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LAKE MARGIN DEPOSITIONAL SYSTEMS OF THE DOCKUM GROUP

(UPPER TRIASSIC) IN TULE CANYON, TEXAS PANHANDLE

by

John L. Boone

ABSTRACT

The Dockum Group (Upper Triassic) in the Tule Canyon area is a

complex assemblage of terriginous clastic rocks deposited within a broad,

shallow intracratonic basin. Lakes were present in the basin through

most of Dockum time. Lacustrine character is suggested by faunal content,

lithofacies and evidence of rapid changes in base level.

Depositional systems identified in the section are: 1) a basal

alluvial fan/fan-delta, 2) local valley fill of pebble conglomerate and

sandstone, 3) fluvial coarse-grained (low-sinuosity) meanderbelt sand-

stones and 4) lobate, Gilbert-type deltas that occur in an imbricated

series of 3 to 4 progradational cycles. Dockum rocks are composed of

approximately 50% fine-grained sandstone, 40% mudstone and siltstone and

10% chert-pebble conglomerate in the valley-fill. Lower Dockum systems

are mostly sandstone, whereas the upper Dockum contains thick mudstone

and siltstone intervals.

Dominance of aquatic vertebrate fossil types, lack of in situ

plant fossils and übiquitous caliche in Dockum rocks suggest that paleo-

environments of the Tule Canyon vicinity were warm and arid to semiarid.

However, vigorous currents and abundant sediment supply in large Dockum

rivers indicate that pluvial conditions existed in tributary headwaters

east of the outcrop.

Lower and middle Dockum depositional environments were associated

with shallow lakes of variable depth and extent. Delta front thick-

nesses suggest depths of a few meters or less at the base of the Dockum.

Valley entrenchment and soil development accompanied significant changes

in climate, lake geometry and depositional conditions after progradation

of the basal fan system. Lobate deltas of the upper Dockum record more
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humid, deeper water lacustrine conditions. Thicknesses of delta front

foreset sequences show that water depths near deltas were in the range of

5-8 m, and rarely more than 10 m. Transgressive, fining-upward patterns

in delta front deposits and cycles of entrenchment and fill in delta

distributaries suggest the occurrence of lake level changes in the upper

Dockum of 10 m or less.
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INTRODUCTION

Purpose and Scope

Triassic terrigenous clastic deposits are widely exposed through

out the southwestern United States. Many of these sedimentary rocks are

redbeds which have been interpreted as continental deposits. The Dockum

Group (Upper Triassic) of northwestern Texas, eastern New Mexico, and

2
southeastern Colorado covers an area of 155,000 km

, forming one of the

uppermost stratigraphic units in the Permian Basin. The Dockum has been

studied by many geologists and has been interpreted as alluvial, allu-

vial fan, lacustrine, braided stream and alternating marine and conti-

nental deposits. Most previous interpretations of the Dockum have not

adequately treated the spectrum of specific depositional environments

represented in the section. Recently, however, studies by McGowen and

others (1975, 1977, in press) and Seni (1978) have identified complex

lacustrine, deltaic and fluvial systems in the Dockum Group.

Tule Canyon was chosen for study because the Dockum Group expo-

sures are excellent. The section is thicker and more complete than else-

where in outcrop along the eastern edge of the High Plains. The area has

not been specifically covered by any previous investigations. Objectives

of the study are: 1) to identify and delineate depositional systems,

2) to obtain a three-dimensional picture of facies geometry, character-

istics, and vertical and lateral succession, 3) to supplement macroscop-

ic data with petrographic study of composition and texture, 4) to com-

pile these data into a synopsis of the depositional history and

characteristics of the Dockum depositional basin within the study area,

and 5) to integrate this study with the Bureau of Economic Geology, The

University of Texas at Austin.

Study Area

Tule Canyon (fig. 1) is located in Briscoe County, Texas along

the eastern escarpment of the southern High Plains. It forms a

1



2

Figure 1. Index map showing Dockum Group outcrop and geographic setting
of the study area. Geology after Barnes (1968).
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topographic reentrant into the escarpment with local relief of more than

180 m. Rapid headward erosion of ephemeral tributary streams has pro-

duced a rugged landscape throughout the area (pi. I). Steep cliffs are

formed by resistant sandstone units and local development of badlands

topography is common. The Dockum Group is exposed throughout the deeply

incised segment of the canyon (fig. 2). Preserved thickness averages

about 127 m. It thickens from about 90 mat the mouth of the canyon to

over 150 m in the upper reaches of the canyon to the southwest.

Methods

Sections measured throughout the field area established a strati

graphic framework. Features recorded included lithology, grain size,

sorting, bedding characteristics, sedimentary structures, biogenic struc

tures, fossil content, vertical sequences, and lateral variations.

Photographic mosaics were used to supplement detailed outcrop

description. This technique proved particularly valuable in Tule Canyon

where sediment characteristics change over short lateral distances.

Isopach data collected for individual genetic sequences aided

determination of sandstone distribution and geometry. Paleocurrent data

were obtained where good bedding plane exposures were available. Fea-

tures utilized as current direction indicators included trough axes,

current ripple crests, dune crests (or horizontal traces of foreset

laminae), parting lineations, flute and groove casts, fossil logs or

limbs, and sandstone geometry.

Samples were collected for petrographic analysis from different

lithofacies in the area. At several localities, samples were collected

from each genetic unit in order to determine vertical variation in

petrographic characteristics.

Previous Studies

Significant stratigraphic studies are those of Adams (1929),

Cummins (1889, 1890), Drake (1891), Fink (1963), Gould (1906, 1907),



PLATE I

Dockum Exposures In Tule Canyon

A. Oblique aerial view (to north) of canyon at The Narrows. Dockum lies

between creek bed and light-colored Ogallala caprock.

B. View of vertical exposures of fluvial and deltaic sandstones between
Texas Highway 207 and The Narrows.

4
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Figure 2. Geologic map of the Tule Canyon area. Modified after Barnes

(1968).

6
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Green (1954), Hoots (1926), McKee and others (1959), Patton (1923), and

Roth (1932). These geologists divided the Dockum Group variously into

several formations. Although the divisions Tecovas and Trujillo Forma-

tions are preferred by the U. S. Geological Survey (Gould, 1907; McKee

and others, 1959; Finch, 1975; Finch and Wright, 1975), water and oil

well drillers and uranium explorationists are more familiar with the

term Santa Rosa Sandstone (Adams, 1929; Fink, 1963; West Texas Geological

Society, 1961) .

Attempts to subdivide the Dockum into formations have been made

from time to time from the earliest reports to recent studies. Names

receiving widespread use include the Tecovas (lower) and Trujillo (upper)

Formations of Gould (1907), described in the northern Texas Panhandle.

Patton (1923), Roth (1932), and Finch (1975) furthered the use of these

two formation names in northwest Texas. The Dockum was subdivided into

the "Santa Rosa sandstone" and "Chinle shales" by Adams (1929), who

studied the southern Triassic basin area in the subsurface. The term

"Santa Rosa sandstone" originated with Darton's (1928) use of it to des-

cribe basal sandstones of the Dockum Group in eastern New Mexico. Sidwell

(1945) and Fink (1963) proposed three divisions: Tecovas, Santa Rosa,

and Chinle Formations. These divisions were applied to the outcrops in

the northern Texas Panhandle and in northeastern New Mexico. Regional

reconnaissance of outcrops and subsurface by McGowen and others (1975,

1977, in press), studies of Palo Duro Canyon by Seni (1978), and my ob-

servations in Tule Canyon lead to the conclusion that application of for-

mation names to the entire complex Dockum Group may be too arbitrary for

usefulness. In this study, formal subdivisions are set aside in the

interest of emphasizing genetic stratigraphy.

Late Triassic age of the Dockum Group has been determined from

paleontological data. Cummins (1890) was the first geologist to identify

the Triassic age of the Dockum. Since this early report, vertebrate

paleontologists have refined their interpretations and correlations of

the mostly fragmentary and poorly preserved fossil remains to include the

entire Dockum Group within the Late Triassic-Epoch. Recently Dunay

(1972) used detailed correlations of palynomorph assemblages in the
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Dockum with European assemblages to corroborate vertebrate fossil evi-

dence and to establish the age more precisely as Carnian-Norian.

Presence of a regional unconformity at the base of the Dockum

Group that represents a hiatus of two epochs (Early and Middle Triassic)

has been emphasized by Cazeau (1962), Cummins (1890), Drake (1891), Fink

(1963), Gould (1907), McKee and others (1959) and Patton (1923). Case

(1922) and Kiatta (1960), on the other hand, reported that the Permian-

Triassic contact is gradational wherever observed and that there is no

sharp systemic boundary. McGowen and others (1975, 1977, in press) and

Seni (1978) state that there is an unconformity between the Dockum Group

and underlying rocks of the Quartermaster Formation in Palo Duro Canyon

approximately 53 km northwest of Tule Canyon (fig. 1). However, McGowen

and others (1975, p. 6) note that along most of the outcrop belt an un-

conformity is not evident. Sedimentation in Tule Canyon was continuous

through a transition from Quartermaster sabkha, tidal flat and salt pan

environments into more pluvial Dockum lacustrine, deltaic and fluvial

environments.

Petrographic studies of Dockum sandstones include those of Cazeau

(1962), Green (1954), Kiatta (1960), Seni (1978) and Sidwell (1945).

Sidwell (1945) and Seni (1978) showed that mineralogy and textural proper

ties of sandstones in the lower Dockum closely resembled the underlying

Permian sandstones. Sidwell (1945) reported that upper Dockum sandstones

had more metamorphic and igneous components than the lower Dockum rocks.

Seni f
s (1978) results show that the lowest of three progradational

sequences in Palo Duro Canyon contains quartzarenites in which well

rounded, euhedral quartz grains and chert rock fragments are abundant.

Second and third progradational sequences are characterized by abundant

carbonate (caliche) rock fragments and fall into sublitharenite or

litharenite classes of Folk (1974).

Paleocurrent distribution patterns and sources of Dockum sedi-

ments are discussed by Adams (1929), Cazeau (1960, 1962), Cramer (1973),

Fink (1963), Kiatta (1960), McGowen and others (1975), Roth (1943), Seni

(1978), and Sidwell (1945). Crossbedding measurements taken by Cazeau

(1960, 1962) in Texas and New Mexico led him to conclude that
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paleocurrents flowed dominantly to the northwest. Kiatta (1960) stated

that 80% of his measurements on outcrops in Texas were in the western half

of the compass. Cramer (1973) found that measurements of crossbedding in

Texas outcrops varied from a dominantly northwest trend in the southern

2/3 of the outcrop belt to a more northerly direction in the northern

part of the outcrop.

McGowen and others (1975) demonstrated with examples from five

areas that primary sedimentary structures are better indicators of depo-

sitional processes than of paleoslopes. Directional features measured in

outcrop exhibited poor correlation with sandstone body geometry and

subsurface high sandstone percentage trends. These large-scale features

are considered to be the most reliable indicators of paleoslopes (McGowen

and others, 1975, p. 100). Subsurface studies by McKee and others (1959)

and more recently by McGowen and others (1975) show that the Southwest

Triassic Basin was filled peripherally.

Sediment distribution patterns and crossbedding trends in the

Palo Duro Canyon area were studied in detail by Seni (1978). His data

show that sandstone percentage or thickness patterns and trends of trough-

fill cross-stratification in fan-delta platform sandstone facies are the

most reliable paleoslope indicators. Progradation was southward for the

lowest of three genetic sequences and westward for the middle and upper

genetic sequences.

Most authors consider sources of Dockum sediments in Texas to be

from the Ouachita-Marathon tectonic belt or the Llano uplift area of cen-

tral Texas. New Mexico sources were probably related to the ancestral

Rocky Mountains (McKee and others, 1959). Reworking of Permian deposits

contributed to formation of the lower Dockum. Roth (1943), Seni (1978),

and Sidwell (1945) have discussed similarities in constituents of lower

Dockum and Permian sandstones. Seni (1978) postulated that lower Dockum

sandstones in Palo Duro Canyon were derived from Permo-Triassic aeolian

dune fields located adjacent to sabkha and tidal flat facies that under-

lie the Dockum.

Subsurface characteristics and distribution of the Dockum Group

were reported by Adams (1929), McGowen and others (1975, in press), and
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McKee and others (1959). Adams (1929) found that the Dockum below 33°

North latitude is characterized by a lower, predominantly sandstone sec-

tion (Santa Rosa Sandstone) and an upper, mostly shale section (Chinle

Formation). He interpreted thick sandstone accumulations in the southern

Permian Basin as alluvial fan deposits and listed a series of criteria

useful for differentiating Dockum strata from those of the Upper Permian.

Detailed study of subsurface structure and sandstone distribution

patterns by McGowen and others (1975, in press) demonstrated that the

Triassic basin was filled peripherally. Sandstone percentage maps of the

lower Dockum show belts of sandstone meandering downslope toward the basin

center. High constructive lobate deltas (Fisher and others, 1969) were

interpreted as dominant systems in the southeastern part of the basin, and

fan-deltas are common to the north in the area of Dickens, Crosby, Floyd,

and Motley Counties. Distributary patterns in eastern New Mexico were in-

terpreted as representative of high constructive lobate deltas that pro-

graded eastward from the outcrop area. Four distinct fluvial-deltaic sys-

tems were identified in a central area of the basin south of the Matador

Arch.

McKee and others (1959) compiled a series of maps of the Triassic

System in the United States which show the thickness and gross lithology

of the Dockum Group. In addition, they reviewed all of the previous work

on the Dockum and summarized information regarding stratigraphy, struc-

ture, source areas, and paleontology.

Various depositional environment interpretations have been made

of the Dockum Group. Lacustrine origin was suggested by early workers

(Cummins, 1890; Drake, 1891; Case, 1922), although a fluvial origin seemed

more acceptable to later investigators (Adams, 1929; Asquith, 1974;

Asquith and Cramer, 1975; Cazeau, 1960, 1962; Cramer, 1973; Green, 1954;

Kiatta, 1960). Cummins (1890) stated that the "Triassic beds were deposi-

ted in a shallow fresh water sea, where a great deal of fresh water

poured in from the mountains, containing a great many pebbles and much

timber" (p. 429). Drake (1891) concurred in this interpretation. Case

(1922) felt that "... the more uniformly deposited beds of clay and

shale were apparently laid down in deep water or in water far from the
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shores" (p. 11).

Working primarily with subsurface data, Adams (1929) interpreted

the thick sandstone and mudstone sequence in the southern Permian Basin

area to represent a "floodplain alluvial-fan deposit". Green (1954) con-

sidered the Dockum Group to be generally "continental" in character

".
. .

with possible eolian, fluvial and lacustrine origins" (pp. 20-21).

Cazeau (1960, 1962) gave a similar general interpretation, alluding to a

nonmarine, fluvial origin. Kiatta (1960) interpreted the Tecovas,

Trujillo, and Chinle Formations as representing floodplain, braided

stream and, again, floodplain deposits, respectively. Cramer (1973) and

Asquith and Cramer (1975) assigned a meanderbelt origin to the Tecovas

and a braided stream origin to the Trujillo. Asquith (1974) reported

braided stream deposits in the Trujillo Formation that he compared to

deposits of the Modern Platte River (Smith, 1970). Finch (1975, p. 5)

commented on Dockum depositional environments, stating that the Tecovas

Formation "appears to be chiefly of lacustrine and deltaic origin",

whereas the Trujillo Formation "... consists of two to five ledges of

fluvial sandstone and claystone- and limestone-clast conglomerate

separated by lacustrine and deltaic mudstone."

Recent work by McGowen and others (1975, 1977, in press) and Seni

(1978) has shown that the Dockum is composed of a complex assemblage of

lacustrine, deltaic and fluvial systems. McGowen and others (1975)

combined detailed outcrop descriptions with subsurface analysis of

sandstone distribution to explain the genetic framework of the lower

Dockum Group. Documentation of cycles in the eastern Midland Basin and

identification of depositional systems throughout most of the Dockum

outcrop belt are important aspects of this study. In Palo Duro Canyon,

Seni (1978) showed that the Dockum consists of three distinct genetic

sequences. Lacustrine facies and caliche-bearing soil zones at the base

are succeeded by a series of progradational fluvial-deltaic cycles and

incised valley-fill deposits. He concluded that alternating arid and

humid climatic cycles best explain sedimentation history in the lower

part of the section. The climate became more consistantly humid during

deposition of the third genetic sequence that resulted in deltas with
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steeply-dipping foreset beds deposited in 8 to 15 m of water.

Regional Geologic Setting

The Dockum Group underlies an area roughly corresponding to the

outline of the Permian Basin of West Texas and Eastern New Mexico (fig.

3). The eastern and western limits of the Southwest Triassic Basin

(Finch, 1975) are defined by the base of the Dockum Group outcrop along

the boundaries of the Southern High Plains or Staked Plains and the

northern and southern boundaries are present only in the subsurface.

The Dockum attains a maximum thickness of 670 m in Terry and Yoakum

Counties in northwest Texas. The basin was filled peripherally (McKee

and others, 1959; McGowen and others, 1975) and maximum sandstone concen-

trations occur along the margins.

The Dockum Group is characterized by pale olive to very pale

orange sandstones, varicolored conglomerates and greyish red (with some

pale olive) siltstone, mudstone and claystone (color terms used herein

correspond to terminology of the Rock Color Chart of Goddard and others,

1948). Relative proportions of lithologies in the section vary verti-

cally and laterally along outcrop. Complex depositional conditions led

to an uneven distribution of lithofacies.

Relic Paleozoic structural elements may be important factors in

Dockum depositional patterns. McGowen and others (1975) report dif-

ferences in the depositional characteristics of the Dockum Group on

either side of the Matador Arch, a positive feature through much of the

Paleozoic section, occurring near 34° N. On the north side they dis-

cerned fan delta and lacustrine facies in the Canadian River valley, a

lower fan delta system and upper lobate delta systems in Palo Duro

Canyon, and fan delta systems again immediately adjacent to the arch.

Seni (1978) subsequently described lacustrine facies, fan delta systems,

and braided fluvial deposits in the Palo Duro Canyon area. South of the

arch along the eastern margin of the Midland Basin, McGowen and others

report that the Dockum consists of lacustrine sedimentary cycles. These

cycles record alternating low and high lake level stands. Each cycle
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Figure 3. Regional isopach map of the Dockum Group. Contour interval

is 100 m. After McKee and others (1959). Arrow (TC) shows

location of study area.
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consists of a lower n red bed" sequence of fan delta and valley fill de-

posits reworked from basin margin sediments during a low lake level,

closed basin period. This lower interval grades upward into prograda-

tional deltaic and fluvial deposits characteristic of a higher lake

level stand and stable, open basin conditions.

