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ABSTRACT 

PALEOENVIRONMENTAL ANALYSIS OF THE LOWER MIDDLE PENNSYLVANIAN 
DEEP-WATER SEDIMENTS, FORT WORTH BASIN, CENTRAL TEXAS 

JOHN CHARLES VAN WAGONER 

The Fort Worth Basin, a marginal foreland basin of 

the Ouachita orogenic belt was a site of sedimentation dur¬ 

ing the Pennsylvanian. Lower Middle Pennsylvanian claystones, 

siltstones, and sandstones were studied where exposed south 

of Goldthwaite, Texas on the Colorado River. Physical sedi¬ 

mentary structures are present such as small scale ripple 

laminae, flute and groove casts, convolute and horizontal 

laminae, and syndepositional soft sediment slumps. Repeated 

sequences of graded beds are commonly associated with both 

parallel and convolute lamination. Trace fossils abound, in¬ 

cluding Zoophycos, Neonereites, Lophoctenium, Chrondrites, 

and one with a rosette shape. All other faunal evidence is 

lacking. 

Such physical and organic structures may be found in 

many different environments. Paleogeography of the Lower 

Middle Pennsylvanian including proximity of the rocks at 

Goldthwaite to deep-water rocks of similar age exposed near¬ 

by indicate the rocks studied were deposited in deep-water. 

Noticable lack of micro or macro fauna, absence of medium 

scale cross-bedding or ripples, the presence of turbidites, 

and abundant claystone both slumped and unslumped further 

substantiate deposition below storm wave base in deep-water. 



On the basis of distinctive rock types, paleocurrent 

directions, geometries of sandstone bodies, and assemblages 

of sedimentary structures three facies were recognized in 

the rocks studied along the Colorado River. They were ar¬ 

bitrarily designated Facies A, Facies B, and Facies C. 

Collectively the three facies are a portion of a sub¬ 

marine fan prograding approximately westward into the Fort 

Worth Basin, on the western edge of the Ouachita uplift. 

Facies A is a sandstone filled channel in the lower- 

inner to mid fan region. Facies B is interchannel claystones 

and siltstones, and Facies C represents either overbank depo¬ 

sition from a channel or a fine-grained channel fill. 

Based on the similarity of the tectonic history and 

relationship to the Ouachita geosyncline between the Fort 

Worth Basin and the Pennsylvanian Stanley and Atoka Basins 

it is concluded that submarine fan deposition active in the 

Fort Worth Basin is a viable model to apply to the now heavily 

deformed rocks of the Stanley, Johns Valley, and Lower Atoka 

Formations in the Ouachita Mountains. 
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INTRODUCTION 

The Lower Middle Pennsylvanian sandstones, siltstones, 

and claystones examined in this study are exposed along the 

Colorado River south of the city of Goldthwaite, Mills County, 

Texas (fig. 1). These rocks were deposited in the Fort Worth 

Basin (Weaver, 1956; Turner, 1958), a marginal foreland basin 

of the Ouachita geosyncline (Flawn and others, 1961). 

PURPOSE 

The purposes of this research are: 1) to describe 

the facies relationships exhibited in a small area of unde¬ 

formed rocks exposed in outcrop in the southern portion of 

the Fort Worth Basin (fig. 1), and 2) to attempt to under¬ 

stand depositional mechanisms and patterns responsible for 

initially filling this basin by interpreting the facies re¬ 

lationships. The depositional mechanisms or patterns operative 

in the Fort Worth Basin may be similar to those operative in 

the Mississippian to Lower Pennsylvanian Stanley and Atoka 

troughs (Flawn and others, 1961) of the Ouachita geosyncline 

now exposed as deformed sequences in the Ouachita Mountains 

(see "Tectonic Setting and Regional Geology" below). Depo¬ 

sitional environments are difficult to reconstruct in the 

Ouachita Mountains because of structural complexities. The 

undeformed Fort Worth Basin may be an analogue for the 

Stanley and Atoka troughs of the Ouachita geosyncline pro- 
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viding an increased understanding of sediment transport pro¬ 

cesses active in these deformed basins. 

SCOPE OF STUDY 

The rocks examined in this study outcrop in a small 

area of 5.25 mi.2. Initially I was attracted to the location 

because of the well preserved, diverse assemblage of trace 

fossils. Close examination of the rocks revealed an equally 

diverse and abundant assemblage of physical sedimentary struc¬ 

tures. The study was begun with the purpose of relating the 

trace fossil assemblage to a depositional environment, the 

interpretation of which was to be based on the physical sedi¬ 

mentary structures. However, the project eventually evolved 

into: (1) a sedimentological study leading to the formula¬ 

tion of depositional models for the rocks in this small area 

of the Fort Worth Basin, and (2) a study of the interrela¬ 

tionship of these depositional models with the tectonics of 

the Ouachita orogenic belt. 

The study was limited by the small percentage of out¬ 

crop (<15 percent) and the lack of horizontal control between 

outcrops. When rock was exposed it was often out of place 

preventing accurate paleocurrent measurements. In spite of 

these limitations the location offered a unique opportunity 

to study facies relationships and sedimentary structures in 

an area close to Rice University, permitting easy access to 

the field. 
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Previous Work 

Previous work in the Lower Middle Pennsylvanian of 

the Fort Worth Basin dates back to Drake (1892) who surveyed 

the Colorado River Valley to evaluate it's coal reserves. 

Work begun by Plummer and finished posthumously by Barnes 

(Plummer, 1950) discusses problems of Carboniferous stra¬ 

tigraphy and paleontology of central Texas. Weaver (1956) 

and Turner (1958) review the stratigraphy of the Fort Worth 

Basin. Flawn and others (1961) relate Fort Worth Basin de¬ 

velopment to Ouachita tectonics and provide a detailed 

analysis of the rocks in this structural belt in Texas. 

McBride and Kimberly (1963) studied the Smithwick shale ex¬ 

posed in Burnet County, central Texas. Lying directly be¬ 

neath the Strawn, the Smithwick Formation consists of sand¬ 

stones and shales that look very similar to those studied 

by this author along the Colorado River. This was confirmed 

by me during a 1973 field trip to Morman Mills where McBride 

and Kimberly (1963) did some of their work. A deep-water 

marine environment with sand transport by turbidity currents 

was the interpretation given to the Smithwick sandstones 

and shales of Burnet County (McBride and Kimberly, 1963). 

Interest was focused on the rocks south of Goldthwaite, 

Texas along the Colorado River by Pavlovic (1958) who de¬ 

scribed the extensive slumping of blue-black claystones in 

Mills and San Saba Counties, central Texas. Pavlovic (1958) 
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recognized this area as being important to the understanding 

of the Pennsylvanian stratigraphy and structural history of 

Texas. He also established the age of the rocks in the 

study area as lower Desmoinesian close to the base of the 

Strawn Group. This age is based on fusilinids found in beds 

12 miles south-southwest of Goldthwaite and 7 miles from the 

center of the study area. An additional age date is provided 

by Turner (1958) who hypothesized that many of the sandstones 

and shales previously mapped as Strawn along the Colorado 

River are actually upper Atoka in age. 
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METHODS 

Six weeks# from May 15 to June 30# 1973# were spent 

doing field work. Outcrops were located, a geologic map 

(fig. 2) was constructed using the United States Geological 

Survey Goldthwaite Quadrangle map, edition of 1950 as a base 

map, and a facies map (fig. 3) for the Strawn outcrops was 

also made. Five sections were measured (fig. 4-8) (See 

appendix for written description of each measured section). 

Paleocurrent directions were recorded whenever possible dur¬ 

ing section measurement (fig. 9). Paleocurrent data were 

gathered from 42 flute and groove casts (10 flute casts and 

32 groove casts). During the fall# 1973# and Spring# 1974 

numerous weekend trips were taken to the field area to check 

observations. 

Figure 2 is a map of the general geology of the area. 

Figure 3 is a more detailed facies map of the outcropping 

Lower Middle Pennsylvanian rocks. These rocks have been 

mapped as lithofacies rather than lithostratigraphic units 

because: 1) the area is too small to allow identification 

of formations and 2) no acceptable stratigraphic code is 

presently available to classify these rocks in central Texas. 

Rocks in the study area exhibiting similar lithologies, tex¬ 

tures, sedimentary structures, bedding geometries, and paleo- 

currents were placed in the same facies. Using these criteria 

three facies were delimited and arbitrarily designated facies 
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A, B, and C. The recognition of facies and their relation¬ 

ships provided the framework for a later paleoenvironmental 

interpretation (see Facies Description and Facies Interpre¬ 

tation below). 

Petrographic analysis of 16 thin sections was done 

in the laboratory. Grain, matrix, and cement ratios, sorting, 

rounding, mean grain size, and significant component grain 

percentages were tabulated. (See Table 1). One hundred 

counts were made for component grain percentages. Mean 

grain size, rounding, and sorting were visually estimated 

(Folk, 1974) with the petrographic microscope. 

TECTONIC SETTING AND REGIONAL GEOLOGY 

The Lower Middle Pennsylvanian rocks studied repre¬ 

sent a small portion of the sedimentary fill preserved in 

the Fort Worth Basin. Although the sedimentary strata pre¬ 

served within the basin include rocks of Cambrian, Ordovician, 

Mississippian, Pennsylvanian, and Permian age, the basinal 

nature of the area is a product of Pennsylvanian orogeny in 

the Ouachita structural belt (Turner, 1958). Orogeny in the 

eastern part of the Ouachita geosyncline began in the Miss¬ 

issippian and progressed as northward moving pulses of defor¬ 

mation throughout the lower and middle parts of the Pennsyl¬ 

vanian (Flawn and others, 1961). As a consequence the axis 

of deposition within the geosyncline continually shifted 

to the north-west as the more southerly basins were deformed 



Table 1. Petrographic data from 16 selected samples 
collected in the study area. 

