyler, 1936). The loca¬ 

tion of the general area and distribution of the exposures 

studied are shown in Figure 1. 

Preliminary investigation showed that locality M-5., 

ly miles east of Fife, was suitable for sampling because 

the fauna is abundant, the pertinent section is complete, 

and the locality is readily accessible. Moreover, correla¬ 

tion between facies at the Fife locality (loc. M-5) and 

those of nearby localities seemed to be practicable. There¬ 

fore, the section at Fife was sampled in detail and these 

samples were analyzed quantiatively for all fossils and 

significant minerals. 

Studies by Imbrie (1955) on the Permian Florena Shale 

of Kansas and by Laing (1962) on a Lower Carboniferous 

firestone-shale-limestone sequence in England suggested that 

a quantitative approach might add information to that al¬ 

ready known about the environment of deposition of Cisco 

sediments in Texas. 
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Figure 1. Sketch of area studied showing the locations of the 
measured sections. 
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Previous Work 

The first broad stratigraphic divisions of Pennsylva¬ 

nian and Permian sediments in the Colorado River valley were 

made by Tarr (1890), Dumble (1890), and Cummins (1891). 

Drake (1893) named and described many beds in the Colorado 

River area. Plummer and Moore (1922) described in detail 

(for that date) the numerous stratigraphic units in the 

Brazos River and Colorado River valleys and attempted to 

correlate between the two regions. 

The Wayland Shale (Fig. 2) was named by Plummer and 

Moore (1922, p. 138) from exposures in Stephens County 

which later were correlated with Drake's (1893* P- 39-42) 

Trickham bed. Plummer and Moore's name, Wayland, has been 

accepted, however, even though Drake's name Trickham has 

priority. 

Work done after 1922 by Moore (1929a), Sellards (1933)J 

Bullard and Cuyler (1936), Cheney (1940), Cheney and Eargle 

(1951), and Eargle (i960) served to summarize and revise 

knowledge of local details and to correct some miscorrela- 

tions in the general section. 

Studies of local areas were made by Brown (i960, 1962), 

Laury (1962), Myers (1960a) and Terriere (i960, 1963). 

No comprehensive or systematic review of the Wayland 

fauna has been published; however, the abundant and well- 

preserved specimens have long been recognized by paleontolo¬ 

gists and are the bases of many taxonomic studies. Such 

reports include those onforaminifers by Cushman and Waters 
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Figure 2. Stratigraphic section of Upper Pennsylvanian 
rocks compiled from exposures in the Colorado River 
valley area. 
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(1927, 1928a-c, 1930), H.J. Plummer (1930), White (1932), 

Myers (1960b), Henbest (1963), and Croneis and Toomey 

(1965); on sponges by King (1938b) and Croneis and Toomey 

(1965); on corals by Jeffords (1947); on bryozoans by 

Link (1928), Moore (1929b), and Moore and Dudley (1944); 

on brachiopods by Dunbar and Condra (1932), King (1938a), 

and Muir-Wood and Cooper (i960); on gastropods by Knight 

(1934), Girty (1939), and King (1940); on cephalopods by 

Smith (1903), Plummer and Scott (1937), and Elias (1938); 

on ostracods by Harlton (1928), Coryell and Billings (1932), 

and Coryell and Booth (1933); on crinoids by Moore and 

Plummer (1940); and on holothurians by Croneis and 

McCormack (1932). 

General references that are of particular use in 

identifying Wayland taxa are by Girty (1915), Moore (in 

Plummer and Moore, 1922), Worthin (1930), and Heuer (1958). 
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METHODS AND PROCEDURES 

Field Study 

In April of 1963 the McCulloch - Coleman - Brown County 

area was visited in order to make a preliminary reconnais¬ 

sance of the outcrops and to select exposures suitable for 

detailed sampling. Subsequent trips were made to the area., 

but the major field effort was from May 29 to June l4, 

1964. Approximately 40 exposures were investigated and 23 

key localities were measured and described. Additional 

outcrops from Brown to Young County were investigated brief¬ 

ly to provide an insight into the regional relationships 

of the Wayland Shale. Samples also were taken from overlying 

and underlying units - limestones, sandstones, and shales. 

A photographic record was made of significant features in 

the exposures. 

Based on the assumption that a vertical sequence 

through a marine unit would give continuous information 

about the depositional history of an area, the fossili- 

ferous portion of the Wayland Shale was sampled at close 

vertical intervals at three localities. Samples from only 

one locality (loc. M-5) were studied in detail, however, 

because of time limitations. The technique used for 

sampling was to dig approximately three feet into the 

outcrop to expose fresh material (Fig. 3)> to set stakes 

at interval boundaries, and to collect coherent blocks of 

clay in such a way as to avoid contamination. From 7 to 

15 pounds of clay were taken for each interval. 
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Figure 3. Excavation in fossiliferous Wayland at loc. M-2 0 prior to 
detailed sampling. 

Figure 4. Ripple-marked surface of Avis Sandstone at loc. C-3 
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Laboratory Study 

To avoid bias, fragments of the clay were dry-sawed 

from each of the blocks until 200 grams of sample were 

accumulated. This 200-gram sample was disaggregated in 

water, washed over a 200-mesh screen (U.S. Standard Sieve 

Series), dried, treated with varsol, and rewashed. The 

dried residue was sieved and caught on 20- and 80-mesh 

screens and the pan. Residue which passed through the 20- 

mesh screen and was retained on the 80-mesh screen was 

split to between l/64th and l/512th of the original sample, 

depending upon the number of individual fossils occurring 

in each sample. Ordinarily, from 500 to 1,000 individual 

fossils and/or fragment of specimens occurred in one 

split sample,* this number is well over the minimum 300 

which is in accordance with standard laboratory procedure 

for obtaining a representative statistical sample 

(Dryden, 1931). 

In quantifying a fauna as diverse and abundant as that 

found in the Wayland Shale, several problems are inherent. 

The fauna must be identified completely so that each 

particle, mineral, fossil, or fossil fragment occurring 

in the counted portion can be tabulated. Of the 157 identi¬ 

fication categories used, most, represented species of fossils 

and only a few were for minerals or form genera (Table l). 

Fragments give useful information about gross trends and 

must be identified as accurately as possible; commonly this 
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1s practical only to phylum or class. Macrofossils, 

because they are larger and fewer in number than micro- 

fossils, generally are not represented by adults in the 

200-gram samples but may be represented by juveniles. 

These juveniles must be identified and tabulated along 

with the adults. In order to obtain the best representa¬ 

tion from each sample, the following steps were used on 

each of the 23 samples collected from the fossiliferous 

Wayland and the underlying red shale at the top of the 

Gunsight at the Fife locality (loc. M-5). 

1. Identify and estimate abundance of all particles 

greater than 20 mesh; recording as whole specimens 

or fragments. 

! 2. Identify and tabulate all particles in the split 

fraction between 20 and 80 mesh. 

3. Identify and estimate abundance of particles be¬ 

tween 20 and 80 mesh not included in the split 

fraction. 

4. Identify and estimate abundance of all particles 

less than 80 mesh. 

5. Examine untreated clay blocks to describe physical 

properties and to estimate abundance of macro¬ 

fossils. 

Estimated fossil abundances are recorded in the following 

categories: A - abundant, M - moderate, F - few, and T - 

trace. To avoid subjective use of the data, estimated 

abundances were not employed quantitatively, i.e., particu- 
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larly where a few specimens of a particular:taxon occurred 

in the uncounted portion of a sample, their presence was 

recorded only as "P" on Table 1. Brachiopods and mollusks, 

in step 5 above, were tabulated on the basis of estimated 

abundance; however, their presence was used for identifica¬ 

tion of juveniles and fragments in microfauna and not for 

interpretative purposes. 

Coarse clastic and carbonate rocks were studied using 

etched surfaces, acetate peels, polished surfaces, and 

thin sections. 
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SEDIMENTARY RELATIONSHIPS 

General Statement 

During Cisco time, the tectonic setting and physical 

geography affecting deposition in central Texas differed 

somewhat from that in the central and eastern mid-continent 

region where many concepts of Pennsylvanian depositional 

patterns have been formulated. The source area for the 

Texas sediments, the intermittently uplifted Ouachita belt, 

lay just to the east (Sellards, 1933)- Middle and Upper 

Pennsylvanian and Lower Permian conglomerates in north-central 

Texas, for example, contain abundant distinctive chert 

pebbles derived from the cherty facies of the then-exposed 

Ouachita belt (Lee et al., 1938, p. 147; personal communica¬ 

tion from J. L. Wilson, 1965). The sizes of pebbles de¬ 

crease towards the west (Sellards, 1933)- 

The general depositional features of the Late Pennsyl¬ 

vanian of north-central Texas (Lee et_ al., 1938, p. 86) are 

a reflection of numerous advances and withdrawals of a shal¬ 

low sea caused both by eustatic changes in sea level and 

local changes resulting from shifting patterns of deposition. 

During the Late Pennsylvanian, transgressions and regres¬ 

sions are reflected in a crude cyclic sequence of sediment 

types. 

Regional Occurrence 

Areal Distribution. Upper Pennsylvanian, Cisco, 
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sediments in north Texas and north-central Texas have a 

regional westerly dip of approximately 60 feet per mile and 

crop out in a NNE-SSW trending linear belt which extends 

roughly from Montague County in the north to Menard County 

in the south, a distance of approximately 200 miles. 

The Upper Pennsylvanian outcrop is covered by both Permian 

and Lower Cretaceous sediments in the south and in the 

north. A westward extension of Lower Cretaceous rocks, 

forming the topographically conspicuous Callahan Divide, 

separates Pennsylvanian sediments cropping out in the 

Colorado River valley to the south from those in the Brazos 

River valley to the'north. 

General Lithologic Relationships. The Cisco stage in 

the Upper Pennsylvanian Series of north Texas includes 

rocks of differing lithologies and depositional environ¬ 

ments. The Graham Formation is essentially typical. In 

the Colorado River valley in the vicinity of Fife, the 

Graham consists of the following members in ascending order: 

Bluff Creek Shale, Gunsight Limestone, Wayland Shale, Ivan 

Limestone, Avis Sandstone, and a generally unfossiliferous 

unnamed shale herein referred to as the post-Ivan shale 

(Fig. 2). In the Brazos River valley to th^horth, the 

Graham consists of pre-Bunger beds, Bunger Limestone, un¬ 

named shale and sandstone, Gunsight Limestone, Wayland Shale, 

Avis Sandstone, unnamed shale, Ivan Limestone, and unnamed 

shale and sandstone (Meyers, 1960a, p. 49). The Graham 
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Formation in the Colorado River valley is overlain by the 

Speck Mountain Limestone Member of the Thrifty Formation. 

This member ranges locally from 3 to 5 feet in thickness 

and consists of a fusulinid-crinoidal rich argillaceous 

limestone, the base of which constitutes a good mapping 

horizon. In the Brazos River valley, the Graham Formation 

is overlain by the Black Ranch Limestone Member of the 

Thrifty Formation. 

The Wayland Shale is predominantly a fine-grained unit 

containing a characteristic fauna which has been traced 

through many of the exposures of Upper Pennsylvanian rocks 

in north-central Texas. In the area around Fife (Fig. l), 

the Wayland is approximately 30 feet thick and consists of 

a lower 20-foot portion of gray and tan claystone alternating 

with three, or commonly only one or two, nodular lime¬ 

stones. A 10-foot upper portion conformably overlies the 

lower portion and contains fewer fossils, more sand, and 

abundant clay-iron partings (Fig. 2). The fossiliferous 

nature of the Wayland, however, is quite variable; ranging 

from very fossiliferous to sparsely fossiliferous to un- 

fossiliferous. Commonly, the Wayland becomes more fossi¬ 

liferous in outcrops where it contains thin limestones 

and dark gray shales (Lee et al., 1938, p. 46). The beds 

were observed in the present study to be notably less 

fossiliferous where the shale contains sand and clay-iron 

partings. Variations in the lithology of the Wayland, 

as seen in separated outcrops, is discussed later in this 
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report. It is significant that a 15-foot red, sparsely 

fossiliferous shale lies unconformably beneath the Wayland 

in the Colorado River area. In this study the red shale 

is considered to be a part of the underlying Gunsight Member. 

