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ABSTRACT

The Triassic Dockum Group in the Palp Duro Basin consists of many interb‘edded‘
sequenceslof coarse- to fine-grained terrigenous clastic sedimentary strata. Four
sandstone-dbminated progradat‘ionalisequ'ences’ appear in the lower Dockum section.
" Sandstone in the first unit has a relatively uniform distribution across the basin. owing
to deposition by brqad alluvial fans and fan deltas. Sandstones in the remaining units
and the upper Dockum are unevenly‘ distri‘buted owing to déposition by deltaic and
Afluvial systems. Sediment sources for Triassic strata in the Palo Duro Basin. according
to net-sandstone trends, indicate deposi‘tion from the west, north, and east for the
basal unit, dominantly from the east for units 2 and 3, and mixed western and eastern
sources for unit 4 and the upper Dockum. Net-sandstone distribution patterns and‘
~ lithofacies t,rends} suggest proximal ‘depositional environments in the present eastern and
northeastern Dockum and more distal environments to the west and southwest.
Paleodip was abparently from east fo west over most of the Texas side -of the basin,
possibly changing‘ in the area of the Texas-New Mexico border. Basement structural
elements within ihe basin were subtly active during deposition and influenced the local
accumulation of sandstone.

Nine lithofacies in the Dockum can be recognized from core. Two lacustrine
system lithofacies are identified by claystone, mudstone, and siltstone lithologies. In
places these intervals are thick and commonly contain features indicative of subaerial
exposure and weéthverin‘g. Four lithofacies ’may have been deposited in déltaic
environments.  Thick siltstone seq‘ue-nces and interbedded siltstone and sandstone
sequences represent distal ahd proximal delta-front deposits, whereas mudstone waS
’deposited on deltaic mudflats. Interbedded. organic-rich siltstone and sandstone

accumulated in swamps. on abandoned delta platforms. Two fluvial lithofacies.



E including delta-distributary- channel fill deposits. are represented by relatively thick
sandstone and conglomerate FIuvnaI lithofacies include bed-load andvmixed-load

systems. An eolian-flat lithofacies may have formed on distal alluvial-fan sediments.
INTRODUCTION

The Upper Triassic Dockum Group‘ is present over a wide area, extending from
West Texas to south-central Colorado. In the Palo Duro Basin of the Texas
Panhandle, Dockrum Group strata occur over approximately 12,000 mi? in a 15-county
area. The basin is geolegically bordered by the Amarillo Uplift to the north. the
Matador Arch to the south, and broad structural saddles to the east and west. The
study area covers the defined basin to the north and south and extends to the
Caprdck Escarpment to the east and the Texas-New Mexico border to the west.
Thickness of Dockem strata ranges from less than 100 ft in the north to greater than
1.800 ft in the southwest. Dominant lithologies consist of mudstone, siltstone,
sandstone with minor conglomerate, and claystone deposited in quviaI». deltaic, and
lacustrine depositional environments.

The Palo Duro Basin is being evaluated as a potential host for a high-level nuclear
waste repository in bedded salts in the Permian San Andres Formation. Because of
_the Dockum's stratigraphic position superjacent to the Permian strata, which include
the potential host salt beds. knowledge of the Dockum sediments and their water-
beafing character is important. Water from the Triassic sediments represents a
potential threat to the integrity of a salt-hosted repository if a conduit for water
movement to the repository horizon exists or is later Created. -Additionaliy. the
Dockum contains‘the locally productive Santa Rosa aquifer.  As the overlying Ogallala
aquifer becomes depleted. the Santa Rosa aquifef will Iikely be more extensively

exploited for domestic and agricultural water-supplies. Engineering designs of repository



shafts and sealing methods for boreholes will also be influenced by the composition and
induration of the sediments as well as by their water-bearing properties.

The objectives of this study are to (1) describe and interpret the lithologies,
(2) determine the distribution of major lithofacies within the basin, and (3) detect
changes in the sandstone trends and thicknesses, which may indicate changes of or in
the source areas, sediment transport direction, and syndepositional tectonic activity in

the basin.

METHODS

Data were gathered from outcrops. geophysical well logs. Department of Energy -
Stone and Webster Engineering Corporation (DOE-SWEC) and Department of Energy -
Gruy Federal (DOE-GF) core, and work by previous authors. All gamma-ray well logs
penetrating the Dockum section were used, except those from Lamb and Potter
Counties, where well density was too great for the base map scale. A total of 350
wells were utilized in this study. Data gathered from well logs were used to construct
structure, isopach, lithologic cross sections, and net- and percent-sandstone maps of
selected intervals. Structural and lithologic cross sectivons were used in construction of
lithofacies cross sections and maps to help determine paleogeography. The usefulness
of many wells was diminished because surface casing extending through the Dockum
caused attenuation of gamma rays and a corresponding decrease in character and
sensitivity of log response. Nevertheless. these wells were useful for picking formation
contacts.

Outcrops were measured. described, and interpreted along the Eastern Escarpment,
in the Canadian River Valley, and along the Western Escarpment in eastern New
Mexico. Interpretations were used for local facies and depositional systems analysis.

These interpretations were projected into the subsurface to the nearest well log or



facies cross section and incorporated into the subsurface analysis of the Dockum.
Outcrops previously described and interpreted by Granata (1981) in eastern New
Mexico, by Boone (1980) in Tule Canyon., and by Seni (1978) in Palo Duro Canyon
were used to augment outcrop data.