The Dockum Group may be distinguished from underlying strata on

the basis of lithologic differences. The Quartermaster Formation (fig.

4) consists of 40 to 45 m of evenly bedded reddish brown siltstone and

mudstone with thin gypsum interbeds and is characterized by pronounced

local solution collapse deformation. Its upper part grades into greyish

red mudstone that is devoid of gypsum interbeds below the contact with

the lowermost sandstone unit of the Dockum Group. The lowest strati-

graphic unit described in measured sections is the Cloud Chief Gypsum,

a 3 to 6 m bed of laminated to massive gypsum that underlies the

Quartermaster Formation (fig. 4). Together, the Quartermaster Formation

and Cloud Chief Gypsum comprise the upper part of the Double Mountain

Group (Gould, 1906, 1907; Hoots, 1926).

The Dockum Group is unconformably overlain by Cretaceous and

Tertiary deposits. Small, isolated outcrops and subcrops of Cretaceous

Trinity and Fredericksburg rocks are present along the eastern margin

and southern part of the High Plains (Barnes, 1968; Brand, 1953).

Cretaceous remnants are overlain by the Pliocene Ogallala Formation.

The Ogallala overlies the Dockum Group throughout the southern High

Plains area. The Tule Formation, a local deposit of Pleistocene lake

sediments, is present in the upper part of Tule Canyon. It is described

by Frye and Leonard (1957) as a thin (up to 30 m) sequence of fossil-

iferous silts and silty clays which probably formed in a pluvial lake

environment during the Kansan glacial advance. The unit directly over-

lies the Dockum in the upper reaches of Tule Canyon (fig. 2), forming a

terrace deposit adjacent to the incised creek valley and its tributaries.
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DEPOSITIONAL SYSTEMS:

DISTRIBUTION AND GENERAL CHARACTERISTICS

Identification of depositional systems and genetic sequences of

the Dockum Group constitutes the major emphasis of this study. The term

"depositional system" is used here in the same sense as that employed by

Fisher and McGowen (1967), Fisher and others (1969) and Fisher and Brown

(1972). They used it to link "assemblages of process-related sedimentary

facies" (Fisher and others, 1969, p. 10) such as fluvial and deltaic

systems. An important element in characterization of Dockum systems is

determination of the spacial distribution of component depositional

facies and sedimentary environments.

The Dockum Group in Tule Canyon consists of alluvial fan/fan

delta, valley-fill, fluvial meanderbelt and lobate delta systems that

were operative along the margin of a lacustrine basin. The existence of

this basin is inferred from a combination of criteria, including the

regional geometry and lithofacies distribution of the Dockum Group, the

types of depositional systems represented within it, and fossil content.

These diagnostic elements are reviewed in detail by McGowen and others

(1975, 1977, in press).

Vertical and lateral changes in lithofacies geometry, textural

properties and sedimentary structures are documented in twenty-four

stratigraphic sections (fig. 5) and in local areas where photographic

mosaics were utilized to record lateral changes in detail. A fence dia-

gram of the canyon that correlates the sections and displays spacial

characteristics of sandstones and depositional systems is shown in figure

6.

Upper Permian rocks consist of evenly bedded, laterally exten-

sive pale to moderate reddish brown very fine to fine sandstone, silt-

stone, mudstone and gypsum. These rocks are locally well-exposed. Most

of the stratigraphic sections studied are covered below the upper, pre-

dominantly mudstone part of the Quartermaster Formation. Sections CC-19

and RC-3 include well-exposed outcrops down to the Cloud Chief Gypsum,

16
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Figure 5. Locations of measured sections and outcrops discussed in

text or used in figures. Location of fence diagram of figure
6 is shown by the solid lines. The first part of the loca-

tion number refers to the topographic quadrangle (7k 1 )
within which the location occurs. CC = Cope Cr., BBR = Big
Betty Res. and RC = Ross Canyon.
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and CC-68 begins about 8 m above the Cloud Chief (see Appendix). Cloud

Chief Gypsum thins toward the south from 6.7 m at RC-3 to 1.8 m at CC-19,

over a distance of 6.4 km. The overlying Quartermaster Formation appears

to have a high degree of lateral continuity upon close inspection, but

shows significant variations over large distances. In sections CC-19 and

CC-68 (1.4 km apart) it was found to generally fine upward from pre-

dominantly gypsiferous siltstone and very fine to fine sandstone in the

lower half into mudstone with intercalated siltstone units in the upper

part. Section RC-3, however, shows a lower proportion of siltstone and

sandstone in the lower part of the Quartermaster and is characterized

mostly by thin alternating siltstone and mudstone units throughout.

The Dockum Group exhibits an overall fining upward texture

throughout most of Tule Canyon (fig. 6). Sandstone and conglomerate con-

tent within the Dockum was found to average 62 percent ranging from 43 to

83 percent (standard deviation = 12 percent). This proportion depends

primarily upon the relative thickness and continuity of lacustrine

deltaic sandstone lithofacies in the upper 2/3 of the section.

The alluvial fan/fan-delta system at the base of the Dockum forms

a continuous tabular sandstone body throughout the canyon (fig. 6). It

represents a high-sand depositional environment and contains only minor

amounts of interbedded siltstone and mudstone. The base of the system

is relatively flat, exhibiting a thin and commonly truncated prograda-

tional (coarsening upward) sequence at or near an elevation of 820 m

(2700 feet). The system attains maximum thickness (40 m) northeast of

CC-20; it decreases in thickness to the southwest where it is 24 m thick.

Sedimentary structures and bedding characteristics within the alluvial

fan/fan delta sandstone are rather complex and variable. Dominant

structures are medium to large scale trough (festoon) and foreset (tabu-

lar) crossbedding, parallel lamination, and minor ripple and ripple

drift (climbing ripple) cross-lamination. Sequences are alternately

uniform and complexly scoured and interbedded. Textural and structural

trends, and sand body geometry indicate a braided stream or alluvial fan

origin. This section, which exhibits local basal progradational aspects

and lake-basin association, closely resembles the fan delta sequence in
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some areas (McGowen, 1970; McGowen and Scott, 1975).

Valley fill conglomerate and sandstone, exposed on both sides of

the canyon at The Narrows of Tule Creek (fig. 5) is a distinctive feature

of the Dockum Group in Tule Canyon. A drop in base level probably pro-

duced deep scouring and narrow incision of this valley and the coarse

texture of basal fill. Chert pebble conglomerate exhibiting large-scale

trough crossbedding, forms the lower 2/3 of the valley fill; the base is

lined with angular boulders up to 2 m in maximum dimension. The valley

fill system is about 1.3 km wide and reached a maximum thickness of 64 m.

Its length is unknown because of a lack of subsurface control and limited

outcrop exposure.

Fluvial meanderbelt facies are exposed in the upper end of Tule

Canyon, southwest of The Narrows (fig. 6). The fluvial system consists

of a complex of point bar sandstone bodies and abandoned channel deposits,

with minor amounts of overbank mudstone and siltstone. Meanderbelt

deposits are restricted to a zone immediately overlying and continuous

with the valley fill system. Meanderbelt facies grade northward into

deltaic facies. Maximum thickness of the fluvial zone is approximately

25 m. Trends in directional features at the top of the zone indicate

northerly and northeasterly paleocurrents.

Delta systems comprise a large proportion of the Dockum Group in

the study area. Lobate delta systems in the upper part of the section

are characterized by lenticular sandstone units that are highly variable

in geometry and stratigraphic occurrence. Sandstone bodies are asso-

ciated with locally thick accumulations of prodelta and delta front mud-

stone and siltstone. The relative proportion of sandstone and intra-

basinal conglomerate in the upper deltaic interval averages 45 percent,

with a maximum of 76 percent (RC-3), minimum of 18 percent (CC-19), and

standard deviation of 17 percent for 10 stratigraphic sections. Sand-

stone bodies range in geometry from small, isolated lenses to thick,

stacked units extending over large areas. Maximum lateral extent of

individual units appears to be on the order of 5 to 10 km (fig. 6).

Stacking of delta systems suggests that subsidence and/or lake level

rise kept pace with sediment input to the lake basin. Thickness of



individual delta systems indicates that water depth rarely exceeded 30 m,

and was generally much less.
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ALLUVIAL FAN/FAN-DELTA SYSTEM

The base of the Dockum Group in Tule Canyon is represented by

sandstone deposits of an alluvial fan/fan-delta system, that crop out in

the deeper parts of the canyon. The system is exposed downstream of a

point located 0.6 km north of CC-4 (fig. 5). Quality of outcrops is poor

in comparison with sandstone and conglomerate sequences higher in the

section, primarily as a result of weak cementation, extensive weathering

and talus cover. Only in a few locations is the entire interval well-

exposed along outcrop for more than a few tens of meters. At a distance,

the unit appears as a light colored, almost white outcrop horizon con-

trasting sharply with the dark colored Permain mudstones and siltstones.

Lithology

The alluvial fan/fan-delta system incorporates a variety of rock

types ranging in texture from claystone to pebble conglomerate. Approxi-

mately 75 percent of the sequence is fine, well sorted, mature sandstone

(pi. 11-A). Color is primarily very pale orange (10 YR 8/2), with

lesser amounts of light red (5 R 6/5), dark yellowish orange (10 YR 6/6)

and pale purple (5 P 6/2). Composition falls near the borderline be-

tween subchertarenite and quartzarenite in Folk's (1974) sandstone

classification. Siltstone and very fine sandstone are texturally imma-

ture and are less abundant than fine sandstone. Conglomerate and con-

glomeratic sandstone occur characteristically in the lower part of the

sequence, although they also occur locally elsewhere in the section.

Composition of gravel-sized material varies between three end

members: 1) mudstone and claystone, 2) caliche and other calcareous

material, and 3) quartz, including mostly chert and subordinant mega-

quartz (pi. 11-B). Conglomeratic deposits in the lower part of the

system are predominantly of the chert-pebble type, although mudstone

clasts may be common. Mixtures of clay chips and caliche fragments

comprise the gravel fraction of local conglomeratic zones at various

23



PLATE II

Photomicrographs Of Sandstones In The Lower Dockum Group

A. Example of very pale orange friable sandstone comprising most of the

fan system. The sample is fine-grained, slightly silicic and

calcitic, mature subchertarenite, empregnated in epoxy. Bar =l.O

mm.

B. Example of coarser-grained sandstone that occurs locally at bases of

channel sequences and in isolated zones. This sandstone is grada-
tional with chert- and mudstone-pebble conglomerate. Sample is

medium-grained, poorly sorted, calcitic mudstone-, siltstone- and

caliche-bearing chertarenite. Bar =l.O mm.
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stratigraphic positions higher in the section. Caliche clasts, however,

remain proportionally subordinant to clay chips in intrabasinal con-

glomerates, in contrast to similar conglomerates occurring within del-

taic systems located stratigraphically higher in the Dockum Group.

Sand-sized clay chips are concentrated in a few localities into poorly-

sorted, granular claystone-arenite, especially within delta foresets at

the base of the interval.

Some attributes of the basal Dockum sandstone section set it

apart from overlying beds. Among these are color, cementation and dis-

position of interlaminated sandstone and mudstone. Sandstones contain

colored zones of irregular geometry that are alternately dark yellowish

light red, orange, very pale orange and pale purple. In the upper part

of the interval, mudstone or claystone partings, lenses and beds com-

monly exhibit dark grey, greysih red or purplish hues.

Sandstones are mostly friable; cements are rare. Quartz cement

(less than 5%) occurs as thin overgrowths on quartz grains. Irregularly-

shaped silica nodules (generally less than 1 cm in diameter) occur

locally. Because sandstones are friable, most outcrops are extensively

weathered and sedimentary structures and textural details are mostly

obscured. Coarsely crystalline calcite cement is present at a few

localities such as RC-3 near the north end of Tule Canyon.

Bedding is locally disrupted in the upper part of the alluvial

fan/fan delta section by abundant vertical or near vertical cracks,

possible root mottling and irregular contortions. Fine to very fine

sandstone commonly fills cracks and root traces through interlaminated

sandstone and shale sequences.

Mudstone and claystone are minor components of the system, form-

ing interbeds ranging from thin (1 mm) clay drapes to units in excess of

4 m thick. Rocks more fine-grained than coarse siltstone are generally

dusky red purple to grey in color, laminated or massive, and locally

sandy.

Detrital carbonized wood is scarce to common in sandstones.

Most fragments are a few centimeters in length, although rare large fos-

sil logs measuring several decimeters in diameter occur within crossbedded
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sandstone.

Facies Geometry

The limited quality of exposures of the alluvial fan/fan delta

system made determination of facies geometry somewhat difficult.

Generalizations were made on the basis of observations on a few good out-

crops and 11 measured sections (see Appendix), in which the vertical

changes in lithology and sedimentary structures could be observed.

The system consists of a variety of lithofacies that generally

exhibit low lateral continuity both within individual exposures and

between adjacent measured sections. Lenticular and wedge-shaped sand-

stone bodies are the dominant types, although in some localities

laterally extensive, tabular bodies are present. The latter are domin-

ated by one stratification type, such as large scale foreset cross-

bedding or horizontal lamination. Cemented sandstones are resistant to

weathering and exhibit lateral persistance and uniformity (pi. III).

Lenticular sandstone units range from small channel-fill deposits a few

meters wide and less than 1 meter thick to extensive deposits hundreds

of meters in width and up to about 20 m thick. These sandstones are

typified by complex bedding relationships, erosional bases and off-

lapping, inclined lamination or foreset crossbedding. Divergent cross-

bedding dip directions are common within adjacent sedimentation units.

A large channel-fill deposit was observed within the alluvial

fan/fan delta system at section RC-3 (pi. IV). More than 19 mof fine,

locally conglomeratic sandstone fill rests upon an erosional channel

floor. Bedding within the fill sequence is conformable with the basal

scour surface. This large channel-fill sequence probably represents

a major feeder system for the fan platform. Other features exhibited

in plate IV include lenticular, evenly bedded, and wedge-shaped sand-

stone deposits typical of this and other exposures of the fan delta

system.



PLATE 111

Views Of Alluvial Fan/Fan-Delta System

In Northeast Tule Canyon

A. View of system exposed at CC-20. Sandstone sequence shown is 34 m

thick and rests abruptly on mudstone of the Quartermaster Formation.

Basal part of sandstone is comprised of resistant crossbedded units

up to several meters thick. Delta foresets composed of sandstone

containing abundant clay chips occur at several horizons in the

sequence.

B. Quartermaster and lower Dockum Group near CC-68 showing fining-
upwards texture in Quartermaster mudstone sequence and light-colored,
evenly-bedded sandstones of fan system. Approximately 60 mof

section is shown.
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PLATE IV. Exposure of lower Dockum at RC-3 showing large channel fill.

Fill sequence is about 25 m thick and consists of parallel-
laminated fine sandstone. Gradational lower contact of fan

facies shown to lower right.
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Sequences

Stratification types common within basal Dockum sandstone include

medium to large scale trough and foreset crossbedding, horizontal lamina-

tion and parallel inclined lamination. Small scale ripple cross-lamina-

tion and ripple drift are locally abundant. Large scale trough and fore-

set crossbedding and horizontal lamination dominate most stratigraphic

sections (fig. 7), however, ripple and ripple-drift cross-lamination and

clay drapes are found within various parts of the section and may attain

significant thicknesses in certain localities, noteably within the

section measured at CC-20.

Basal vertical sequences exhibit a large degree of variability

from one section to another. Coarsening-upwards sequences grading from

mudstone to sandstone or conglomerate were observed in all sections des-

cribed except CC-19, CC-20, CC-61 and CC-67, which have sharp, slightly

erosional bases (see Appendix, fig. 8). These sequences have a grossly

coarsening-upwards textural profile in common, but the succession of

lithologic types, bedding and sedimentary structures are quite distinct

in each. Only at section RC-2 (pi. V), for example, is there a sequence

of siltstone beds (up to 2 m thick) that resembles delta-front foresets

beneath the fan delta sandstone. These beds contain convolute bedding,

symmetrical, asymmetrical and climbing-ripple cross-lamination and

burrow structures. Siltstone sequences at the base of the fan system at

CC-69 and BBR-1 (fig. 7) contain ripple and parallel lamination, but are

nonbedded upwards to within about 3 m of the sandstone sequence where

bedding, ball and pillow structures and intercalation with mudstone

becomes apparent. Remaining sections studied generally have abreviated

gradational sequences at the base of the system, with a vertical change

from mudstone and intercalated siltstone to fine and medium sandstone,

commonly conglomeratic (see sections RC-3 and CC-61 in figs. 7 and 8)

within a few meters. Macerated plant material is abundant in basal

zones.

Systematic vertical sequences in texture or sedimentary struc-

tures are uncommon within adjacent stratigraphic sections. Sandstones
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PLATE V. Base of Dockum Group at RC-2. This view shows ripple
laminated siltstone and mudstone beds of Quartermaster
Formation and conformably overlying sandstone of Dockum

alluvial fan/fan-delta system. Sandstone contains horizontal

lamination and trough crossbedding. About 40 mof section

shown.
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exhibit a high degree of lateral variation in depositional facies at any

given stratigraphic horizon. Continuous sedimentary sequences deposited

under uniform hydrodynamic conditions may be relatively thin (a few

meters) or thick (up to 20-25 m) at different localities and strati-

graphic positions. Lateral and vertical sequences in a well-exposed

outcrop at CC-26 are illustrated in figures 9 and 10. An evenly bedded

and foreset cross-stratified sheet sandstone with a coarsening upward

base in the lower part of the outcrop is succeeded by an interval in the

upper part that is characterized by pro-delta clay, delta-front fore-

sets and distributary channel deposits. Channel deposits similar to the

above are found near the mouth of Tule Canyon in sections RC-3 (pi. IV,

fig. 7) and BBR-1 (fig. 7). Sharp, erosional bases lined with mudstone

and caliche-pebble intrabasinal conglomerate are succeeded by sandstone

exhibiting parallel and foreset stratification.

Paleocurrent indicators are rare because of weak cementation and

poor exposure of upper surfaces of sandstone units. Apparent dip direc-

tions of crossbedding observed at stratigraphic section localities trend

generally northwest. Within individual exposures, moreover, this trend

appears to be uniform (cf. fig. 10).