The Ivan Limestone is a dense, gray limestone (3 to 

12 feet thick), conformably overlying various facies of the 

Wayland. At loc. M-5 the limestone consists primarily of 

platy algae and lithified calcium carbonate mud (Plate I, 

fig. la). Within a distance of § mile to the east down the 

depositional dip, the unit grades into a fusulinid-rich 

limestone. The Ivan is not recognized with certainty in 

the Brazos River valley section. 

The Avis Sandstone Member is a relatively widespread 

terrigenous, quartz sandstone ranging from 2 to 10 feet in 

thickness and characterized by cross bedding and ripple- 

marked bedding surfaces (Fig. 4). Channeling during Avis 

time is evident in the Brazos River valley (Lee et_ al., 1938). 

The Avis, therefore, may constitute deposition following 

subaerial erosion; thus explaining the absence of the Ivan 

in this area. In the Colorado River area, the Avis either 

directly overlies the Ivan or completely replaces it in 

the outcrop. There, the sandstone is considered to be a 

basal transgressive unit (Fig. 5)» 

A thirty-foot thick, unfossiliferous, sandy shale 

with clay-iron partings, here called the post-Ivan shale 

(Fig. 2), overlies the Avis Sandstone in the vicinity of 

Fife and is generally lacking or unrecognized elsewhere. 
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Figure 5. Avis Sandstone at loc. M-24. 

Figure 6 . Crossbedded Parks Mountain Conglomerate at Terriere's 
loc. 16020 in Brown County, Texas. 



Local Relationships 

Outcrops from Fife in McCulloch County northward to 

Graham in Young County demonstrate the variations in the 

lithology of the Graham Formation and the Wayland Member. 

In the area of Fife., the entire sequence (Fig. 2) is com¬ 

plete and well developed. Northward on the Colorado River, 

however, the Ivan Limestone is discontinuous, the Avis 

Sandstone is better developed (Fig. 4), and the entire 

Graham sequence apparently contains more sand. This is 

considered to indicate proximity to a source of clastic 

sediment. Near Whon (Fig. 1) a few miles north of the 

Colorado River, the Ivan Limestone again is present. Here 

it overlies Wayland and consists of 30 feet of an upper 

unfossiliferous section which overlies fossiliferous facies 

identical to that which occurs at loc. M-5 (Fig. 7). 

Farther to the north in Brown County at U.S.G.S. loc. 16020 

(Terriere, i960), the Wayland Shale is a thin (4 to 5 feet) 

red shale containing abundant fusulinids and chonetids. 

The red shale there is overlain directly by the thick sand¬ 

stones and conglomerates of the Parks Mountain Member of 

the Thrifty (Fig. 6). In the northern part of Brown County 

at a hill on the west side of Texas Highway 279 at its 

intersection with Texas P-15 north of Lake Brownwood, the 

Wayland is an unfossiliferous grayish-tan, sandy shale 

having clay-iron partings. The base is not exposed and 

overlying beds have been removed by erosion. In Eastland 
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County, in a road cut on the north side of U.S. Highway 

80, 4.15 miles west of Eastland, the Wayland contains a 

few crinoids and gastropods at the base of a 25-foot 

exposure; this bed grades up into a sandy, unfossiliferous 

shale which is capped by a 4-foot sandstone, possibly equi¬ 

valent to the Avis, containing burrows. At another out¬ 

crop located farther to the north near the Eastland- 

Stephens County boundary and 1 mile north of the inter¬ 

section of Texas Highway 6 (north of Eastland) with U.S. 

Highway 183 at a 40-foot hill behind a pumping station, the 

Wayland is an unfossiliferous silty shale at the base of 

the exposure. This grades up into a slightly fossiliferous 

6-foot interval containing Syringopora, fusulinids, horn 

corals, and crinoids near the top. It is capped by a 3- 

foot yellow nodular limestone followed by a 1-foot, dense, 

gray limestone. A 70-foot exposure below the dam on Salt 

Creek at Graham, Young County, Texas, has Wayland Shale 

exposed in the upper part of the section. Several col¬ 

lections for paleontological studies have been made from 

this locality. The entire section consists in ascending 
V 

order of ten feet of gray sandy shale, two feet of sand¬ 

stone, 14 feet of coally shale, and 14 feet of gray fos- 

siliferous limestone. This is overlain by 12 feet of tan, 

fossiliferous Wayland Shale and 17 feet of unfossiliferous 

shale with clay-iron partings becoming pebbly near the top. 

The section is capped by 3 feet of red sandstone which may 

be equivalent to the Avis. 
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The three nodular limestones (Fig. 8) which occur in 

the lower fossiliferous facies of the Wayland have been 

observed to show several stages of development in the out¬ 

crops studied in the Fife area. Because the nodular lime¬ 

stones occur more commonly on weathered surfaces than in the 

fresh shale, the dense gray nodules are considered tenta¬ 

tively to be concretions formed by case hardening on the 

outcrop and related to an abundance of calcite in the 

shales at these levels and/or centers for nucleation. 

Nodules form around macrofossils, especially cephalopods, 

in many areas so as to suggest a genetic relationship. 

There is some indication that the nodular limestones are 

better developed downdip, i.e., thicker nodules are found 

at loc. M-12 and loc. M-l6 than at M-5 (Fig. 7) to the 

east and that locally, as at loc. M-6, especially thick 

nodular limestone is associated with a vertical buildup 

of fossils (typically massive Fistulipora) on what is 

interpreted to have been a topographic high on the sea¬ 

floor during Wayland time (loc. M-6). The nodular layers 

at localities M-6, M-l8, and M-20 (Fig. 7) are associated 

with a relatively abundant development of Amblysiphonella 

(sponge). Composita occurs in the nodular limestones at 

loc. M-ll. 

Sandstones occur sporadically within the study area. 

A sandstone lens 8 feet in thickness and having oscillation 

ripple marks on the surface was observed beneath the Ivan 

Limestone at only one outcrop, loc. M-10 (Figs. 1, 7). 
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Figure 8. Nodular limestone no. 2 in the fossiliferous Wayland at 
loc. M-20. 

Figure 9. Close up of the caniniid biostrome in the fossiliferous 
Wayland at loc . C-3 . 
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Because the sandstone is limited in distribution and be¬ 

cause it occurs in a downdip direction from where a clastic 

sediment source is believed to occur,, east of loc. C-7 

(Fig. l), the sand body is interpreted as a nearshore ac¬ 

cumulation of possible deltaic origin. At loc. M-19 (Pig. 

1) another sandstone, 7 feet thick, cross bedded, and ex¬ 

tending approximately 60 feet along the outcrop with an 

erosional lower contact lies at the Gunsight-Wayland con¬ 

tact. This sandstone is interpreted as a channel sand 

which was developed during the subaerial exposure and 

weathering of the red shale of the Gunsight and preceding 

the transgression and deposition of the Wayland Shale. 

A caninid ("Campophyllum," Pseudozaphrentoides) coral 

biostrome overlying a nodular limestone at loc. C-3 (Pig.9) 

occurs as a lens-like body approximately 500 yards in ex¬ 

tent and ranges from 2 to 3 feet in thickness. The corals 

are most abundant in the center of the biostrome and occur 

less frequently on the northern and southern edges. These , 

corals occur widely in the shales and argillaceous limestones 

of the Gunsight and locally form conspicuous mounds; they 

are relatively rare in the Wayland Shale. 

At loc. M-28 (Fig. l) on the bank of the Colorado 

River, the post-Ivan Shale and the Ivan Limestone are 

lacking because Tertiary channel gravels and sands un- 

conformably overlie fossiliferous Wayland. 
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FAUNA 

Accuracy of Environmental Interpretations 

As far as is known* no reliable methods have been de¬ 

vised as yet to obtain precise or numerical values for the 

several parameters of depositional environments that are 

represented in rocks as old as the Pennsylvanian. Attempts 

have been made to relate water-depth estimates to Pennsyl¬ 

vanian and Permian sediments based either on structural dip 

or a comparison with modern faunas which bear some re¬ 

semblance to those of the Paleozoic (Elias* 1937). An 

attempt to measure the parameters absolutely has merit* 

and some of the tentatively estimated values probably are 

close to the true values. Because of the recurring doubt 

which exists as to the accuracy of the interpretations* 

however* another approach has been selected. 

The several lithologies and the sequences in which they 

occur* the datum lines* the faunal assemblages* the abundance 

of fossils* and the physical properties of the sediments 

when considered together and fitted into a regional frame¬ 

work should give an idea of the relative paleoenvironments. 

Inability to obtain numerical values for such environ¬ 

mental parameters as depth of water in ancient rocks should 

not be taken to mean that the relative determinations are 

imprecise; it means only that they cannot be interpreted in 

the same way as is done for modern or relatively young 

deposits. Given enough time and attention* methods probably 
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will be developed for reliably estimating or accurately 

measuring parameters such as depth of water, salinity, 

temperature, and others characterizing the environment 

of deposition. 

Faunal Assemblages 

Four rather distinctive but somewhat overlapping 

faunal assemblages are recognized within the fossiliferous 

facies of the Wayland Shale at loc. M-5 (Figs. 10-20). 

In the succeeding assemblage descriptions, measure¬ 

ments of faunal diversity and dominance are used to 

describe the assemblages from a quantitative standpoint. 

Faunal diversity is defined in this study to be all of the 

species and identification categories occurring in a given ; 

sample (Fig. 10) or the total number of species of a 

larger taxonomic unit, for example the total number of 

ostracodes, in a given sample (Fig. ll). Faunal dominance 

is always defined within larger taxonomic categories such 

as class or order and is measured by computing the per¬ 

centage of the most abundant species within its larger 

taxonomic category. Thus, Amphisites centronotus is the 

dominant ostracode in sample 8 and it constitutes 24.7 

percent of the total ostracode population for that sample 

(Fig. 12). Specialized taxa are those whose occurrence 

is limited to only one of the assemblages. Examples of 

specialized forms are Paraparchites, Millerella, Triticites, 

and Earlandinita pereglans♦ When possible, the assemblages 
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were named for specialized species. Other assemblages 

were named for dominant species. 

The total number of species and identification categories 

used throughout the Wayland Shale at loc. M-5 is 158; 

32 are foraminifers, 3 are sponges, 3 are corals, 13 are 

bryozoans, 23 are brachiopods, 1 is a scaphopod, 17 are 

gastropods, 13 are pelecypods, 2 are cephalopods, 1 is 

a trilobite, 25 are ostracodes, 7 are crinoids, 3 are 

echinoids, 4 are holothurians, 1 is unidentified echino- 

derm fragment, and 10 are minerals and form general 

(Table 1; Pis. 2-9). 

Within the interval studied at loc. M-5, faunal di¬ 

versity as a measure of total organisms occurring in any 

one sample, ranges from a minimum of 277 in sample 1 to 

a maximum of 57*383 in sample 4 (Pig. 10). Faunal diver¬ 

sity within the larger category of foraminifers shows, 

for example, a minimum of 3 species in sample 3 and a maxi¬ 

mum of 21 species in sample 4 (Fig. 11). Faunal dominance, 

for example,in foraminifers ranges from a minimum of 34.8 

percent in sample 17 to a maximum of 80 percent in sample 

2 (Fig. 12). Generally, faunal dominance and faunal 

diversity have an inverse relationship. Detailed descriptions 

of each of the samples from loc. M-5 are given in the 

appendix. 