Four DOE wells recovered cores from the Dockum (fig. 1). Cores were described
and interpreted to provide subsurface lithologic and facies control points. Gamma-ray
logs were compared to the core logs to help make accurate interpretations of gamma-
ray responses to lithologies. Thin section analyses, clay mineralogy studies, and

scanning electron microscopy studies were made of selected core samples.
REGIONAL SETTING

The Dockum Group is present over a 96,000 mi’ area of western and northwestern
Texas, eastern and northern New Mexico, western Oklahoma, southeastern Kansas. and
southeastern Colorado. Sediments are preserved in several basins including the
Midland. Palo Duro, Dalhart, Tucumcari. Raton, and Denver Basins. T-hickest
preserved s‘ediments, more than 2,000 ft thick, are in the Midland Basin (McKee and
others, 1959:; Granata, 1981).

Regional subsurface work by McGowen and others (1979) and Granata (1981)
shows that the base of the Dockum strata has a closed-basin geometry in which
sediments are largely confined to the relict Permian structural basin. Deepest and
thickest sediments lie in the Midland Basin. suggesting that the Dockum depositional
basin was roughly equivalent to the ancient Permian Basin. During Triassic time, the
Palo Duro Basin was a shallow northern extension of the deeper Midland Basin. It
was separated from the Midland Basin by the Matador Arch and bordered on the east
by the Eastern Shelf and Hardeman Basin. on the north by the Amarillo Uplift and

Bravo Dome, and on the west by a shallow shelf and Tucumcari Basin. Percent-
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, sandstohe maps by Granata (1981) s‘how widespread areas of low sandstone perceni
(high mudstone percent) just south of the Matador Arch in the Midlandeasin.
éuggesting that. compared to the Palo Duro Basin. these areas were more removed
from source éreas. McGowen and others (1979) proposed that Dockum'sedimentation
was associated with and initiated by uplift, domihg‘. and rifting due to the opening of
the Gulf of Mexico. These events reactivated source areas in the Oua(;hita' Tectonic
Belt and in the Ancestral Rockies, including parts of the Wichita-Amarillo Uplift trend:
initiated subsidence of the Dockum depositional basin: and caused a change from the
arid Permian climate to more humid conditions. The uplifting effectively closed the
Permian seaway, resulting in a closed, fresh-water, continental basin during Dockum
deposition. Although structures along the Matador Arch and within the basin did not
greatly affect sedimentation (McGowen and others, 1979), local structural influences on
percent- and net-sandstone patterns, lithologic distribution, and thicknesses of sediment
are appafent.

Studies by numerous workers agree that Dockum sediments accumulated in an
intracratonic continental setting. The most recent published information by McGéwen
and others (1979, 1983) and unpublivshed Master’'s theses by Seni (1978), Boone
(1979). and Granata (1981) describe the Dockum as consisting of fine- to coarse-
grained clastic sediments deposited in fluvial, deltaic, and lacustrine environments.
Outcrop data on delta-foreset beds in Palo Duro and Tule Canyons indicate relatively
shallow water depths, ranging from 3 to 30 ft in the lower part of the section to 30
to 60 ft higher in the section (Seni, 1978: Boone, 1979). In such a shallow basin
even small fluctuations .in lake level would affect large areas. producing rapid changes
in depositional style and abrupt associations of usually u‘nrelated lithofacies. Such

associations have been noted previously in outcrbp‘by McGowen and others. (1979) and

~in core by this author.



Throughout m‘ostrof the Palo Duro Basin, ,t‘I'ie Dockum Gro‘up is ,erobsionally
‘overlain by the 'Neogene Oga.lléla Formation (fig. 2). Erosion prior to ahd
.contemporaneoﬁs w"ith Ogalyla'la‘,delpldsition‘ Ibcqily cut valleys as much as 150 ft deep
into 'Doc’k_,um‘ strata. Erosion probably removed units of Cretaceous and’ Jv'urassic ‘age in
the norfhern part of the basin, Ieaving ;only a thin Cretaceous cover in the southern
'bas‘,in area. Inliers of Lower Cretaceous ~Edwards Limestone crop out in central Floyd
County (-Barnes,'1968).’ probably representing the Cretaceous units»in the» subsurface

that we}reb recognized on geophysical well logs. The contact between the Edwards and

. the Dockum is unconformable.

The :Upper Permian Dewey Lake Formation underlies the Dockum throughout m’ost
~of -the ‘study area; ‘locally the Dockum may rest on the Permian Alibates Formation
(fig. 2). McGowen and others (1979. 1983) and Granata (1981) thought that both
conformable and unconformable vcontacts‘ are present between the Dockum4and Dewey
Lake in the subsurface. gradational contacts being more commén toward the center of
the Dockumf‘bas’in'. “In Palo Duro Canyon State Park. the contact Between the
Permian and Triassic units is uncc‘s‘nformable and blocally angular. “In Tule Cany‘ovn‘.
Boone (1979) repdrted a gradational contact between the Per‘mian Quartermaster
Forfnation. which includes the. outcrop equivalent qf the Dewey Lake. and the chkum. v
However, a basinwide unconformity has been suggested bn the basis of the absence of-
LbWer and Middle Triassic fossils within the Dockum Sediments (Reé‘side.‘1957).
Formation nomenclature in the Docku"m Gr.ou‘p originated from outcrop work in a
~ number of Iocalitie§ and can be extended with confidence only a short distance .vinto the
subsurface. Outcrop formation riames vary f‘ro‘m area to area. Grénata (1981) and
Fink (1963) showed the stratigraphic relationships of the various componeht‘formations
of the“Do'ckum.,‘ Bécause of this conflicting nomenclature. formal formation names will

be avoided in this report in favor of grouping by genetic association.
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 GENERAL SUBSURFACE SETTING