Depositional Environments

The lowest genetic sequence in the Dockum Group of Tule Canyon is

interpreted to be an alluvial fan or fan-delta depositional system.

Sandstones comprise a braided stream alluvial sheet that prograded, in

response to climatic change, into a shallow relict basin. Where the

advancing clastic wedge encountered very shallow water in the basin,

basal sequences are erosional or coarsen upward abruptly from lacustrine

mudstones and delta front siltstones into locally conglomeratic fluvial

sandstones. In areas where water depth was at least a few meters,

gradational basal sequences were formed and delta foresets occur.

Physical features indicate a fluvially-dominated origin. Sedi-

mentary structures in sandstones are primarily large-scale trough and

foreset crossbedding and horizontal lamination in thick units of



36

Figure 9. Stratigraphic section at CC-26 illustrating the sequence of

lithologies and stratification types present in the lower

Dockum, including the fan/fan-delta system and lower part
of the valley fill conglomerate. See Appendix for explana-
tion of patterns and symbology.
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lenticular to tabular geometry. Ripple cross-laminated fine-grained

rocks are indicative of local areas of quiet water deposition in lakes,

ponds, abandoned channels, and areas of slack water or low flow velocity

away from active channels. Sequences of sandstone exhibit a variety of

trends and variations in texture and sedimentary structures. Coarsen-

ing-upward trends occur in the lower part of the interval, whereas

fining-upward trends are common in middle and upper parts (fig. 7).

Lithology, texture and sedimentary structures of the lowest

Dockum genetic interval are similar to some recent alluvial fan and fan

delta systems, and, more generally, to braided stream deposits in

aggrading and degrading fluvial regimes. Although no one modern fluvial

or deltaic system incorporates most primary features found in the basal

Dockum succession, combined characteristics from several diverse modern

fluvial and deltaic sedimentary environments may be utilized to illus-

trate common processes and facies.

Most modern braided streams described in the literature trans-

port relatively coarse sediments, have steep gradients, and are

’flashy’ (Leopold and Wolman, 1957). A number of important studies have

contributed to knowledge of sediments, sedimentary structures, and

hydrology of degrading braided streams. Among these are Doeglas (1962),

Ore (1963, 1965), Collinson (1970), Kessler (1971), Kessler and Cooper

(1970), and Smith (1970, 1971). Some aggrading braided streams have

been described by Boothroyd (1972), Boothroyd and Ashley (1975), Gole and

Chitale (1966), Chien (1961), and Coleman (1969). Braided streams in an

aggradational setting may form deposits of tabular to sheetlike geometry

that consist primarily of sand and gravel with minor amounts of flood-

plain and abandoned channel fine-grained sediments (Ore, 1963; Smith,

1970). Internal geometry of sand and gravel bodies is complex, being

determined by spacial relationships of multilateral, crosscutting and

overlapping sedimentary units deposited in channels and bars (Ore, 1963).

The characteristic braided channel pattern is produced by bifurcation

around longitudinal bars and alluvial islands and by dissection during

falling water stage (Ore, 1963; Coleman, 1969; Kessler and Cooper,

1970; Smith, 1970). Channels and bars are unstable and constantly
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shifting laterally, because they lack stabilizing influences such as

cohesive, fine-grained cutbank materials, levees, and vegetation (Mackin,

1956), and because of rapid and erratic changes in flow conditions and

water depth. Braided stream alluvium is composed mostly of bedload

material of sand or gravel and contains internal elements or stratifi-

cation units that represent partial channel fill and bar deposits.

Longitudinal bars are characterized by horizontal bedding, some foreset

stratification along the flanks, and a downstream decrease in grain

size (Ore, 1963; Kessler and Cooper, 1970; Smith, 1970, 1974). Trans-

verse bars, and lateral or point bars (Smith, 1974) result in foreset

crossbedding. Trough crossbedding is common in channel deposits.

The basal fan system of the Dockum Group in Tule Canyon exhibits

sedimentary features similar to those of modern braided stream systems

in various climatic settings and hydrologic regimes. The widespread,

sheetlike geometry of the system and predominance of sand-sized, locally

conglomeratic, bedload sediments is analogous to expected distribution

of aggrading braided stream deposits (Ore, 1963) or humid region alluvial

fans (Gole and Chitale, 1966) and fan-deltas (McGowen, 1970; Born, 1972;

McGowen and Scott, 1974; Boothroyd and Ashley, 1975; Galloway, 1976).

Internal elements of sandstones resemble facies of braided

streams or low-sinuosity meandering streams. Lenticular or wedge-

shaped units of foreset crossbedded sandstone may represent transverse

or linguoid bars and laterally accreting longitudinal bars. Horizontal

bedding is characteristic of sediment deposited in upper flow regime on

upper surfaces of longitudinal bars (Smith, 1970), in broad, shallow

channels, and on floodplain surfaces during large floods (McKee and

others, 1967). Trough crossbedding represents infilling of erosional

scours by irregularly-shaped dunes in channels and along margins of bars

(Harms and Fahnestock, 1965). Lack of distinct sequences in texture

and sedimentary structures is attributable to rapid lateral shifting of

channels and bars that tended to homogenize the deposits into a complex

of truncated, multilateral sandstone units.

Deltaic progradation in some areas of Tule Canyon is inferred

from coarsening-upward sequences at the base of the fan interval.
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Inasmuch as most of these sequences are relatively thin and abrupt,

depth of water into which the fan system prograded was probably shallow,

on the order of a few meters deep. Deltaic progradation was laterally

contemporaneous with fluvial reworking of shallow water deposits.

Locally, braided stream sandstone and conglomeratic sandstone rest

abruptly on mudstone of the upper Quartermaster Formation. Above the

basal beds, the lower Dockum appears to be a widespread braided stream

sheet sandstone, similar in general features to the Kosi River fan of

India (Gole and Chitale, 1966).

Soil formation in the upper part of the alluvial fan/fan delta

system is suggested by sand-filled desiccation cracks, bedding contor-

tions, root mottling, color banding, and nodules. Weak cementation and

light color of the sandstones compared to those in the Quartermaster

Formation or in the middle and upper Dockum further suggest a unique

diagenetic history for these rocks. The alluvial fan system appears to

have been exposed to extensive subaerial weathering, perhaps resulting

from an arid period with an accompanying drop in base level. Valley

incision subsequent to alluvial fan deposition supports base level

change as a cause for exposure and weathering of the fan surface.



VALLEY FILL SYSTEM

Conglomeratic valley fill deposits occur within a small segment

of Tule Canyon known as The Narrows, an area characterized by steep

cliffs that form a gorge less than 90 meters wide at its narrowest point

(pi. VI). Fill deposits lie above an erosional scour surface eroded

into underlying rocks and grade upward into the succeeding fluvial

meanderbelt system.

Lithology

Valley fill consists primarily of very pale orange coarse

grained terrigenous clastic rocks. Three rock types make up the valley

fill. The lower third is composed of granule to pebble-sized chert and

megaquartz sandy conglomerate. A basal zone (up to 2 m thick) consists

of sandy, silty cobble to boulder intrabasinal conglomerate. The basal

conglomerate comprises unsorted clasts derived from within the deposi-

tional basin. Clasts consist of mudstone, siltstone, sandstone, intra-

and extra-basinal conglomerate, carbonized wood fragments, and Unionid

clam shells. Maximum clast size is 1.5 m. Matrix consists of poorly

sorted silty sand.

Remainder of the lower interval is chert- and quartz-pebble

conglomerate containing a few thin interbeds of mud-pebble conglomerate.

Clasts are predominantly chert and composite to semicomposite mega-

quartz, with minor amounts of feldspar and limestone or caliche frag-

ments (pi. VII). Gravel makes up 60 to 70% of the rock; remainder is

sandstone and calcite cement. Sandstone is in the 20 to 30% range.

The middle third of the valley fill is conglomerate and con-

glomeratic sandstone with a composition similar to the lower third. A

slight fining upwards tendency characterizes the middle part of the fill.

Because outcrops were inaccessible, the interval was studied by binocu-

lar observation, telephotography and by study of blocks at the outcrop

base. Chert is the dominant clast type. Clasts range in size from
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PLATE VII, Thin section photomicrograph of chert pebble conglomerate
from lower valley fill. Large chert pebbles float in a

matrix of sand-sized angular grains and coarsely-crystalline
calcite cement. Bar = 1 mm.
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granule to pebble gravel; interbeds of granular subchertarenite occur

locally. Some blocks are composed largely of intrabasinal conglomerate,

wherein sandstone, siltstone and mudstone clasts form the framework

grains. This rock type is probably restricted to local zones and makes

up a smaller part of the valley fill than chert-pebble conglomerate.

The upper third of the valley fill consists of fine to medium

granular subchertarenite and (about 10 percent) chert and quartzite

granule to pebble conglomerate. Overall, the upper third of the fill

is finer grained than the lower two-thirds. Thin greyish red mudstone

and mudstone-pebble conglomerate lie between thick sandstone and con-

glomerate units.

Valley fill rocks are poorly sorted, bimodal mixtures of gravel

and fine to medium sand. Gravel size clasts are subrounded to well-

rounded, whereas sand-sized grains are more angular. Organic material

consisting of reworked carbonized wood and clam shells are limited to

the basal zone of cobble conglomerate.

Geometry and Sequences

The elongate geometry of the conglomerate was established in out-

crop from thickness variations, trends in sedimentary structures, and

erosional relief (fig. 11). The valley was approximately 1.3 km wide

with a southwest-northeast trend. Maximum thickness of the fill is

64 m. The valley was scoured through the fan delta/alluvial fan sys-

tem into the top of the Quartermaster Formation. Erosional relief was

approximately the same as maximum thickness of the valley fill.

Three major zones, corresponding to those described in the

previous section, consist of 1) a basal crossbedded conglomerate facies,

2) medial trough and foreset crossbedded conglomerate and conglomeratic

sandstone facies, and 3) an upper conglomeratic sandstone. The first

type is confined to the deepest part of the valley. At the center of

the lower zone there are large, wedge-shaped inclined sedimentation

units that dip at right angles to the valley axis (fig. 12; pi. VI,

VIII). Thickness of individual wedge sets ranges from a few
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Figure 11. Isopach map of conglomeratic valley fill deposits. Control

points represent measured outcrop thickness in meters.

Directional feature (fossil log) shown by small arrow,

large arrow indicates trend of paleoflow through the valley,
determined from orientation of sedimentary structures.
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PLATE VIII. Basal erosional contact of valley fill with mudstone of

Quartermaster Formation. Alluvial fan/fan-delta interval

has been completely removed at this deep part of the valley.
Coarse cobble lag grades upward into wedge-set conglomerate
beds in lower part of fill. About 15 mof section is

shown here.
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centimeters to 14 m. Wedge sets grade upward into horizontally bedded

facies. Reactivation surfaces separate adjacent wedge sets that offlap

one another toward the northwest. Maximum thickness of the basal facies

is 21 m.

Lenticular sandstone and conglomeratic sandstone in the upper

part of the valley fill exhibit offlapping relationships (fig. 12;

pi. VI). Significant variations in lithology and sequences of sedi-

mentary structures occur between different localities within this

interval. Outcrops on the northwest side of the valley axis exhibit a

continuous vertical sequence from valley fill into overlying meander-

belt fluvial system with no obvious break in sedimentation. Along the

valley axis and toward the northern outcrop limits, the upper valley

fill grades into an overlying recessive mudstone.

Some sequences comprise multilateral interbedded conglomerate

and granular sandstone units with parallel lamination, trough and foreset

crossbedding, and local convoluted bedding (fig. 13). These sequences

are continuous with underlying medial valley fill conglomerate. Else-

where, dominant alluvial facies are distinguished by a characteristic

lenticular sandstone body geometry, offlapping, laterally accretionary

bedding relations, fining upward texture, and upward decrease in scale

of sedimentary structures. Difficulty of access to the vertical expo-

sures of The Narrows prohibited close examination and limited observa-

tion to large-scale features. More detail on similar meanderbelt

sequences is included in the following section on the fluvial facies

directly overlying the valley fill sequence.

Depositional Environments

The valley fill in Tule Canyon is the largest such feature des-

cribed from the Dockum Group. Its dimensions greatly exceed those of

most valley fill deposits described by McGowen and others (in press),

the largest of which (exposed in a roadcut north of Tule Canyon near

Wayside in Armstrong County), attains a thickness of 30 m. Distinctive

features of the valley include deep scour (maximum about 50 m, coarse
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Figure 12. Stratification types, lithologic zonations and facies of the

valley fill sequence. Tracing from photo mosaic.
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grained fill deposits (pebble conglomerate), and large scale sedimentary

structures.

Basal scour and fill sequence are two characteristics of the

valley fill that are of foremost significance to interpretation of

origin and depositional processes. The valley is interpreted to have

resulted from reduction in base level subsequent to deposition of the

fan delta system. Evidence is lacking that would elucidate the nature of

lake level decrease other than its relative magnitude, as erosion pro-

ceeded continuously until lake level stabilized and began to rise toward

its previous position. Climatic change rather than structural movement

is favored as a cause for valley entrenchment.

Water level has been found to vary markedly in modern closed

lakes in response to annual or longer term changes in precipitation

within the drainage basin. Lake Eyre in Australia (Bonython and Mason,

1953), for example, completely filled to a depth of 4 m (area of 7800
2

km ) from dryness within a one-year period (1949-1950). In addition,

Pleistocene pluvial lake deposits of the western interior of the United

States provide ample evidence of the significant effects of climate

(Eardley, 1957; Morrison, 1964; Russell, 1885; Gilbert, 1885, 1890).

Valley fill deposits record a gradual rise in lake level from

the low stand and resultant alluviation of the erosional valley. Coarse

grain size and large scale sedimentary structures indicate high energy

flow conditions characteristic of confined flow and high gradient.

Although a small amount of chert and megaquartz gravel is present in the

fan delta system lower in the section, the large quantity of gravel in

the valley fill system is unequaled elsewhere in the Dockum Group of

Tule Canyon and represents an anomalous feature indicative of a major

shift basinward of depositional and erosional equilibrium. This con-

trast in sediment texture is especially significant, inasmuch as grain

size throughout the remainder of the Dockum section rarely exceeds fine

sand size.

Confined, braided stream deposits form the major part of the

valley fill sequence. Confinement of flow and energy gradient appear

to have gradually decreased through time as the entrenched river valley

50



51

alluviated in response to lake level rise. This change in depositional

regime is suggested by the vertical transition from large scale cross-

beds in conglomerate to lenticular conglomeratic sandstone bodies.

Thick wedge set conglomerate units at the base of the valley may repre-

sent laterally accreting channel bars (Eynon and Walker, 1974; Smith,

1974) that migrated within a braided stream system at the base of the

valley. Inasmuch as crossbed dips are at high angles to valley trend

and apparent current direction, lateral accretion along the valley floor

appears to be the most likely mode of formation.

Crossbedded conglomerate of the medial valley fill is interpreted

to represent braided stream deposits. Thick units of trough crossbeds,

foreset crossbeds and horizontal laminae that are characteristic of the

fill sequence also occur in Modern braided streams. Channel and migrat-

ing bar deposits exhibiting similar types of stratification have been

observed in the Brahmaputra River (Coleman, 1969), Platte River (Smith,

1970), Donjek River (Rust, 1972) and lower parts of the Scott and Yana

outwash fans (Boothroyd and Ashley, 1975).

Parallel, inclined bedding occurs within large scale wedge sets

composed of pebble conglomerate. Apparent dips of 10° to 15° were

observed within a cliff face in The Narrows that trends NlB°E (fig. 12).

A slight increase in bedding dip angle occurs upward in the section

within successive wedge-set units. Internal laminae converge toward

distal ends of these units and are distinghished by alternating coarse

and fine layers several centimeters in thickness. Toes of wedge sets

are gradational with the basal cobble conglomerate on the valley floor.

Locally, interlensing of pebble and cobble conglomerate occurs in this

zone. Trough crossbedding occurs locally within wedge sets and trends

in an opposite direction from that of inclined bedding. At the top of

the lower sequence trough crossbedding replaces parallel bedding. Thin

lenses of intrabasinal conglomerate delineate local breaks within an

otherwise uniform sequence.

The middle of the valley fill is made up predominantly of trough

crossbedded conglomerate and conglomeratic sandstone in which individual

sedimentation units decrease in scale upward from about 2 m in
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thickness at the base to less than 1m at the top. Scour-fill units

reach a maximum length of more than 20 m in the lower part of the

sequence. Sedimentary structures are laterally discontinuous and the

section is characterized by stratified conglomerate alternating with

conglomeratic sandstone. Conglomerate percentage decreases upward from

100% to about 70%. Apparent directional trends of sedimentary struc-

tures are unformly southwest. Foreset crossbeds occur locally near the

top of the sequence.

Most braided stream deposits described in the literature are

composed of coarse grained sediment, commonly gravels and gravelly

sands. Stratification is dominated by trough and foreset crossbedding

in sandy facies, formed by migration of channel bars and sand waves.

Gravel facies exhibit crude parallel and scour-fill stratification and

are commonly representative of longitudinal bar and channel deposits

(Smith, 1974; Eynon and Walker, 1974; Williams and Rust, 1969). Fore-

set stratification occurs within downstream ends of bars and along

margins of laterally accreting bars. Trough crossbedding is associated

with channels and bar margins, where flow vortices are common in flood

stage (Doeglas, 1962). Fine grained deposits of silt and mud form

minor components of the braided stream system as channel fill and flood

plain veneer deposits, commonly exhibiting current ripple and climbing

ripple laminations and root mottling (Coleman, 1969; Williams and Rust,

1969; Rust, 1972).

The major part of the valley fill system is characterized by

stratification typical of Modern braided stream sediments. Thick

sequences of conglomerate and conglomeratic sandstone containing large

scale trough and subordinate foreset crossbedding occur in all expo-

sures. Sedimentary structures are discontinuous and exhibit low

lateral continuity suggestive of rapid channel shifting, multiple scour

and fill events, and flashy discharge.

Facies in the upper part of the valley fill system suggest a

decrease in depositional gradient and a reduction in flow confinement.

These changes resulted in an upward decrease in grain size and a tran-

sition from predominately vertical accretion to combined vertical and
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lateral accretion. Meanderbelt systems near the top of the valley fill

sequence indicate that streams with continuous discharge had developed

at this time.