Earlandinita pereglans assemblage. The Earlandinita 

pereglans assemblage contains Endothyronella armstrongi, 
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Apterinella grahamensis, Healdia simplex, holothurian frag¬ 

ments, and burrows; however, the abundance of sand grains 

(6l,l84; Fig. 13) and of fish-tooth fragments, together 

with the stratigraphically restricted occurrence of 

Earlandinita pereglans is distinctive. The total number of 

organisms occurring in the one sample representing this 

assemblage, sample 2, is 2,063. Only 36 categories were 

recognized in sample 2. Faunal diversity is low (Fig. ll) 

and faunal dominance is generally at a maximum (Fig. 12). 

Ammodiscus semiconstrictus is the dominant foraminifer 

representing 80 percent of the total foraminifer popula¬ 

tion. Ammodiscus semiconstrictus is, however, quite com¬ 

mon in other samples (Table l). 

Amphisites-Glyphostomella assemblage: Diverse and 

particularly abundant fossils characterize the Amphisites- 

Glyphostomella assemblage. The numerous distinctive taxa 

include the foraminifers Triticites and Millerella and the 

ostracodes Paraparchites and Amblysiphonella. In washed 

residues, the dominance of Amphisites centronotus and 

A. dattonensis over other ostracodes is particularly noticeable, 

and in the section studied this fauna was in each case 

closely associated with a nodular limestone. This assemblage 

occurred in samples 4, 5* 8, 9, and 21. 

Total abundance of organisms occurring in any one 

sample belonging to this assemblage varied from a minimum 

of 21,106 in sample 8 to a maximum of 57^383 in sample 4 
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(Fig. 10). Faunal diversity attained its highest value 

in this assemblage being 86 in sample 4 with a minimum of 

70 in sample 5 (Fig. 11). The ostracode population was 

dominated by either Amphisites centronotus or A. dattonensis 

except in sample 5 which was dominated by Healdia simplex 

(Fig. 12). The foraminifer population in all of the 

samples was dominated by encrusting forms except samples 

2 and 23 which were dominated by Ammodiscus semiconstrictus 

and Hemigordius sp. respectively (Fig. 12). 

Productid assemblage. The productid assemblage is 

less readily characterized perhaps than other assemblages 

in the fossiliferous facies of the Wayland. It does., how¬ 

ever, characteristically contain diverse microfossils and 

macrofossils typically including productid types. A few 

of the brachiopods, such as Chonetes granulifer. and 

Composita subtilita (Fig. 19) *-''-may be distinctive. Even 

though the assemblage contains no readily recognizable 

key fossils, it definitely lacks the specialized faunas of 

the Earlandinita pereglans and textulariid assemblages 

and in part the specialized forms of the Amphisites - 

Glyphostomella assemblage. The productid assemblage occurs 

in samples 1, 3> 1> 10, 11, 17 through 20, and 22. 

The total abundance of organisms varies between a 

minimum of 277 in sample 1, where leaching is believed 

to have removed some of. the fossils, to a maximum of 

25,898 in sample 18 (Fig. 10). Without the effect of 
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leaching, the variation would be between 13.,869 in sample 

7 and 25, 898 in sample l8 (Pig. 10). Diversity, in total 

number of categories represented, is at a minimum again 

in sample 1, but without the effect of leaching, it is at 

a minimum in sample 3 with a value of 6l. The maximum 

diversity occurs in samples 7 and 18 (Pig. 11). Although 

no single taxon obviously dominates among the foraminifers, 

Endothyra pauciloculata (PI. 2, Pig. 10) is the most 

abundant foraminifer in several samples containing the 

productid assemblage. Among the bryozoans (Pig. 18), 

Polypora appears to bear a roughly inverse relationship 

to Fenestella and Polypora is particularly noticeable in 

beds representing intermediate environments. Polypora 

also appears in beds interpreted as having been deposited 

in nearshore environments. 

Textulariid assemblage. The textulariid assemblage 

typically contains Textularia grahamensis, Textularia 

eximia, Ammobaculites spirans, Bigenerina ciscoensis, 

Trochammina arenosa, Trochammina sp., Hollinella kelletae, 

Healdia simplex, and Myalina and occurs in samples 6, 12 

through 16, and 23. Although many additional taxa, for 

example Ammodiscus semiconstrictus, Apterinella grahamensis 

and a few macrofossils occur throughout the section, this 

assemblage is recognized easily by the abundance of 

agglutinated foraminifers contained in the washed residue 

finer than 80 mesh. 
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Total abundance, of organisms within a sample, for 

this assemblage varies from a minimum of 1,588 in sample 

23 to a maximum of 19*^35 in sample 12. Faunal diversity 

is higher than in the Earlandinita pereglans assemblage 

and generally lower than in other assemblages except in 

sample 23 where taxa from both the textulariid assemblage 

and the underlying assemblage were included (Fig. 11). 

Basis for Paleoecological Interpretation 

Numerical abundance and taxonomic diversity in Recent 

sediments are known to be a reflection of the conditions 

in the environment in which animals live or lived. Parti¬ 

cular environments can support essentially only a limited 

number of kinds of organisms and the numbers in which 

those organisms occur may or may not be in balance with 

the controlling factors of the environment. A balance, 

with certain reservations, is assumed as being approxi¬ 

mated over a given length of time. This same principle 

has been applied to paleoecology. A study along the Texas 

Gulf Coast, for example, showed a marked decrease in faunal 

diversity in passing from the open waters of the Gulf of 

Mexico into the enclosed, highly saline waters of the 

Laguna Madre, and a subsequent decrease in the high 

salinities was encountered in Baffin Bay. Interpretations 

of environments using such data are shown (Ager, 1963* 

p. 283) to be applicable also to the past. 
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Many animals, even though classified in different 

classes or even phyla have analogous structures developed 

to serve a similar purpose in life, i.e., the wings of a 

bat and of a bird are used for the same purpose. In such 

a manner, interpretations can be made about the environ¬ 

mental significance of many fossils even though they be¬ 

came extinct long ago. 

By careful analysis of selected ancient sediments, a 

close approximation of the environment of deposition can 

be worked out. The Permian Guadalupian reef of west Texas 

and New Mexico (Newell et al., 1953) and the cyclical 

sediments of the Pennsylvanian of Kansas, for example, 

constitute excellent areas for this type of field and 

laboratory study. 

Physical processes which result in predictable sedi¬ 

mentary structures or textures in Recent sediments can be 

related to similar structures or textures found in ancient 

rocks. Ripple marks and cross bedding are examples. 

The tectonic and general depositional setting described 

previously and specific stratigraphic relationships are 

helpful for determining the framework within which inter¬ 

pretations must be made. 

Interpretations 

Earlandinita pereglans assemblage. This distinctive 

assemblage occurs in only one sample at locality M-5 

(sample 2, Appendix). It is interpreted as representing a 

transitional environment from non-marine to marine. 
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Biological evidence for sample 2 having been deposited 

under quite restricted conditions is found in the special¬ 

ized nature of the fauna. Faunal dominance (Fig. 12) 

reaches a peak in sample 2 and faunal diversity is lower 

only in sample 1. Earlandinita pereglans (PI. 2* Fig. 8) 

occurs only in sample 2 in the area studied. Ammodiscus 

semiconstrictus (PI. 2, Fig. 9) actually dominates among 

the foraminifers but its occurrence throughout the section 

limits its usefulness as a key fossil. Healdia simplex 

dominates the ostracode fauna. Fragments of shark teeth 

are quite abundant; however* their significance is not 

well understood. 

Physical evidence for the Earlandinita pereglans 

assemblage having been deposited during a time of transition 

is quite pertinent to the interpretation. The strati¬ 

graphic position of sample 2 between sediments immediately 

below which have been influenced by non-marine processes 

(see Appendix description* sample l) and sediments which 

will be shown to have been deposited under marine conditions 

immediately above (sample 3) is strong evidence for 

transition. Intraclasts of unoxidized clay occur in a 

matrix of red oxidized clay in the gradational contact 

underlying sample 2 and are interpreted as having been 

worked down into the underlying unit during a period of 

erosion and redeposition (Folk* 1962* p. 63). Relative 

abundance of quartz sand (Fig. 13) which reaches a peak in 

sample 2* is possible evidence for reworking and winnowing 



-44- 

of at least some of the clay-sized material. The transition, 

then, in sample 2 is represented essentially by a re¬ 

stricted fauna, intraclasts, and a residuum of sand in a 

soft mud matrix. 

Amphisites - Glyphostonella assemblage. The Amphisites - 

Glyphostonella assemblage which appears in samples 4 and 

5 and then again in samples 8, 9, and 21 (Table l) contains 

the characteristic fauna previously listed. Numerous ad¬ 

ditional taxa are listed in Table 1 and illustrated in 

Figures 15-20. This assemblage, based on evidence re¬ 

viewed below, is interpreted in a relative sense as having 

been deposited in the most marine environment encountered 

throughout the section studied. Conventionally such an 

interpretation denotes deeper water that presumably is 

located farther from shore and results from a rise in sea 

level. Under the relatively shallow-water conditions 

interpreted for the fossiliferous beds of the Wayland, 

however, "more marine conditions" is considered to be the 

result of a shift in nearshore depo-centers away from the 

locality being interpreted. 

The total organisms (Fig. 10) and faunal diversity 

(Fig. 11) reach their number of maxima in sample 4. If 

we assume that density and diversity are an inverse index 

of the stress exerted by the environment on Paleozoic 

organisms as it often is with Recent biological distri¬ 

butions, then the environments for samples 4, 8, 9, and 21 
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may be interpreted relatively as being characterized by 

low stress. Further, it is logical to expect to find 

low-stress environments where the conditions for supporting 

life are uniform and moderate, i.e., in an offshore area. 

Changes in environmental factors such as salinity, 

temperature, turbulence, and many others do not alter as 

readily in offshore, deeper waters as in shallower, marginal 

to nearshore marine areas. 

Organisms having delicate shells, such as Paraparchites 

(PI. 5, fig. 4) and Fenestella (PI. 8, fig. 15) are 

associated with and increase in abundance in the Amphisites - 

Glyphostomella assemblage. These forms would have had 

difficulty surviving in a turbulent environment. 

Modern sponges live primarily in non-turbid, well- 

circulated waters. Wherever the sponge Amblysiphonella 

(PI. 8, fig. l) was found, it invariably occurred in 

association with one of the nodular limestones which at 

loc. M-5 occur with the most abundant and diverse fauna. 

Although many Pennsylvanian sponges occur most commonly 

in shales or very argillaceous limestones (King, 1938b), 

Amblysiphonella also occurs locally in relatively non- 

argillaceous limestones. Polyactinal sponge spicules 

occur in sample 4. 

One line of evidence, which considered by itself is 

inconclusive, is that the total abundance of encrusting 

foraminifers (Apterinella grahamensis, Calcitornella heathi 

(PI. 3, figs. 10 and 12) and Tolypommina delicatula 



-46- 

(Pl. 2, fig. 15) is particularly great in sample 4. It 

is not unreasonable that low depositional rate might be 

reflected by a high degree of encrustation of shells. 

Many factors, however, must be considered before using only 

encrusting organisms as a key to the rate of deposition. 

Fusulinids occur only in samples 4 and 8. Generally, 

in cyclothemic deposits of the midcontinent area, fusulinids 

are considered to occur particularly in limestones of the 

most transgressive marine depositional phase (Moore, in 

Moore, Lallicker and Fisher, 1952, p. 63). 

Each of the nodular limestones 1, 2, and 3 of loc. 

M-5 occur with an abundant and diverse fauna. Although the 

nodules are considered to be secondary in o'rigin as pre¬ 

viously discussed and they have been observed in an in¬ 

completely developed stage in collected samples, the nodules, 

nevertheless, may represent an increase in the rate of 

accumulation of calcium carbonate in the environment. The 

ratio of calcium carbonate to clastic material could be 

expected to increase away from areas of rapid terrigenous 

sediment accumulation which most often occurs in nearshore 

environments near the mouths of major rivers. 