M = Matrix 
C = cement 
Q = Mono + polycrystalline Quartz 
K = Potassium feldspars + Albite 
P = Plagioclase feldspars excluding albite 
VRF = Volcanic Rock Fragments 
PRF = Plutonic Rock Fragments 
MRF = Metamorphic Rock Fragments 
MISC = Miscellaneous,primarily micas 
CH = Chert 
Q = Q + CH 
F = K + P 
L = VRF + PRF + MRF + MISC 
Srt* = Sorting (after Folk, 1974). All values are 

in cp units. 
.25<P - very well sorted 
. 35cp - well sorted 
• 5cp - moderately sorted 

l.Ocp - poorly sorted 
2.0cp - very poorly sorted 

Rnd** = roundness (after Powers, 1953) 
.85 - well rounded 
.60 - rounded 
.40 - sub-rounded 
.30 - subangular 
.20 - angular 
.15 - very angular 

MGS = mean grain size in mm 
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and uplifted by the orogenic pulses (Flawn and others, 1961? 

Viele, 1973). The Stanley basin, remnants of which are pre¬ 

served in the Stanley Formation of Arkansas and Oklahoma, 

was the first trough to be deformed and uplifted, moving 

the depositional axis to the north-west thus creating the 

Atoka trough (Flawn and others, 1961), remnants of which are 

now exposed in the Atoka Formation of Oklahoma, Arkansas, 

and north-central Texas. Deformation and uplift of the Atoka 

trough resulted in another north-westward shift of the axis 

of deposition in Desmoine time causing the deepening of the 

Fort Worth Basin (Flawn and others, 1961). This basin re¬ 

ceived sediment from the uplifted Ouachitas, but orogenic 

pulses ended before further deformation could occur, leaving 

the sediment in the interior portion of the basin undeformed 

(Turner, 1958). 

An estimate of the size of the Fort Worth Basin at 

the close of Atoka time is difficult to make because of 

Lower Pennsylvanian thrusting on the basin's eastern edge. 

However, Turner (1958) states that the Fort Worth Basin is 

an asymetrical syncline 200 miles in length, 100 miles in 

width at its northern edge and only a few miles in width near 

its southern terminus. 

THE SUBMARINE FAN MODEL 

The rocks studied were deposited as a portion of a 

submarine fan in the lower-inner fan to middle fan region. 
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To facilitate later discussion the following idealized de¬ 

scription of submarine fans drawn from the literature is 

presented: 

A submarine fan is a prism of clastic sediment accumu 

lating at the base of a slope. Canyons or other submarine 

valleys provide a pathway for funnelling shelfal clastic 

sediments past the slope and out onto the basin plain where 

this sediment comes to rest in an equilibrium fan shape 

(Mutti, 1974). Typically, the fan grows at the base of the 

slope due to the abrupt change in depositional gradient. 

Slopes have relatively steep gradients of 3-6° (Stanley and 

Unrug, 1972) while basin floors and fan surfaces have gra¬ 

dients of less than 1° (J. Duncan, pers. comm., 1975). 

Modern fans vary greatly in size and shape. Normark (1974) 

reported a sublacustrine fan growing in Lake Superior with 

a radial dimension of 5 km. Curray and Moore (1971) have 

shown that the Bengal deep-sea fan in the Bay of Bengal is 

3000 km long, 1000 km wide and has an estimated thickness of 

12 km. In spite of such variability, the characteristics of 

the sediments and the nature of the depositional processes 

on modern submarine fans seems comparable (Nelson and Nilsen 

1974). Although ancient submarine fans were formed in a 

variety of tectonic settings and were fed by a spectrum of 

source types the sequence of sedimentary structures, stra¬ 

tigraphic relationships, and character of the sedimentary 

rocks seems to also be generally comparable (Nelson and 
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Fig. 10. Diagram showing the shape and physiographic 
provinces of an idealized submarine fan. 
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Nilsen, 1974). Presently, submarine fans exist off the east 

coast of the United States, an area of little or no tectonic 

disturbance (Cleary and Conolly, 1974), the California Coast 

in an area of recent wrench faulting (Haner, 1971; Normark 

and Piper, 1972), off the Oregon coast where plate collision 

and subduction is occurring (Duncan et al., 1970; Nelson 

and Nilsen, 1974) and in the Bay of Bengal where Quaternary 

uplift and recent erosion in the Himalayas coupled with re¬ 

cent subduction in the Java trench are providing an environ¬ 

ment for syntectonic sedimentation (Curray & Moore, 1971). 

Submarine fans are subdivided into inner, middle, and 

outer fan (Mutti and Ricci Lucchi, 1972) (fig. 10). Each 

subdivision is characterized by a distinctive facies. The 

following is a brief overview of facies found in the three 

subdivisions of an idealized submarine fan. This discussion 

is drawn primarily from Haner (1971), Mutti and Ricci Lucci 

(1972), Walker and Mutti (1973), Nelson and Kulm (1973), Mutti 

(1974), Nelson and Nilsen (1974), and Normark (1974). 

INNER FAN 

This area is dominated by a single trunk channel which 

may or may not be braided or meandering and may or may not 

have levees. Commonly the channel is v-shaped and deeply 

scoured below the fan surface. The sediment filling the 

channel is usually the coarsest found on the fan. In the 
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ancient record this area of the fan is characterized by 

large, lenticular sand bodies enclosed in mudstone sequences 

with indistinct to parallel bedding. The sandstones are 

coarse-to medium-grained, often conglomeratic, thickly bedded 

and poorly sorted. Some parallel and current laminations may 

be preserved with dish structure (Wentworth, 1967; Stauffer, 

1967; Lowe and Lo Piccolo, 1974), and graded bedding in the 

sandstones. Various types of sediment deformation related 

to mass movement are not uncommon in the inner fan. 

MIDDLE FAN 

This is the area of distributary channels. They are 

usually rounded in shape, have well developed levees and may 

only be a few feet deep. Most of the sand moving through 

the inner fan channel is dumped at the mouth of a mid fan 

distributary channel as the channel floor intersects the fan 

surface. In the ancient record this part of the fan consists 

of coarse-to fine-grained, thick bedded channel sandstones 

and associated thinner bedded mudstones and siltstones. 

Bouma (1962) sequences with cut out bases are invariably 

found (the notation Tabcde will be used henceforth for com¬ 

plete Bouma sequences. Tbcde indicates base-cut-out Bouma 

sequences) in the finer-grained rocks. Discontinuous beds 

exhibiting wedging and lensing are not uncommon in overbank 

deposits of the mid fan region. Channels often show beds of 

great lateral persistance. Sediment deformation related to 
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mass movement is found in subordinate amounts relative to 

the inner fan. Paleocurrent measurements have a spread of 

90°, and can be either transverse or longitudinal to the 

basin axis. 

OUTER FAN 

Channeling is locally present but uncommon. In the 

ancient record medium-to fine-grained sandstones, siltstones, 

and shales make up the outer fan. Sandstone beds exhibit 

lateral continuity and contain Tabcde Bouma sequences. Tbcde 

Bouma sequences are also common. Many of the sandstone beds 

are thick bedded. 

RECOGNITION OF ANCIENT SUBMARINE FANS 

How can submarine fans be recognized in ancient rocks? 

The fundamental key would be the recognition of channels in 

a radiating fan shape. However, this shape is rarely pre¬ 

served (Nelson and Nilsen, 1974). Alternatively, facies 

and facies relationships in the rocks can be studied, and 

compared with similar studies in the literature. Nelson and 

Nilsen (1974) suggest four general criteria by which sub¬ 

marine fans may be recognized in ancient rocks: "1) Major, 

abrupt, lateral facies changes between channel and inter¬ 

channel areas. 2) Broad lenticularity of thick channel 

deposits and sequences of thick bedded sands, channel walls 

being locally recognizable. 3) Thickest bedding in the 
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inner fan deposits, thinnest bedding in channels down fan 

and in interchannel areas. 4) Turbidites, containing Bouma 

sequences in which the completeness of the sequence, coarse¬ 

ness of the deposits, and thickness of the beds changes 

sharply from channel to interchannel area." 

In order to determine that the Pennsylvanian rocks 

studied in central Texas were initially deposited in a sub¬ 

marine fan it was necessary to first collect data and to or¬ 

ganize it into facies (see methods above). This procedure 

allowed comparisons to be made with published studies of sub¬ 

marine fan facies patterns, both ancient and recent. The 

following sections deal with 1) the description of facies 

studied in central Texas and 2) their subsequent interpre¬ 

tations. 

FACIES DESCRIPTIONS 

Description of each facies is presented in the follow¬ 

ing pages. The three descriptive sections, one for each 

Facies, A, B, and C were further subdivided into categories 

to facilitate comparison of data from each facies. The cate¬ 

gories include: 1) location of outcrops for each facies, 

2) the stratigraphic location of each facies relative to the 

others, 3) textures of the rocks in each facies including 

mean grain size, sorting, roundness, and color, 4) the min- 

eralogical composition of major rock types within a facies 

(see methods), 5) the geometry of the rock bodies in a 
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faciès, 6) the sedimentary structures of each facies, 7) 

paleocurrent directions for a facies, 8) fossil content of 

a facies and 9) miscellaneous aspects of each facies. Fin¬ 

ally, a chart (table 2) relating major descriptive charac¬ 

teristics of each facies to an inferred environmental in¬ 

terpretation was designed with the purpose of summarizing 

the relationship of material presented in the descriptive 

and interpretive sections. 