FLUVIAL MEANDERBELT SYSTEM

The fluvial meanderbelt system is gradational with underlying

valley fill deposits and grades laterally and vertically into lacus-

trine deltas of the upper Dockum Group. The top of the fluvial system

crops out almost continuously northeast of Texas Highway 207, becoming

deeply dissected and well exposed between sections CC-11 and CC-74

(fig. 5). Outcrops downstream of CC-74 are in cliff faces and few

observations were possible below this point.

Lithology

The meanderbelt system is composed primarily of fine sandstone

with interbedded caliche- and mudstone-pebble conglomerate, siltstone,

and mudstone. Fluvial sandstone petrographic properties are almost

identical to those of equivalent and overlying deltaic sandstones. Pale

olive (10 Y 7/2) color is dominant in contrast to the variegated colors

of the underlying fan system. Surfaces of sandstone outcrops commonly

are stained greyish red to reddish brown by weathering of overlying

mudstone. Calcite cementation is abundant, although the sandstone is

porous and slightly friable. Steep cliffs are formed in this unit over

a 4.5 km segment of the canyon.

Caliche- and mud-pebble conglomerate and conglomeratic sandstone

occur in the lower parts of genetic units. Sorting is poor, but

improves upwards as gravel clasts decrease in abundance. Lenticular

siltstone and mudstone units accumulated in the upper parts of aban-

doned channels and in levee and floodplain environments. Siltstone is

commonly clayey, pale olive (10 Y 7/2) and calcareous. Mudstone is

greyish red (10 R 4/2).

Geometry and Sequences

Genetic units within the fluvial system exhibit lenticular
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geometry and offlapping lateral relationships, fining upwards sequences,

thick foreset crossbed sets and abandoned channel fill sequences.

Changes in paleocurrent trends along outcrop reflect the meandering

pattern of ancient fluvial channels.

Gross geometrical aspects of the system are illustrated in

figure 14. Genetic units of sandstone are typically lenticular in cross

section, ranging in thickness from feather edge pinchouts to a maximum

of 8 to 10 m. Sandstone bodies cropping out between CC-11 and CC-74

commonly display nested, offlapping relationships, with direction of

offlap approximately the same as paleocurrent trend.

Sedimentary structures vary in type and scale in vertical and

lateral directions. Trough and foreset crossbedding are dominant

stratification types. Horizontal lamination, ripple lamination, and

ripple drift occur in middle and upper parts of genetic units. Migra-

tion of fluvial channels back and forth across the floodplain resulted

in a complex record of partial and complete point bar sequences aban-

doned channel fill deposits, and overbank mudstone and siltstone.

Complete point bar sequences are uncommon. Figures 15-17 and plate IX

illustrate examples of complete or nearly complete point bar sequences

from the upper part of the fluvial system. A typical succession of

stratification types begins at the base of the unit with conglomeratic

sandstone exhibiting large scale trough crossbedding, that grades up-

ward into fine sandstone containing small to medium scale trough

crossbedding. Gently inclined foreset crossbedding and ripple lamina-

tion occur in the upper part of a few complete sequences (figs. 15 and

17). Some sandstone units contain thick tabular crossbed sets in their

middle to upper parts that attain maximum thicknesses of 1.5 to 2.0 m

(pi. X). At the location illustrated in figure 17, thick crossbeds are

gradationally overlain by a sequence of thin (10-15 cm) tabular cosets

which grade downdip into compound foresets.

Abandoned channel fill sequences assume a variety of forms in

terms of lithologic characteristics and internal stratification.

Channel fill is finer grained than adjacent point bar deposits, com-

monly consisting of siltstone to very fine sandstone or alternating
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PLATE IX

Middle Dockum Fluvial Sandstone Sequences

Fluvial sandstone bodies are characterized by erosional bases and large-
scale trough crossbedding, succeeded by horizontal laminae and foreset

and/or ripple laminae.
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PLATE X

Chute Bar Facies in Fluvial Sandstones

A. Thick (2m) foreset unit interpreted as chute bar facies. Notebooks

show upper and lower boundaries of set.

B. Chute bar crossbeds overlain by small-scale ripple laminated sand-

stone units. Lenticular unit behind girl's head probably represents
a levee facies at the top of a fluvial genetic sequence.
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beds of sandstone and siltstone which conform to the channel outline and

flatten upwards. A symmetrical channel fill sequence at CC-11 is com-

posed almost entirely of light greyish red siltstone which exhibits

extensive current ripple and ripple drift throughout (pi. XI-A).

Overbank and levee deposits occur locally as thin, lenticular,

flat bedded siltstone and mudstone between adjacent sandstone bodies.

Parallel lamination and ripple cross-lamination are common internal

structures. In a few localities point bar deposits drape over the

channel boundary and fine upward and laterally into overbank mudstone

and siltstone.

Crossbedding exhibits systematic variations in dip direction

along outcrop in the upper reaches of Tule Canyon (fig. 18). Trends

of trough axes and foreset crossbeds at the top of the fluvial system

range from north to east and back to north between Texas Highway 207

and The Narrows, indicating that paleocurrents approximated the present

canyon orientation. Rivers may have flowed at large angles or opposite

to regional slope. Trough crossbedding measured for paleocurrents was

mostly large scale (1.5 to 6.0 m long, 0.5 to 2.0 m wide) with scours

elongated in the direction of current flow. Crests of large-scale

sand waves that are associated with foreset crossbedding were commonly

sinuous; dip directions of laminae vary along the front of the sand

waves as much as 20° to 30° (pi. XI-B).

Depositional Environments

Fining upward texture in fluvial sandstone bodies resembles

Modern and ancient point bar deposits and models (fig. 19) as described

by Frazier and Osanik (1961), Allen (1965, 1970), McGowen and Garner

(1970), Harms and others (1975) and Jackson (1976). Characteristic

features of these deposits include 1) an erosional base overlain by

coarse-grained, commonly conglomeratic sand, 2) large-scale trough

crossbedding throughout the lower to middle point bar sequence,

3) planar bedding or large scale foreset crossbedding in the upper

point bar, and 4) fine sand, silt and mud exhibiting ripple
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PLATE XI

Fluvial System Features

A. Abandoned channel fill, composed of very fine to fine sandstone

exhibits abundant ripple drift laminae and even bedding. About 5 m

of section are shown.

B. Sinuous-crested sand waves formed crossbedding that varies in

apparent dip direction up to 30 in this outcrop. Scale is 2 feet

(0.6 m) long.
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Figure 19

Fluvial Sequence Models

A. "Meandering" fluvial sequence model of Allen (1970).

B. Coarse-grained meanderbelt sequence model (after McGowen and Garner,
1970).

C. "Fully-developed" point bar sequence in the Wabash River of Illinois

(after Jackson, 1976).

D. Point bar deposits, Old River Locksite, Mississippi River valley,
Louisiana (after Frazier and Osanik, 1961).

E. Low-sinuosity fluvial sequence of the Battery Point Formation,
Quebec (after Harms and others, 1975).

F. Point bar sequence model for the Brazos River, Texas (after Bernard

and others, 1973).

Legend

j|l|p Large scale trough crossbedding.

Foreset crossbedding.

:—-y Horizontal lamination.

Ripple cross-lamination.

Gravel or clay balls.

1111 Levee and floodplain silt and mud.
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lamination, incomplete ripples and horizontal lamination capping the

sequence. Concretions, root mottling and burrowing are present within

the uppermost, fine grained part of the sequence in humid region

meanderbelt systems (Allen, 1970).

A different type of fluvial meanderbelt sequence that is strongly

influenced by the development of chutes and chute bar deposits across

meander loops occurs within coarse grained meanderbelt systems such as

the Amite River of Louisiana and Colorado River of Texas (McGowen and

Garner, 1970). Chute bar deposits are characterized by large-scale

foreset crossbeds that occur within the upper point bar sequence (fig. 17;

pi. X). Coarse-grained meanderbelt systems are typified by high bedload

and low suspended load; overbank facies are poorly developed as a result

of the low quality of suspension deposits and poor stability of cut banks

and levees. Flow characteristics are "flashy" (of short duration, rapid

stage changes) during floods in comparison to fine grained meanderbelt

systems that develop the complete point bar sequence. These river sys-

tems are intermediate between braided streams and high sinuosity streams

in flow characteristics, bedload: suspended load ratio, sinuosity and

in-channel bar developments (McGowen and Garner, 1970).

Fluvial sequences in the Dockum Group of Tule Canyon have attri-

butes of fine and coarse grained meanderbelt systems. Many sandstone

bodies exhibit a systematic upward decrease in grain size and scale of

sedimentation units, and some resemble the coarse grained meanderbelt

fluvial model (McGowen and Garner, 1970). The Dockum fluvial system is

most like the coarse grained model with regard to bedload - suspended

load ratio, inasmuch as overbank fine grained deposits are a minor

component of the section.



LOBATE DELTA SYSTEMS

The upper part of the Dockum Group contains three to four pro-

gradational sequences. Each sequence is characterized by lobate to

sheetlike delta platform sandstones. Delta facies of the upper Dockum

are gradational with underlying fluvial sandstones.

Lithology

The deltaic interval is composed of pale olive (10 Y 7/2) fine

sandstone, pale olive to grayish red siltstone, and grayish red

(10 R 4/2) mudstone. Mudstone- and caliche-pebble intrabasinal con-

glomerate comprises a small proportion of coarse-grained materials.

Conglomerate occurs as lenses within sandstones and mudstones.

Fine-grained sandstone contains variable amounts of medium to

very coarse-grained intrabasinal sand (mudstone and caliche). Sand-

stones are classified as subchertarenite and caliche-arenite (pi. XII).

Samples contain mostly composite metamorphic quartz grains, übiquitous

rounded caliche fragments and abundant (up to 10%) chert. Plagioclase

and potassium feldspar make up less than 5% of the sandstones.

Plagioclase fragments exhibit solution features and are extensively

altered. Relict grains are common, and are characterized by equant

pore spaces that have a sodic plagioclase shell. Muscovite and

weathered phyllite make up less than 1.0% of most samples. All samples

of deltaic sandstones in the middle and upper Dockum are cemented with

calcite. Clear, large, poikilotopic calcite crystals make up 5% to 20%

of the rock and locally reduce porosity to about 20%.

Caliche, present in all samples, constitutes from less than 5%

to more than 95% of the rock. Composed chiefly of microspar, caliche

contains minor amounts of disseminated silt-sized quartz. Clay content

(0 to 90%) is subordinant to carbonate in all samples. Hematite and

hematitic clay are disseminated in many caliche fragments. Some

caliche grains exhibit fracture-fillings of coarsely crystalline sparry
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PLATE XII

Photomicrographs of Upper Dockum

Delta Platform Sandstones

A. Typical example of heterogeneous sandstone. Sample is fine sandstone;

mature, calcitic, feldspathic subcaliche-arenite. Q = quartz,
F = feldspar, Cl = caliche, Ct = chert, C = sparry calcite cement.

Bar = 0.5 mm.

B. Photomicrograph of caliche- and mudstone-pebble conglomerate or

coarse sandstone. Large, rounded caliche fragment (Cl) is comprised
of microspar with hematite and clay inclusions and septarian cracks,
filled with coarse sparry calcite cement (C). Matrix contains

angular quartz grains (Q). Bar = 1 mm.
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calcite. In a few grains, wide fractures radiate outwards from a central

core of maximum shrinkage (pi. XII-B).

The source of most caliche fragments is from caliche zones within

Dockum mudstones. Examples observed in section RC-3 (see Appendix) are

10-15 cm in diameter, exhibit mottled pale olive to greyish red colors,

and consist of uniform, finely crystalline calcite. Fine (less than 1 mm)

fractures traverse broken fragment surfaces at random angles and are

filled with sparry calcite cement.

Siltstone, mudstone and claystone together comprise about 55% of

the upper Dockum deltaic interval in Tule Canyon; the range lies between

extremes of 24% and 82% in sections RC-3 and CC-19, respectively. A

common textural succession within mudstone intervals consists of

1) faintly laminated to massive greyish red claystone or mudstone,

2) silty mudstone exhibiting lenticular bedding and siltstone lenses,

and 3) ripple crosslaminated and convoluted pale olive siltstone.

Locally only the lower part of this sequence is present due to erosional

truncation or absence of facies of the upper part. Desiccated mudstone

is present at a few localities, and is characterized by fine brecciation

and breccia-filled mudcracks.

Vertebrate bone fragments, valves of the fresh-water clam Unio

sp., and coalified plant material are rare to abundant within sandstones.

Carbonized logs and plant debris are commonly associated with pebbles of

mudstone, siltstone and caliche at the bases of channels. Plant fibers

are intact in some wood fragments and specimens retain the original

springy resilliancy of living tissue. Most fossil wood, however, has

been leached or replaced by calcite and gypsum.

Unio sp. shells occur within thin conglomerates and at bases of

channels. These shells, measuring 2-3 cm in diameter, are generally

disarticulated, broken and abraded as a result of current transport.

A few small, nondescript vertebrate bone fragments were observed

within deltaic siltstone and sandstone. A possible skull fragment of a

phytosaur (A. Busby, oral communication, 1976) was observed in siltstone

delta foresets.
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Facies Geometry

Delta morphology is predominantly lobate (figs. 6, 20 and 21).

Overlapping of delta lobes resulted in the formation of some widespread,

heterogeneous and multilateral delta platform sandstones. Maximum

lateral extent of delta platform sandstones is about 7 km (see fig. 6).

Sandstone units within some delta systems are predominantly

lens-shaped in section. Thickness of these sandstones decreases within

a short distance normal to transport direction. Sandstones grade later-

ally into mudstone and siltstone facies. Other deltas are comprised of

overlapping lobes or sheetlike fluvial deposits that form more or less

continuous sandstone bodies.

Small delta lobes are commonly dominated by a single distribu-

tary sandstone. In each lobe displayed in figure 20 the sandstone body

is composed of channel fill, flanked and overlain by delta platform

fluvial and delta front facies. Outcrops examined adjacent to these

lobes reveal that minor distributaries were straight to slightly

sinuous, had a radial pattern and graded into distal delta front

deposits. Complex delta systems contain major and minor distributary

channel facies within a mosaic of delta front and delta platform facies.

Distributary channel facies range from small scour-fill fea-

tures a few meters in breadth to large entrenched channels. Large

channels occur in lower and upper parts of sandstone sequences and are

incised into underlying, fine-grained deposits. The smaller distri-

butary channel fill occurs above channel mouth bar facies, in the upper

parts of sandstone bodies.

Distal delta front deposits (siltstone, intrabasinal sandstone

and conglomerate) commonly display steeply-dipping, sigmoidal, wedge-

shaped foresets. Foresets are restricted in occurrence to local areas

and are not continuous within individual deltas. Delta front facies

are gently dipping or horizontally bedded where depositional relief

was low.

Proximal delta front, channel mouth bar, distributary channel

and on-delta braided stream fluvial deposits comprise the bulk of
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Figure 20, Isopach map of deltaic sandstone bodies in lower of two

genetic intervals comprising the upper Dockum. Location

is adjacent to Texas Highway 207 crossing of the canyon.

Contours in meters. Cross section A-B shown in figure 21.
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sandstone intervals. In thin, complex delta systems, channel mouth bar

deposits are typified by wedge or pod geometry and horizontal bedding.

In some areas, channel mouth bar deposits (up to 5 m thick) occur as

basinward-offlapping lenses.

Interdistributary and prodelta siltstone and mudstone commonly

contain thin (1 to 2m) crevasse splay or frontal splay facies composed

of foreset and trough crossbedded conglomeratic mudstone- and caliche-

arenite. Splays have a thin, lobate (pancake) geometry. In cross-

section, splay deposits are wedge-shaped. Splays occupy various parts

of the delta sequence and, with increasing unit thickness and scale of

sedimentary structures, may become indistinguishable from delta front

facies.

Although the genetic interval of an individual delta system may

remain at approximately the same overall thickness where it crops out,

relative proportions of mudstone and sandstone vary in response to

lateral and downdip gradations or pinchouts of sandstones. Mudstone

sequences exhibit some locally complex bedding types that record rapid

changes in depositional regime. In most exposures, bedding is subhori-

zontal and regular, being interrupted at irregular intervals by lenses

of intrabasinal materials originating from distributary channels and

delta front slopes.

Sequences

Delta systems in the upper Dockum Group are characterized by

coarsening-upward texture and abrupt lateral changes in lithology. Each

system consists of prodelta and distal delta front mudstone and silt-

stone which is overlain by delta platform sandstone. Individual delta

systems differ from each other in detail, but exhibit certain general

similarities.

The upward-coarsening profile is a dominant feature of Dockum

delta systems. Transition from the lower mudstone/siltstone interval to

the upper sandstone interval may be abrupt or gradual, depending upon

what part of the system the sequence is observed in. Rocks deposited
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in distal deltaic environments exhibit a more or less continuous pro-

gradational sequence. This type of sequence is characterized by a uni-

form succession of mudstone, siltstone and sandstone (pi. XIII).

Sandstone facies in the upper part of delta sequences display a

high degree of variability from one locality to another in the canyon.

In some outcrops each sandstone interval comprises a single, continuous

depositional unit, whereas in other more complex successions, there is

more than one depositional unit or facies.

Lower parts of sandstone units are generally characterized by

abundant lenses of intrabasinal conglomerate and conglomeratic sand-

stone that grade upward into fine sandstone. Sedimentary structures

commonly range from large scale trough and foreset crossbedding in the

lower, conglomeratic part, through parallel lamination and medium scale

foreset crossbedding in the middle, to small scale foresets and current

ripple lamination in the upper part of continuous genetic units.

Near the axis of a typical lobate delta sandstone, the interval

is thickest (15-20 m) and generally consists of a uniform, continuous

bedding sequence in fine sandstone with minor reactivation discon-

tinuities. Low relief scouring, truncation of structures and presence

of thin interbeds of mudstone and intrabasinal conglomerate interrupt

the sequence. Sandstone lobes thin laterally to distal fringes of

trough crossbedded intrabasinal conglomerate and sandstone. Coarse

deposits interfinger with subjacent and flanking mudstone and siltstone

facies. Depositional facies within the sandstone interval are dis-

tinguished by location within delta lobes, composition, geometry,

sedimentary structures and structural sequences.

Prodelta and Interdistributary Facies

Rocks in lower parts of progradational cycles consist of massive,

parallel-laminated, or ripple cross-laminated grayish red mudstone that

is irregularly interrupted by beds of ripple cross-laminated siltstone.