Productid assemblage. Perhaps the most distinguishing 

characteristics of the productid assemblage, which occurs 

in samples 1, 3, 7, 10, 11, 17-20, and 22 (Table l) is 

that no single taxon is typical or indicative of all the 

occurrences of the assemblage. This assemblage represents 
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a rather broad spectrum of environments that are intermediate 

between the nearshore textulariid and Earlandinita as¬ 

semblages and the offshore Amphisites - Glyphostomella 

assemblage. A variety of local conditions and mixtures 

of fauna then would be expected to result in a numerical 

faunal diversity intermediate between those of the nearshore 

and offshore environments. 

Faunal abundance and diversity are intermediate in 

value between the specialized Earlandinita pereglans and 

textulariid assemblages and the diverse Amphisites - Glyphos¬ 

tomella assemblage. Many organisms which occur abundantly 

in the diverse assemblage but sparingly in the specialized 

assemblage have an intermediate abundance in the productid 

assemblage; for example, foraminifers (Figs. 15 and l6) and 

the bryozoans Rhombopora and Polypora (Fig. l8). 

The stratigraphic position of the productid assemblage 

between the specialized (nearshore) faunas and the diverse 

(offshore) faunas is also suggestive of intermediate en¬ 

vironments . 

Textulariid assemblage. The textulariid assemblage 

occurs at two and possibly three intervals (samples 6, 

12-16, and 23) in the studied section (loc. M-5). As 

mentioned previously, the abundance of agglutinated arena¬ 

ceous foraminifers in the less than 80-mesh washed residue 

is distinctive for this fauna (Fig. l6). Sample 23 is 

from an interval affected particularly by surface weathering 
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so that microfossils other than the arenaceous forms 

may have been removed by leaching. Other samples, as 

samples 12 to l6, for which there is no indication of such 

leaching., however, contain the same assemblage of 

arenaceous foraminifers and are similar in other features. 

Thus, the distinctive assemblage of finely agglutinated 

textulariids is interpreted as being significant (Fig. l6). 

The textulariid assemblage is interpreted tentatively as 

being marginal marine, bay, or marsh on evidence summarized 

below. 

Faunal abundance and diversity (Figs. 10 and 11) are 

generally low in samples containing the textulariid 

assemblage. Sample 12 (Fig. 10) is an exception to this 

rule, but a strong possibility exists that sample 12, as 

collected at the outcrop, overlapped the boundary between 

the productid and textulariid assemblages. 

Specialization is indicated by faunal diversity 

and ordinarily conditions favoring specialization occur 

in nearshore environments. Paleoecologist must use ex¬ 

treme care in concluding that a genus occurring in the 

older rocks (as the Paleozoic) must have lived in exactly 

the same environment that is present where modern re¬ 

presentatives of the genus have been found. The occurrence 

of abundant agglutinated foraminifers, particularly 

Ammobaculites (PI. 2, fig. 14), in modern brackish water 

environments, however, seems to be strong supporting evi¬ 

dence for the interpretation given for the textulariid 
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assemblage. The fluctuating sand content (Pig. 13) sug¬ 

gests the changing conditions typical of a nearshore en¬ 

vironment. 

It should be pointed out that the interpretation given 

for the textulariid assemblage was arrived at by considering 

all of the characteristics available and that no single line 

of evidence is as conclusive for this assemblage as for 

the others. Thus, only a tentative interpretation is 

practicable now for this assemblage. 
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CARBONATE FACIES 

Three distinctive carbonate-rock types are recognized 

tentatively in units overlying the Wayland Shale (PI. l). 

Skeletal Limestone 

This facies which consists of limestone composed of 

skeletal grains in a calcite spar matrix (PI. 1, fig. 2) 

occurs over a sandstone or a sandy unit at Iocs. M-10* 

C-7, and C-8 (Fig. l) and is interpreted as having been 

deposited in clear offshore waters as part of a transitional 

marine unit. 

Algal Limestone 

This facies (PI. 1, fig. 1) consists of platy or blade 

algae* set in a carbonate-mud matrix; the gastropod 

Pharkidonotus (= Bellerophon of Drake* 1893) occurs com¬ 

monly. It is interpreted as having formed in shallow marine- 

semiconstricted-algal meadows. Pharkidonotus commonly is 

found in beds deposited in a restricted environment such as 

the Smithwick Shale of Atokan age. 

Fusulinid Limestone 

Limestone layers containing abundant fusulinids (PI. 1* 

fig. 3) are interpreted as having been deposited in unre¬ 

stricted marine waters seemingly on a shallow shelf. Some 

turbidity probably was existant because these limestones 

commonly contain a large proportion of carbonate mud. 
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DEPOSITIONAL HISTORY 

General Statement 

As mentioned previously, interpretations of depositional 

environments in older sediments are most reliable when the 

characteristics are considered within a framework of the 

regional and local depositional and tectonic setting. In 

view of information from previous studies and personal 

observations now available as to the regional setting and 

from this moderately detailed study on a local scale, at¬ 

tention is focused on the Fife area. 

The Wayland Shale was deposited during a time of 

relative stability as evidenced by the great predominance 

of clay over sand- and silt-sized sediment. Although the 

Wayland as a whole represents a more quiescent interval 

than other Late Pennsylvanian units in north-central Texas, 

it is not uniform in detail. Terrigenous beds occur im¬ 

mediately below the formation; definite marine sediments 

occur above. The Wayland itself is interpreted to represent 

fluctuations between these two extremes, at times becoming 

more marine and at other times less marine (very nearshore). 

This fluctuation could be attributed to cyclic deposition 

(cyclothems), to shifting patterns of shallow-water de¬ 

position affected by fluviatile changes, or to a combination 

of both factors. The superimposed nature of cyclicity on 

shifting depositional patterns complicates, but does not 

prevent, interpretation of the sequence. 
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Sequence of Events 

The red shale unit at the base of the section of Fife 

is considered to have been exposed relatively briefly to 

subaerial weathering and to have been subjected to slight 

erosion of the top during a marine transgression. While 

the red shale was exposed., an east-west trending channel 

was cut and filled with cross-bedded sand at loc. M-19 

(Fig. l). The influence of the channel was lost by the 

time the first nodular limestone was deposited. The trans¬ 

gression brought with it an orderly progression of near¬ 

shore and marine faunas* the Earlandinita pereglans and 

productid assemblages and culminated with the deposition 

of the Amphisites - Glyphostomella assemblage which re¬ 

presents the most marine conditions noted at the Fife 

section. These relationships are indicated primarily by 

the abundance of individual types and taxonomic diversity 

of the fauna. 

Based on stratigraphic correlations, similar conditions 

existed along the line of outcrop southward from loc. M-5 

to loc. M-l6. NO time lines can be determined precisely but 

the deposition of marine fossils in samples 4 and 5 at 

loc. M-5 was roughly contemporaneous with abundant growth 

of fistuliporid bryozoans at loc. M-6 (Figs. 1 and 7) 

perhaps on a bank or topographic high on the sea floor. 

Stratigraphically, there is reason to believe that it was 

also at this time that the offshore sand body described 

at loc. M-10 (Fig. 7) was beginning to form. 
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To the north and slightly east of loc. M-5* at loc. 

C-7 (Fig. 7), the red shale is overlain by approximately 

30 feet of unfossiliferous, sandy, iron-rich clay which is 

considered to have been near the area where a major river 

or distributary emptied into the Wayland sea. No channel 

is evident at this location; however, the unusually thick 

accumulation of sediments beneath the fossiliferous facies 

of the Wayland and over the red shale is taken as primary 

evidence for rapid deposition in this immediate area. 

The sequence as seen through sample 4, then, indicates 

that probably a withdrawal of the sea (cyclicity?) was 

responsible for the exposure of the red shale and that a 

river or rivers were depositing sediments to the east. 

Marine conditions returned at loc M-5 by the time of de¬ 

position of sample 4. 

After the time of deposition of the first nodular 

limestone (sample 5) even rough correlations on a time 

basis with sediments to the north are impracticable. 

Sediments to the south at loc. M-l6 (Fig. l), however, 

can be correlated using the nodular limestones; the sedi¬ 

ments at Iocs. M-5 and M-l6 are closely similar. 

At loc. M-5, the pattern which was developed in 

samples 1 through 5 suggests the following interpretation 

for the entire section (see Figs. 10-11): a minor regression 

to conditions approximating those of the marginal marine 

textulariid assemblage in sample 6, another transgression 

culminating in sample 9, regression to marginal marine 
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conditions with the textulariid assemblage in samples 12-16, 

transgression with a marine productid assemblage in samples 

17-20 which culminated in an Amphisites - Glyphostomella 

assemblage in sample 21, and finally, a regression to a 

marginal marine textulariid assemblage in sample 23. 

Sample 18 is anomalous. Although it has a total abundance 

of 25*898 and a diversity of 84, a one-inch oxidized zone 

immediately below the sample, indicating slow deposition, 

together with the typical fauna of the productid assemblage 

indicates that this sample belongs with the productid 

assemblage. 

The sediments at loc. M-5 overlying sample 23 and 

underlying the Ivan Limestone are iron rich, sandy, sparsely 

fossiliferous and are interpreted as marginal marine 

strongly influenced by river deposition. 

The Ivan Limestone was probably deposited during a 

period of relative little clastic influx (Pig. 7)* An 

algal meadow is interpreted as having developed over a broad, 

flat, shallow sea bottom with poor circulation and little 

effect from either cyclical or river influences. Down the 

depositional dip, the Ivan changes facies to become a 

fusulinid-crinoidal limestone. 

At outcrops on the Colorado River (Pigs. 1 and 7) the 

Ivan Limestone is replaced by a ripple-marked sandstone. 

If the sandstone is a basal transgressive unit as seems 

reasonable, then the Ivan Limestone may have been removed 

locally during this transgression. Above the ripple-marked 
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sandstone is a skeletal limestone which is interpreted as 

having been formed on a clean sandy sea bottom during a 

transgressive phase. 

Caninoid corals ("Campophyllum,11 Pseudoza£hrentoides) * 
’   

although not common in the Wayland Shale, typically occur 

as local patches or banks in the underlying Gunsight Forma¬ 

tion. Their position, described previously, at loc. C-3 

(Figs. 1 and 7) in the upper unfossiliferous facies of the 

Wayland and beneath the Ivan Limestone indicates that they 

probably developed in a locality where marine waters had 

access to a nearshore environment. Thus the currents and 

supply of calcium carbonate and food was especially favorable 

for coral growth. Elsewhere the soft muddy substrate and 

presumably the turbidity of the water impeded growth of 

these corals. 

« 
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SUMMARY AND CONCLUSIONS 

1) The red shale (originally a marine shale) at the 

base of the Wayland Shale has been exposed to subaerial 

weathering. 

2) Pour assemblages which alternate in occurrence 

throughout the fossiliferous facies of the Wayland Shale 

reflect fluctuations in the relative position of the shore¬ 

line and direction of distribution of fluviatile sediments. 

3) Nodular limestones in the Wayland near Fife are 

associated with an abundant and diverse fauna which in¬ 

dicates offshore marine conditions. 

4) The upper part of the fossiliferous facies at 

Fife, i.e., sample 23* is similar to the upper unfossili- 

ferous facies in being affected by a river and marginal 

marine conditions. 

5) The Ivan Limestone (algal limestone) was deposited 

on a shallow marine algal meadow which had some restrictions 

to circulation. 

6) A" fusulinid limestone here is the downdip counter¬ 

part of the algal limestone and indicates more marine 

conditions. 

7) Sandstones were deposited as channel sands, basal 

transgressive sands, or offshore sand accumulations, possibly 

a delta-margin island. 