FACIES A (Fig. 3) 

Location of outcrops: Facies A is the most areally signifi¬ 

cant of all facies, composing approximately 60 percent of the 

outcropping Pennsylvanian rocks in the study area. The best 

exposures of Facies A rocks are found on the south side of 

the Colorado River, directly across from the hill on Catclaw 

Bend, on the hill itself, and near the mouth of Shaw Creek 

(fig. 3). Sections were measured through the rocks of this 

facies and are presented in figs. 3, and 8. 

Stratigraphic position relative to other facies; Stratigra- 

phically this facies abruptly truncates Facies B rocks and 

is transitional with the rocks of Facies C where they are 

exposed along the Colorado River north of Catclaw Hill (fig. 

3). Along Weatherby's ridge rocks of Facies A lie above 

rocks of both Facies B and C. 

Textures : The rocks in this facies are generally medium-to 



Table 2. Summary of parameters defining Facies A, B, 
and C of this study. 
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Q 

Q= Quartz+Chert+Quartzite 
F= Potassium Feldspar+Plagioclase 
L= volcanic Rock Fragments+plutonic Rock Fragments+ 

Metamorphic Rock Fragments+Miscellaneous 

O facies C 
A facies A 
□ facies c or A 

Fig. 11. A QFL diagram showing the composition of 16 
sandstone samples determined from point counts 
of thin sections. 
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fine-grained siliciclastic sandstones. Occasionally coarse- 

to granule-size grains of pink, green, grey, white, and 

black chert are found in conglomeratic sandstones. 

The rocks are poorly to well sorted, angular to 

rounded and range in color from light brown (SYR6/4; GSA 

color chart), through buff (10YR8/2), and pale red brown 

(10RS/4). 

Composition: These rocks are compositionally classified 

(Pettijohn and others, 1973, p. 158) as sublitharenites - 

subarkoses (fig. 11). Compositional data are presented in 

Table 1. 

Geometry: The geometry of the sandstone bodies comprising 

Facies A is not in all cases apparent. The sandstone body 

capping Weatherby's ridge west of Blue Bluff is lenticular 

in shape, 22 inches at its thickest point, thinning to 8 inches 

on its western edge and 4 inches on its eastern edge. Outcropping 

sandstone is not seen in either a more easterly or westerly 

direction after the edges are reached. Facies A thickness 

changes cannot be evaluated between Catclaw Hill and the 

exposures directly across the river south of Catclaw Hill, 

hence no geometrical relationships can be discerned. This 

stems from the lack of horizontal control between beds on 

different sides of the river. Whether the sandstone body 

exposed at Shaw Creek is correlative with the one exposed 

directly across the river is a moot point. Facies A at Shaw 
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Creek is approximately 10 feet thick. Assuming a regional 

dip of 3/4° west-northwest (J. L. Wilson, pers. comm., 

1974), Facies A should be at least 198 feet thick where 

exposed 3 miles to the west of Shaw Creek. Facies A is a maxi¬ 

mum of 25 feet thick where it rests upon underlying siltstones 

and claystones of Facies B or C. Possibly the two sandstones 

are not correlative but represent separate sedimentary bodies. 

Post depositional erosion, caused either by a current scour¬ 

ing and removing sand in the depositional environment or by 

much later weathering of the sandstone, may have reduced the 

outcrop thickness. A third possibility exists. The present 

river is confined to a meandering channel. The limbs of all 

meandering loops are aligned parallel to one another suggest¬ 

ing that the channel is fault controlled. Sandstone on the 

east and west side of the river may have been juxtaposed by 

faulting, evidence of which is now obscurred by the present 

river channel or nearby Holocene flood plain deposits. 

Sedimentary structures: A diverse assemblage of sedimentary 

structures is found in Facies A. Beds representing separate 

depositional events range in thickness from 1.5 feet to 7.5 

feet. Internally, the majority of the beds throughout Facies 

A are largely homogeneous (i.e., structureless) exhibiting 

faint horizontal lamination or dish structure (Wentworth, 1967; 

Stauffer, 1967; Lowe and Lo Piccolo, 1974). An excep¬ 

tion to this is found along Shaw Creek, where Facies A beds 
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show a more varied vertical succession of sedimentary struc¬ 

tures; seven separate intervals of graded bedding can be 

distinguished, starting with medium-grained sandstone at the 

base of each interval becoming very fine - grained sandstone 

to siltstone at the top. Claystone is found separating some 

sandstone intervals. Within each interval the sequence of 

sedimentary structures from bottom to top can be described 

as follows: a lower most homogenous unit; a horizontally 

laminated unit, horizontal laminations in the lower part 

changing to wavy laminations in the upper part; and a con¬ 

volute and ripple laminated unit at the top (fig. 8). Rarely, 

there is another zone of horizontal lamination above the con¬ 

volute lamination. No groove or flute casts were observed 

on the soles of the beds seen outcropping along Shaw Creek. 

Groove and flute casts are not abundant in any of the other 

beds in Facies A. 

Some soft sediment deformation features may be seen 

in Facies A along Weatherby's ridge west of Blue Bluff as 

well as in the cliff on the south side of the river, opposite 

Catclaw Hill. These features include sand dikes and folded 

sandstone beds. Occasionally, the upper surfaces of sand¬ 

stone beds are rippled. 

Paleocurrent directions: Where available, flute and groove 

casts were examined. By measuring the lineation of these 

features it is possible to determine at least a component of 
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the current direction. Because their geometry is related 

to the method of their formation flute casts provide a com¬ 

ponent of current direction (Rich, 1950; Kuenen, 1953b; 

Crowell, 1955; Kuenen, 1957a; Hsu, 1959; Dzulynski and 

Sanders, 1962; Potter and Pettijohn, 1963; Sanders, 1965; 

Allen, 1969; Allen, 1970; Blatt and others, 1972) while 

groove casts only give the sense of current movement. Paleo- 

current data for Facies A are presented in fig. 9. 

Fossils: No body fossils were seen in Facies A. Brown 

plant and wood fragments as long as 8 inches and as wide as 

one inch are abundant in the upper surfaces of the sandstone 

beds. Trace fossils are rare or absent. Along Weatherby's 

ridge some rosette trace fossils occur in this facies. 

FACIES B (Fig. 3) 

Location of Outcrops: Facies B comprises approximately 25 

percent of the outcropping Pennsylvanian rocks in the study 

area (fig. 3). This facies is spectacularly exposed at Blue 

Bluff (fig. 4, also see fig. 5) where the river periodically 

impinges on the bluff creating fresh outcrop. Other areas 

of exposure can be found along the base of Weatherby's 

ridge extending down to the base of Catclaw Hill to the 

south, and at the mouth of Nabors Creek. 

Stratigraphic position: Facies B is truncated by Facies A 

<at the northern edges of Catclaw Hill (fig. 3). At this 
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truncation point Facies B lies sandwiched between two zones 

of Facies C rocks. 

Textures: The rocks in Facies B are predominantly claystones. 

Numerous continuous siltstone laminations and beds are inter- 

bedded with the claystone. Toward the lower part of this 

facies isolated fine-to very fine-grained, siliciclastic 

sandstone beds occur. 

The sandstones are poorly sorted and are subangular 

to subrounded. They are light gray (N7) to pale brown (5YR5/2). 

The siltstones have the same colors as the sandstones. Clay- 

stones are dark gray (N3) to medium gray (N5). 

Composition: No compositional data are available for this 

facies. 

Geometry: The beds in Facies B are continuous over outcrop 

distances except where disrupted by soft sediment deformation. 

Any other geometrical relationship is not apparent. 

Sedimentary Structures: The claystone and siltstone exhibit 

well developed lamination (.25-.5 in. thick). Siltstone beds 
i 

» 
are .75-6 in. thick. Sandstone beds'are less than 1.5 ft. thick. 

Most striking are the contorted beds developed in this facies. 

Claystone and siltstone beds display well developed folds and 

associated foliation. Sandstone beds exhibit a variety of de¬ 

formed configurations from isoclinally folded beds, to ripped, 

and rounded sandstone masses. The rounded sandstone masses 
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have been called "hams" by Pavlovic (1958) because their 

surfaces, covered with two sets of microfaults intersecting 

at 30° and sand dikes resemble a baked, scored ham. The 

"hams" range in size from .5-1.5 feet in diameter. Fig. 12 

shows deformation features found in the sandstone beds. 

Siltstone beds and laminations, both deformed and 

undeformed have small groove casts and rare organic trails 

on their soles. The sandstone beds are often graded from 

fine-grained sandstone at the base upwards to very fine¬ 

grained sandstone or siltstone. Groove and flute casts are 

present on the soles of some of the beds. Within many sand¬ 

stone beds a vertical assemblage of sedimentary structures 

is present beginning with horizontal lamination at the base 

changing upwards into wavy lamination and then rippled and 

convolute lamination at the top. Numerous microfaults and 

sand dikes are found in deformed sandstone beds. 

Paleocurrent directions; Because of a lack of suitable ex¬ 

posures no paleocurrents were measured from groove and flute 

casts. Using the bearings and plunges of fold axes found in 

contorted claystones at Blue Bluff a paleocurrent direction 

for slump movement (see facies B, interpretation) was deter¬ 

mined (Hansen, 1971) (fig. 13). This gave a slip direction 

of N30°W. 