Local large scours and discontinuities are delineated by light-colored

siltstone that is truncated by or dip into scour depressions. Bedding

dips at appreciable angles in foreset sequences gradational with more
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PLATE XIII

Delta Sequences In The Upper Dockum Group

A. Complete upward-coarsening Gilbert delta sequence exposed at CC-18

(see also fig. 23). Sigmoidal siltstone foreset beds grade into

horizontal bottomset mudstone. Sequence is capped by trough cross-

bedded channel sandstone facies. Outcrop is 20 m high.

B. Series of three progradational sequences of the upper Dockum overly-
ing massive sandstone of the fluvial meanderbelt system at the

bottom of the photograph. Cliff is about 80 m high.
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coarse-grained delta front siltstone and sandstone facies (fig. 22).

Some of the thickest mudstones (maximum thickness ca. 30 m)

represent the most basinal facies within the study area (pi. XIV).

Basinal mudstone is horizontally bedded and greyish red. Light-colored

(pale olive) siltstone beds occurring at variable spacings are usually

less than a few centimeters in thickness. Although they are thin,

siltstone beds may locally be traced for tens of meters along outcrop.

Sedimentary structures in mudstone consist of ripple cross

laminae and parallel or horizontal laminae. Wispy, incomplete ripple

laminae are common. Some mudstone appears massive and exhibits an

irregular fracture. Laminated mudstone contains alternating faint

light and dark laminae and fractures along bedding planes. Bedding

plane surfaces are accentuated by parallel mica flake orientation.

Desiccation features have limited vertical and lateral distri-

bution. In a few localities, sand-sized fragments of brecciated mud-

stone fill large desiccation cracks in otherwise massive mudstone.

Mudstone breccia deposits are less than 1 m thick and are of undetermined

lateral extent. Mudstone breccias are situated adjacent to delta flank

sandstones.

Burrowed mudstone is rare. Intense coloration and uniform tex-

ture may have masked bioturbation structures and hindered recognition

in mudstones classified as "massive". Bioturbation results in a mottled

or massive appearance; spreite burrows (Teichichnus is common, accord-

ing to McGowen and others, 1977, and Seni, 1978), 3-6 mm in diameter and

1.5-2.0 cm in length, are rare. Burrowed mudstones are generally less

than 1 m thick, lenticular, and contain a few siltstone beds.

Scour-shaped discontinuities locally truncate horizontal and

parallel bedded mudstones. Some of these washouts (fig. 22) are filled

with mudstone and siltstone foreset beds.

Siltstone beds within mudstone sequences are commonly associated

with intrabasinal conglomerate lenses, and contain caliche and mudstone

clasts ranging in size from medium sand to granules. They exhibit

ripple cross lamination and soft sediment deformation, which indicate

deposition by traction currents and rapid sedimentation rates. Thin
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Figure 22. Complex sequence of prodelta-lacustrine-delta front mud-

stone (shaded), intrabasinal sandstone (shaded and

stippled) and siltstone capped by fluvial delta platform
sandstone at CC-6. Sedimentary structure symbology is

explained in the Appendix.
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PLATE XIV. Upper Dockum lacustrine mudstone and delta sequence. Thin,
light-colored (pale olive) siltstone beds highlight the even,
horizontal attitude of homogeneous mudstones that represent
the most basinal lacustrine facies present in the area.

This outcrop is equivalent to the complex sequence illus-

trated in figure 22, located 1 km northeast. Outcrop face

is about 40 m high. Note the limited lateral extent of

delta front siltstone beds.
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interbeds of coarse-grained caliche-arenite are crudely parallel-

laminated or contain small scale foreset crossbeds. Siltstone beds are

gradational in textural and boundary characteristics between two end

members. One type has an abrupt basal contact against underlying mud-

stone and exhibits an upward decrease in grain size and scale of sedi-

mentary structures, manifested in an upward gradation from ripple cross

laminated siltstone into parallel-laminated mudstone (pi. XV). The

other type is indistinct, thin-bedded (1-5 cm), and gradational above

and below with mudstone; thin symmetrical and asymmetrical ripple cross

laminae are common in thicker units. Siltstone beds of the former type

are characteristic of the upper parts of mudstone intervals and silt-

stone distal delta front facies. Most thin siltstone lenses occur

within the lower greyish red mudstone interval.

Distal Delta Front (Foreset) Facies

Siltstone facies are an important and distinctive part of delta

sequences in the upper Dockum. Changes in delta front configuration

and variations in fluvial processes on the delta plain are reflected in

these deposits, which form the link between lacustrine mudstones and

fluvial sandstones of the delta platform.

Where water depth in front of the delta was at least several

meters, sigmoidal foreset beds characterize the siltstone facies (fig.

23, pi. XIII-A). Foresets dip basinward at angles of up to 25°, thin

toward the toe of the slope and grade laterally into mudstone. Ripple

cross laminae (wavelengths 5-10 cm) and parallel laminae are charac-

teristic of the upper, proximal parts of foresets. Downdip, distal

parts of foreset beds exhibit a variety of deformational structures,

including flow rolls, pull-apart structures and sandstone injection

(dike) features (pi. XVI). Episodic traction current scouring is

evidenced by isolated thin lenses of intrabasinal mudstone/caliche-

arenite and conglomerate occurring in the distal transition of foresets

into horizontal bottomset beds. Individual foreset beds display a

fining-upwards textural character, grading up from coarse siltstone or
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Figure 23. Diagram of CC-18 outcrop showing delta progradational
sequence consisting of horizontal prodelta mudstones,
sigmoidal siltstone foresets and delta platform fluvial

sandstone. Side-filled distributary channel in the center

of the figure is overlain by crossbedded channel facies
and more evenly bedded channel mouth bar-delta front sand-

stone units. Mudstone is faintly laminated to massive and

rippled where silty. Foresets contain abundant ripple
cross-laminae and deformational features. See Appendix for

explanation of crossbedding symbology.
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PLATE XVI

Soft Sediment Deformation In Delta Front Facies

A. Sandstone flow roll exhibiting vertical orientation of laminae in
deformed bed, CC-18. Lens cap diameter is 5.5 cm.

B. Sandstone dike caused by injection of fluidized sand into overlying
mudstone and siltstone in highly deformed delta front facies. Pen is

13 cm long.
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mudstone/caliche-arenite into mudstone or claystone interbeds. Thickness

and continuity of siltstone foresets are highly variable. Whereas a few

beds are relatively uniform and laterally persistant, others founder at

short distances from the steepest part of the foreset slope (fig. 23).

Where depositional relief was low, distal delta front sandstone

and siltstone beds dip at low angles and grade into prodelta beds over

greater lateral distances than where sigmoidal foresets are developed.

In such situations, relatively flat delta front siltstone beds form thin

intervals in abrupt upward-coarsening sequences (pi. XVII).

Both high and low relief delta front sequences are heterogeneous

and contain alternating beds and lenses of mudstone, siltstone, sand-

stone and conglomerate. Although predominantly siltstone in most

localities, delta front facies are frequently characterized by thin

splay-like units of intrabasinal conglomerate or sandstone that inter-

tongue with subjacent mudstone and siltstone.

Some Dockum delta sequences are characterized by a textural

inversion in delta front facies (fig. 24; pi. XV). In these sequences,

rythmically-bedded, horizontal siltstones grade upward into finer-

grained silty mudstone foresets. Siltstone beds are graded and 5-15 cm

thick (pi. XV-B). Inverted delta front textural sequences appear to

involve a mechanism of sediment bypass in their formation, whereby

coarse-grained sediment is carried beyond the channel mouth and delta

slope by hyperpycnal density currents (Bates, 1953).

Channel Mouth Bar and Delta Front Facies

Much of the sandstone of the upper Dockum Group accumulated in

channel mouth bar and delta front environments. Widespread channel

mouth bar-delta front sandstones (delta platform of Seni, 1978) exhibit

sheetlike geometry and thicknesses of up to 25 m. Bedding is subhori-

zontal and complexly lenticular within these bodies (figs. 24 and 25).

Stratification commonly dips at low angles away from channel axes.

Channels occur at various positions within individual sandstones and

locally contribute to a multistory complex of delta front and distri-

butary channel facies (fig. 25).
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PLATE XVII. Delta front foreset and mouth bar sequence at BBR-1. Low

angle, offlapping foreset beds grade upward into horizontally
laminated mouth bar facies. Sedimentation units in the

upper part of the interval also exhibit offlap in the direc-

tion of transport to the left. The sequence shown is about

15 m thick.
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Parts of some sandstones comprise laterally persistent thin,

horizontally-laminated, foreset-crossbedded parallel units (lower sand-

stone in fig. 24). This facies normally shows consistent gentle dip and

gradual thinning away from the thickest part of the sandstone body. In

contrast to these uniform deposits, some outcrops reveal sequences of

highly lenticular, mutually truncating units containing trough and

foreset crossbedding, parallel laminae and lenses of mudstone or intra-

basinal conglomerate (fig. 23; upper sandstone in fig. 24). Lateral

and vertical gradations from uniform, horizontally bedded sequences to

multilateral, lenticular facies occur within short distances.

Channel mouth bar deposits are inferred in some localities

where lenses of fine sandstone containing ripple cross-laminae and

horizontal laminae occur subjacent to channel fill deposits (unit #3 of

fig. 26). These sand bodies form lowermost units of sandstone inter-

vals and are commonly scoured and truncated by channels. Bar facies

are gradational with underlying delta slope mudstones and siltstones.

Proximity to major distributaries and relative position within

progradational sequences seem to control morphology and stratification

types within delta front and channel mouth bar sheet sandstone.

Multilateral, lenticular sequences are generally found to occur closer

to feeder systems and in areas characterized by distinct channeling,

especially in the upper parts of progradational sandstone bodies.

These proximal facies overlie and grade laterally into more uniformly-

bedded sandstone facies that taper outwards toward the margins of

delta lobes.

Delta front sandstone is transitional at basal and lateral

boundaries with underlying and flanking siltstone and mudstone of dis-

tal delta front and lacustrine facies. The vertical transition is

commonly abrupt, and sandstone that contains abundant mudstone and

caliche fragments directly overlies grayish red siltstone and mudstone.

In some exposures, however, intertonguing is evident at the base of

sandstone deposits, particularly where steeply-dipping siltstone fore-

set facies are present (fig. 26). Lateral margins of delta front

sandstone bodies exhibit gradual transitions into flanking mudstone
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and siltstone of interdistributary embayment areas. Bedding thins

basinward in combination with an overall decrease in mean grain size and

transition of sedimentary structures from horizontal laminations and

foreset crossbedding into predominantly ripple and climbing ripple cross

laminae.

Delta Platform Fluvial Facies

Delta platform sandstones contain two types of fluvial facies:

large, incised distributary channel fills and crossbedded braided stream

facies. Large channel fills occur primarily in thickest, axial portions

of lobate sandstone bodies. In composite sandstone intervals comprised

of complex and overlapping delta systems, distributary channels are

distinguished by their geometry and by boundary relationships with

adjacent facies (pi. XVIII). Lens-shaped in cross section, large dis-

tributary channels in the upper Dockum are ribbonlike sandstone bodies

that bifurcate basinward and grade laterally into crevasse splay, delta

front and mouth bar facies. They form the skeletal framework of delta

systems, being somewhat analogous to the toes of a duck’s foot. On-

delta (delta plain) braided stream sandstones and facies of the delta

front and interdistributary environments comprise the webbing between

the toes (figs. 20 and 21). Zones of braided stream facies occur in

upper parts of delta platform sandstones, generally above and between

distributary channel fills and channel mouth bar deposits.

Exposures of large-scale channel fills commonly reveal a para-

bolic erosional base that is gradational laterally along channel flanks

with delta front or delta platform facies (fig. 27). Basal beds of the

channel fill are usually composed of intrabasinal pebble and granule

conglomerate and conglomeratic sandstone or contain lenses of this

material (fig. 28). Gravel clasts are well rounded, varicolored silt-

stone, mudstone and caliche fragments, with occasional Unio valves.

Large-scale trough crossbedding and parallel laminae are dominant sedi-

mentary structures in the lowermost part of some channels. Horizontal

laminae and parallel inclined laminae are common in lower and middle

sections of the fill sequence. Thin zones of trough crossbedding or



PLATE XVIII

Distributary Channels In The Upper Dockum

A. Distributary channel fill at BBR-1. Parallel-laminated sandstone

fills symmetrical channel that is about 4 m thick. Bedding roughly
conforms to the channel base profile.

B. Abandoned channel fill sequence of horizontal mudstone and siltstone.

Channel form features like this appear to have been scoured during
low lake level stands and filled with subsequent lake rise. Channel

is about 15 m thick.
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Figure 27. Diagram showing a series of three delta systems exposed in

slope at CC-12: 1) delta front ripple and parallel-
laminated siltstone and sandstone on margin of lobate delta

system; 2) axial region of lobate delta comprises distri-

butary channel fill overlain and flanked by delta platform
sandstones; 3) coarsening-upward delta sequence capped by
widespread delta platform deposits composed of shallow

channels, lenticular bars and crevasse splay units. F =

foreset crossbedding, T = trough crossbedding, H = horizon-

tal lamination, R = ripple cross-lamination.
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Figure 28. Examples of distributary channel fill sequences. Each

channel sequence generally begins with intrabasinal

conglomerate at the base. Most crossbedding occurs in the

upper parts of channel fills. DC = distributary channel,
CB = channel base, DMB = distributary mouth bar.
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lenses of conglomeratic sandstone occur locally within some channels.

Low relief scour surfaces and discontinuities manifested by truncation or

subtle mean grain size changes occur vertically throughout the fill at

variable spacings (generally 1-3 m), usually separated by upward-thinning

intervals of uniform, continuously-deposited sandstone (fig. 27).

Parallel inclined laminae are gradational with foreset crossbedding.

Foreset crossbedding in the upper channel fill at CC-12 trends away

from the channel axis (fig. 27). Small scale foresets and ripple cross-

laminae are common within beds at the top of the fill sequence.

Parallel or horizontal laminae locally characterize major pro-

portions of large scale channel fill sequences. Some exposures are

massive with only faint traces of bedding over intervals of several

meters. Uniform lithology and texture contribute to produce massive

bedding appearance and poor definition of laminae and sedimentary struc-

tures. Horizontal lamination occurs within lenticular beds defined by

scour surfaces or grain size variations (figs. 23, 24 and 26).

Upper parts of many sandstone sequences comprise multilateral,

crossbedded fluvial deposits and small, nested channels on the order

of several meters in thickness and several tens of meters in width

(fig. 26). Individual channels contain trough crossbedding, horizontal

bedding and parallel inclined lamination. Smaller scale channels differ

from their larger counterparts by exhibiting less basal scour, higher

width to depth ratios ( 10:1), and restricted occurrence mostly in the

upper parts of sandstone sequences. A few large incised channels occur

in the lower part of the sandstone sequence (fig. 27). These channels

scour into underlying mudstone and siltstone and grade upward into

evenly bedded delta platform sandstone facies. Locally, smaller,

nested distributary channels may be present at the top of the sequence

(fig. 24, upper sandstone; fig. 26). Trough crossbedded and horizon-

tally laminated sandstone in which channels are indistinct and bedding

is complex and multilateral occurs within the delta platform section

(fig. 23). Upper parts of some distributaries are characterized by

this facies (fig. 28).

At a few localities (CC-1, CC-18, CC-33, CC-45) large,
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lenticular scours (depth 10-15 m) occur within mudstone-siltstone

intervals that contain predominantly light greenish grey to moderate

grayish red siltstone and mudstone fill deposits (pi. VIII-B). The

basal erosional contact of these scour features is clearly delineated

in most cases by contrast between light colored scour-fill deposits and

surrounding dark mudstones. Bedding in eroded mudstone sequences is

truncated against the scour surface, although in several cases there is

only a slight apparent increase in grain size across the contact. In

several scour fills, sandstone and conglomerate lenses are present along

the base. Fill sequences generally resemble delta front facies con-

sisting of a series of alternating siltstone, conglomerate, and mud-

stone beds that conform to the parabolic lower contact of the scour in

the basal part of the sequence and flatten out upward, becoming nearly

horizontal at the top.

Crevasse and Frontal Splay Facies

Upper parts of mudstone sequences underlying sandstone intervals

commonly contain isolated beds or series of beds comprised of clastic

materials ranging in grain size from very fine sand to granule gravel.

These beds vary in composition from subcaliche-arenite to mudstone and

caliche conglomerate. Sedimentary structures occurring within the units

show close association by type and scale with predominant grain size.

Fine-grained rocks generally contain small scale ripple and ripple drift

cross-laminae. Rocks consisting of coarse sand or larger grain sizes

display trough and foreset crossbedding.

Sequences or units interpreted as crevasse splay facies resemble

miniature delta lobes. Some splays exhibit coarsening-upward textural

profiles and upward transition from ripple laminae into parallel bedding

and foreset or trough crossbedding (pi. XIX). Others are unconformable

and have no textural or structural trends, except in lateral directions

(fig. 29). Thin, pancake geometry and limited distribution are charac-

teristic. Composition of thick units (more than 0.5 m) tends to be

dominated by intrabasinal materials. Thin units are generally more

fine-grained, being composed mostly of fine sandstone. Lateral changes
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include gradation from trough crossbedding to ripple drift, rapid

thinning and decrease in grain size. Mudstone was deposited on top of

splay sequences after growth ceased.

Depositional Environments

Upward-coarsening sequences in the upper Dockum are interpreted

to represent lacustrine deltaic systems, because they are similar to

modern and ancient deltaic deposits described in the literature, and

because characteristics of the stratigraphic section and fossil record

suggest that the depositional basin was lacustrine. Although no one

model perfectly fits observed features of the sequences present in the

Canyon, most aspects of Dockum systems are directly comparable to a

number of classic examples of deltaic sediments.

The fundamental three-fold succession of bottomset, foreset and

topset beds observed by Gilbert (1885, 1890) in Pleistocene Lake

Bonneville terrace deposits is represented in finer-grained rocks of the

Dockum Group by horizontally bedded mudstone, inclined siltstone beds,

and crossbedded, channeled sandstone facies. This generalized subdi-

vision may be expanded and divided further into specific facies and

inferred depositional environments by analogy with modern and ancient

lacustrine deposits. Many well documented examples of marine and

brackish water deltaic deposits are also useful for identifying Dockum

facies, inasmuch as processes that led to formation of analogous facies

are similar.