8) Skeletal limestones were deposited most commonly 

over sandstone units and reflect removal by winnowing of fine 

particles and occurrence of calcite spar. 
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9) A quantitative approach is found to be useful 

and practical in understanding the depositional history 

of selected sediments. Although additional work on a 

regional basis needs to be done before the depositional 

environment of the entire Wayland Shale can be interpreted, 

studies on a local scale may have some usefulness both for 

making limited field interpretations and for making more 

detailed comparisons of selected outcrops using laboratory 

techniques. 



REFERENCES 

Ager, D.V., 1963* Principals of paleoecology: New York, 
McGraw-Hill, pp. 217-244. 

Brown, L.F., Jr., i960, A traverse of post-Avis Cisco rocks, 
Brazos Valley, north-central Texas: Soc. Econ. 
Paleont. and Mineral., Parmian Basin Sec. Ann. Field- 
Trip Guidebook, pp. 1-46, l6 figs. 

  1962, A stratigraphic datum, Cisco group (Upper Penn¬ 
sylvanian), Brazos and Trinity valleys, north-central 
Texas: Bur. Econ. Geology, Univ. Texas, Rept. of 
Investigations no. 46, 35 3 figs., 6 pis. 

Bullard, F.M. and Cuyler, R.H., 1936, The Upper Pennsylvanian 
and Lower Permian section of the Colorado River valley, 
Texas: Univ. of Texas Bull. 3501, pp. 191-258, pi. 4. 

Cheney, M.G., 1940, Geology of north-central Texas: Am. 
Assoc. Petroleum Geologists Bull., v. 24, pp. 65-118, 
10 figs. 

Cheney, M.G. and Eargle, D.H., 1951, Pennsylvanian of Brazos 
River and Colorado River valleys, north-central Texas: 
West Texas Geol. Soc., Guidebook, Spring field trip, 
June 1-2, 1951, Midland, Texas, 97 p. 

Coryell, H.N. and Billings, G.D., 1932, Pennsylvanian Ostra- 
coda of the Wayland Shale of Texas: Am. Midland 
Naturalist, v. 13, pp. 170-189, 1 fig., 2 pis. 

Coryell, H.N. and Booth, R.T., 1933* Pennsylvanian Ostracoda; 
a continuation of the study of the Ostracoda fauna from 
the Wayland Shale, Graham, Texas: Am. Midland Naturalist, 
v. 14, pp. 258-279, 1 fig., pis. 3-5. 

Croneis, Cary and McCormack, John, 1932, Fossil Holothuroidea: 
Jour. Paleontology, v. 6, pp. 111-148, 4 figs., pis. 15-21. 

Croneis, Carey and Toomey, D.F., 1965, Gunsight (Virgilian) 
wewokellid sponges and their depositional environment: 
Jour. Paleontology, v. 39* p. 1-16, 2 figs., pis. 1-6. 

Cummins, W.F., 1891, Report of the geology of northwestern 
Texas, in Dumble, E.T., Second ann. rept. Geol. Survey 
of Texas, 1890, pp. 357-552. 

Cushman, J.A. and Waters, J.A., 1927* Arenaceous Paleozoic 
Foraminifera from Texas: Contrib. Cushman Lab. Foram. 
Res., n. 3* PP. 146-153, pis. 26, 27. 



-59- 

Cushman, J.A. and Waters, J.A., 1930, Foraminifera of the 
Cisco group of Texas: Texas Univ. Bull. 3019, PP. 22- 
8l, 11 pis. 

and 1928a, The development of Climacammina and 
its allies in the Pennsylvanian of Texas: Jour. 
Paleontology, v. 2, pp. 119-130, 4 pis. 

and 1928b, Some Poraminifera from the Pennsylvanian 
and Permian of Texas: Contrib. Cushman Lab. Poram. 
Res., v. 4, pp. 31-55; pis. 4-6. 

and 1928c, Additional Cisco Poraminifera from 
Texas: Contrib. Cushman Lab. Poram. Res., v. 4, 
p. 62-67, pi. 8. 

Drake, N.P., 1893; Report on the Colorado coal field of 
Texas: Texas Geol. Survey, 4th Ann. Rept., pp. 355-446. 

Dryden, A.L., 1931; Accuracy in percentage representation 
of heavy mineral frequencies: Natl. Acad. Sci. Proc., 
v. 17; P- 233-238. 

Dumble, E.T., 1890, First annual report of the Geological 
Survey of Texas, 1889: 4l0 p. 

Dunbar, C.O. and Condra, G.E., 1932, Brachiopoda of the 
Pennsylvanian System in Nebraska: Nebraska Geol. Surv. 
Bull. 5; P. 383, 25 figs., 45 pis. 

Eargle, D.H., i960, Stratigraphy of Pennsylvanian and Lower 
Permian rocks in Brown and Coleman Counties, Texas: 
U.S. Geol. Survey Prof. Paper 315-D, pp. 55-77; 2 figs., 
6 pis. 

Elias, M.K., 1937; Depth of deposition of the Big Blue (Late 
Paleozoic) sediments in Kansas: Geol. Soc. America Bull., 
v. 48, pp. 403-432, 4 figs., 1 pi. 

  1938, Studies of Late Paleozoic ammonoids; 2, revision 
of Gonioloboceras from Late Paleozoic rocks of the 
Midcontinent region: Jour. Paleontology, v. 12, pp. 
91-100. 

Folk, R.L., 1962, Spectral subdivision of limestone types: 
Am. Assoc. Petroleum Geologists Mem. 1, Classification 
of carbonate rocks, p. 62-84, 7 figs., 1 pi. 

Girty, G.H., 1915; Fauna of the Wewoka Formation of Oklahoma: 
U.S. Geol. Survey Bull. 544, 351 p., 35 pis. 

  1939; Certain pleurotomariid gastropods from the 
Carboniferous of New Mexico and Texas: Washington Acad. 
Sci. Jour., v. 29, pp. 21-36, 7 figs. 



-6o- 

Harlton, B.H., 1928, Pennsylvanian ostracods of Oklahoma 
and Texas: Jour. Paleontology, v. 2, pp. 132-141., 
1 pi. 

Henbest, L.G., 1963., Biology, mineralogy, and diogenesis of 
some typical Late Paleozoic sedentary Foraminifera and 
algal-foraminiferal colonies: Contrib. Cushman Pound. 
Foram. Research, Spec. Publ. 6, 44 p., 2 figs., 7 pis. 

Heuer, Edward, 1958, Comments of the nomenclature revision 
of the Strawn and Canyon megafossil plates: Am. Assoc. 
Petroleum Geologists Southwestern Fed. Geol. 1958 
Guidebook, p. 36-47, 5 pis. 

Imbrie, John, 1955* Quantitative lithofacies and biofacies 
study of Florena Shale (Permian) of Kansas: Am. Assoc. 
Petroleum Geologists Bull., v. 39* p. 649-670, 11 figs. 

Jeffords, R.M., 1947* Pennsylvanian lophophyllidid corals: 
Univ. of Kansas Paleont. Contrib., Coelenterate, Art. 1, 
p. 84, 9 figs., 28 pis. 

King, R.H., 1938 a, New Chonetidae and Productidae from 
Pennsylvanian and Permian strata of north-central Texas: 
Jour. Paleontology, v. 12, pp. 257-279* pis. 36-39. 

  1938b, Pennsylvanian sponges of north-central Texas: 
Jour. Paleontology, v. 12, pp. 498-504, 14 figs. 

  1940, The gastropod genus Euphemites in the Pennsyl¬ 
vanian of Texas: Jour. Paleontology, v. l4, pp. 150-153 

Knight, J.B., 1934, The gastropods of the St. Louis, Missouri 
Pennsylvanian outlier; pt. 7* the Euomphalidae and 
Platyceratidae: Jour. Paleontology, v. 8, pp. 139-166, 
pis. 20-26. 

Laing, Ferguson, 1962, The paleoecology of a Lower Carboni¬ 
ferous marine transgression: Jour. Paleontology, 
v. 36, p. 1090-1107* 6 figs. 

Laury, R.L., 1962, Geology of the type area, Canyon group, 
north-central Texas: Jour. Graduate Research Center, 
vol. 30, no. 3* 180 p., 2 pis. 

Lee, ¥., Nickell, C.O., Williams, J.S., and Henbest, L.G., 
1938, Stratigraphic and paleontologic studies of the 
Pennsylvanian and Permian rocks in north-central Texas: 
Texas Univ. Publ. 3801, 252 p., 9 figs., 11 pis. 

Link, T.A., 1928, A new species of Fistulipora: Jour. 
Paleontology, v. 2, pp. 87-94, 1 pi. 



-6l- 

Moore, R.C., 1929a, Correlation of Pennsylvanian formations 
of Texas and Oklahoma: Am. Assoc. Petroleum Geologists 
Bull., v. 13, PP. 883-901, 3 figs. 

1929b, A bryozoan faunule from the upper Graham forma¬ 
tion, Pennsylvanian, of north-central Texas: Jour. 
Paleontology, v. 3, PP- 1-27, 121-156, 5 figs., 
pis. 1-3, 15-18. 

Moore, R.C. and Dudley, R.M., 1944, Cheilotrypid bryozoans 
from Pennsylvanian and Permian rocks of the mid-conti¬ 
nent region: Kansas Geol. Survey Bull. 52, pp. 229- 
4o8, 48 pis. 

Moore, R.C., Lallicker, C.G., and Fischer, A.G., 1952, 
Invertebrate Fossils: New York: McGraw-Hill, 766 p. 

Moore, R.C. and Plummer, F.B., 1940, Crinoids from the 
Upper Carboniferous and Permian strata in Texas: Univ. 
Texas Publ. 3945, 468 p., 78 figs., 21 pis. 

Muir-Wood, Helen and Cooper, G.A., i960, Morphology, 
Classification and Life Habits of the Productoidae 
(Brachiopoda): Geol. Soc. America Mem. 8l, 447 P-, 
135 Pis. 

Myers, D.A., 1960a, Stratigraphy of the Cisco group, Wayland 
quadrangle, Stephens and Eastland Counties, Texas: 
Soc. Econ. Paleont. and Mineral. Permian Basin Section, 
i960 Ann. Field Trip Guidebook, pp. 48-59, 1 fig. 

1960b, Stratigraphic distribution of some Pennsylvanian 
Fusulinidae from Brown and Coleman Counties, Texas: 
U.S. Geol. Survey Prof. Paper 315-C, 53 p., 2 figs., 
10 pis. 

Newell, N.D. et al., 1953, The Permian reef complex of the 
Guadalupe Mountains region, Texas and New Mexico: 
San Francisco, W.H. Freeman and Co., 236 p. 

Plummer, F.B. and Moore, R.C., 1922, Stratigraphy of the 
Pennsylvanian formations of north-central Texas: Univ. 
Texas Bull. 2132, 236 p., 19 figs., 27 pis. 

Plummer, F.B. and Scott, Gayle, 1937, Upper Paleozoic 
ammonites in Texas: Univ. Texas Bull. 3701, 516 p., 
88 figs., 4l pis. 

Plummer, H.J., 1930, Calcareous Foraminifera in the Brown- 
wood Shale near Bridgeport, Texas: Univ. Texas Bull. 
3019, 21 p., 1 pi. 



-62- 

Sellards, E.H., 1933^ The pre-Paleozoic and Paleozoic 
systems in Texas, in Sellards, E.H., Adkins, W.S., 
and Plummer, F.B., The Geology of Texas: Texas Univ. 
Bull. 3232, pt. 1, pp. 15-238, 12 figs., 6 pis. 

Smith, J.P., 1903, The Carboniferous ammonoids of America: 
U.S. Geol. Survey Mon. 42, 211 p., 29 pis. 

Tarr, R.S., 1890, A preliminary report of the coal fields 
of the Colorado River, Texas, In First ann. rept. 
Geol. Survey of Texas, 1889, pp. 199-216. 

Terriere, R.T., i960, Geology of the Grosvenor Quadrangle, 
Brown and Coleman Counties, Texas: U.S. Geol. Survey 
Bull., IO96-A, 35 P.J 6 figs., 3 pis. 