Fossilsî Fossils are absent in this facies; not even micro 

fossils occur. Trace fossils are present on the soles of 
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cm. A. Tightly folded siltstone body, 
Found at Blue Bluff. 

Fine-grained "Ham" found as 
talus at Blue Bluff. The 
surface is covered with 
microfaults and sand dikes. 

sole 

C-l. Front view of a folded fine¬ 
grained sandstone body. The 
surface of the fold is cover¬ 
ed with microfaults. 

perpendicular to 
C-l. The sole of 
the sandstone bed 
determined from the 
presence of groove 
casts is shown.. 

Fig. 12 Diagram illustrating some deformation 
types found in the siltstones and 
sandstones of Facies B. 
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Diagram of a Hansen (1971) plot of fold axes 
from slump overfolds found at Blue Bluff. The 
separation angle is approximately 11° indicating 
that the paleoslope was approximately N30°W. 

Fig. 13. 
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beds, but are not common. Woody fragments are abundant on 

siltstone bedding planes. 

FACIES C (Fig. 3) 

Location of outcrops; Facies C is exposed along the river 

west of Catclaw Bend as well as at Blue Bluff (fig. 4). 

These rocks comprise approximately 15 percent of the out¬ 

cropping Pennsylvanian rocks in the study area. Measured 

sections including Facies C are Fig. 4 and 5. 

Stratigraphic Position: West of Catclaw Bend, Facies C lies 

both above and below the beds of Facies B (Fig. 3). At Blue 

Bluff, Facies C is above Facies B, separated from it by a 

gradational contact (fig. 3). 

Textures : Dominantly fine-to very fine-grained sandstones, 

Facies C west of Catclaw Bend also contains siltstones and 

claystones (fig. 5). At Blue Bluff, Facies C is a very fine¬ 

grained sandstone interbedded with claystone. The rocks are 

poorly to well sorted and angular to rounded. They are pale 

red brown (10R5/4) to yellow-gray (5Y7/2) in color. 

Composition: The rocks of Facies C are compositionally 

classified (Pettijohn and others, 1973, p. 158) as sub- 

litharenites to subarkoses (Fig. 11). Compositional data are 

presented in Table 1. 

Geometry: The beds of Facies C are continuous over outcrop 
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distances (15 feet) except where locally disrupted by soft 

sediment deformation. The rocks in this facies weather to 

form flat, shelf-like areas where exposed as a result of 

river action. 

Sedimentary Structures: A widespread vertical assemblage of 

sedimentary structures observed in individual beds includes 

basal horizontal lamination changing upwards into wavy and 

then rippled cross and/or convolute lamination at the top. 

Frequently, folds of the convolute laminations are truncated 

by the rippled upper surface of the bed. Graded bedding 

from fine-or very fine-grained sandstone at the base, chang¬ 

ing upwards into siltstone at the top occurs in conjunction 

with this assemblage of sedimentary structures. The particu' 

lar order of sedimentary structures is never reversed, al¬ 

though beds do not always contain the complete described 

suite. Abundant groove, flute, and load casts decorate the 

soles of these beds. Flute casts are shallow and pointed, 

never longer than 2 in. Groove casts are 1-8 in. in length 

and .5-2 in. in relief. The beds of Facies C exposed at the 

east end of Blue Bluff are contorted and folded. 

Tracing the beds of Facies C exposed on the west side 

of Catclaw Bend in a southerly direction a progressive 

change in grain size, bed thickness, and sedimentary struc¬ 

tures is observed (Fig. 16). Generally, toward the south¬ 

west the grain size coarsens, the beds thicken, homogeneous 
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sandstones begin to replace horizontally laminated sandstones, 

and the percentage of convolute laminations decrease. 

Paleocurrent directions: Thirty-one readings were taken from 

both flute and groove casts found on the sole of a graded 

fine-grained sandstone bed. These data are presented in 

Fig. 9. 

Fossils: Trace fossils observed in this facies include 

Lophoctenium, Neonereites, Chondrites, Zoophycos, and a 

rosette trace fossil (See Appendix). No other faunal evi¬ 

dence was observed. Black, macerated plant fragments are 

abundant on many bedding plane surfaces. 

Miscellaneous : Gypsum is frequently observed on weathered 

surfaces of fine-grained sandstone beds exposed at Blue Bluff. 

The gypsum is a diagenetic mineral possibly related to ground 

water chemistry. 

A summary of the above descriptive material and the 

inferred environment of deposition for each facies (to be 

discussed below) may be found in table 2. 

ENVIRONMENT OF DEPOSITION 

Prior to a discussion of the facies interpretations it 

is necessary to establish the deep water, marine origin of 

the previously described sedimentary rocks and associated 

features. 
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MARINE 

The marine origin of the rocks in the study area is 

substantiated by the discovery of fusilinids, brachiopods, 

bryozoans, and crinoids by Pavlovic (1958) seven miles south- 

southeast from the study area in contorted and deformed clay- 

stone and shale beds. These beds are related to those in 

the study area (Pavlovic, 1958). 

Local stratigraphy further substantiates a marine ori¬ 

gin for the rocks in the study area. It is not until Late 

Pennsylvanian time that the Fort Worth Basin filled (Galloway 

and Brown, 1972). Both the Marble Falls and Smithwick Forma¬ 

tions are marine (Sellards and others, 1966) and the Strawn 

Formation has likewise been recognized as marine based on 

its faunal content (Turner, 1958). Thus, the rocks in the 

study area are bracketed by marine rocks, strengthening the 

idea that they are also marine. 

DEEP-WATER 

The work of McBride and Kimberly (1963) provides the 

strongest evidence that the rocks in the study area were de¬ 

posited in deep-water. The petrographic similarity between 

the rocks of Morman Mills (McBride and Kimberly, 1963) and 

those of the field area, and the probable similarity in age 

between the two suites of sedimentary rocks suggests a simi¬ 

lar depositional environment. McBride and Kimberly (1963) 
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interpreted their rocks as being deep-water deposits and 

invoked the turbidity current mechanism as the most probable 

depositional agent. 

The similarity between the claystones, siltstones, 

and sandstones of the. study area and the Pennsylvanian flysch 

units exposed in the Ouachita Mountains (Cline, 1960) suggests 

that the rocks in the study area are part of a similar flysch 

sequence prograding into the Fort Worth Basin. Flysch is 

generally recognized as a deep-water deposit (Dzulynski and 

Walton, 1965). 

Negative evidence can also be cited as a point in 

favor of a deep-water origin for the rocks of the study area. 

No shallow water features were observed. Medium-to large- 

scale cross-bedding, shallow water fossils, and roots casts 

are absent (Cliften, 1974). Point bar sequences (Bernard and 

others, 1970j) and flaser bedding (Reineck, 1972) were not 

observed. Coal, peat or any other organic accumulation 

suggesting shallow marine-fluvial environments was likewise 

missing. 

Bouma sequences (Bouma, 1962), slumped and contorted 

beds, dish structure (Wentworth, 1967; Stauffer, 1967), 

continuous, horizontal lamination, graded beds, and a mono¬ 

tony of rock and bedding types are commonly, but not exclus¬ 

ively (Dott and Howard, 1962) associated with deep-water. 

These features are all present in the study area and lend 

evidence to a deep-water origin for the rocks studied. 
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FACIES INTERPRETATIONS 

On a submarine fan only two basic environments exist. 

(Nelson and Kulm# 1973)! channel and interchannel. Various 

processes act in each of these environments and can be recog¬ 

nized by the sedimentary structures produced, the bedding 

geometries, the sand/shale ratios, and the grain size distri¬ 

butions, both lateral and vertical. In the absence of good 

outcrop exposures, these criteria, as developed previously 

in the descriptive section, were used in conjunction with 

the published data on submarine fans to arrive at an environ¬ 

mental interpretation for the rocks in each facies and to 

build these independent environmental interpretations into 

two, alternate models of channel-interchannel deposition on 

a submarine fan. 

Facies A is interpreted to be a channel sandstone 

located in the lower-inner - mid fan region (fig. 10). 

Facies B represents distal channel - overbank, and hemipel- 

agic deposition onto the inner - mid fan surface. Facies C 

is either levee - overbank deposition from a channel repre¬ 

sented by Facies A rocks or a thinner bedded channel in the 

mid fan region. 

FACIES A 

Several lines of evidence suggest that Facies A re¬ 

presents deposition in a submarine fan channel(s) in the inner 

to mid fan region (Fig. 10): 1) Sandstones in Facies A all 
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show evidence of deposition by currents. 2) Facies A 

abruptly truncates both Facies B and C. 3) Granule sized 

Ouachita chert (Cline, 1960) is found in this facies and no 

other. 4) Grain size in Facies A is coarser than either 

Facies B or C. 5) The sandstone beds in Facies A are 

thicker by as much as 90 percent than those beds observed 

in Facies B and C. 6) Sandstone bed geometry, where ob¬ 

servable, is lenticular with a concave downwards bottom, as 

expected for channels. 7) The combination of sedimentary 

features exhibited in this facies is characteristic of 

channel deposits described elsewhere (Walker and Mutti, 

1973)? these features are more fully elaborated below. 

Deposition within the channel(s) was by a variety of 

mechanisms. Bouma sequences (Bouma, 1962) and repeated se¬ 

quences of graded beds suggest that turbidity currents 

(Kuenen and Menard, 1952? Kuenen, 1953a? Walker, 1966? 

Walker, 1967? Middleton and Hampton, 1973) were operative 

in depositing some of the channel fill. 