Subsurface studies of Docku'mk Group strata incorporate data from gamma-ray
geophysical logs and four‘DOE cores. These data were used to determine upper and
j-lower formation boundaries ‘and mformal unit subdivisions and to make ||tholog|c
mterpretations. Core was compared to,»gamma—ray logs to enhance accurate
interpretation of log responseis avnd' to provide a guide for »noncored wells. Methods
for placement of the sandstone-siltstone lines follow those used by Granata (1981)

The |ower contact of the Tnassnc is not easuly identified in the subsurface In
the Midland Basm an abrupt increase in gamma-ray activity in the strata above the
Rustler Formation (the Alibates equivalent) is generally thought to be the contact
between the Upper Permlan Dewey Lake and the Tnassnc Dockum (Herald, 1957).
Granata 7(1981) also used this gamma-ray increase horizon, interpreting it as being due
to an increase in mud conten}t‘ corresponding’to the initiation of Triassic lacustrine
deposition. Two new lines of evidence in‘dicate that. these interpretations incorporate |
- portions of the Dewey Lake Formation into the basal Dockum. |

Recently acquired core from the Permlan Triassic contact interval exposes a
problem with. previous lnterpretatlons of the gamma-ray log responses. In the Rex
White No.‘1‘ well (fi'g. 1) the basal Dockurri contact is placed at the base of a
prominent erosional surface‘separatin‘g an ora’ngish—red, moderately clean siltstone
below from a muddy. poorly lithified. medlum to-coarse sandstone. ThlS contact is
about 60 ft above a sharp rlse in gamma-ray act|V|ty in the post- Allbates strata that
marked the contact according to preVious studies. . In core, the point at which the
~increase in gamma-ray activity begins corresponds to the point at which gypsum-filled

veins and fractures end. ~ No other ‘significant- lithologic variations are noted. and no



evidence of sc'our‘or erosio‘n risvpresent. Because gypsum is a low emitter of gamma
rays, the ,high vcﬁ‘oncentration of gy.\ps&um‘(between >10 and 40 percent) in the lower
sediments signifieantly redu‘ces the number ef gamma rays that would normally be
~ emitted, in effect attenuating‘ the normal emission and causing a Iower than normal
-responSe to be recerded. Absence of gybsum allows the normal gamma-ray response
of the'sediment to be recorded. As additional evidence in support of this hypothesis.
gamma ray logs for Stone and Webster Engineering Corporatlon (SWEC) weIIs
Mansfield No. 1 and J. Friemel No 1 (fig. 1) show no gamma-ray increases in post-
Alibates strata, and the corresponding cores show no gypsum-filled veins. As a result
‘of these ﬁndlngs the base of the Trnassrc on gamma-ray logs is defined as the base
of the f’rst major sandstone -bed above the Permian Alibates Formatlon unless core
*data suggest otherwrse |

Two ash beds in the Quartermaster Formatlon (which contains the outcrop
: equrvalent of the Dewey Lake Formation) have recently been mapped in Palo Duro
Canyon and Caprock Canyons Stat‘e Parks. These beds were correlated with core in
the Rex White No. 1 and Grabbe No. 1 wells by Fracasso and Kolker (1985). In
. both cores, the upper ash bed is at Ieast 20 ft belovw the base of the Dockum. as
defined in this report, and within ‘the Permian Dewey Lake high. gamma-ray zone
previouslyvinterpreted as Triassic.‘ The ash beds thus provide a lowest horizbn for
the basal Triassicﬂboundary in core. The}lower bed has been dated by K/Ar
methods on separated biotite to be from 251;}-_4 to 261+9 m.y. old. This is much
‘older than the 230 m.y. age for the Permian-Triassic boundary as defined by van
kEysinga _(‘1978_) and slightly older than the 245 m.y. age placed on the bioundary by
Palmer (1983). A Late Permian age for _this interval is thus indicated. The upper
bed was not dated because of insufficient sampte. The age of the ash beds and their N

correlation into the subsurface preclude the possibility of an Early or Middle Triassic

10



age for the “high-gamma” interval of the Dewey Lake Formation.

In the Palo Duro Basin, structural elevation on the base of the Dockum shows a
gradual south-to-southwest dip of less than 1° (fig. 3). Dips reverse to the north in
Oldham, Potter, and Carson Counties because of structure mbdification along the
trend of the Amarillo Uplift, possibly accentuated by salt dissolution. Throughout the
central basin area, the basal structure appears fairly regular and uniform; however, this
is most likely a function of sparse well control. To the north and south in the more
structurally active areas, contours show structural highs and lows (fig. 3) and
corresponding section thins and thicks (fig. 4). The total isopach (fig. 4) reflects the
overall basin geometry by thickening to the southwest. Discussion of structural
influences on deposition follows in the “'Structure and Tectonics” section of this
report.

The subsurface Dockum is divided into two informal units, the upper and lower
Dockum. The boundary is based on regional correlations by Granata (1981) and is
placed at the base of a regional progradational episode defined by an increase in
sandstone content at about the middle of the Dockum section in the Midland Basin.