  1963* Petrography and environmental analysis of some 
Pennsylvanian limestones from central Texas: U.S. 
Geol. Survey Prof. Paper 315-E, 125 p., 23 figs., 
8 pis. 

Walton, W.R., 1964, Recent foraminiferal ecology and paleo- 
ecology: in. Approaches to Paleoecology, Imbrie and 
Newell, eds., pp. 151-237: New York, John Wiley and 
Sons. 

Worthin, A.S., 1930, Micropaleontology of the Wetumka, 
Wewoka, and Holdenville formations.: Oklahoma Geol. 
Survey Bull. 53^ 94 p., 7 pis. 

White, M.P., 1932, Some Texas Fusulinidae: Univ. 
3211, 104 p., 3 figs., 10 pis. 

Texas Bull. 



-63- 

APPENDICES 

Description of samples from loc. M-5. 

Table 1. Numbers of fossils in washed residues 
of 200-gram samples of fossiliferous 
Wayland at loc. M-5 (in 7 parts). 



Sample 1 

Description: 

Interval: 34 inches. 

Color: red at bottom (4-3 feet below contact) 

and middle grading up into red mottled 

with grey at top. 

Lithology: claystone. 

Structures: no visible bedding, upper part of red shale 

unit thoroughly mixed with gray clay intra¬ 

clasts varying from 1-15 mm, hematite and 

limonite grains dominate washed residue 

(Table 1), fossils present in upper as well 

as lower part of outcrop, concentric banding 

of iron-rich clay common in lower part of 

outcrop (4-5 feet below contact). 

Texture: poorly sorted. 

Contacts: unconformable above, lower part of red shale 

not exposed. 

Characteristic fauna: 

Endothyra pauciloculata, Cornuspira sp., Apterinella 

grahamensis, Amphisites centronotus, A. dattonensis, 

Hollinella kelletae, Seminolites sp., and Healdia simplex. 

Remarks: 

Both numbers of fossils (Fig. 10) and faunal diversity 

(Fig. 11) are low. Steinkerns particularly of 
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Sample 1 (Continued) 

foraminifers and ostracodes indicate that some leaching 

has occurred. The fauna which remains, most closely 

resembles that of the productid assemblage. 

Assemblage: 

Productid. 
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Sample 2 

Description: 

Interval: 13 inches. 

Color: Gray-yellow. 

Lithology: claystone. 

Structures: Bedding planes uneven and almost in¬ 

distinct , tough to fracture. 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Characteristic fauna: 

Earlandinita pereglans (Fig. 16)., Ammodiscus semi- 

constrictus (Fig. 15)(only occurrence throughout 

section), Healdia simplex, and shark tooth fragments. 

Remarks: 

Sand is relatively abundant (Fig. 13) as are burrows 

(Fig. 14). The total number of organisms (Fig. 10) is 

low and diversity (Fig. 11) is quite low, but both 

have increased relative to sample. Faunal dominance 

in both ostracodes and foraminifers is at a maxima 

(Fig. 12). 

Assemblage: 

Earlandinita pereglans♦ 
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Sample 3 

Description: 

Interval: 13 inches. 

Color: light gray stained yellow with iron oxide. 

Lithology: claystone. 

Structures: thinly bedded (2-5 mm) but compacted and 

tough to fracture along bedding planes. 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Characteristic fauna: 

Endothyra pauciloculata, Endothyranella powersi, 

Amphisites centronotus, Healdia simplex, Pseudobytho- 

cypris sp., Hollinella kelletae, Seminolites sp., 

Tabulipora, Composita subtilita, Phricodothyris perplexa, 

Neochonetes granulifer, Chonetes sp., Retaria lasal- 

lensis, Derbya sp., Punctospirifer kentuckiensis, 

Straparolus subrugosus, and Culunana sp. 

Remarks: 

The total number of organisms is increased relative to 

the preceding sample (Fig. 10); diversity is (Fig. 11) 

somewhat increased. Faunal dominance in foraminifers 

(Fig. 12) is relatively high. The dominant taxa 

is Apterinella grahamensis, an encrusting form. 

Faunal dominance among ostracodes (Fig. 12) is 

noticeably low and may be caused by several additional 
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Sample 3 (Continued) 

species entering the environment. Total numbers of 

both productid fragments and brachiopod fragments 

reaches a maxima. 

Assemblage: 

Productid. 



Sample 4 

Description: 

Interval: 13 inches. 

Color: light gray, stained yellow. 

Lithology: claystone grading up into a gray nodular 

limestone. 

Structures: claystone - thinly bedded, tough to 

fracture; nodular limestone - disc shaped 

(Pig. 8) varying from 3 to 12 inches in 

length and if- to 4 inches in thickness. 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Characteristic fauna: 

Triticites sp., Glyphostomella triloculina, Millerella 

sp., Tetrataxis sp., Placopsilina ciscoensis, Climacca- 

mina cylindrica, Endothyranella recta, Tolypommina 

delicatula (Pig. 15)* Apterinella grahamensis, Calci- 

tornella heathi (Fig. l6), Amphisites centronotus, 

A. dattonensis, Paraparchites sp. (Pig. 17)* Fenestella, 

Pinnatopora, Rhombopora, (Pig. l8), Wellerella osagensis, 

Chonetes sp., Reticulacea newelli (Pig. 19)* Orthonema 

sp. cf. 0. marninwelleri, Apiculopectin sp., Pseudortho- 

ceras knoxense (Fig. 20). 

Remarks: 

The total number of organisms (Pig. 10) and faunal 
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Sample 4 (Continued) 

diversity (Pig. 11) reach a maxima in sample 4. 

Faunal dominance in both ostracodes and foraminifers 

(Pig. 12) is low. Sand, grains (Pig. 13) and burrows 

(Pig. 14) are decreased in abundance from the pre¬ 

ceding samples 2 and 3. The abundance of Amphisites 

centronotus to A. dattonensis may have an inverse 

relationship (Fig. 17)• Micro gastropods, of which 

Pseudozygopleura sp. is the most abundant, reach a 

maxima in this sample. Crinoid columnals reach a 

maxima in sample 4 and crinoid calyx plates were 

found in the interval from sample 3 to sample 5* 

Assemblage: 

Amphisites - Glyphostomella. 



Sample 5 

Description: 

Interval: 12 inches. 

Color: light gray to medium gray. 

Lithology: limestone nodules grading up into claystone. 

Structure: thinly bedded. 

Contacts: gradational above and below. 

Characteristic fauna: 

Cornuspira sp., Apterinella grahamensis, Apterinella sp. 

Healdia simplex, Pseudobythocypris sp., Rhombopora, 

Polypora, Acanthocladia, Derbya sp., Composita subtilita 

Donaldina sp., Meekospira peracuta, and Nucula ana- 

dontoides♦ 

Remarks: 

The number of total organisms is slightly decreased 

relative to sample 4 (Pig. 10). Faunal diversity is 

comparatively low with a value of 70 (Pig. 11). Both 

mollusk fragments and trilobite fragments reach a maxima 

in sample 5J fragments of shark's teeth are again 

present (Table l). Burrows are relatively abundant 

with a value of 16,384 (Table 1). Several taxa which 

are present in sample 4 become more abundant in sample 

5; other taxa disappear and are replaced. Apterinella 

grahamensis, Apterinella sp., Healdia simplex, 

Pseudobythocypris sp., Rhombopora, and Polypora increase 
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Sample 5 (Continued) 

in sample 5 relative to sample 4 and Triticites sp., 

Millerella sp., Tetrataxis sp., Placopsilin# ciscoensis, 
-
 A7  

and Climacammina cylindrica, which were present in 

sample 4, do not occur in sample 5. 

Assemblage: 

Amphisites - Glyphostome11a. 
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Sample 6 

Description: 

Interval: 12 inches. 

Color: light gray/tan/dark gray. 

Lithology: claystone. 

Structure: thinly bedded., 1-5 mm. 

Texture: poorly sorted. 

Contacts: gray/tan sharp. 

Special features: wood fragments. 

Characteristic fauna: 

Healdia sp. cf. H. simplex, Seminolites sp., Hollinella 

kelletae, Pseudobythocypris sp., Rhombocladia, Pulchra- 

tia symmetrica, Nucula girtyi, and Astartella concentrica. 

Remarks: 

The total number of organisms (Fig. 10) and faunal 

diversity (Fig. ll) are relatively low. Seminolites 

sp., Hollinella kelletae and Rhombocladia are dis¬ 

tinguished by high values of relative abundance. 

Assemblage: 

Textulariid. 
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Sample 7 

Description: 

Interval: 12 inches. 

Color: light grey, some dark laminae. 

Lithology: claystone. 

Structure: thinly bedded. 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Special features: wood fragments. 

Characteristic fauna: 

Endothyra pauciloculata, Calcitornella heathi, 

Amphisites centronotus and Amphisites dattonensis, 

Fenestella, and Neospirifer cameratus. 

Remarks: 

The number of total organisms increases to approxi¬ 

mately the same value as in sample 3- Faunal diversity 

is at a relatively high position. Composition and 

abundance of the fauna is similar to sample 3 (Figs. 

15-20). Both holothurians and crinoids become abundant 

in sample 7 (Table l). 

Assemblage: 

Productid. 
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Sample 8 

Description: 

Interval: 12 inches. 

Color: dark grey/light grey. 

Structures: blocky/thinly bedded, 1-5 mm. 

Texture: poorly sorted. 

Contacts: gradational up into a 1.5-inch nodular 

limestone. Shale becomes more grey and 

dense towards top. 

Minerals: wood fragments. 

Characteristic fauna: 

Endothyra pauciloculata, Endothyranella powersi, 

Glyphostomella triloculina, Triticites sp., Millerella 

sp., Tetrataxis sp., Tolypommina delicatula (Fig. 15); 

Apterinella grahamensis, Minapnodytes, Calcitomella 
A A 

heathi (Fig. l6); Amphisites centronotus, Amphisites 

dattonensis, Paraparchites (Fig. 17); Rhombopora, 

Cystodictya, Polypora, and Fenestella (Fig. l8); 

Orthonema sp. cf. sp. marvingwelleri, Aviculopectin, 

and Pseudorthoceras knoxense (Fig. 20). 

Remarks: 

The lithology, the values for the total number of 

organisms, faunal diversity, and the composition of the 

fauna repeat the conditions described in sample 4. 
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Sample 8 (Continued) 

Assemblage: 

Amphisltes - Glyphostomella. 
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Sample 9 

Description: 

Interval: 6 inches. 

Color: medium grey, slightly yellow. 

Lithology: claystone. 

Structures: thinly bedded (faint) fractures blocky. 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Characteristic fauna: 

Endothyra pauciloculata, Tetrataxis sp., Tolypeimmina 
' ' ' A 

delicatula (Fig. 15); Apterinella grahamensis, Calci- 

tornella heath! (Fig. l6); Amphisites centronotus, 

Healdia simplex, Pseudobythocypris sp. (Fig. 17); 

Fenestella (Fig. l8); Derbya sp. (Fig. 19). 

Remarks: 

The total number of organisms reaches a local maxima 

in sample 9 and faunal diversity remains high. The 

sample is considered to represent generally a con¬ 

tinuation of the conditions described in sample 8 with 

perhaps a slightly increased rate of sedimentation. 

Assemblage: 

Amphisites - Glyphostomella. 
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Sample 10 

Description: 

Interval: 

Color: 

Lithology: 

Structure: 

Texture: 

Contacts: 

4 inches. 

medium grey to yellow, 

claystone. 

thinly bedded (faint) fractures blocky. 

poorly sorted. 

gradational above and below. 

Characteristic fauna: 

Apterinella grahamensis (Pig. l6); Amphisites dattonensis 

(Pig. 17); Rhombopora, Polypora (Pig. 18); Retaria 

lasallensis, Derbya (Pig. 19). 