Dish structure (Wentworth, 1967) is observed in the 

sandstones of Facies A. Deposition of quick sand from a 

waning current followed by dewatering is the only informa¬ 

tion the presence of dish structure reveals (Lowe and Lo 

Piccolo, 1974). However, Stauffer (1967) has attributed 

dish structure to grain flow (Bagnold, 1956). The presence 

of dish structure in association with slightly graded, other 

wise homogeneous medium-grained sandstone beds approximately 
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three feet thick lacking any other turbidity or traction 

current structures suggests that grain flow (Bagnold, 1956; 

Middleton and Hampton, 1973) may have played a role in de¬ 

positing some sandstones in the channel(s). 

Comparison with submarine channel descriptions from 

the literature supports a channel interpretation for the 

rocks in Facies A of the study area. Walker (1966) describes 

deep-water channel sandstones as thick sandstone beds (1-30 m.) 

with few mudstone partings. Graded beds, groove casts, flute 

casts, load casts, and horizontal and convolute lamination 

were rarely seen by Walker (1966) in the channel sandstones. 

This description closely approximates that presented for 

Facies A rocks (see description, Facies A) and further sub¬ 

stantiates a channel interpretation for Facies A. 

Characteristics of Facies A which indicate that de¬ 

position in the channel(s) was relatively close to the source 

area (Walker, 1966, 1967) include: the thickness of beds, 

absence of claystone partings, paucity of sedimentary struc¬ 

tures including horizontal and convolute lamination, the 

coarse grain size relative to grain size seen elsewhere in 

the area of study, and the predominance of homogeneous sand¬ 

stone beds. 
% 

Further comparison of the rocks in Facies A with de¬ 

scriptions of submarine fan channels in the literature can 

be made. Mutti and Ricci Lucchi (1972) describe channels in 

submarine fans as consisting of organized conglomerates, 
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pebbly sandstones or very coarse-to medium-grained sandstones. 

The sand/shale ratios are high and bed thickness is > than 

50 cm. Beds in channels are lenticular, often exhibiting 

erosion surfaces, and truncations. Sedimentary structures in 

the channel sandstones are restricted to homogeneous or grad¬ 

ed beds, occasionally crudely laminated. Load and flowage 

structures are present. Deposition is interpreted to be 

from sand debris flow, grain flow, or high density, tur¬ 

bidity currents. This description closely resembles that 

given (above) for Facies A. 

Walker and Mutti (1973) propose their own facies for 

submarine fan deposits. Of particular relevance is their 

facies and B2 (here denoted with numbers to distinguish 

these facies from Facies B of this study). Table 3 de¬ 

scribes Facies B^ and B2. A comparison of Table 2 and Table 

3 will show the similarity between Facies B^and B2 and Facies 

A of this study. 

Both Haner (1971) and Mutti (1974) show that channels 

in the inner to mid fan (Fig. 10) regions are coarse-grained 

to granule-sized, thick bedded, homogeneous sandstones, and 

represent deposition from turbidity currents with Ta or Tae 

preserved. (The notation Ta and Tae refers to those units 

of the Bouma sequence preserved in the turbidite. Ta indi¬ 

cates only the lowermost A unit is preserved, while Tae 

indicates that the lowermost A unit and uppermost E unit only 

are preserved. Notation indicating preservation of a com- 
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pie te Bouxna sequence would be Tabcde. This sequence is 

diagrammed in Fig. 14). Nelson and Kulm (1973) place homo¬ 

geneous, poorly sorted sand and gravel beds in inner fan 

channels while more mature, graded sandstones with Tab pre¬ 

served are typical of mid fan areas. 

Nilsen and Simoni (1973) describe channel sandstones 

of the inner part of the Butano deep-sea fan as being thick, 

ungraded medium-or coarse-grained sandstones with Tae pre¬ 

served. In places, the sandstone can be conglomeratic and 

shows abrupt lateral changes in bedding thickness and coarse¬ 

ness. Nilsen and others (1974) describe similar sandstones 

(thick-to very thickly-bedded, medium-grained to granule - 

sized sandstones that are ungraded) and place them in the 

inner fan to mid fan region. Deposition of these sandstones 

was by sediment gravity flows including grain flow and tur¬ 

bidity current. 

Field evidence gathered in the study area in conjunc¬ 

tion with published descriptions of similar sandstone bod¬ 

ies strongly supports the hypothesis that Facies A represents 

deposition in a submarine fan channel(s) in the inner to mid 

fan region. 

FACIES B 

The data presented above suggests that Facies B repre¬ 

sents deposition in the more distal (relative to the channel) 

interchannel areas of a submarine fan in the inner to mid fan 
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region. Deposition of the claystones and siltstones was 

partially from low velocity, low density turbidity currents 

flowing laterally away from the channels of Facies A. These 

turbidity currents resulted from channel overbanking. 

Another possible mechanism providing clay and fine-grained 

silt to the basin floor was the rain of detrital material 

out of the water column. Deposition of fine-grained sand¬ 

stones was from higher velocity, higher density turbidity 

currents, issuing either from the mouths of channels or flow¬ 

ing out of channels as overbank deposits. 

Overbanking frequently occurs on submarine fans 

(Nelson and Kulm, 1973) and is a reasonable mechanism to pro¬ 

duce currents in the interchannel areas. As finer-grained 

material tops the channel walls, either as a cloud of sedi¬ 

ment, or as a defined density flow, it spreads laterally away 

from the channel into the interchannel area rapidly losing 

velocity, in the case of the flow, and rapidly depositing 

sediment, the coarsest-grained material being dropped closest 

to the channel (Nelson and Kulm, 1973). Small groove casts 

on the soles of the siltstone beds do suggest deposition from 

a current that was moving relatively slowly (Hsu, 1959). It 

is possible, because of the close association of claystone and 

siltstone laminations and beds, that some claystone has de- 

positional affinities similar to the siltstone. 

Lack of evidence of current activity in the claystones 

may be explained either as a function of the low velocity of 
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turbidity currents depositing the clay, as a function of 

the cloud like nature of the entrained layer of overbank 

material from which the clay was deposited, or as an indica¬ 

tion that the clay rained out of the overlying water column. 

No data were found to discredit any of the above hypothesis 

so all are considered possible. Further comparison of the 

textures and sedimentary structures of the claystones and 

siltstones of Facies C with the literature suggesting depo¬ 

sition from a detrital rain of material out of the water 

column and from slow moving turbidity currents may be found 

in Nelson and Nilsen (1974, p. 84) and Nelson and Kulm (1973, 

p. 54-55). 

One conjectured source of clay and fine-grained silt 

in Facies B is from hypopycnal inflow of rivers into the Fort 

Worth Basin draining the Ouachita Mountains. These rivers 

may have fed shelfal deltas (Galloway and Brown, 1972) which 

are no longer visible in outcrop to the east of the study 

area. As shown by Lipsey (1919), Bates (1953), and Frazier 

(1974) the clay and fine-grained silt delivered by rivers to 

a marine basin do not settle out of suspension unless the 

fresh water lens in which these particles are contained 

comes in contact with the shelf surface (Frazier, 1974). Once 

deposited, the clays and fine-grained silts are reworked in¬ 

to the deeper portions of the basins by slumping, wave action, 

storms, or turbid layer transport (Moore, 1969). The hemi- 

pelagic origin of the clays and fine-grained silts of this 



43 

study area is not intended to imply direct deposition of 

sediment as fallout from suspension in surface fresh water 

bodies spreading out into the basin after issuing from a 

river mouth/ but rather the deposition of clays and fine¬ 

grained silts from clouds of suspended material contained 

entirely within the water column. Such sediment is placed 

there as entrained layers of turbidity currents, slumps, 

debris flows, or turbid layer transport, all occurring on or 

near the shelf-break-slope area of the basin. 

The assemblage of sedimentary structures including 

graded beds described for the sandstone beds in this facies 

indicates deposition from a waning, turbulent current 

(Crowell, 1955; Harms and Fahnestock, 1965; Allen, 1969; 

Blatt and others, 1972; Pettijohn and others, 1973). The 

presence of groove casts (Shrock, 1948) and flute casts 

(Crowell, 1955; McBride, 1962; Blatt and others, 1972) on 

the soles of the beds, the upward change from plane lamina¬ 

tion at the base of the bed into a zone of convolute and 

ripple cross-lamination, and the presence of normally graded 

beds indicates deposition was from a turbidity current 

(Kuenen, 1957; Bouma, 1962; Blatt and others, 1972; Middle- 

ton and Hampton, 1973). Using Walker's criteria (1967), 

these beds are petrologically distal turbidites because the 

beds are thin, fine-grained, show no channels, are well graded, 

the A unit (Bouma, 1962) is missing, and laminations and 

small scale ripples are common. 
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The presence of these thicker bedded, coarser-grain¬ 

ed turbidites at the base of Facies B covered with finer- 

grained, laminated claystones and siltstones suggests the 

source of the sediment, the channel, represented by Facies 

A rocks, migrated laterally with time. Overbanking close to 

the channel would provide coarser-grained sediment result¬ 

ing in sandstone bodies. As the channel migrated laterally, 

finer-grained sediment would be carried by slow moving 

currents which had lost most of their velocity and sediment 

load nearer the channel. 

Facies B corresponds closely in appearance to Facies 

E, F, and G of Walker and Mutti (1973). Facies E and G 

(Walker and Mutti, 1973) are interpreted respectively as pro 

ducts of local processes related to overbank deposition 

along channels and of normal rain of detrital sediment onto 

the sea floor. Facies F includes slumped and chaotically 

bedded rocks (see below). 