Dockum deltas appear to be grossly similar to the "high-

constructuve lobate delta" of Fisher and others (1969) and, in some

areas, fan-deltas of McGowen (1970), McGowen and Scott (1974) and

Galloway (1976). These deltas exhibit lobate morphology and are

supplied by multiple distributaries. Fluvial processes and deposits

are dominant over basinal reworking and destructive facies in this type

of shoreline depositional setting. Lobate morphology is expressed in

upper Dockum sequences by the relatively wide lateral extent of delta

platform sandstone bodies compared to the channels within them (cf.
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figs. 20, 21 and 25).

Upper Dockum sequences that exhibit inclined foreset beds in the

delta front facies have obvious similarities to some examples in other

areas, noteably Pleistocene Lake Bonneville deltas (Gilbert, 1885, 1890),

early Holocene glacial outwash deposits of Austerdalsisen, Norway

(Theakstone, 1976), Pleistocene Pyramid Lake deposits in Nevada (Born,

1972) and Eocene delta facies of the Green River Formation in Wyoming

(Stanley and Surdam, 1978). Where delta front beds are flat or only

slightly inclined, upper Dockum deltas bear many similarities to delta

deposits of diverse origin, although beach or shoreface deposits are

conspicuously absent and delta plain facies comprise minor components.

Bottomset mudstone includes undifferentiated lacustrine and

prodelta facies. No distinctively lacustrine facies, as described by

Seni (1978), was recognized in Tule Canyon. Generally, an upward

increase in abundance of interbedded siltstone zones or flags gives some

indication of decreasing water depth, increasing rates of sedimentation

and increasing influence of wave agitation and reworking. However, in

the case of inverted textural sequences in delta front deposits, density

current deposits (turbidites) may cause a relatively deep water facies

to be dominated by thin, graded siltstone beds. Massive, bioturbated

mudstone with few siltstone interbeds in lower parts of mudstone

intervals probably represents the most distal or basinal facies of the

upper Dockum. Thin graded beds that occur at variable spacings in

massive to laminated mudstone may be density current deposits formed

during peak flows or transitory hyperpycnal conditions (Bates, 1963).

Similar facies have been described in Lake Geneva (Houbolt and Jonker,

1968) and Lake Mead (Gould, 1960). Some silty ripple-laminated zones

exhibiting intergradational boundaries and broad lateral extent may

represent wave-reworked sediment in shoaling portions of a shallow

lake. Small scale sedimentary structures and fine-grained texture of

these rocks suggest that they were deposited in low energy subaqueous

environments, basinward of fluvially-dominated delta plain and delta

front slope areas.

Prodelta and distal delta front mudstone facies locally contain
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scour trough, inclined bedding, truncated bedding and discontinuous

sandstone and conglomerate stringers or lenses. These features are

inferred to be representative of rapidly changing conditions of flow

stage and rates of sedimentation. Evidently, distributary mouths varied

in shape and position quite rapidly and channels frequently bifurcated,

shifted, and aggraded when abandoned. These changes resulted in complex

assemblages of facies in delta platform sandstones.

Delta front foreset beds are distinguished by their commonly

inclined (up to 25°) position and by textural and sedimentary struc-

ture criteria that place them genetically midway between fluvially

dominated delta platform deposits and more fine-grained, quiet water

prodelta and lacustrine facies. Bed inclination is rarely uniform or

continuous over more than a few tens of meters because of lateral varia-

tions in delta slope and shifts in positions occupied by distributary

mouths. Delta foreset sequences contain abundant reactivation surfaces

and discontinuities. Inclined foresets may flatten out into horizontal

beds within distances of less than 100 m (fig. 23). These features are

indicative of delta slopes that are locally steep (near the angle of

repose for delta front sediments), but laterally variable, becoming only

slightly inclined in some areas. The same sort of variability in delta

slope was observed by Axelsson (1967, p. 112-113) along the front of

the Laitaure delta in Sweden and by Born (1972) at the front of the

modern Truckee River delta and in exposures of Pleistocene deposits at

Pyramid Lake, Nevada. Siltstone delta front foreset facies generally

occur in close proximity of channel and channel mouth bar sandstone

deposits. Thickness of sequences is representative of relief between the

on-delta fluvial environment and the prodelta environment, and therefore

is indicative of water depth in the delta front vicinity. Maximum

observed inclined foreset sequence thickness (and relative paleo-water

depth) is about 10 m. Most sequences, however, are 4.5-8.0 m thick.

Mudstone sequences lacking a coarsening-upward textural profile between

major distributaries may represent basinal or embayment environments

that remained free of significant incursions of sediment-laden flood

waters characteristic of the delta front.
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Sandstone delta platform facies include distributary channel,

channel mouth bar, delta front-delta plain braided stream fluvial sheet

sand and crevasse-frontal splay. Channel facies are recognizable by

the convex downward erosional profile. Various types of channel fill

are present in the Dockum, ranging from extensively crossbedded sand-

stone and conglomerate to fine-grained evenly bedded abandoned channel

fill. Various stages of channel development are represented, as are

differing locations within the environmental framework of simple lobate

and more complex deltas. Channels gradually abandoned near points of

bifurcation from active channels are filled with sandstone exhibiting

crossbedding at the base and uniform fill sequences with only slight

upward fining in texture. Channel localities that were more remote from

major pathways of sediment transport are characterized by mudstone and

siltstone fill.

Distributary mouth bar and delta front sheet sands lie beneath

and along the flanks of channel facies. Uniform, pod-like bodies of

horizontally laminated and ripple cross-laminated fine sandstone occur

above some delta front foreset sequences and below channel fills where

scour was insufficient to erode them. These inferred channel mouth

bar deposits are discontinuous laterally as a result of thinning or

truncation. Delta front sheet sands are more thinly bedded and

laterally extensive than local mouth bar facies but are intergradational

with them. These facies were deposited along the front of the delta

platform, where flood discharges and low energy wave processes along the

basin margin distributed river-borne sediment away from channels and

beyond distributary mouths. Concentration of coarse-grained sediment in

delta platform deposits and the gradational nature of delta front

sequences suggest homopycnal conditions (Bates, 1953; Jones, 1965) at

distributary mouths.

Channel mouth bar deposits occur where stable, incised distri-

butary channels were present. Sheetlike delta front sandstones were

probably associated with areas where the delta plain consisted of

braided channels, alluvial bars and interchannel islands. Anastomosing

channels supplied sediment to a relatively flat, shallow and sandy
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delta front environment similar to the Modern Truckee delta at Pyramid

Lake, Nevada (Born, 1972). In areas where stable distributaries

occurred, there are local erosional scours into delta front and delta

slope deposits and lenticular fill sequences of crossbedded and hori-

zontally-laminated sandstone. In the mapped delta lobes illustrated

in figures 20, 21, 24 and 27, large axial distributary channels grade

upward into sheetlike delta platform deposits. This relationship

suggests that channels were initially incised and locallized, perhaps

in response to a lowering of lake level. As lake level rose with flood

discharges, flow became less confined than before and transformed the

delta plain into a braided stream environment. Delta front deposits

thus became more widespread above underlying confined stage deposits.

Instability of fluvial channels on the delta plain may explain the

apparent paucity of levee facies. Fan-deltas described by Born (1972)

and McGowen (1970) and glacial outwash fans (McDonald and Banerjee,

1971; Boothroyd and Ashley, 1975) exhibit characteristics similar to

late-stage deposits of Dockum deltas.

Natural levee deposits are poorly developed or absent in most

Dockum delta systems. Tops of deltaic sandstone units are generally

flat and grade rapidly upward into lacustrine or prodelta mudstone in

many outcrops. Locally, however, thin zones of grey alternating silt-

stone and sandstone beds overlie channel and delta front sandstone.

These zones, which probably represent natural levee or delta plain

sediments, commonly contain abundant fragmental plant material. In

several localities, interbeddea sandstone and siltstone form lenticular

units positioned above and flanking channel sandstones.

Crevasse and frontal splay facies are represented by thin, pan-

cake-shaped bodies of materials that range from siltstone to conglo-

merate. Sequences are frequently coarsening-upwards in texture,

although many display sharp, erosional basal contacts. Processes

involved in crevasse splay or frontal splay formation are inferred from

sedimentary structures and textural sequences to be primarily those

found within braided streams or fan-deltas (Ore, 1963; Smith, 1970;

McGowen, 1970). Sheetflooding and erosion of desiccated delta plain
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caliche, mud and silt produced poorly sorted splay deposits close to

breaks in the channel walls during peak flows. Splays probably origi-

nated as levee breaks or initial flood surge deposits (eroded channel

bottom sediments) and prograded rapidly into shallow prodelta and inter-

distributary areas. Most upward-coarsening splay sequences are less

than 2 m thick and appear to have been short lived. Some splay lobes

may have been constructed in one continuous depositional event.

In a few localities, large channel-form scours occur within

prodelta and delta front intervals (pi. XX-A). These channel-form facies

occur between major delta platform sandstones, were eroded into under-

lying deposits (up to 10 m) and are filled with fine-grained rocks

representative of distal deltaic environments. These characteristics

suggest that the channels were incised distributaries formed during low

lake level stands. The channels may have filled in response to trans-

gressive retreat of depositional environments shoreward as lake level

rose from a temporary arid cycle low stand (as proposed for the eastern

Midland Basin area Dockum by McGowen and others, 1975) to a higher,

normal position. This type of retreat and lake level change was

reported by Butzer (1971) for the Omo delta in Lake Rudolf, Kenya.

Further evidence of changing base level is found in upward-

fining sequences of delta front facies (pi. XX-B). A common feature

at the transition between the middle Dockum fluvial meanderbelt sys-

tem and upper Dockum delta systems, this sequence is characterized by

an upward gradation from fluvial sandstone into delta foresets and pro-

delta lacustrine mudstone. The transition appears to be the reverse of

an expected regressive progradational sequence and probably resulted

from a flood-induced rapid rise of lake level during deposition of the

affected sediments.

In summary, my depositional model for the upper Dockum Group

comprises a series of 3 to 4 complex lacustrine deltaic intervals.

Delta systems of mostly lobate geometry prograded into a shallow lake

basin in which water depths were approximately 5-10 mor less. Sand-

stone deposits of distributary channels, channel mouth bars, proximal

delta front and delta plain braided streams occur within simple and



PLATE XX

Features Indicative Of Lake Level Changes

In The Upper Dockum

A. Large channel-shaped scour filled with delta front foreset sequence

at CC-3, interpreted to represent valley incision and filling during
a lake level drop and subsequent rise. Channel sequence is about

16 m thick to base of sandstone interval of channel mouth bar and

channel facies.

B. Upward-fining sequence representing upward gradation from proximal
to distal deltaic facies deposited during an inferred lake level

rise. Normal deltaic sequence is inverted. Ruler is 1.5 m in

length.
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compound lobes. Sandstone facies grade laterally and downdip into delta

slope foreset beds and prodelta-lacustrine mudstone. Interdistributary

environments are characterized by mudstone facies with interbedded

conglomeratic crevasse splay deposits. Interdistributary muds were

gradational with inferred delta plain mudflats that were alternately

flooded and desiccated, providing abundant locally derived clastic

material to crevasse splay sediments.

The delta plain was a barren environment dominated by braided

stream deposits. It consisted of a broad, sandy floodplain with poorly

developed levees, small shallow channels and low-relief bars and inter-

channel islands. The late-stage depositional setting was probably

analogous to the Truckee River delta in Pyramid Lake, Nevada (Born, 1972),

a contemporary fan-delta. The barren, unvegetated surface of the

Truckee River delta is another characteristic that occurs in Dockum

deltas.

Poorly developed levees, consisting of alternating siltstone and

mudstone with incorporated fragmental plant material probably owe their

subtle character to the braided stream fluvial regime of the delta plain

and to the lack of vegetation and vegetation-related stability that is

typical of many Modern deltas (Axelsson, 1967; Coleman and Gagliano,

1964; Donaldson and others, 1970). Abundant caliche fragments in con-

glomerates and sandstones of channel, delta front and crevasse-frontal

splay environments must have been derived from desiccated levee and

mudflat sediments. Presence of abundant caliche and some local cal-

careous nodules in interdistributary mudstones and conspicuous absence

of in situ plant material or root mottling suggests that the climate of

the delta plain was semi-arid and warm, similar to that of the modern

Omo delta of Lake Rudolf, Kenya (Butzer, 1970; 1971). The Omo basin

becomes increasingly arid from the surrounding highlands down to the

deltaic plain, where desiccated mudflats and evaporites form in response

to arid conditions that alternate in long-term cycles with more humid

conditions. Vegetation is restricted to the vicinity of distributaries

and lake level varies greatly with climatic conditions, producing

lateral shifts of as much as 16 km in the shoreline position.



DEPOSITIONAL HISTORY

The Dockum Group in Tule Canyon contains a series of depositional

systems that are alluvial and deltaic in character and that represent

dramatic changes in climate, sedimentation rates and depositional

environments from fine-grained evaporitic rocks of the underlying Double

Mountain Group. The Dockum was deposited in pulses, separated by periods

of reduced rates of sedimentation or non-deposition.

The Quartermaster Formation exhibits an upward decrease in number

of gypsum beds and overall grain size of sediments. The upper part is

dominantly greyish red mudstone, resembling mudstone occurring in the

Dockum Group in many respects. The sequence appears to record a change

in climate from arid to more humid conditions that increased sediment

input to the basin to high levels characteristic of the Dockum Group.

Initial Dockum sedimentation in the Tule Canyon area was in the

form of a widespread, blanket-like alluvial fan/fan-delta system that

built out rapidly over a relatively even surface of mudflats and shallow

lakes. Basal Dockum sequences are progradational in character where

shallow water bodies were encountered by the advancing clastic wedge.

Where subaerial mudflats were present, basal beds of conglomeratic sand-

stone rest with abrupt erosional contact on mudstones of the Quarter-

master Formation. The fan system at any given time probably consisted

of a series of overlapping sheetlike lobes that were alternately active

and moribund like the subdeltas of the Mississippi River delta (Coleman

and Gagliano, 1964) or the various lobes of the more closely analogous

Gum Hollow fan-delta on the Texas coast (McGowen, 1970). Sedimentation

on the active fan surface consisted of lateral and vertical accretion by

unstable braided stream systems. These streams may have shifted

laterally across the surface of the fan over large distances in

relatively short periods of time in a fashion similar to channel migra-

tion observed on the Kosi River alluvial fan of India (Gole and Chitale,

1966). The Kosi is a capricious river of high discharge and sediment

load that has shifted from east to west over 113 km in the last 200 years.
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After a period of outbuilding that accumulated 30 to 40 m of

alluvial fan deposits, a large drop in base level occurred, perhaps in

response to an arid climatic cycle, that caused major rivers to entrench

themselves and deposit their sediment basinward (west and southwest) of

the Tule Canyon area. The fan surface was subjected to extensive

weathering that produced paleosol features, such as contorted bedding,

sand-filled cracks, slickensided clays and calcareous nodules. Strong

color banding and contortion of bedding occurred at this time, that

destroyed or masked textural contrasts and sedimentary structures.

Northwest of Tule Canyon at Wayside Crossing (Texas Highway 207) and east

of Silverton, Texas, silicious zones and nodules occur at approximately

the same stratigraphic horizon as the upper part of the fan-delta system

in Tule Canyon. These rocks may represent silcrete deposits of an an-

cient paleosol, similar to modern silcrete of Australia (Finch and

Wright, 1975; McGowen and others, 1975; Stephens, 1971).

Deposits within low-stand entrenched rivers are preserved in a

valley fill sequence at The Narrows of Tule Canyon. Valley fill con-

sists of conglomerate and conglomeratic sandstone exhibiting extensive

crossbedding interpreted to represent bedforms and stratification types

of a confined braided stream system. An upward decrease in mean grain

size of sediments and occurrence of smaller-scale sedimentary structures

accompanied alluviation of the valley and suggest that base level may

have been shifting back toward the Tule Canyon area. Vertical accretion

caused lower flow velocities and reduced stream competency. A similar

effect occurred within the Mississippi alluvial valley as a result of

Holocene sea level rise (Fisk, 1944). Above the medial, dominantly

trough crossbedded facies of the valley fill, a transition into fluvial

meanderbelt sandstone bodies further signifies changing fluvial regime.

Middle Dockum meanderbelt deposits in the upper reaches of Tule

Canyon contain upward-fining sandstone bodies that resemble point bars

and chute bar deposits of modern streams (Bernard and others, 1973;

Jackson, 1976; McGowen and Garner, 1970) and exhibit large scale

accretionary bedding typical of ancient fluvial sequences described by

Allen (1963, 1965, 1970) and Elliott (1976). Several sandstone bodies
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in the upper part of the fluvial succession that were examined in some

detail indicate by their geometry (utilizing estimation techniques des-

cribed by Elliott, 1976 and Leeder, 1973) that streams were probably on

the order of 7 m deep and as much as 230 m wide (w/d=36). Paleocurrent

directions suggested by crossbedding dips and axial trends vary sys-

tematically from north to east and back to north (fig. 18) over a hori-

zontal distance of some 2.2 km. Although sampling of current indicators

in the system was meager because of limited availability of bedding plane

exposures, there is some suggestion from the data that at middle Dockum

streams flowed roughly northward along the present trend of Tule Canyon,

approximately normal to the southwest depositional slope inferred from

delta sandstone geometry and valley fill trend.

Fluvial facies of the middle Dockum grade northward and verti-

cally into lobate delta systems. The northward facies change appears to

be consistant with inferences regarding paleocurrent trends. Vertical

change from proximal into more distal facies probably indicates a rise

in base level. A small rise of lake level on the order of a few meters

might have produced a pronounced retreat of depositional environments

(cf. Butzer, 1970, 1971).

Upper Dockum lobate deltas prograded into the lake basin at

various sites along the shore. Loci of sedimentation apparently shifted

in response to many variables, primarily differential subsidence rates,

overextension and avulsion of fluvial feeder systems and lake level

changes. Deltaic sandstone lobes of the upper Dockum are lenticular and

imbricated. They do not fit well into a fixed stratigraphic scheme or

regular zonation because of their local distribution and spacial segre-

gation.

Several deltas exposed in the upper part of the canyon have a

net westward trend. Most exposures of channel facies show that westerly

progradation was dominant in many deltas. Foreset beds in delta front

sequences and trends in sedimentary structures of sandstone facies,

however, commonly exhibit oblique directional features that are asso-

ciated with variable and transitional facies patterns.



ECONOMIC POTENTIAL

Economic resources of the Dockum Group have received increasing

attention in recent years. At present there appears to be some potential

for limited development of uranium ore and ground water. Increasing

demands for energy in the United States and rapid depletion of the

limited groundwater supply in the Ogallala Aquifer may stimulate in-

creased interest in the Dockum Group in the near future as a supplemental

or primary source of these resources.