Remarks: 

The total number of organisms and faunal diversity are 

relatively high in sample 10 (Pigs. 10 and 11). Sample 

10 would appear to have the same relationship to 

samples 8 and 9 that sample 5 has to sample 4. Many of 

the fossils occurring in sample 10 occurred abundantly 

in samples 8 and 9 and a trend having a comparatively 

slow rate of change is considered to be effectively 

initiated in this sample. 

Assemblage: 

Productid. 
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Sample 11 

Description; 

Interval: 4 inches. 

Color: yellowish grey. 

Lithology: claystone. 

Structure: blocky. 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Special features: wood fragments. 

Characteristic fauna: 

Endothyranella powers!, Apterinella sp., Pseudo- 

bythocypris sp., Hollinella kelletae, Neochonetes 

granulifer, Pulchratia symmetrica, and Reticulatia 

newelli. 

Remarks: 

Sample 11, while continuing to have a relatively high 

faunal diversity and abundance (Pigs. 10 and 11) shows 

the trend towards continued reduction in both values. 

Sand content (Pig. 13) begins a period of fluctuating 

between small and moderate amounts. 

Assemblage: 

Productid. 
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Sample 12 

Description: 

Interval: 

Color: 

Lithology: 

Structure: 

Texture: 

Contacts: 

4 inches, 

medium grey, 

claystone. 

blocky. 

poorly sorted, 

gradational. 

Characteristic fauna:- 

Endothyrenella powersi (Pig. 15); Hyperammina sp. A, 
A 

Ammobaculites spirans, Trochammina arenosa, Apterinella 

sp., Hollinella kelletae, Seminolltes (Pig. 17); 

Composita subtilita, Chonetes granulifer, Pulchratia 

symmetrica (Pig. 19). 

Remarks: 

The total number of organisms and faunal diversity in 

sample 12 are relatively high; however, the specialized 

nature of some of the taxa of sample 12, i.e., arenaceous 

foraminifers, Hyperammina sp. A, Trochammina arenosa, and 

Ammobaculites spirans indicates that the position of 

sample 12, as taken from the outcrop, may have over¬ 

lapped the boundaries of the productid and textulariid 

assemblages. Perhaps relatively high diversity is 

characteristic of transitional accumulations of fossils. 

Assemblage: 

Textulariid. 
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Sample 13 

Description: 

Interval: 

Color: 

Lithology: 

Structure: 

Texture: 

Contacts: 

4 Inches, 

medium grey, 

claystone. 

blocky. 

poorly sorted. 

gradational above and below. 

Characteristic fauna: 

Ammobaculites spirans, Trochammina arenosa (Pig. l6)j 

Hyperammina sp. A, Endothyronella powersi (Fig. 15); 

Healdia simplex (Pig. 17); Polypora (Fig. 18); 

Pale&yadia glabra, and Pseudorthoceras knoxense (Pig. 

20). 

Remarks: 

The total number of organisms (Fig. 10) is relatively 

low; faunal diversity (Pig. 11) is only slightly 

decreased relative to sample 12. Faunal diversity in 

gastropods, pelecypods, and brachiopods (Pig. 11), 

however, is high for this sample and indicates a con¬ 

tinued transition from the productid assemblage to 

the textulariid assemblage. Faunal dominance in 

ostracodes (Pig. 12) is high. Healdia simplex consti¬ 

tutes 73.3$ of the total ostracode population. 

Assemblage: 

Textulariid. 
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Sample 14 

Description: 

Interval: 4 inches. 

Color: grey-tan. 

Lithology: claystone. 

Structures: blocky (some traces of thin bedding). 

Texture: poorly sorted. 

Contacts: gradational above and below. 

Characteristic fauna: 

Ammobaculites spirans, Textularia grahamensis (Fig. l6) 

Cystodictya, Polypora (Fig. l8); Punctospirifer ken- 

tuckiensis (Fig. 19); Dentalium sp., and Nucula 

(Nuculopsis) girtyi (Fig. 20). 

Remarks: 

Sample l4 shows a continued reduction both in the total 

number of organisms (Fig. 10) and in faunal diversity 

(Fig. 11). 

Assemblage: 

Textulariid. 



Sample 15 

Description: 

Interval: 4 inches. 

Color: tan with some grey. 

Structures: Blocky. 

Texture: poorly sorted. 

Characteristic fauna: 

Ammobaculites spirans, Textularia grahamensis* Bige- 

nerina ciscoensis* Trochammina sp. (Pig. l6); Ammodiscus 

semiconstrictus (Pig. 15); Hollinella kelletae (Pig. 

17); and Glabrocingulum grayvillense (Pig. 20). 

Remarks: 

The total number of organisms in sample 15 is 10*525 

which represents a slight increase relative to sample 

14 (Pig. 10). Paunal diversity shows a continued re¬ 

duction with a value of 6l in sample 15. Apterinella 

grahamensis constitutes 68.7$ of the foraminifer popula¬ 

tion which gives a local maxima for dominance (Fig. 

12). In the ostracodes* conversely* five taxa are 

equally represented giving a dominance of only 20$ 

(Pig. 12). 

Assemblage: 

Textulariid. 
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Sample 16 

Description: 

Interval: 4 Inches. 

Color: dark grey/tanJ 

Lithology: claystone. 

Structures: blocky with indications of thin bedding. 

Texture: poorly sorted. 

Contacts: laminae which intertongue and pinch out. 

Characteristic fauna: 

Ammobaculites spirans, Textularia grahamensis (Pig. l6) 

Chonetes sp., Chonetes granulifer (Pig. 19); Paleyoldia 

glabra, Culunana sp., Astartella concentrica (Pig. 20). 

Remarks: 

The total number of organisms increases to a value of 

13^204 (Pig. 10), and faunal diversity (Pig. 11) de¬ 

creases to a local minima. Burrows, of which there 

are 28,288, are abundant (Pig. 14). 

Assemblage: 

Textulariid. 



Sample 17 

Description: 

Interval: 4 Inches. 

Color: tan. 

Lithology: claystone. 

Structures: blocky with indications of thin bedding. 

Texture: poorly sorted. 

Characteristic fauna: 

Hyperammina sp. A, Endothyranella powers!, Tolypommina 

delicatula, Tetrataxis, spp. (Pig. 15); Apterinella 

grahamensis, Minamodytes spp. (Pig. l6); Amphisites 

centronotus, Pseudobythocypris spp. (Pig. 17); Neo- 

spirifer cameratus (Pig. 19); 

Remarks: 

In general, encrusting foraminifers increase in abun¬ 

dance; however, the agglutinated form Minamodytes spp. 

replaces Apterinella grahamensis as the dominant element 

and has a value for dominance of 34.8$, a minimum for 

the section studied. The agglutinated forms generally 

dominate the encrusting fauna of the upper part of the 

section and the porcellaneous forms generally dominate 

in the lower part of the section. The total number of 

organisms increases to 21,929 and faunal diversity in¬ 

creases to 66. Sample 17, which should represent a 

transitional environment does not show the high diversi- 
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Sample 17 (Continued) 

ty which was typical in many categories of preceding 

transitional samples (Fig. 11). Gastropods and 

brachiopods (Figs. 11, 19 and 20), however, are 

exceptions. 

Assemblage: 

Productid. 
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Sample l8 

Description: 

Interval: 4 inches. 

Color: tan with a 1-inch yellow, oxidized clay 

zone at the top. 

Lithology: claystone. 

Structures: blocky with traces of thin bedding. 

Texture: poorly sorted. 

Contacts: contact with oxidized zone is sharp. 

Characteristic fauna: 

Hyperammina sp. A, Tetrataxis spp. (Pig. 15); Apteri- 

nella grahamensis (Pig. l6); Amphisites centronotus, 

Healdia simplex, Hollinella kellettae (Pig. 17); 

Penestella (Pig. 18); Chonetes granulifer, Retaria 

lasallensis, Reticulatia newelli, Derbya sp. (Pig. 19); 

and Nucula girtyi (Pig. 20). 

Remarks: 

The total abundance of organisms (Fig. 10) reaches a 

local maximum and faunal diversity, which has a value 

of 84, is greater only in sample 8. The abundance, 

diversity, and composition of this fauna closely approxi 

mates the conditions found in samples representing the 

Amphisites - Glyphostomella assemblage; however, the 

oxidized layer at the top of sample 18 contains es¬ 

pecially abundant fossils and may represent a decreased 
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Sample 18 (Continued) 

rate of deposition, which was the contributing factor 

to fossil abundance. The yellow layer is continuous 

across the outcrop. 

Assemblage: 

Productid assemblage similar to Amphisites - 

Glyphostomella assemblage. 
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Sample 19 

Description: 

Interval: 4 inches. 

Color: gray/tan. 

Lithology: claystone. 

Structure: blocky with traces of thin bedding. 

Texture: poorly sorted. 

Contact: intertonguing. 

Special features: wood fragments. 

Characteristic fauna: 

Hyperammina sp. A, TolypSmmina delicatula (Pig. 15); 
' 
m
 " T 1 11

 A' 

Minamodytes sp. (Pig. l6),* Amphisites centronotus 

(Pig. 17); Polypora (Fig. 18); Wellerella osagensis, 

Neospirifer cameratus (Pig. 19); Pharkidonotus tri¬ 

car inatus, A^iculopectin sp., and Pseudorthoceros 

knoxense. 

Remarks: 

The total number of organisms, 21,293J is decreased 

from the preceding sample (Pig. 10). Similarly, di¬ 

versity is decreased to a value 74 (Pig. 11). Dominance 

among the foraminifers reaches a local maximum, with 

a value of 45.6^ for Minamodytes spp. 

Assemblage: 

Productid. 
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Sample 20 

Description: 

Interval: 

Color: 

Lithology: 

Structure: 

Texture: 

4 inches. 

grey-yellow-dark grey. 

claystone with limestone concretions which 

have a thickness of 2 inches, 

thinly bedded but fractures into blocks, 

poorly sorted. 

Characteristic fauna: 

Reophax asper (Table 1, Appendix) (PI. 2, fig. 7); 

Calcitornella heathi (Fig. l6); Pseudobythocypris 

sp., Paraparchites spp., Amphisites dattonensis 

(Fig. 17); Fenestella (Fig. 18); Chonetes sp., Chonetes 

granulifer, Reticulatia newelli, Punctospirifer 

kentuckiensis (Fig. 19); Nucula sp. cf. N. anodontoides, 

Culunana sp., and Astartella concentrica (Fig. 20). 

Remarks: 

The total number of organisms, 20,008, reaches a local 

minimum in sample 20 (Fig. 10); faunal diversity, 8l, 

is increased from the preceding sample (Fig. ll). 

Faunal dominance among the ostracodes has a value of 

44.1$. The value is a local maximum and Amphisites 

dattonensis is the dominant form. 

Assemblage: 

Productid. 
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Sample 21 

Description: 

Interval: 

Color: 

Lithology: 

Structure: 

Texture: 

4 inches. 

tan. 

claystone. 

blocky fracture with traces of thin bedding, 

poorly sorted. 

Characteristic fauna: 

Hyperammina sp. A* Ammodiscus semiconstrictus, 

Tetrataxis spp. (Pig. 15); Apterinella grahamensis, 

Minamodytes spp. (Pig. l6); Healdia simplex, Hollinella 

kellettae, Paraparchites sp., Amphisites dattonensis 

(Pig. 17); Retaria lasallensis (Fig. 19); Glabro- 

cingulum grayvillense, Pharkidonotus tricarinatus, 

Nucula girtyi, and Nucula sp. cf. N. anadontoides 

(Pig. 20). 

Remarks: 

The total number of organisms reaches a local maximum 

in sample 21 (Pig. 10), with a value of 26,668. 

Similarly, faunal diversity reaches a local maximum 

with a value of 84. 