Nelson and Nilsen (1974) and Nelson and Kulm (1973) 

point out that hemipelagic material rich in terrigenous de¬ 

bris is deposited near the submarine fan apex (inner fan) 

while hemipelagic sediment deposited further out on the fan 

is richer in pelagic sediment. Facies B has no pelagic com¬ 

ponent to the claystones indicating deposition on or near 

the inner fan. Juxtaposition of Facies B rocks with those 

of Facies A suggests an inner-mid fan origin for Facies B 

rocks. 
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Slumping (see below) is most pronounced on the inner 

fan near the base of slope (Nelson and Nilsen, 1974) and 

along channel walls. Slumping is extremely rare to absent 

in the remainder of the fan (Walker and Mutti, 1973). The 

presence of slumping in Facies B suggests an inner fan origin 

for the rocks. 

Taken together, the above data suggest that deposition 

of Facies B was on the inner to mid fan. 

SLUMPING 

The chaotic bedding within Facies B is interpreted as 

slump features resulting from gravity-driven (Hsu, 1974) 

downslope movement of soft sediment in an unstable, sloping 

environment of deposition (Stanley and Unrug, 1972). Accord¬ 

ing to Kuenen (1956) optimum slope for this movement is 5-10° 

Others (Heim, 1908; Arkhanguelsky, 1930; Pettijohn and 

others, 1973) believe that a slope of 1-2° is sufficient to 

allow movement under the proper conditions. Allen (1970) 

points out that recorded, recent submarine slumps have occurr 

ed on slopes with a gradient between 1:6 and 1:30. This is 

equivalent to surfaces with slopes between 9° and 2°. 

The absence of any observable tectonic deformation in 

the rocks of the study area, the presence of depositional 

and conformable contacts between the slumped zones in Facies 

C and the rocks above and below this zone, and the absence 

of pervasive shearing throughout the slumped zones and along 
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the contacts of these zones indicates the deformation in 

Facies C is not tectonic but due to soft-sediment slumping 

(Hsu, 1974). 

It is not known whether slumping was a periodic pro¬ 

cess as sediment adjusted to one or more variables such as 

overburden, degree of slope, local and regional tectonic 

activity, and interstital water content or if it was a uni¬ 

que event where adjustment to one or more of the above vari¬ 

ables occurred only once. 

All observed deformed and contorted siltstone and 

fine-grained sandstone beds are in association with slumped 

claystone matrix. The problem of whether the siltstone and 

sandstone was deformed because the clay matrix moved, or 

whether the claystone was deformed and squeezed around slump 

ing siltstone and sandstone beds was encountered. Because 

matrix is folded in areas with no nearby observable silt¬ 

stone or sandstone beds, and because the siltstone and sand¬ 

stone beds make up only a minor constituent of the deformed 

rocks, claystone being far more abundant, it is assumed that 

the siltstone and sandstone beds were deformed during move¬ 

ment of the claystone matrix. The variety of shapes exhibi¬ 

ted by the deformed siltstone and sandstone beds reflects 

their geometry and cohesiveness at the time of mass movement 

Vertically and horizontally folded fine-and very fine 

grained sandstone beds were plastic enough to flow and fold 

with the clay matrix yet eventually, during movement became 
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brittle enough to develop microfaults within the noses of 

the folds. Initially, these folded sandstone bodies may 

have been sands confined to a channel, or sands that were 

sheet like and more laterally continuous. 

Thicker, fine-grained sandstone beds are ripped apart 

and sit as angular and slightly contorted blocks in clay- 

stone matrix. These blocks are traceable in outcrop for up 

to 150 feet. They represent laterally continuous sandstone 

bodies which were too cohesive to behave plastically during 

deformation, and so ripped along their length as a response 

to movement of the matrix. Rounded "hams" (Fig. 12) (Pav- 

lovic, 1958) and larger homogenized, deformed sandstone bod¬ 

ies represent probable small channels of fine-grained sand¬ 

stone which had cut into the claystone substrate. Founder¬ 

ing of the sand due to loading (Fig. 15) (Frakes, 1967) be¬ 

fore or during deformation of the matrix caused the rounding 

(Ksiazkiewicz, 1958; Kuenen, 1958; Potter and Pettijohn, 

1963). 

Several mechanisms could have produced movement of the 

claystones resulting in the zones of deformation. Movement 

of a thixotropic sediment downslope due to liquification pro¬ 

duced by shock waves from earthquakes (Dott, 1963; Stanley 

and Unrug, 1972) developed in the nearby Ouachita mobile belt 

is one possibility. Oversteeping or loading of the clay 

package by rapidly deposited fine-grained sand (Dott, 1963; 

Allen, 1970) could also cause slumping. Contemporaneous 
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A channel is cut into 
a clay substrate. 
Channel width varies 
between 2 and 15 feet. 

B The channel is filled 
with fine- to medium- 
grained sand. 

C-F Due to density 
differences the sand 
begins to load into 
the clay. 

The clay slumps and 
folds further rounding 
the sand body by ro¬ 
tation. Sand dikes 
and microfaults are 
formed on the sand. 

Fig. 15. Diagram illustrating the formation of "Hams" 
(Pavlovic, 1958) seen in facies B of the study 
area. 
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growth faulting within the clay pile (Curtis, 1970; Brown 

and others, 1974) may be involved in the production of the 

deformation. Sandy deposits prograding out over uncompacted 

clays and muds produce a density contrast which induces gra¬ 

vity slumping along a plane initiated within the clays (Cole¬ 

man and Gagliano, 1965; Curtis, 1970). Once established 

slumping continues as growth faulting with differential load¬ 

ing of sediment causing faulting. Curtis (1970) describes 

the slump structures resulting from gravity sliding as "re¬ 

sembling rotational fault structures or roll overs". Finally, 

if growth faulting had already been initiated, sediment on 

the upthrown side could occasionally slump off as a cohesive 

mass onto the floor below. This process would produce the 

observed deformation. 

No clear evidence indicates which mechanism caused 

slumping. However, the presence of foliation within the 

claystone suggests forced expulsion of pore water (Maxwell, 

1962; Powell, 1972; Alterman, 1973) during deformation. 

Evidence of deformation and sediment instability exists in 

the sandstones above deformed claystone at Blue Bluff. This 

suggests that, at least locally, slumping was interstratal 

with overlying sands adjusting to movement beneath them. 

FACIES C 

Interpretation of Facies C, like that of Facies B, 

depends in part upon the previous interpretation of Facies 

A. Facies C rocks may represent either: 1) a proximal 
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(relative to the channel) overbank-levee deposit associated 

with a channel(s) of Facies A in the inner-mid fan region of 

a submarine fan or 2) a channel fill deposited from a lower 

velocity, lower density turbidity current than the one(s) 

that deposited the rocks in Facies A. The turbidity current(s) 

depositing the Facies C rocks may be of a lower velocity, 

hence lower density than the turbidity current depositing 

the Facies A rocks because 1) it is farther out on the fan 

than the position of Facies A or 2) the turbidity current 

was initially smaller than the one(s) depositing Facies A 

rocks. 

Each interpretation will be discussed in turn. 

OVERBANK-LEVEE DEPOSITS 

No well developed levees were observed in association 

with the channels of Facies A. Because the assumption is 

made here that the rocks of Facies A were deposited in the 

inner-mid fan region (see Facies A interpretation) and levees 

are found in this region on a submarine fan (Walker and Mutti, 

1973), absence of observed levees may be a function of poor 

exposure in the field. However, even with excellent field 

exposures ancient levees are difficult to observe (J. Duncan, 

pers. comm. 1975). In the absence of direct observation 

of levee geometry other field data were used for this inter¬ 

pretation. 

Paleocurrents in Facies C (Fig. 9) are oblique to per- 
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pendicular to those of Facies A as would be expected in over¬ 

bank deposits away from a channel. Pertinent to this inter¬ 

pretation is the mechanism responsible for the deposition of 

sediment which formed the rocks of Facies C. The repeated 

vertical assemblages of sedimentary structures as described 

in association with groove and flute casts, and graded bedding 

indicate deposition was by turbidity currents (Kuenen, 1953a, 

1957; Bouma, 1962; Dzulynski and Walton, 1965; Crowell and 

others, 1966; Middleton and Hampton, 1973). Using Walker's 

(1967) criteria, the beds of Facies C become increasingly 

more distal as one moves away from the portion of this facies 

in closest proximity to the channel sandstones of Facies A 

(Fig. 16). This is to be expected for overbank deposits whose 

source is the channel. As the current moves further from the 

source (the channel) the velocity of the flow, which is ex¬ 

pressed by the bed form preserved in the sediment (Harms & 

Fahnestock, 1965; Blatt and others, 1972) decreases, deposi¬ 

ting finer-grain sizes, thinner beds, fewer basal, homogen¬ 

eous units, and more horizontal and convolute lamination 

(Walker, 1967). Bouma sequences Tbcde are to be expected in 

this overbank-levee environment (Haner, 1971). The observed 

transition of the rocks with characteristics of Facies C in¬ 

to rocks with characteristics of Facies A (Fig. 16), coupled 

with the observation that Facies C rocks also overly Facies 

A rocks, indicates that the channel(s) migrated to the south, 

allowing overbank deposits to spill out over abandoned 
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channel sandstones as diagramed in Fig* 17. Ripple marks 

on the surfaces of some beds in Facies C suggest that bottom 

currents of unknown affinities reworked the sediment. 

Levee's are expected in the lower inner-upper mid fan 

region on a submarine fan (Walker and Mutti, 1973). Overbank 

deposition on to the interchannel areas should then be ob¬ 

served. Many ancient examples are found in the literature. 