Groundwater

Groundwater development of the Dockum Group is limited and

primarily local in nature in the Southern High Plains area due to the

generally superior quality and quantity of water pumped from the over-

lying Ogallala Aquifer. Several areas, primarily in the Texas Panhandle,

depend partly or entirely upon Dockum water-bearing sandstones for their

water supply (Alexander, 1961; Broadhurst and others, 1951; Cronin, 1961;

Fink, 1963; White and others, 1946). Water quality is best, and develop-

ment of Triassic aquifers is most advanced, in the area immediately

south of the Canadian River and southeast of Amarillo in Briscoe, Castro,

Deaf Smith, Oldham, Randall and Swisher Counties (Fink, 1963).

Stock and municipal water supplies are obtained from the Dockum

where the Ogallala is thin and unproductive. The municipalities of

Canyon (prior to 1958) in Randall County, Hereford in Deaf Smith

County, and Silverton in Briscoe County are among primary users of

Dockum water, Fink (1963) reported chemical analyses for Dockum water

wells in this region. His data show that in Deaf Smith County, average

Total Dissolved Solids (TDS) for three wells was 943 ppm (parts per

2-
million), and average chloride ion concentration (Cl ) for seven wells

was 98 ppm. In Randall County, averages for eight wells were 484 ppm

2-
TDS, 51 ppm Cl ,

and pH of 8.08, Ground water m the Triassic sand-

stones was found to be under artesian pressure south of the Dockum
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outcrop in the Canadian River valley. In the vicinity of Canyon and

Hereford, the artesian surface slopes 6 feet per mile (1.1 m per kilo-

meter) toward Swisher and Briscoe Counties (Fink, 1963, p. 19). One

well in southeastern Deaf Smith County was tested for aquifer para-

meters, yielding a transmissivity of 22,000 gpd/ft (gallons per day per

foot) and storage coefficient of 0.0001.

In Briscoe County, slightly mineralized Dockum water is commonly

used for stock and irrigation wells (C. A. Davis, water well driller,

Silverton, Texas; pers. comm., 1975), and for municipal and public

supplies by the city of Silverton and the Mackenzie Municipal Water

Authority (Lake Mackenzie in Tule Canyon). To the south of this area,

water quality rapidly deteriorates to the extent that Dockum ground

water cannot be used for drinking or irrigation without treatment.

Leggat (1957) and Wells (1960) reported highly mineralized water in drill

stem water quality tests in Bailey, Cochran, Floyd, and Lubbock Counties

in conjunction with poor well yields. Values of mineral and ion con-

centrations were highest in a City of Lubbock test well, in which TDS

2-
was 35,000 ppm and Cl was 12,000 ppm.

Uranium

The uranium potential of the Dockum Group of west and northwest

Texas has stimulated some interest since the mid-1950's (Finch, 1975;

Flawn, 1955, 1967; Hays, 1956; Southern Interstate Nuclear Board, 1969).

A brief flurry of exploration during late 1954 and early 1955 resulted in

the location of several subeconomic prospects in Briscoe and Garza

Counties (Hays, 1956). As much as 35 tons of ore assayed at more than

0.20% U
o

0
o

was shipped to a New Mexico processing plant by Radiation

Exploration Company in August, 1956 from prospect sites in Garza County

(A. E. C., open-file interoffice memorandum, 11-1-56). In Briscoe

County, a small uranium deposit reported to range from 0.60 to 1.45

percent was located in April, 1955 on the Mayfield Ranch in Tule

Canyon (Hayes, 1956, p. 71). No followup exploratory or development

work was reported for this deposit. Another deposit of ore, located
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on the Saul Ranch 10 km west of Quitaque during the summer of 1955,

consists of disseminated uranium minerals associated with carbonized

plant remains in a channel deposit of grey clay- and caliche-pebble

conglomerate. The channel is exposed for about 40 m along a canyon wall

and ranges from a feather edge to a maximum of 1 m in thickness. Some

ore was stockpiled and shipped to a mill in New Mexico, the maximum

average grade being reported (unconfirmed) as 2.0% U„0
o

(Hays, 1956,
b o

p. 71).

Exploration efforts and trial development have failed to reveal

economic uranium deposits in the Dockum Group of West Texas. Explora-

tion activities have been increasing over the past few years, and some

companies have recently been involved in drilling operations and

reconnaissance surveys in various parts of the Southern High Plains

area (J. H. McGowen, personal communication, 1978; Dickson and others,

1977). A regional study of the sedimentology and uranium potential of

the Dockum Group was made by the Bureau of Economic Geology, University

of Texas at Austin (McGowen and others, 1975). Preliminary results

show that, of 400 samples checked for uranium content using a scintillo-

meter, about 5 percent contained between 0.005 and 0.03 percent U
o

0
o

.

J o

Uranium-bearing rocks are predominantly sandstone and intrabasinal

conglomerate of fluvial meanderbelt and delta front facies (McGowen

and others, 1975). Mineralization appears to be closely associated

with lignitized plant material, which served as the primary catalyst

for precipitation of uranium compounds.



CONCLUSIONS

1. The Dockum Group is a complex sequence of siliciclastic lacustrine,

fluvial and deltaic rocks deposited in a shallow intracratonic basin.

2. The following depositional systems were identified:

a) An alluvial fan/fan delta system at the base represents a

sharp change in depositional style and rates of sedimentation from

sabkha and tidal flat facies of the Quartermaster Formation. No uncon-

formity, however, was discerned between the Quartermaster and Dockum.

Braided stream alluvial sheet sand deposits built out across a low-

relief basin margin. Deposits are deltaic in character where ephemeral

lakes were present.

b) Valley fill conglomerate indicates a large drop in base level

and basinward shift of depositional environments. High discharge braided

streams are indicated in lower fill deposits, changing to lower-energy

fluvial regimes and finer-grained sediment toward the top of the fill

sequence.

c) Meanderbelt sandstones overlie valley fill in the southwes-

tern part of the canyon. Coarse-grained (low-sinuosity) meanderbelt

origin is indicated by thick foresets of chute bars and dominance of

bedload sediments.

d) Complex lobate delta systems are present in the upper Dockum.

Recognized facies are prodelta-lacustrine mudstones, distal delta front

siltstone foresets, proximal delta front-channel mouth bar, crevasse-

frontal splay, and delta platform distributary channel fill and braided

stream deposits.

3. Paleoclimate changed from severe aridity in late Quartermaster times

to a more humid regime in Dockum times. Dominance of aquatic verte-

brate fossil types, lack of in situ plant fossils and übiquitous caliche

in Dockum rocks suggest that paleoenvironments of the Tule Canyon area

were still rather arid. However, pluvial conditions in headwaters of
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Dockum streams in the Ouachita foldbelt to the northeast provided abun-

dant sediment and high discharges to the basin.

4. Presence of a lake or group of lakes within the basin is inferred

from depositional systems in Tule Canyon and from regional characteris-

tics. Lower and middle Dockum paleoenvironments were associated with

emphemeral shallow lakes that were variable in depth and aerial extent.

Delta front thicknesses suggest depths of less than a few meters at the

base of the Dockum. Paleosol development and valley scour and fill

indicate that significant shifts in climate, lake geometry and deposi-

tional conditions occurred in the lower Dockum. Lobate delta systems

of the upper Dockum record more humid, deeper water lacustrine condi-

tions. Delta front foreset sequences indicate that water depths near

deltas were generally in the range of 5-8 m, and rarely more than 10 m.

Transgressive, fining-upward facies patterns in delta front

deposits and cycles of entrenchment and fill in delta distributaries and

delta platform sandstones are suggestive of lake level changes in the

upper Dockum. These fluctuations were probably on the order of a few

meters, 10 m at most, judging from channel entrenchment.

5. Depositional systems and depositional history of the Dockum Group

in Tule Canyon are similar to those described by Seni (1978) in Palo

Duro Canyon, 50 km northwest. Interpretation of the Dockum as a lake-

associated sequence of fluvial and deltaic rocks is also consistant

with the regional studies of McGowen and others (1975, 1977, in press)

and with most other previous investigations.



APPENDIX

Measured Stratigraphic Sections

Selected stratigraphic sections measured and described in Tule

Canyon are presented in graphical form. Sections are characterized

according to gross lithology, grain size and sedimentary structures. No

horizontal scale is used, although relative lateral variations in

lithology and geometry of depositional units are indicated within the

breadth of the stratigraphic column. There is some vertical exaggera-

tion of sedimentary structures, especially small-scale ripple laminae

and crossbedding. Large-scale trough and foreset crossbedding is shown

approximately to scale. Width of the column is an indication of relative

mean grain size within a given interval. Patterns are used also to

differentiate mudstone, siltstone, sandstone and conglomerate.

Legend
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Primary Sedimentary and Biogenic Structures



129

MEASURED SECTION BBR-1



130

MEASURED SECTION CC-3
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MEASURED SECTION CC-19
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MEASURED SECTION CC-67
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MEASURED SECTION CC-68
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MEASURED SECTION CC-69
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MEASURED SECTION CC-74



137

MEASURED SECTION RC-2



138



REFERENCES CITED

Adams, J. E., 1929, Triassic of west Texas: Amer. Assoc. Pet. Geol.

Bull., v. 13, p. 1045-1055.

Alexander, W. H., 1961, Geology and ground-water resources of the

northern High Plains of Texas, Progress Report No. 1: Texas Bd.

Water Eng., Bull. no. 6109, 47 p.

Allen, J. R. L., 1963, The classification of cross-stratified units,
with notes on their origin: Sedimentology, v. 2, p. 93-114.

, 1965, Fining upwards cycles in alluvial successions: Geol.

Jour., v. 4, p. 229-246.

, 1970, Studies in fluvial sedimentation: a comparison of fining-

upwards cyclothems, with special reference to coarse-member

composition and interpretation: Jour. Sed. Petrol., v. 40,

p. 298-323.

Asquith, G. 8., 1974, Transverse braid bars in the Triassic sandstones

of the Texas Panhandle (abs.): Geol. Soc. Amer., South-Central

Section, Bth Ann. Mtg., March 7-8, 1974, Stillwater, Okla.,
Abstracts With Programs, v. 6, no. 2, p. 94.

, and Cramer, S. L., 1975, Source and depositional environment of

the Upper Triassic sandstones of the Texas High Plains (abs.):
Geol. Soc. Amer., South-Central Section, 9th Ann. Mtg., March 13

14, 1975, Austin, Texas, Abstracts With Programs, v. 7, no. 2,
p. 142.

Axelsson, V., 1967, The Laitaure delta. A study of deltaic morphology
and processes: Geografiska Annaler, v. 49A, p. 1-127.

Barnes, V. E. (project director), 1968, Geologic atlas of Texas,
Plainview sheet: Bur. Econ. Geol., Univ. Texas at Austin.

Bates, C. C., 1953, Rational theory of delta formation: Amer. Assoc.

Pet. Geol. Bull., v. 37, p. 2119-2162.

Bernard, H. A., Major, C. F., Parrott, B. S., and Leßlanc, R. J. Sr.,
1973, Recent sediments of southeast Texas: a field guide to the

Brazos alluvial and deltaic plains and the Galveston barrier

island complex: Univ. Texas, Austin, Bur. Econ. Geol.,
Guidebook 11, 83 p.

Bonython, C. W., and Mason, 8., 1953, The filling and drying of Lake

Eyre: Geog. Jour., v. 119, p. 321-330.

139



140

Boothroyd, J. C., 1972, Coarse-grained sedimentation on a braided outwash

fan, northeast Gulf of Alaska: Univ. of South Carolina, Dept.
Geology, Technical Rept. No. 6-CRD, 127 p.

,
and Ashley, G. M., 1975, Processes, bar morphology, and sedimen-

tary structures on braided outwash fans, northeast Gulf of

Alaska: in McDonald, B. C., and Jopling, A. V., eds., Glacio-

fluvial and glaciolacustrine sedimentation: Soc. Econ. Pal. Min.,

Spec. Publ. No. 23, p. 193-222.

Born, S. M., 1972, Late Quaternary history, deltaic sedimentation, and

mudlump formation at Pyramid Lake, Nevada: Univ. Nevada, Reno,
Center for Water Res. Research, 97 p.

Brand, J. P., 1953, Cretaceous of Llano Estacado of Texas: Univ. Texas,
Austin, Bur. Econ. Geol., Rept. Inv. 20, 59 p.

Broadhurst, W. L., Sunderstrom, R. W., and Weaver, D. E., 1951, Public

water supplies in western Texas: U. S. Geol. Surv. Water Supply
Paper 1106, 168 p.

Butzer, K. W., 1970, Contemporary depositional environments of the Omo

delta: Nature, v. 226, p. 425-430.

, 1971, Recent history of an Ethiopian delta: Univ. Chicago, Dept.
Geog., Res. Paper no. 136, 184 p.

Case, E. C., 1922, New reptiles and stegocephalians from the upper (sic)
Triassic of western Texas: Carnegie Institution of Washington,
Publication no. 321, 84 p.

Cazeau, C. J., 1960, Cross-bedding directions in Upper Triassic sand-

stones of west Texas: Jour. Sed. Petrol., v. 30, p. 459-465.

, 1962, Upper Triassic deposits of west Texas and eastern New

Mexico: unpubl. Ph.D. Dissertation, Univ. North Carolina, 94 p.

Chien, N., 1961, The braided stream of the lower Yellow River: Sci.

Sinica, v. 10, p. 734-754.

Coleman, J. M., 1969, Brahmaputra River: channel processes and sedi-

mentation: Sed. Geol., v. 3, p. 129-237.

,
and Gagliano, S. M., 1964, Cyclic sedimentation in the

Mississippi River deltaic plain: Gulf Coast Assoc. Geol. Soc.

Trans., v. 14, p. 67-80.

Collinson, J. D., 1970, Bedforms of the Tana River, Norway: Geog.
Annaler, v. 52A, p. 31-56.



141

Cramer, Scott L., 1973, Paleocurrent study of the Upper Triassic sand-

stones, Texas High Plains: unpubl. Master’s Thesis, West Texas

State Univ., 31 p.

Cronin, J. G., 1961, A summary of the occurrence and development of

ground water in the southern High Plains of Texas: Texas Bd.

Water Eng. Bull. 6107, p. 9-21.

Cummins, W. F., 1889, The Permian of Texas and its overlying beds:

First Annual Report of the Geol. Surv. of Texas, p. 185-197.

, 1890, Geology of northwestern Texas: in Second Annual Report
of the Geol. Surv. Texas, p. 359-552.

Darton, N. H., 1928, "Red beds" and associated formations in New Mexico;
with an outline of the geology of the state: U. S. Geol. Surv.

Bull. 794, 356 p.

Dickson, R. E., Drake, D. P., and Reese, T. J., 1977, Measured sections

and analyses of uranium host rocks of the Dockum Group, New

Mexico and Texas: Bendix Field Engineering Corp. Report GJBX-9

(77), 68 p.

Doeglas, D. J., 1962, The structure and sedimentary deposits of braided

rivers: Sedimentology, v. 1, p. 167-190.

Donaldson, A. C., Martin, R. H., and Kanes, W. H., 1970, Holocene

Guadelupe delta of the Texas Gulf Coast, in Deltaic sedimentation,
Modern and ancient: Soc. Econ. Pal. Min., Spec. Pub. No. 15,
p. 107-137.

Drake, N. F., 1891, Stratigraphy of the Triassic formation of northwest

Texas: in Third Annual Report of the Geol. Surv. Texas,
p. 227-247.

Dunay, R. E., 1972, The palynology of the Triassic Dockum Group of Texas

and its application to stratigraphic problems of the Dockum

Group: unpubl. Ph.D. Dissertation, Pennsylvania State Univ.,
382 p.

Eardley, A. J., 1957, Hydrology of Lake Bonneville and sediments and

soils of its basin: Geol. Soc. Amer. Bull., v. 68, p. 1141-1201.

Elliott, T., 1976, The morphology, magnitude and regime of a Carbon-

iferous fluvial-distributary channel: Jour. Sed. Petrol.,
v. 46, p. 70-76.

Eynon, G., and Walker, R. G., 1974, Facies relationships in Pleistocene
outwash gravels, southern Ontario: a model for bar growth in

braided rivers: Sedimentology, v. 21, p. 43-70.



142

Finch, W. 1., 1975, Uranium in west Texas - - paper delivered June 3,
1975, AAPG-SEPM Rocky Mtn. Section Meeting, Albuquerque, New

Mexico: U. S. Geol. Surv. Open-File Report 75-356, 20 p.

, and Wright, J. C., 1975, Unedited measured stratigraphic sec-

tions of uranium-bearing Late Triassic rocks in eastern New

Mexico, west Texas and the Oklahoma Panhandle showing
provisionary stratigraphic nomenclature: U. S. Geol. Surv.,
Open-File Report 75.

Fink, B. E., 1963, Ground-water geology of Triassic deposits, northern

part of the Southern High Plains of Texas: High Plains Under-

ground Water Conservation District No. 1, Report no. 163, 76 p.

Fisher, W. L., and McGowen, J. H., 1967, Depositional systems in the

Wilcox Group of Texas and their relationship to occurrence of

oil and gas: Gulf Coast Assoc. Geol. Socs. Trans., v. 17,
p. 105-125.

, Brown, L. F., Jr., Scott, A. J., and McGowen, J. H., 1969,
Delta systems in the exploration for oil and gas - a research

colloquium: Bureau of Econ. Geol., Univ. Texas at Austin,
78 p.

, and Brown, L. F., Jr., 1972, Clastic depositional systems - a

genetic approach to facies analysis: annotated outline and

bibliography: Bur. Econ. Geol., Univ. Texas at Austin, 211 p.

Fisk, H. N., 1944, Geological investigation of the alluvial valley of

the Lower Mississippi River: Mississippi River Comm.,
Vicksburg, 78 p.

Flawn, P. T., 1967, Uranium in Texas 1967: Bur. Econ. Geol., Univ.

Texas at Austin, Geol. Circ. 67-1, 16 p.

, and Anderson, G. H., 1955, Prospecting for uranium in Texas:

Bureau Econ. Geol., Univ. Texas at Austin, Min. Res. Circ. 37,
22 p.

Folk, R. L., 1974, Petrology of sedimentary rocks: Hemphill’s Book

Store, Austin, Texas, 184 p.