Assemblage: 

Amphisites - Glyphostomella. 
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Sample 22 

Description: 

Interval: 

Color: 

Lithology: 

Structure: 

Texture: 

4 inches. 

medium grey with yellow streaks on 

fossiliferous bedding planes, 

claystone. 

thinly bedded with a blocky fracture, 

poorly sorted. 

Characteristic fauna: 

Endothyra pauciloculata (Fig. 15); Ammobaculites 

spirans, Apterinella grahamensis, Minamodytes spp. 

(Fig. l6); Pseudobythocypris sp., Hollinella kellattae, 

Seminolites sp., Paraparchites sp., Amphisites 

dattonensis (Fig. 17); Rhombopora, Pinnatopora (Fig.l8) 

Hustedia mormon!, Composita subtilita, Chonetes sp., 

Punctospirifer kentuckiensis, Neospirifer cameratus 

(Fig. 19); Donaldina sp., Meekospira peracuta and 

Straparolus subrugosus (Fig. 20). 

Remarks: 

The total number of organisms, 25,002* although 

slightly decreased from the preceding sample, is re¬ 

latively high (Fig. 10). Faunal diversity (Fig. 11) 

follows a similar pattern in a slight reduction. 

Assemblage: 

Productid. 
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Sample 23 

Description; 

Interval: 8 inches. 

Color: grey with thin yellow layers. 

Lithology: claystone. 

Structure: loosely consolidated. 

Texture: poorly sorted, but having less shell 

material than preceding samples. 

Characteristic fauna: 

Tolypommina delicatula (Pig. 15); Ammobaculites 
A   ' 

spirans, Textularia grahamensis, Textularia eximia, 

Bigenerina ciscoensis, Trochammina arenosa, Trochammina 

sp. (Pig. l6); Septopora (Fig. 18); Derbya sp. (Fig. 19) 

and Paleyoldia glabra (Fig. 20). 

Remarks: 

The total number of organisms decreases to the second 

lowest value, 1,588, in the section studied (Fig. 10). 

Faunal diversity decreases to 58 (Fig. 11). 

Assemblage: 

Textulariid. 
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PLATE 1 

Typical carbonate lithologies in beds above the 
Wayland Shale; prints of acetate peels., x3. 

Figure 

1 Algal limestone in Ivan Limestone from loc. M-5 
showing abundance of blady algae. 

2 Skeletal limestone in Ivan Limestone from loc. 
M-10 showing encrusting algae. 

3 Fusulinid limestone in Speck Mountain Limestone 
from loc. M-8. 
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PLATE 2 

Foraminifers from the fossiliferous Wayland at 
loc. M-5i X96. 

Figure 

1. 
2. 

3. 

4. 

5. 

6. 
7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

Hyperammina sp. A. 

Hyperammina bulbosa Cushman and Waters. 

Hyperammina glabra (Cushman and Waters). 

Hyperammina elegans (Cushman and Waters). 

Minamodytes sp. cf. M. girtyi Henbest. 

Earlandia perparva Plummer. 

Reophax asper Cushman and Waters. 

Earlandita pereglans (Plummer). 

Ammodiscus semiconstrictus Waters. 

Endothyra pauciloculata Cushman and Waters. 

Endothyranella powersi (Harlton). 

Endothyranella recta (Brady). 

Glyphostomella triloculina (Cushman and Waters). 

Ammobaculites sp. cf. A. spirans Cushman and Waters 

Tolypammina delicatula Cushman and Waters. 



PLATE 2 



PLATE 3 

Foraminifers from the fossiliferous Wayland at 
loc. M-5J X96. 

Figure 

1. Textularia grahamensis Cushman and Waters. 

2. Textularia eximia Cushman and Waters. 

3. Bigenerina ciscoensis Cushman and Waters. 

4. Placopsilina ciscoensis Cushman and Waters. 

5. Triticites sp. 

6. Millerella sp. 

7. Cornuspira sp. 

8. Hemigordius sp. 

9. Orthovertella sp. cf. 0. protea 

10. Apterrinella grahamensis (Harlton) 

11. Apterrinella sp. 

12. Calcitornella heathi Cushman and Waters. 

13. Trochammina arenosa Cushman and Waters. 

14. Trochammina sp. 

15. Tetrataxis sp. 
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PLATE 4 

Ostracodes from the fossiliferous Wayland at loc. M-5, 
x55’ except as indicated. 

Figure 

1. Amphisites centronotus (Ulrich and Bassler) (right 
valve)~, X9"6. 

2. Amphisites dattonensis Harlton, (left valve). 

3. Kirkbya sp., (right valve), x96. 

4. Roundyella simplicissima (Knight), (left valve). 

5- Moorites sp. (left valve). 

6. Hollinella kellettae Knight, (right valve). 

7. Hollinella sp., (left valve). 

8. Pseudobythocypris sp., (right valve). 

9. Cavellina subpulchella Coryell, (left valve). 

10. Healdia quadrispinosa Coryell and Billings, (right 
valve). 

11. Healdia alba Coryell and Billings, (left valve). 

12. Healdia simplex Roundy, (left valve). 

Healdia sp. cf. H. simplex Roundy, (right valve). 13. 
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PLATE 5 

Ostracodes from the fossiliferous Wayland at loc. 
M-5, 

Figure 

1. Healdia cuneata Coryell and Billings., (right valve) 

2. Healdia sp. (right valve). 

3. Seminolites sp., (left valve). 

4. Paraparchites sp., (right valve). 

5. Bairdia sp., (left valve). 

6. Bairdia summa Coryell and Billings, (left valve). 

7. Bairdia sp. cf. B. subvexa Coryell and Billings, 
(Teft valvej. 

8. Bairdia subvexa Coryell and Billings, (right valve) 

9. Bairdia oklahomaensis Harlton, (right valve). 

Bairdia sp. cf. B. acetalata Coryell and Billings, 
[Fight valve). 

10. 
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PLATE 6 

Brachiopods from the fossiliferous Wayland at loc. M-5. 

Figure 

1,3 

2. 

4. 

5- 

6. 

7-9 

10,11 

12. 

13. 

14. 

15,16 

17. 

18. 

19. 

20. 

21,22 

23. 

24. 

25. 

26. 

27. 

Neochonetes granulifer (Owen), xl6. 

Neochonetes sp., xl6. 

Chonetinella verneuiliana (Norwood and Pratten), x2. 

Chonetes sp., x2. 

Poikilosakos sp., x2. 

Neospirifer cameratus (Morton), xl. 

Pulchratia symmetrica (King), xl. 

Petrocrania sp. encrusting on Composita sp., x2. 

Llnoproductus sp., xl. 

Hustedia mormoni (Marcou), x2. 

Wellerella osagensis (Swallow), x2. 

Neospirifer sp., a small pedicle valve, xl6. 

Retaria lasallensis (Worthen), xl. 

Cleiothyridina orbicularia (McChesney), x2. 

Punctospirifer kentuckiensis (Shumard), x2. 

Phricodothyris perplexa (McChesney), x2. 

Neospirifer sp., pedicle valve, xl6. 

Neospirifer sp., brachial valve, xl6. 

Punctospirifer kentuckiensis (Shumard), xl6. 

Retichlatia newelli (King), xl. 

Derbyia sp., xl6. 



Plate 6 (Continued) 

Figure 

28. Phricodothyris sp., xl6. 

29. Composita subtilita (Shepard), xl6. 

30^31 Cleiothyridina orbicularia (McChesney), xl6. 
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PLATE 7 

Brachiopods (1-5)f scaphopod (6), gastropods (7-33)J 
and pelecypods (34-44) from the fossiliferous Wayland'at 
loc. M-5. 

Figure 

1,2 Cleiothyridina orbicularia (McChesney), xl6. 

3. Phricodothyris perplexa (McChesney), xl6. 

4,5 Micro-productid brachiopods, xl6. 

6. Dentalium sp., xl6. 

7. Strobeus primogenius (Conrad), xl. 

8. Strobeus primogenius (Conrad), x0.5. 

9. Meekospira peracuta (Meek and Worthen), xl6. 

10. Trepospira depressa (Cox), xl6. 

11. Phymatopleura brazoensis (Shumard), xl6. 

12. Glabrocingulum grayvillense (Norwood and Pratten), 
xl6. 

13- Worthenia tabulata (Conrad), xl6. 

l4. Donaldina sp., xl6. 

15^16 Pseudozygopleura sp., xl6. 

17- Murchisonia sp., x2. 

18. Orthonema sp. cf. 0. marvinwelleri Knight, x2. 

19,20 Straparolus (Amphiscapha) subrugosus (Meek and 
Worthen), xl6. 

21. Glabrocingulum grayvillense (Norwood and Pratten), 
x2. 

22. Phym.atoplura brazoensis, xl.5* 

23. Worthenia tabulata (Conrad), x2. 

24. Trepospira depressa (Cox), xl. 



Plate 7 (Continued) 

Figure 

25- 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34,33 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

Straparolus subquadratus Meek and Worthen, xlO. 

Straparolus subquadratus Meek and Worthen, xl. 

Strobeus primogenius (Keyes), xl. 

Glabrocingulum grayvillense (Norwood and Pratten), 
xlb. 

Meekospira peracuta (Meek and Worthen), xl, 

Straparolus subquadratus Meek and Worthen, xl. 

Euphemites carbonarius (Cox), x2. 1 

Pharkidontus triearinatus (Shumard), xl. 

Strobeus primogenius (Keyes), xl. 

Conocardium sp., xl.5. 

Astartella concentrica (Conrad), x3. 

Myalina sp. cf. M. perattenuata Meek and Hayden, xl 

Aviculopectin sp., x2. 

Celunana sp., xl. 
A 

Nucula (Nuculopris) girtyi Schenck, xl. 

Astartella concentrica (Conrad), xl6. 

Nucula anadontoides Meek, xl6. 

Schizodus alpinus Meek, xl. 

Paleoyoldia glabra (Beede and Rogers), xl. 
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PLATE 8 

Sponges (l), corals (2-4), and bryozoans (5-15) 
from the fossiliferous Wayland at loc. M-5. 

Figure 

1. Amblysiphonella sp. encrusted by Fistulipora, 
agial section at left, tangential section at 
right; xl. 

2,3 Lophophyllidium plummeri Jeffords, xl. 

4. Lophophyllidium spinosum Jeffords, xl. 

5. Rhombopora sp., xl6. 

6. ' Acanthocladia sp., xl6. 

7. Pinnatopora sp., xl6. 

8. Rhabdomeson sp., xl6. 

9. Tabulipora sp., xl6. 

10. Cystodictya sp., xl6. 

11. Rhombocladia sp., xl6. 

12. Polypora sp., xl6. 

13. Fistulipora sp., xl6. > 

14. Septopora sp., xl6. 

15. Fenestella sp., xl6. 
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PLATE 9 

Pelecypods (l-3)j cephalopods (4-6), trilobite (7), 
crinoids (8-13) , echinold (l4), holothurlans (15-18., 20) 
and ophiuroid (19) from the fossillferous Wayland at 
loc. M-5. 

Figure 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13- 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Pinna sp., xl. 

Aviculopectin sp.,. xl6. 

Myalina sp. cf. M. perattenuata Meek and Hayden, 
xl6. 

Pseudorthoceras knoxense (McChesney), xl. 

Metacoceras sp., x0.5« 

Peritrochia ganti, xl. 

Trilobite pygidium, Ditomopyge sp., xl. 

Crinoid columnal, articular face, xl. 

Crinoid calyx having parts of arms attached, xl6 

Microcrinoid calyx, xl6. 

Plaxocrinus sp., xl. 

Crinoid columnal, side view, xl. 

Crinoid cirrus, xl6. 

Echinoid spines, xl6. 

Holothurian sieve plates, xl6. 

Holothurian hook plates, xl6. 

Holothurian frond, xl6. 

Holothurian wheels, aggregate, xl6. 

Ophiuroid ossicle, xl6. 

Holothurian sieve plates, aggregate, xl6. 
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