Nelson and Kulm (1973) and Nelson and Nilsen (1974) suggest 

that overbank sediment is usually fine-grained sands or silts 

deposited by turbidity currents. Bouma sequences most com¬ 

mon are Tode. Comparison of Facies C of this study (Table 2) 

with Facies D and E of Walker and Mutti (1973) and Mutti and 

Ricci Lucci (1972) (Table 3) show the similarity between Fac¬ 

ies D and E and Facies C. 

Several workers (Nelson and Kulm, 1973; Nelson and 

Nilsen 1974; C. V. Campbell, pers. comm., 1974) point out 

that Bouma sequences for turbidites of levee and interchannel 

areas are usually Tcde or Tde. Facies C rocks all exhibit 

Tbcde. Furthermore, beds of levee and overbank deposits are 

generally discontinuous and lens shaped (Walker and Mutti, 

1973, p. 133; Nelson and Kulm, 1973, p. 54, 58; C. V. 

Campbell, pers. comm., 1974). All of the beds of Facies C 

are continuous over outcrop distances, which in one locality 

is <100 feet. For these reasons, an alternate hypothesis 

has been developed to explain the features of the rocks in 

Facies C. 



Table 3. Parameters defining Facies B^, B^t D, and E 
of Mutti and Walker (1973). See also 
Mutti and Ricci Lucchi (1972). Compare 
these facies parameters with those of facies 
A and C of this study. 
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Facies A Facies C 

Overbank deposits (facies c, B) and their 
relationship to a channel (facies A). 

Facies A 

The aggraded pile of sediment shown in I (above) 
is incised by a new channel with attendant over¬ 
bank facies. This produces a juxtaposition of 
facies patterns. 

Fig. 17 . Diagram illustrating a hypothetical model 
which shows the juxtaposition of overbank 
deposits and older channel sediments. 
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CHANNEL DEPOSITS 

The rocks of Facies C closely resemble distal 

(Walker, 1967) turbidites filling channels in the mid fan 

region. Distal channel deposits of the mid fan would be 

broad and sheet-like (Normark, 1970), and would be composed 

of Facies D rocks of Walker and Mutti, (1973) . Mutti and 

Ricci Lucchi (1972) describe these same facies D rocks as 

fine-and very fine-grained sandstones having marked lateral 

continuity. Tbcd and Tbcde sequences are invariably found 

(Fig. 18). Mutti and Ricci Lucchi (1972) interpret these 

rocks as deposits of low flow regime, low density turbidity 

currents. This description is very similar to that given 

(above) for the rocks of Facies C. 

As stated (above), the rocks of Facies C are more dis¬ 

tal (Walker, 1967) than those of Facies A. The beds of Fac¬ 

ies C in contrast to those of Facies A are thinner, finer- 

grained, show no evidence of amalgamation, have well devel¬ 

oped mud-claystone interbeds, exhibit no Tae sequences, and 

are commonly horizontally laminated (Walker, 1967). This 

distal nature relative to the more proximal beds of Facies A 

may indicate that the turbidity currents which deposited 

Facies C beds travelled farther into the basin than those 

which deposited Facies A beds, or that the turbidity currents 

which deposited Facies C rocks were more dilute and had a 

lower velocity than those which deposited the beds in Facies 
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Submarine fan and location of BB' cross section 
shown below. 

B B' 

Fig. 18. Diagram showing BB' cross section across a 
mid fan distributary channel illustrating 
sedimentary structures deposited by a single 
density flow (after Nelson and Kulm, 1973). 
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A. In the first case, progradation of the upper mid fan 

channels (Facies A) over the mid fan channels (Facies C) 

would have to take place to juxtapose the facies. This is 

possible (Mutti and Ricci Lucchi, 1972; Walker and Mutti, 

1973; Nelson and Kulm, 1973; Nelson and Nilsen, 1974; 

Normark, 1974). In the second case one would only have to 

assume that each turbidity current which is funneled onto 

the fan varies in sediment load and velocity. This is a 

reasonable assumption. 

TECTONICS AND SEDIMENTATION 

The Fort Worth Basin is an integral part of the Oua¬ 

chita orogenic system. It follows that an understanding of 

the depositional mechanisms, depositional environments, and 

petrography of the rocks in a portion of the Fort Worth 

Basin will aid in eventually unravelling the complex history 

of this orogenic belt. 

The data and interpretations presented above allow 

certain questions to be at least partially answered. What 

depositional model can be invoked to account in part, for 

the flysch observed in outcrop in Arkansas and Oklahoma? 

What was the source of sediment in the area of study? What 

is the relationship of the development of the Ouachita fold 

belt to the development of the Fort Worth Basin? 

DEPOSITIONAL MODEL 

As previously discussed (see introduction) the Fort 
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Worth Basin may be a depositional analogue for the Stanley 

and Atoka troughs (Flawn and others, 1961; Viele, 1973; B. C. 

Burchfiel, pers. comm., 1975). Sediment dispersal in the 

area studied in the Fort Worth Basin was through a submarine 

fan. It is reasonable to apply this model, in part, to the 

accumulation of sediment in the Stanley and Atoka troughs. 

Submarine fans prograding either westwards, southwards, or 

northwards as indicated by paleocurrent directions (Morris, 

1974) filled the Stanley and Atoka troughs. This accumula¬ 

ting pile of sediment may have been associated with a con¬ 

vergent plate margin undergoing progressive westward sutur¬ 

ing of continent to continent material resulting from col¬ 

lision (Graham and others, 1975). If this was the case, 

longitudinal transport down the axis of the trough in a 

westward direction away from the suture towards a remnant 

ocean basin would be significant. 

PROVENANCE 

Petrographic analysis of rock thin sections provides 

further data which allows evaluation of the significance of 

longitudinal transport. All thin sections showed evidence 

of both sediment maturity and immaturity. Very well rounded, 

spherical quartz grains were found in every thin section 

surrounded by smaller grained, subangular quartz. Most thin 

sections exhibited moderate sorting; some were well sorted. 

In many cases matrix content was low. On the other hand, 



60 

many grains of quartz and feldspars were angular to subangu- 

lar, feldspars and lithic fragments generally made up <10 per¬ 

cent of the grains (Table 1); some thin sections were poorly 

sorted. One slide showed 20 percent matrix. This mixing of 

mature and immature characteristics strongly suggests more 

than one source terrain. If sediment was transported longi¬ 

tudinally from the northeast into the Fort Worth Basin it 

would show the effects of transportation, i.e. would be rela¬ 

tively mature. Volcanic and metamorphic rock fragments are 

extremely unstable and could only have come from a source 

area close to the Fort Worth Basin. Logically, some type of 

volcanic source associated with the Ouachita orogenic system 

should be considered. Evidence of such a source could now 

be buried by Tertiary sediment or could have been rifted away 

from the North American continent in the Triassic. Mixing 

of longitudinally transported, mature sediment with lithic 

fragments and feldspars derived from a local, nearby source 

would produce the observed assemblage of minerals. 

The Precambrian outlier exposed at Llano cannot be 

ruled out as a source for some of the feldspars, some quartz, 

and metamorphic rock fragments. Volcanic rocks are completely 

absent from this area today. Although erosion could have 

stripped them away, due to their total absence in the Llano 

Uplift another source area for these unstable rock fragments 

should be considered. 
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RELATIONSHIP OF OUACHITA FOLD BELT TO FORT 

WORTH BASIN DEVELOPMENT 

This question can only be partially answered due to a 

lack of data. The Fort Worth Basin is considered to be a 

marginal foreland basin (Flawn and others, 1961; Briggs and 

Roeder, in press) synonymous with the term peripheral basin 

(Graham and others, 1975) coined by Dickinson (1974). Peri¬ 

pheral basins are generally believed to develop on continen¬ 

tal crustal material as the edge of a continental block is 

depressed by partial obduction (Dickinson, 1974) during su¬ 

turing of two continental blocks. A similar origin has been 

postulated for the formation of the Fort Worth Basin (Graham 

and others, 1975). Most of the peripheral basins associated 

with the Ouachita fold belt exclusively contain shallow water 

sediments. Specific examples are the Arkoma Basin (Morris, 

1974) and the Black Warrier Basin (Graham, pers. comm., 1975). 

In contrast, the Fort Worth Basin was filled in Late Atoka 

by deep-water sediment. This could indicate that the down¬ 

warping of the Fort Worth Basin was great enough to allow it 

to fill initially with deep-water sediment travelling longi¬ 

tudinally down the axis of the geosyncline. Or, perhaps the 

Fort Worth Basin is not a peripheral basin at all but devel¬ 

oped in another manner, as yet not understood. Unravelling 

this question will provide helpful insight into the origin 

of the Ouachita fold belt. 
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CONCLUSIONS 

1. Deposition of Upper Atokan sediment in the Fort Worth 

Basin occurred in a deep-water, marine environment. 

2. As a result of field work, three facies were recognized 

and arbitrarily designated Facies A, B, and C. 

3. Field evidence has suggested that the facies examined 

were deposited by various processes and in certain gen¬ 

eral environmental settings. Specifically, Facies A re¬ 

presents deposition in a channel, Facies B represents 

deposition of hemipelagic and "distal" overbank sedi¬ 

ments, and Facies C represents deposition either as 

"proximal" overbank sediment or in or near a channel. 

Comparison of the sedimentary structures and textures 

of these facies with the literature on submarine fans 

has allowed the studied facies to be placed in a spe¬ 

cific environmental picture. They represent a channel/ 

interchannel submarine fan complex where turbidity 

currents carried sediment down fan in channel(s) deposi¬ 

ting coarse-grained and granule-sized material (Facies A). 