The upper Dockum is present only in the central and western portions of the
Palo Duro Basin (fig. 5). Post-Triassic erosion has removed an unknown thickness of
this interval and truncated it to the east. The upper Dockum does not crop out
along the Eastern Escarpment, alfhough its equivalent, the Chinle Formation. is
exposed over wide areas of eastern New Mexico. An isopach map of the upper
Dockum reflects pre-Ogallala erosion showing isopach thins extending westward from
the eastern erosional limit. These correlate with entrenched valley systems mapped by
Seni (1980). An east-to-west-trending isopach thin in Parmer County lies along the

trend of the pre-Ogallala valley systems. The thick in Bailey County (fig. 5) is an

11



CARSON :
N

FDEAF_SMITH——

9/7"“*~——-”";2700‘:\\“‘J

NEW OKLAHOMA

MEXICO

NEW MEXICO

-
\
\

CASTRO

|

MOTLEY

Contour ‘interval 100 ft

Figure 3. Elevation on the base of the Triassic.

dpmi

LU
40 km

QA 5627

Dips are generally less than 1° but

are greater in areas of structural complexity.

12



CARSON

ARMSTRONG —)
o )
L]
b e \ =
\
\

NEW
MEXICO

OKLAHOMA

NEW MEXICO

i

@
>
I
m
~<

MOTLEY

Contour interval 100t
4pmx

QA 5628

Figure 4. Isopach map of thé Dockum Group. - The unit thickens to the southwest.
Isolated thick areas in Carson, Potter, and Oldham Counties are in fault-bounded
structural lows. The faults are not shown. Note the correspondence between base of
Dockum structural lows and highs (fig. 3) and isopach thicks and thins.

13



. ° .
103 - 101°
- A
Carson

NEW MEXICO

MoTtoT
|
34°-
[}
SR 3 "
0 10 20 30 40 mi
: s T A Y 4 T J
0 20 40 © 60 km
Contour interval 100 ft

QABOIS

Figure 5. Isopach map of the upper Dockum Group. Thicknesses reflect post-Triassic
erosion preceding deposition of Cretaceous and Tertiary units. Note that this informal
~unit does not crop out in the basin. Its approximate equivalent, the Chinle

Formation, crops out over a large area in New Mexico.

14



erosional remnant left by pre-Ogallala streams to the north and south. A similar

thick in Hale County is ;apped by Cretaceous fo_cks that protected the undérlying
rocks from erosion.

The lower Dockum comprises most of the Dockum strata in the'Pan» Duro
Basin. ,Thickr'less is greatest, more than 1,200 ft, in Bailey County (fig. 6), and
generally decreases to the north and east. Differences in thickness are common.
Controls for this variability can bve structural, erosional, or both. For example, an
isOpacH thin oriented west-east in Deaf Smith County is the result of channeling by
Ogallala stream systems, whereas isopach thicks in Carson and Oldham Count‘ies are
in structural lows (fig. 6). In Floyd County an unusual case combines the two. One
wellicontains Cretaceous sediments ovve‘r|ying'the Dockum deposits, thus protecting
them from post-Cretaceous erosion. However,,Dockum thickness is greatest in a well
just to_the northwest where the‘r’e is no kCretaceous cover. The isopacﬁ thick
corresponds to a structural depr,e'ssi_c‘)n on the base of the Triassic as well as in the
basement andv combines with the protective cover to preserve an anomalously thick
Dockum section. The upper Dockum appears to have been eroded prior to deposition
of’theCretacequs units, presu‘mably during the Jurassic and Cretaceous (Hobday and
others, 1981). | |

Updated p'e‘rcent—sand’stone maps of the upper and lower Dockum were
constructed ktko determine the regional distribution of sandstone and structural

influences on their deposition and to detect changes in the trend of depositional

. systems, and in depositional axes. The great thickness of each percent-sandstone

interval (>1,200 ft for the lower and >600 ft for upper Dockum) and the relafively
thin (<100 ft) record of individual depositional systems in core and outcrop mean
that each map recor‘ds many separate depositional systems and several depositional
cycles. Therefore. the maps do not show a record of ‘individual systems but do show

majbr axes of deposition of superimposed systems.

15



QO

-Cunon
8 |
%
"]
-3
3
w |
3
Arm:lronq
\
\ [
\
\
\
\
\
\\ .
|
- S
Briscoe
"

34°- ’ : ‘ ‘ . AN
400 L] ‘
300 A
, 5 N
. L A _

0 10 20 30 40 mi
; . U — L . 'g
0 20 40 60 km

Contour interval (OO ft
. QABOI6

Figure 6. Isopach map of the lower Dockum Group. Thickness generally correlates to
elevation on the base of Dockum (fig. 3). thinning on structure highs and thickening
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The‘lower Dockum percent-sandstone map (fig 7) defines seve}ral ‘ar,veas of‘ high
sandstone concentration. These clearly indicate a predominantly eastern sediment
_sourcé for the basin: and suggest an east-west or northeast-southwest depositionél dip
direction. ~ A major east-west trend extends from Deaf Smith through Randall and
‘Arm's‘trong Counties. | This trend coincidesbwith.outcrops in Palo Duro Canyon where
Seni (1978) documented an east-to-west transport direction. The patterns also
suggest divergence to mo,r'e‘southerly transport directions possibly owing to either local
basin infilling or. r’eg‘i‘onal shifting ovér time. Percent sandstone generally decreases
down structure and paleodip and away from source areas. Percent-sandstone patterns
are complex along the northern flank of the Matador Arch, particularly in Lamb
County, and they reflect the structure at tﬁe base of the Dockum.