Frazier, D. E., and Osanik, A., 1961, Point bar deposits, Old River

locksite, Louisiana: Gulf Coast Assoc. Geol. Socs. Trans.,
v. 11, p. 121-137.

Frye, J. C., and Leonard, A. 8., 1957, Studies of Cenozoic geology
along eastern margin of Texas High Plains, Armstrong to Howard

counties: Bur. Econ. Geol., Univ. Texas at Austin, Rept. Inv.

32, 62 p.



143

Galloway, W. E., 1976, Sediments and stratigraphic framework of the

Copper River fan-delta, Alaska: Jour. Sed. Petrol., v. 46,

p. 726-737.

Gilbert, G. K., 1885, The topographic features of lake shores: U. S.

Geol. Surv., Annual Report, no. 5, p. 104-108.

, 1890, Lake Bonneville: U. S. Geol. Surv., Monograph 1, 438 p.

Goddard, E. N., and others, 1948, Rock color chart: Washington Nat.

Research Council (republ. by Geol. Soc. Amer., 1970), 6 p.

Gole, C. V., and Chitale, S. V., 1966, Inland delta building activity
of Kosi River: Amer. Soc. Civil Eng. Proc., Jour. Hydraulics
Div., HY-2, no. 4722, p. 111-126.

Gould, C. N., 1906, The geology and water resources of the eastern

portion of the Panhandle of Texas: U. S. Geol. Surv. Water

Supply Paper no. 154, 64 p.

, 1907, The geology and water resources of the western portion of

the Panhandle of Texas: U. S. Geol. Surv. Water Supply Paper
no. 191, 70 p.

Gould, H. R., 1960, Turbidity currents, in Smith, W. 0., et al.,
Comprehensive study of sedimentation in Lake Mead 1948-1949:
U. S. Geol. Survey Prof. Paper 295, p. 201-207.

Green, F. E., 1954, The Triassic deposits of northwestern Texas:

unpubl. Ph.D. Dissertation, Texas Technological College, 196 p.

Harms, J. C., and Fahnestock, R. K., 1965, Stratification, bedforms,
and flow phenomena (with examples from the Rio Grande), in

Middleton, G. V., ed_., Primary sedimentary structures and their

hydrodynamic interpretation: Soc. Econ. Pal. Min. Spec. Publ.
No. 12, p. 84-115.

, Southard, J. 8., Spearing, D. R., and Walker, R. G., 1975,
Depositional environments as interpreted from primary sedimentary
structures and stratification sequences: Soc. Econ. Pal. Min.,
Short Course No. 2, 161 p.

Hays, W. C., Jr., 1956, Uranium prospects in west Texas, in West Texas

Geol. Soc. and Lubbock Geol. Soc. Guidebook, April 1956,
p. 69-72.

Hoots, H. W., 1926, Geology of a part of western Texas and southeastern

New Mexico, with special reference to salt and potash: U. S.

Geol. Surv. Bull., no. 780, p. 33-126.



144

Houbolt, J. J. H. C., and Jonker, J. B. M., 1968, Recent sediments in

the eastern part of the Lake of Geneva (Lac Leman): Geologie
en Mijnbouw, v. 47, p. 131-148.

Kessler, L. G., 11, 1971, Characteristics of the braided stream

depositional environment with examples from the South Canadian

River, Texas: Earth Sci. Bull., v. 4, p. 25-35.

, and Cooper, F. G., 1970, Channel sequences and braided stream

development in the South Canadian River, Hutchinson, Roberts,
and Hemphill Counties, Texas: Gulf Coast Assoc. Geol. Socs.

Trans., v. 20, p. 263-273.

Kiatta, H. W., 1960, A provenance study of the Triassic deposits of

northwestern Texas: Unpubl. Master’s Thesis, Texas Technologi-
cal College, 63 p.

Jackson, R. G., 11, 1976, Depositional model of point bars in the lower

Wabash River: Jour. Sed. Petrol., v. 46, p. 579-594.

Jones, D. J., 1965, The Gilbert type delta (abs.): Amer. Assoc. Pet.

Geol. Bull., v. 49, p. 345.

Leeder, M. R., 1973, Fluviatile fining upwards cycles and the magnitude
of paleochannels: Geol. Mag., v. 110, p. 265-276.

Leggat, E. R., 1957, Geology and ground-water resources of Lamb County,
Texas: Tx. Bd. Water Eng., Bull. 5704, 187 p.

Leopold, L. 8., and Wolman, M. G., 1957, River channel patterns:

braided, meandering, and straight: U. S. Geol. Surv. Prof.

Paper 282-B, p. 39-85.

McDonald, B. C., and Banerjee, 1., 1971, Sediments and bed forms on a

braided outwash plain: Canadian Jour, of Earth Sciences, v. 8,
p. 1282-1301.

McGowen, J. H., 1970, Gum Hollow fan delta: Bur. Econ. Geol., Univ.

Texas at Austin, Rept. Inv. no. 69, 91 p.

, and Garner, L. E., 1970, Physiographic features and stratifi-

cation types of coarse-grained point bars: modern and ancient

examples: Sedimentology, v. 14, p. 77-111.

,
and Scott, A. J., 1974, Fan-delta deposition; processes, facies,
and stratigraphic analogues (abs.): AAPG-SEPM, Ann. Mtg.
Abstr., v. 1, p. 60-61.



145

, Granata, G. E., and Seni, S. J., 1975, Depositional framework of

the lower Dockum Group (Triassic), Texas Panhandle: Univ. Texas,
Bur. Econ. Geology, Prepared for the U. S. Geol. Survey under

Grant No. 14-08-0001-G-153, 113 p.

,, and
, 1977, Depositional framework of the lower

Dockum Group (Triassic), Texas Panhandle: (abst.) Gulf Coast

Assoc. Geol. Socs. Trans., v. 27, p. 246.

,, and
,

in press, Depositional framework of the lower

Dockum Group (Triassic), Texas Panhandle: Univ. Texas, Bur.

Econ. Geology.

McKee, E. D,, Crosby, E. J., and Berryhill, H. L., Jr., 1967, Flood

deposits, Bijou Creek, Colorado, June 1965: Jour. Sed. Petrol.,
v. 37, p. 829-851.

, Oriel, S. S., Ketner, K. 8., MacLachlan, M. E., Goldsmith, J. W.,
MacLachlan, J. C., and Mudge, M. R., 1959, Paleotectonic maps of

the Triassic system: U. S. Geol. Surv., Misc. Geol. Invest.

Map 1-300, 33 p.

Mackin, J. H., 1956, Causes of braiding by a graded river (abs.): Geol.

Soc. Amer., Bull., v. 67, p. 1717-1718.

Moody-Stuart, N., 1966, High and low sinuosity stream deposits with

examples from the Devonian of Spitsbergen: Jour. Sed. Petrol.,
v. 36, p. 1102-1107.

Morrison, R. 8., 1964, Lake Lahonton: geology of southern Carson Desert,
Nevada: U. S. Geol. Surv. Prof. Paper 401, 156 p.

Ore, H. T., 1963, Some criteria for recognition of braided stream

deposits: Wyoming Univ. Contr. Geol., v. 3, p. 1-14.

, 1965, Characteristic deposits of rapidly aggrading streams, in

Sedimentation of Late Cretaceous and Tertiary outcrops, Rock

Springs uplift: Wyoming Geol. Soc. Guidebook, 19th Field Conf.,
p. 195-201.

Patton, L. T., 1923, The geology of Potter County: Univ. Texas Bull.,
no. 2330, 180 p.

Roth, R., 1932, Evidence indicating the limits of Triassic in Kansas,
Oklahoma, and Texas: Jour. Geol., v. 40, p. 688-725.

, 1943, Origin of siliceous Dockum conglomerates: Amer. Assoc.
Petrol. Geol. Bull., v. 27, p. 622-631.



146

Russell, I. C., 1885, Geologic history of Lake Lahontan: U. S. Geol.

Surv. Monograph 11, 288 p.

Rust, B. R., 1972, Structure and process in a braided river: Sedimen-

tology, v. 18, p. 221-245.

Seni, Steven J., 1978, Genetic stratigraphy of the Dockum Group
(Triassic), Palo Duro Canyon, Panhandle, Texas: unpubl. M. A.

thesis, Univ. Texas at Austin, 157 p.

Sidwell, R., 1945, Triassic sediments in west Texas and eastern New

Mexico: Jour. Sed. Petrol., v. 15, p. 50-54.

Smith, N. D., 1970, The braided stream depositional environment: com-

parison of the Platte River with some Silurian clastic rocks,
north-central Appalachians: Geol. Soc. Amer. Bull., v. 81,

p. 2993-3014.

, 1971, Transverse bars and braiding in the lower Platte River,
Nebraska: Geol. Soc. Amer. Bull., v. 82, p. 3407-3420.

, 1974, Sedimentology and bar formation in the upper Kicking
Horse River, a braided outwash stream: Jour. Geol., v. 82,

p. 205-224.

Southern Interstate Nuclear Board, 1969, Uranium in the southern United
States: U. S. Atomic Energy Comm., Div. Raw Mat.

Stanley, K. 0., and Surdam, R. C., 1978, Sedimentation on the front of

Eocene Gilbert-type deltas, Washakie Basin, Wyoming: Jour.

Sed. Petrol., v. 48, p. 557-574.

Stephens, C. G., 1971, Laterite and silcrete in Australia: a study of

the genetic relationships of laterite and silcrete and their

companion minerals, and their collective significance in the

formation of the weathered mantle, soils, relief, and drainage
of the Australian continent: Geoderma, v. 5, p. 5-52.

Theakstone, W. H., 1976, Glacial lake sedimentation, Austerdalsisen,
Norway: Sedimentology, v. 23, p. 671-688.

Wells, L. C., 1960, Geology and ground-water resources of Hale County,
Texas: Tx. Bd. Water Eng., Bull., no. 6010, 158 p.

West Texas Geological Society, 1961, Shallow formations and aquifers
of the west Texas area: WTGS Publ. no. 61-45, Midland, Texas.



147

White, W. N., Broadhurst, W. L., and Lang, J. W., 1946, Ground water in

the High Plains of Texas: U. S. Geol. Surv. Water Supply Paper
889-F, p. 381-421.

Williams, P. F., and Rust, B. R., 1969, The sedimentology of a braided

river: Jour. Sed. Petrol., v. 39, p. 649-479.



The vita has been removed from the digitized version of this document.


	LAKE MARGIN DEPOSITIONAL SYSTEMS OF THE DOCKUM GROUP (UPPER TRIASSIC) IN TULE CANYON, TEXAS PANHANDLE��
	FRONT
	Title
	ACKNOWLEDGMENTS
	LAKE MARGIN DEPOSITIONAL SYSTEMS OF THE DOCKUM GROUP (UPPER TRIASSIC) IN TULE CANYON, TEXAS PANHANDLE
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF PLATES


	MAIN
	INTRODUCTION
	Purpose and Scope
	Study Area
	Methods
	Previous Studies
	Regional Geologic Setting

	DEPOSITIONAL SYSTEMS: DISTRIBUTION AND GENERAL CHARACTERISTICS
	ALLUVIAL FAN/FAN-DELTA SYSTEM
	Lithology
	Facies Geometry
	Sequences
	Depositional Environments

	VALLEY FILL SYSTEM
	Lithology
	Geometry and Sequences
	Depositional Environments

	FLUVIAL MEANDERBELT SYSTEM
	Lithology
	Geometry and Sequences
	Depositional Environments

	LOBATE DELTA SYSTEMS
	Lithology
	Facies Geometry
	Sequences
	Prodelta and Interdistributary Facies
	Distal Delta Front (Foreset) Facies
	Channel Mouth Bar and Delta Front Facies
	Delta Platform Fluvial Facies
	Crevasse and Frontal Splay Facies

	Depositional Environments

	DEPOSITIONAL HISTORY
	ECONOMIC POTENTIAL
	Groundwater
	Uranium

	CONCLUSIONS
	APPENDIX Measured Stratigraphic Sections


	Illustrations
	Figure 1. Index map showing Dockum Group outcrop and geographic setting of the study area. Geology after Barnes (1968).
	A
	B
	Figure 2. Geologic map of the Tule Canyon area. Modified after Barnes (1968).
	Figure 3. Regional isopach map of the Dockum Group. Contour interval is 100 m. After McKee and others (1959). Arrow (TC) shows location of study area.
	Figure 4. Schematic stratigraphic section for the Tule Canyon area.
	Figure 5. Locations of measured sections and outcrops discussed in text or used in figures. Location of fence diagram of figure 6 is shown by the solid lines. The first part of the location number refers to the topographic quadrangle (7k1) within which the location occurs. CC = Cope Cr., BBR = Big Betty Res. and RC = Ross Canyon.
	Figure 6. Fence diagram through Tule Canyon showing the distribution of depositional systems in the Dockum Group and in Permian Double Mountain Group. Locations of measured sections and fence outline are shown in fig. 5. Dockum rocks are unconformably overlain by the Pliocene Ogallala Formation (denoted by wavy line) and Pleistocene Tule Formation. Limits of data are indicated by the dashed line at base of diagram.
	Untitled
	A
	B
	A
	B
	PLATE IV. Exposure of lower Dockum at RC-3 showing large channel fill. Fill sequence is about 25 m thick and consists of parallellaminated fine sandstone. Gradational lower contact of fan facies shown to lower right.
	Figure 7. Examples of alluvial fan/fan-delta sequences in Tule Canyon. Most sections exhibit gradational lower contacts of fan-delta sandstone with underlying mudstone. Some contacts are abrupt or erosional, namely CC-19, CC-29, CC-61 and CC-67. These partial sections are generalized from complete sections shown fully in the Appendix with an explanation of patterns and symbols.
	Figure 8. Diagram of basal Dockum exposure at CC-61. Sequence begins abruptly with an erosional unit of chert pebble conglomerate that is overlain by an upward-coarsening succession of claystone, intrabasinal conglomerate-sandstone-siltstone (stipple pattern) and fine sandstone. Sandstone interval contains horizontal lamination (H), ripple crosslaminae (R), trough crossbedding (T) and massive bedding (M). The sequence grades upward into greyish red claystone.
	PLATE V. Base of Dockum Group at RC-2. This view shows ripple laminated siltstone and mudstone beds of Quartermaster Formation and conformably overlying sandstone of Dockum alluvial fan/fan-delta system. Sandstone contains horizontal lamination and trough crossbedding. About 40 mof section shown.
	Figure 9. Stratigraphic section at CC-26 illustrating the sequence of lithologies and stratification types present in the lower Dockum, including the fan/fan-delta system and lower part of the valley fill conglomerate. See Appendix for explanation of patterns and symbology.
	Figure 10. Diagram of alluvial fan/fan-delta system at CC-26. Sedimentary structures shown include foreset (F) and trough (T) crossbedding, horizontal laminae (H) and massive bedding (M). Tracing from photo mosaic.
	PLATE VI. Mosaic of valley fill conglomerate and sandstone in The Narrows. The resistant sequence forms a vertical cliff that is inaccessible in all but a few places. Accretionary grain of basal wedge-set beds is visible in the lower part of mosaic. Sequence is 64 m thick in the middle of the mosaic. View to east.
	PLATE VII, Thin section photomicrograph of chert pebble conglomerate from lower valley fill. Large chert pebbles float in a matrix of sand-sized angular grains and coarsely-crystalline calcite cement. Bar = 1 mm.
	Figure 11. Isopach map of conglomeratic valley fill deposits. Control points represent measured outcrop thickness in meters. Directional feature (fossil log) shown by small arrow, large arrow indicates trend of paleoflow through the valley, determined from orientation of sedimentary structures.
	PLATE VIII. Basal erosional contact of valley fill with mudstone of Quartermaster Formation. Alluvial fan/fan-delta interval has been completely removed at this deep part of the valley. Coarse cobble lag grades upward into wedge-set conglomerate beds in lower part of fill. About 15 mof section is shown here.
	Figure 12. Stratification types, lithologic zonations and facies of the valley fill sequence. Tracing from photo mosaic.
	Figure 13. Characteristics of braided stream deposits in the upper part of the valley fill. Sketch of outcrop at CC-51. Granule to pebble chert gravel is distributed in medium sandstone that contains trough crossbedding and parallel laminae.
	Figure 14. Diagram of cliff face exposure of the fluvial meanderbelt system between CC-26 and CC-3. Sandstone bodies exhibit lenticular, offlapping geometry and are interbedded with thin units of levee and overbank mudstone and siltstone.
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	PLATE XIV. Upper Dockum lacustrine mudstone and delta sequence. Thin, light-colored (pale olive) siltstone beds highlight the even, horizontal attitude of homogeneous mudstones that represent the most basinal lacustrine facies present in the area. This outcrop is equivalent to the complex sequence illustrated in figure 22, located 1 km northeast. Outcrop face is about 40 m high. Note the limited lateral extent of delta front siltstone beds.
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	PLATE XVII. Delta front foreset and mouth bar sequence at BBR-1. Low angle, offlapping foreset beds grade upward into horizontally laminated mouth bar facies. Sedimentation units in the upper part of the interval also exhibit offlap in the direction of transport to the left. The sequence shown is about 15 m thick.
	Figure 24. Diagram of outcrop at CC-11 showing two upper Dockum delta systems. Lower system exhibits upward-coarsening from mudstone-siltstone foreset beds into delta platform sandstone. Bedding within sandstone is even and non-channeled, suggestive of proximal delta front-mouth bar facies origin. Upper delta system has an inverted textural sequence of horizontal graded siltstone beds and silty mudstone foreset beds (shaded). Lenticular distributary channel facies occur at the top of the sequence. See Appendix for explanation of sedimentary structure symbology.
	Figure 25. Diagram of outcrop at CC-54 illustrating large-scale channel in a widespread lobate delta system in the upper Dockum Group. Channel fill is gradational to the southeast with subjacent delta front and distributary mouth bar facies in the lower part of the sandstone interval. Detailed characteristics were described in stratigraphic sections CC-54a and CC-54b. See the Appendix for explanation of symbology.
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	Figure 28. Examples of distributary channel fill sequences. Each channel sequence generally begins with intrabasinal conglomerate at the base. Most crossbedding occurs in the upper parts of channel fills. DC = distributary channel, CB = channel base, DMB = distributary mouth bar.
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	Figure 29. CC-62 outcrop sketch of fine sandstone crevasse splay facies. Sharp, erosional base is overlain by massive fine, clayey sandstone that grades upward into slightly coarsergrained sandstone with trough crossbedding. Unit is encased by massive claystone.
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