Billowing of fine-grained sediment out of channels as en¬ 

trained layers of density currents in conjunction with 

channel overflow deposited sediment in the interchannel 

areas. The finest clay- and silt-sized sediment tra¬ 

velled the farthest away from the channel to be mixed 

with accumulations of hemipelagic material (Facies B). 
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Silt and fine-grained sand deposited as overbank sediment 

closer to the channel in the interchannel area spread out 

as sheets (Facies C). Alternatively, deposition of sheets 

of sediments in channels may be responsible for the rocks 

represented in Facies C. The fan setting was in or just 

above mid-fan to lower inner fan. 

4. The tectonic setting of the Fort Worth Basin is uncer¬ 

tain, but other authors (Flawn and others, 1961; Viele, 

1972) suggest it was similar to the Stanley and Atoka 

troughs. Consequently, the depositional model of a sub¬ 

marine fan responsible for the sediment dispersal in the 

Fort Worth Basin may be equally applicable to the Stanley 

and Atoka troughs. 

5. Petrographic data indicate that the sediment in the Fort 

Worth Basin was derived from mixed source terrains. Lon¬ 

gitudinally transported sediment mixing with sediment of 

local derivation would account for the assemblage of min¬ 

erals seen in thin section. 
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Trace Fossils 

Common trace fossils of the Goldthwaite locality in¬ 

clude Neonerites biserialis Seilacher, 1960; Lophoctenium 

Reinhold Richter, 1850; Zoophycos s.p., Chondrites s.p., 

and a rosette trace fossil as yet unnamed. 

Discussion of local forms 

Neonerites biserialis Seilacher, 1960: A concave or convex 

epirelief preserved as hachured chains or annulated furrows 

possibly bordered on the flanks by a row of semicircular 

depressions. The corresponding hyporelief is preserved 

as a lobar chain-like structure of confined length (fig. 22 

a,b) . 

Lophoctenium Reinhold Richter, 1850: A convex epirelief 

commonly preserved as a cleavage relief. The structure ex¬ 

hibits a feather-like branching pattern with a relatively 

straight to slightly curved main horizontal tube. Branching 

off this tube are curved arms slightly smaller in diameter 

than the main tube. Structure has arms branching from one 

side of the tube only (fig. 22, g). 

Zoophycos s.p.: A concave or convex epirelief with a curved, 

horizontal marginal tube. Variously shaped curved Spreiten 

radiate from a central point within the perimeter of the 

tube (fig. 22, e). 

Chondrites s.p.: A convex hyporelief composed of branching 

tunnels whose width, with the exception of small pellets (?) 

remains constant. Branching occurs at 30°- 60°. Branches 

cross one another occasionally and form a complex pattern 

(fig. 22, f). 

Rosette trace fossil: A concave epirelief formed just below 

the bedding surface in a fine-to very fine- grained sandstone. 
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Two distinct patterns are preserved. 1) A round depression 

with small circular, ellipsoidal wedge-shaped pits radiating 

outwards from a convex central tube or mound. 2) A "heart "- 

shaped depression with circular, ellipsoidal or wedge-shaped 

pits arranged radially outwards from a tube or mound located 

at the base of the cleft in the "heart" (fig. 22 c,d). 

An interpretation of the above forms is not within the 

scope of this work. For further information on trace fossils 

the reader is referred to Hantzchel, 1964; Osgood, 1970; 

Osgood, 1972; and Seilacher, 1964. 
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Fig. 22. Trace fossils from the Goldthwaite study 

locality. All scale bars equal one cm. 

A. Neonerites biserialis Seilacher, I960. Hyporelief. 

B. Neonerites biserialis Seilacher, 1960. Epirelief. 

C. Rosette trace fossil. Circular. 

D. Rosette trace fossil. "Heart"-shaped. 

E. Zoophycos s.p. 

F. Chondrites s.p. 

G. Lophoctenium Reinhold Richter, 1850. 
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Written description of 

Blue Bluff Section (fig. 4) 

For section location see fig. 3. 

unit written description 

A "Ham" is present at the base of the unit. The 
remainder of the unit is covered with the exception 
of a set of very fine-grained sandstone to siltstone 
beds. The beds are thin to medium bedded in thickness. 
The sandstone is pale red brown (10R5/4) and the silt- 

B stone is very light gray (N8). Both are burrowed, 
and have mica on bedding planes. The sole of the 
sandstone bed (lowest in the section) has load casts. 
The beds are graded and exhibit wavy lamination, small 
scale cross lamination and convolute lamination. 

Dark gray (N3) to medium gray (N5) claystone with 
interbedded siltstone. The claystone is thickly 

A laminated. Siltstone is thinly bedded. The clay¬ 
stone is nodular to blocky with rare concretions 
(10YR5/4). The siltstone has calcium carbonate 
cement. Mica is common in the lowest part of the 
unit, plant fragments are rare. 
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Written description of 
Colorado River Section no. 1 (fig. 5) 

For section location see fig. 3. 

unit written description 

Blue-gray (5B5/1) claystone laminae alternating with 
E thin beds of siltstone. Burrowed throughout the 

unit. 

Alternating light gray (N7) siltstones and blue-gray 
(5B5/1) claystones. The siltstone beds exhibit plane 
lamination as well as convolute and cross lamination. 
Small scale ripple marks are common on bedding plane 

D surfaces. The soles of the siltstone beds have ab¬ 
undant groove casts, flute casts and trace fossils. 
The lamination with in the siltstone beds shows a 
concentration along bedding planes. 

C Covered 

Alternating blue-gray (5B5/1) claystone and light gray 
(N7) siltstone. Abundant trace fossils found on soles 

B of the siltstone beds. The bottom of the interval is 
a fine-grained, brown (5YR5/2) sandstone, massive, 
poorly sorted, with poorly rounded grains. Groove 
casts and trace fossils found on the soles. 

Alternating blue-gray (5B5/1) claystone and light gray 
(N7) siltstone. Fine, elongate scratches and small 

A groove casts are preserved on the soles of the silt¬ 
stone beds. The lowermost ten and one half inches 
of the unit is a fine-grained light gray (N7) sand¬ 
stone, massive, well sorted, with well rounded grains. 
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Written description of 
Colorado River Section no. 3 (fig. 6) 

For section location see fig. 3. 

unit written description 

Dominantly a medium-grained, tan (10YR6/6) sandstone. 
Moderately sorted, with subangular grains. Massive 
except for occasional small plane laminations, con- 

C volute beds and a large load cast at seven feet. A 
thin blue-gray (5B5/1) claystone bed at eighteen feet 
has cross laminations. No sole marks were observed. 
The top of this unit has sand dikes trending N20®E 
and joints trending N68°E. 

B Fine-grained, light gray (N7) sandstone, poorly sorted. 
Some convolute bedding. 

Fine-to medium-grained, pale red brown (10R5/4) sand- 
A stone. Massive, poorly sorted, well rounded. Mica¬ 

ceous. 
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Written description of 
Nabors creek Section (fig. 7) 

For section location see fig. 3. 

unit written description 

Medium dark gray (N4) claystone with interbeds of 

D light gray (N7) siltstone. claystone slumping in the 
upper part of the unit may render the thickness 
measurement slightly innaccurate. 

C Well laminated medium dark gray (N4) claystone. 

A deformed fine-grained sandstone bed. Light gray 
(N7), poorly sorted with subangular grains. 
Well laminated medium dark gray (N4) claystone. 
Alternating beds of pale brown (10YR6/2) siltstone 
and laminated medium dark gray (N4) claystone. The 

B siltstones are burrowed and exhibit small scale rip¬ 
ples on bedding plane surfaces. At sixteen feet in 
the section Lophoctenium was found. The soles of the 
siltstone beds have groove and flute casts. 
Blue-gray (5B5/1) claystone with pale brown (5YR5/2) 
siltstone interbeds. 

Two fine-grained sandstone beds, the top is twelve 
inches thick and the bottom nine and one half inches 
thick. They are separated by a two inch thick medium 
dark gray (N4) claystone. The sandstones are well 
sorted with well rounded grains. Both are pale brown 
(5YR5/2) have small scale rippled surfaces, as well 

A as convolute and cross laminations, plane beds and 
flute and groove casts on the soles. 
Alternating medium dark gray (N4) claystone, pale 
brown (5YR5/2) fine-grained sandstone and light gray 
(N7) siltstone. The sandstones are rippled and have 
convolute and cross lamination. 
A pale brown (5YR5/2), medium-grained sandstone, mas¬ 
sive, poorly sorted, with moderately rounded grains. 
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Written inscription of 
Shaw creek Section (fig. 8) 

For section location see fig. 3. 

unit written description 

Fine grained, pale brown (5YR5/2) sandstones. Well 
sorted, well rounded, low matrix content. Graded 

C bedding, plane laminations, and convolute laminations 
and are present in that order from bottom to top. This 
D sequence of sedimentary structures is repeated three 

times vertically. No sole marks or evidence of 
burrowing is apparent. 

B Claystone with thin interbeds of siltstone. 

Green-gray (5GY6/1) fine-grained sandstone, poor to 
moderately sorted with well rounded grains. Graded 
bedding, plane lamination, and convolute lamination 
are seen in a vertical sequence in that order from 

A bottom of the bed to the top repeated four times. 
Interbedded between these sandstone sequences are 
claystones and siltstones. Where sandstone sequences 
share a common bedding plane surface concentrations 
of plant debris are common. No sole marks or evi¬ 
dence of burrowing is apparent. 
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