Percent-sandstone patterns in the upper Dbckum (fig. 8) are similar to those of
the lower Dockum in several areas. Two depositional axes occu'py‘ almost identical
positions in both the upper and the Iower: Dockum. Complexity of patterns in Lamb
County sdggests that active structur;al element§ reléted to the Matador Arch affected
deposition. The tr‘énds of the deposviitional axes are generally ‘s‘imilar to those of the
lower Dockum, alfhough northéast—to-southwest _sandstone, trends are more,pronounced.r
~_indicating a continuing dominant eastern sediment source for the uppér Dockum.
Hc‘)‘wever. broad areas of 10 to 20 percent sandstone in the western part of the basin
(ﬁg.’8) 'may indicate fringes of western depositional systems. Similar upward change
of percent-sandstone trends, indicating a s‘hift from eastern to western sources, was
noted by Granata (1981) and McGowen and others (1979, 1983). Owing to paucity
of data, the source Qf the sahdstone$ in Deaf Smith County is questionable, although

~a western source is ‘possible.
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GENETIC DEPOSITIONAL UNITS

Dockum Group strata are composed of interbedded coarse and fine-grained

terrigenous clastic rocks resulting from regional and local depositional episodes.

Patterns in these depositional events can be recognized in the basin on cross sections

compiled from Ijthdlogi; logs. Litho.ogic cross sections show several ‘genetiévcycles in
the Palo Duro Basin. Cycles consist of pr‘ogradational fine- to coarse-grained clastic.
sediment separated by silt- and mud-size s’edrime'nt deposited during lacustrine
tra‘hsgressions. ‘Prograda‘tiona|‘ cycles can be made up of several subcycles of separate
progradational eventS within the overall progradational episode. Therefore, net-
sandstone maps do not show a record of an individual depositional cycle but do show
the major axes of severélisuperimposed depositional systems. Data collected on these
cycles are used to show the areas of thickest sandstone accumulation, spatial
orientation of sandstoné trends, and temporal changes in the orientation of these
trends. Outcrop‘ and core genetic interpretatioﬁs-are heavily relied upon to support

interpretations made from geophysical logs.

Methods

Sandstone depbsitional units were identified‘ using compressed cross se‘ctions
(abbreviated hor&zontal distance between wells) Composed of Iithologic logs interpreted
from gamma-ray logs (figs. 9 through 12). A lithologic log highlighté only sandstone
and mudstone (includes siltstone, mudstone, and claystone on lithologic logs only)
lithologies. The Permian Alibates Formation, a regional marker bed, served as the
datum for all the cross sections. Reducing,the horizontal scale of the cross sections
resulted in extreme vertical exaggerations '(r‘anging from 600x to 2300xv)' and
exaggerated the degree of continuity of the sandstone units. Sandstoné units are

composed of laterally continuous sandstone-rich strata, separated vertically by relatively
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Figure 9. Lithologic cross section 1-1' showing division of lower Dockum sandstones
into discrete depositional units. Unit numbers are shown on the side. Sandstone, as
interpreted from gamma-ray logs, is indicated by black bars. Note the laterally
traceable mudstone interbed in unit 1, highlighted by dashed lines. See figure 1 for
line of section.
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Lithologic cross section 2-2" showing division of lower Dockum sandstones
Unit numbers are shown on the side.

proportion of mudstone upward in the section.

~into discrete depositional units.
interpreted from gamma-ray logs.

~ Figure 10..
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Sandstone, as
Note the westward

is indicated by black bars.

thickness increase in° mudstone between units 1 and 2 and truncation of the Dockum

section eastward.

Unit numbers are shown on the side.

into discrete depositional units.
interpreted from gamma-ray logs.

The greater abundance of sandstone in unit 4 and the upper

Dockum compared to section 3-3' suggests that the »centlgr; of deposition was. shifting

~south through time.

See figure 1 for line of section.
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thick. widespread. sandstone-poor strata. Unit bouﬁdaries are defined as the top of
the uppermost sandstone in the unit and the base of the lowermost sandstone in the
unit. In areas where the mudstone was thin or absent, owing to either erosion or
nondeposition, boundaries were identified by correlating the character of sandstones on
gamma-ray logs. In areas where no sandstone is present, the interval is considered to
be absent and a value of zero is plotted on the map. Four sandstone units are
recognized in the lower Dockum. A fifth unit, unit 4a, has been identified but it is
prob;lbly a subunit of unit 4, representing a single depositional event within the fourth

unit.

Sandstone Unit 1

Unit 1 is at the base of the Dockum Group (fig. 10). Sandstones in this unit
are present all across the basin. Individual sandstone beds are usually thicker and
contain less mudstone interbeds in paleo-updip areas such as Deaf Smith County,
w‘hereas over most of the basin, the unit is thinner and contains less sandstone in
‘thinner beds with more abundant mudstone interbeds..

The aerial distribution of sandstone in unit 1 shows relatively thick net sandstone
(>80 ft) covering broad areas (fig. 13). Several primary centers of deposition are
present where total sandstone thickness exceeds 100 ft. Sediment transport was from
.‘ the east, north, and west. In outcrop, the unit 1 sediments are composed of alluvial-
fan and fan-delta deposits (Seni. 1978: Boone. 1979: McGowen and others, 1979,
1983; Granata, 1981). Net-sandstone patterns of such systems should show broad
areas of moderateiy thick sandstone with some tongues of thicker sandstone
~ representing entrenched feeder systems. The net-sandstone patterns in figure 13 are
consistent with these interpretations. A correlatable mudstone break in the north and

east parts of the basin within unit 1 (fig. 9) may mark a shift from alluvial fan to
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vlacustnne deposrtlon Fan‘de|tas‘-prograded ‘into the'vl_ocal‘Iake;‘;"Floo'deain deposits‘
| ‘_"‘are the most common mudstone rnterbeds |im‘i‘ted |acustrine'deposits suggest the"“
‘,"presence of smiail, local lakes. ‘ w |
Sandstones of the basal umt are mterpreted to be aIIuvraI fan and fan delta
\rrdeposns (table 1). Sedlmentary structures g.rarn—5|ze t,rends. bed. thlckness, and
contact relatlonshlps are consistent with those observed in outcrop (table 1) (Seni.
1978; Boone, 1979). ‘Fan—delta‘sandstonesare distinguished from aIIuwaI 'fans by» their
’ grain sizes, wh'rch are upward-coarsening‘: from,r_‘n:udstone to siltstone. to'sandstone; and
yby’ sedimentary structures that grade upward.from' ripple cross-stratification ‘to low-
angle cross-stratification. Thevver)‘r ﬁne,gﬁrained“sandstone at the base: of the Triassic :
in the Grabbe No. 1 (fig. 14) is i‘nterpreted to ‘be an eolian-flat deposit.“ It was
‘probably derived from reworking channel and overbank sedlments of contemporaneous _
alluylal-fan‘deposrts.. Pedogenic d|$5|pat|on ‘structures (Ahlbrandt and Fryberger 1981)‘
~in the sandstone h‘aue oblrterated most sedimentary structures diagnostic of its origin.
Sandstone is nearly absent in the Rex Whlte No. 1 well (flg 15). This area
was probably part of a small Iacustrlne basm throughout deposition of sandstone
»unlt 1. |
A sorl proflle is present at the top of the uppermost sandstone ‘|n unit 1 |n‘
Mansfield No. 1 (f_rg. 16). 1t has a mottled reddlsh whlte color, root traces, and
numerous small fractures, some filled with a milky cement (fig. 17) Thin sections
show the fractures and cavities to befiylled with opal. harite. and anavlcime. Boone
(1979) notes evidence of extensive subaerial weatherfng in the upper‘ part of the
'aIIuv1al fan/fan delta system in Tule Canyon about 80 mi to the southeast. Present

correlatrons suggest that thls eplsode of subaerlal weathermg was a wrdespread event
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Figure 14. Simplified core log description and interpretation of the Dockum Group,
~ the Department of Energy - Gruy Federal Grabbe No. 1 well, also showing lithofacies,
‘gamma-ray- response, and interpretations of genetically related units in the core.
Grabbe strata contain abundant sandstone, similar to that in the J. Friemel well, and
were proximal to primary sandstone depositional systems. Sandstone unit boundaries
are shown on the left; unit 4a is absent in this well. See figure 15 for explanation
of symbols. i '
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QA 7993

'Figdre 15. Simplified core log description and interpretation of the Dockum Group.
Department of Energy - Gruy Federal Rex White No. 1 well, also showing lithofacies,

gamma-ray response, and interpretations of genetically related units in the core.

Note

the thin, truncated Triassic interval in this well compared with that of the Grabbe,
Mansfield. and J. Friemel wells. Sandstone unit boundaries are shown on the left;
units 2, 3, 4, and 4a are absent in this well.
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Figure 16. Simplified core log description and interpretation of the Dockum Group,
Department of Energy - Stone and Webster Engineering Corporation Mansfield No. 1
well, also showing lithofacies and gamma-ray response and interpretations of
genetically related units in the core. Note the overall fine-grained sediments in this:
well compared with sediments in the J. Friemel and Grabbe wells, indicating a general
position’ more distal to primary sandstone depositional systems. High gamma-ray
spikes tend to be associated with sections of high organic content where uranium has
fixed upon the reductants. Weathered strata are common, implying frequent periods
of subaerial exposure prior to deposition of overlying sediments. Sandstone
depositional units ‘are shown on the left; sand-sized sediments from unit 3. as well as
from units 4 and 4a, are absent in this well. See figure 15 for explanation of
symbols. '
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Figure 17. Pedogenic silcrete in distributary-channel sandstone, Mansfield

400 ft.
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In core. the fine-grained siltstone and mudstone interbeds within unit 1 were

depﬁc')sited in a low-energy environment. They may have originated in floodplains or in

“shallow lacustrine or pond settings. that were often subaerially exposed and subjected

to brief input of coarser grained material from runoff. In core, it is difficult to

distinguish between these two environments. The lack of thick siltstone and

mudstone interbeds in J. Friemel No. 1 (fig. 18) suggests that this area did not
develop low-energy environments because it was a center for sedimentation with only
brief periods of fine-grained deposition.

Vertical grain size trends and lateral relationships suggest that most of the

- sediments between units 1 and 2 are of lacustrine origin although it is possible that

portions are floodplain deposits. Thinning of the interval toward the eastern basin
margin. as seen in cross section (fig. 11). is due to both nondeposition and erosion
by overlying fluvial depositional systems. - Westward thickening suggests that paleodip

was roughly east to west.

Sandstqne Unit 2

In contrast‘tob‘unit 1. where sandstone is widely distributed. most sandstone in
unit 2 is confined to relatively narrow bands (fig. 19) containing thick sandstones that
generally thin and ‘become‘ niore‘diffuse downdip. Two prominent net-sandstone trends
appear to originéte from mapped valley-fill sectibhs in Palo Duro and Tule Caﬁyons.
It is unlikely that the same 1- to 5-km-wide valleys exp‘osed updip in Palo Duro:
Canyon (Seni, 1978) are actually penetrated by drill holes 50 mi downdip in Deaf
Smith County. 'Howé'ver."broad topographic lows and shallow valleys probably
developed doWndip of the relatively steep-walled updip valleys. These physiographic
features localized drainage and clastic input. As lake level rose these valleys

accumulated thick deposits of sandstone, the thickest present within the Dockum in

36



[-300

-350

Dep. ﬂT GR Resp. |Lithology |Texture| Structure|Lithofacies Facies Dep. System
TERTIARY
+~ ©7?| Dp |Deita front,weathered; possibly deita piain
AV.}\V Lm |Marginal lacustrine, weathered; possibly deita plain R‘"?"S:?:'“‘"
w1 Dp [Deita front; possibly delta plain : ’
=2
;:’ - Fcs |Channal fill, mixed-load distributary channel
=
—— v Dp_|Prodelts
S Y[ Lm [Lacustrine
Y Op [Prodeita
v - Lm JLacustrine
Sou~{__Dp [Prodeita
ot Df |Deita front; possibly distributary channel Interfi .
nterfingering
=3 Dp |Prodeita deitaic and
lacustrine
. Lm |Lacustrine’
ﬂ’s Dp . |Prodelta |
‘2‘7‘*“‘ | /Tm |[Marginal lacustrine
wuwo [ Dp |Prodeita
=) Lm [Marginal lacustrine
-—'?;;?5-'; Df |Deita front
' TN
__A%ﬁ. Dp [Prodeita Progradational
»—-é: Df [Dsitafront; possibly crevasse splay jand retrogrodational
‘Af Fes | Channel fill, mixed-ioad distributary channel; possibly crevasse spigy t‘:gf"md
~Luu | Lm [Marginal lacustrine; possibly floodplain
o
o — 9 Fcs {Channel. fill, mixed load; possibly distributary channel
'7’.'
S ’ ; i i
L2y | of [peita trom Flasiok oo,
[y, —Lm [Marginal lacustrine

Prodelta; possibly crevasse splay

Marginal lacustrine; possibly floodpiain

= Df |Delta front; possibly upper ch | till
il : .
e [
™ Fcs.|Vailey fill,-bed lcod at base with mixed load upward Fluvial, lacus-
™ trine, and retro-
gradational
[vIv]%] deltaic
/Fes|Valiey fill, bed load
I—"Lm [Marginal lacustrine; possibly smail pond
[ Fcs [Valley Till, bed load
Lm |Lacustrine, weathered
Deltaic and
Dp ‘|Prodelta lacustrine
Lc |Lacustrine
Fcs |Channel fill, bed-10ad; possibly distributary channel

Delta front; possibly fan delta

Channel fill, bed load, possibly fan deita

Channel -fill, bed foad

Filuvial, deitaic,
and fon deita

PERMIAN

QA 7994

Figure 18. Simplified core log description -and interpretation of the Dockum Group,
Department of Energy - Stone and Webster Engineering Corporation J. Friemel No. 1
well, also showing lithofacies, gamma-ray response, and interpretations of genetically
This core contains the thickest cored Triassic interval

related units ‘in the core.

illustrating a range of depositional environments.
" uranium compounds precipitating around reductants, tend to be associated with beds

containing plant debris. Sandstone unit boundaries are shown on the left; unit 4a is

absent in this well. See figure 15 for explanation of symbols.
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) ‘Figure 19. Net-sandstone map of lower Dockum depositional unit 2. Primary
b sediment source was from the east. East-west trends of thick sandstone in Deaf
’ Smith and Swisher Counties correspond to valleys filled by retreating fluvial-deltaic
systems during a rise in lake level. '
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the Palo Dnro Basin. This Would account for the high concentrations of sandstone m
natrow bands as “wevlli‘as their massiye appearance on well Iogs.- Sand;tone
sedimentation“appears to have been more diffused to the south, resulting in thinner
sandstone beds and abUndant mudstone interbeds. These prbbably are the result of
deltaic sedimentation prior to véllley incisikon, as noted in outcrop. Apparently vablleys
were not well developed in the southern part of the basin.

Depositional environments. interpreted for core intervals of unit 2 (table 1) are
similar to those interpreted from outcrop (table 2). The J. Friemel No. 1 and Grabbe

No. 1 wells appear to intersect sediment deposited in downdip extensions of valleys

mapped in outcrop. Bed-load streams deposited conglomerates, conglomeratic

sandstone, and sandstone. As lake level rose, transgressive fan deltas backfilled the
valleys with thick sandstone deposits. These grade upward into delta-front siltstones
and mudstones in the J. Friemel No. 1. whereas in the Grabbe No. 1. further up

paleodip. they grade into another phase of deltaic sedimentation. The base of unit 2

~in Grabbe No. 1 (fig. 14) records an episode of deltaic sedimentation not preserved in

Tule Canyon or in J. Friemel ‘No. 1.

Unit 2 sandstones in J. Friemel No. 1 make up part of the informally named
Santa Rosa aquifer system in the Palo Duro Basin. Location of the aquifer generally
correlates with Ioﬁation of thick, coarse—grained, extensivé valley-fill sediments. |

Mansfield No.. 1 well exvhibits sediments deposited in lower energy. lacustrine-
influenced environments (fig. 16). Thick, soft—sediment-‘deformed siltstone with thin
interbeds of mudstone are interpreted as distal delta-front deposits; burrowed
mudstoneé ére'laéustriné deposits. A graded mudstone-clast conglorﬁerate, about 10
ft thick. was formed by braided-stream processes on a mudflat exposed by va drop in

lake level. It may correspond to the period of valley development, but because of its
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downdip location. it did not develop the deep valleys common’aiong the eastern part
of the basin. The uppermost sandstone/conglomerate was deposited by braided
streams that probably scoured through their own deltaic deposits as they prograded

into the shallow lake. These deposits ‘may represent a more advanced stage of

progradation and channel development than that found in the mudstone conglomerate

pfeviously described. All of the mudstones and some of the siltstones in Mansfield

No. 1 display evidence of subaerial exposure. some possibly for prolor{ged periods,

‘again supporting a frequently ‘exposed shallow. lake setting.

Sediments between ’u'nits 2 and 3 are rﬁarkedly different from those»lsepvara‘ting
units 1 and 2 (table 1) In Grabbe No. 1 the section is thin, suggesting‘a brief
interval between periods of deltaic deposition (fig. 14). In J. Friemel No. 1. several
5- to 6-ft upward-coarsening sequences are present (fig. ‘18). In Mansfield No.“ 1, the
interval is more than 110 ft thick (fig. 16). éonsisting mostly of ripple and ripple-drift
cross-stratified siltstone overlying interbeddéd. soft-sediment-deformed. organic-rich
siltstone and mudstone. Thicknes-s_of the.orgahic—rich interval ‘(28 ft) suggests that it
is not a muddy channel plug: it is thicker than most channels in .the Dockum. The
ab‘undancve and size of organic debris, lignitic leaves. twigs, and small sticks indicate
short transportatic;n distances and a prolific source. Proximity to the underlying
distributary sandstone and the abrupt nature of the contact suggest a rapid change in
environment. For these reas‘ons. this interval is interpreted to represent swamp
sediments deposited on a foundering delta. Swamp’dvevelopment’may be due either to
av‘ulsion of the fluvial feeder channel and Subsequent foundéring ofv the delta or to rise
in lake level. Overall, the interval in Maﬁsfield No. 1 repreéents a transgressive

episode from the underlying distributary channel sandstone. to a swamp environment,
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upward into. dlstal delta-front srltstones Seni (1978 ) reported- similar deposits in an

mterdeltalc embayment in Palo Duro Canyon Part of the ‘M‘ansfield unit 2 interval

‘may be the distal equivalent of the deltaic depositskc‘haracteristic of unit 3.

‘Sandstone Unit 3

Sandstone unit 3 is characterized by numerous. relatively thin sandstones with

: abundant interbedded mudstone (figs. 9 10, and 12). Sandstones tend to be less

Iaterally continu"ous than in underlying units‘ The north central and western parts of
the basin contaln the hlghest sandstone concentratlon and the thrckest sandstone
beds; these are presumably along the main axes of sediment transport Sandstone
beds dnstal to deposrtlonal axes are generally thmner and are scattered over a greater’
yertlcal range. | | ‘

Net -sandstone trends for unit 3 show relatfvely narrow bands of moderate
thickness (>40 ft) leading to broad areas of high sandstone thi/ckness (>80 ft)
(ﬁg.'ZO); These patterns suggest. fluvial trunk streams Ieadrng to Iacustrme deltas.
Studies of the outcrop equwalents of unit 3 mdrcate that the sediments are fluvral-
deltaic (table 2). containing at least two separate progradational events in both Palo
Duro and Tulle Canyons (Seni. 1978; Boone, 1979). Sandstone contour patterns and
orientation of the net- sandstone trends of the subsurface systems are identical to a
those measured in Palo Duro Canyon (Senl 1978)

In the subsurface. sandstones generally reﬂect characteristics seen in outcrop

(table 1). The fluvial meanderbelt sandstones mapped by Boone (1979) in Tule

- Canyon are represented in" unit 3 of the ‘Grabbe No 1 core by several stacked

upward-fining,: channel-ﬂllsand'stones (fig. 14). Sandstones in the lower part of the
unit have conglo'meraticbases with thinner conglomeratic. lenses upward in the

sandstone. These ‘:represent channel-lag and channel-bar deposits similar to modern

" a3
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utions. were from the west.

~ Only thin, scattered sandstones from unit 3 are present in Oldham, Potter. Carson,



and ancient coarse-grained poi‘nt bars described by I\/I‘ch‘)wen and Garner (1975). The

upper sandstones of unit 3 have two possible origins. Because they overlie fluvial

sandstones, consisting of thinner sandstone beds (from 6 to 13 ft fhick) with- mainly

ripple-drift cross-stratification, suggestive of lower energy environments, the upper
sandstones could be crevasse splay deposits. Alternatively, this unit is overlain by

lacustrine mudstone and lobate lacustrine deltaic deposits in outcrop’ (Boone, 1979).

-suggesting that a shift to lacustrine-influenced deposition occurs somewhere in or

above unit 3. No levee deposits are apparent, upper sandstone beds are thin,
gradational bases are common, and only ripple, ripple drift, and parallel lamination are
present.  They are interpreted to be deltaic sediments. probably small distributary

channel-fill and proximal channel-mouth bar. deposited over the fluvial sandstone beds

~as the delta facies retreated from the basin center in response to an expansion of the

. lacustrine environment.

Unit 3 in J. Friemel‘ No. 1 consists of two sequences of upward-coarsening then
upward-fining sandstone trends that are interpreted to have been deposited in a deltaic
environment (fig. 18). At the base ‘are burrowed, finé—grained. delta-froﬁt sandstone
beds 6vér|ain by d’istributary channel-fill sandstone and conglomerate. The overlying
siltstone appears to be delta-front sediment wi‘th thin, granule conglomeraies
representing delta-front splays. The upper sandstone is a distributary channel-fill thét
scoured into the delta-front sediments. |

The sediments between units ‘3 and 4 are‘-interpreted as delta-front and lacustrine -
depos\its (table 1). In Grabbe No. 1. these sediments have been extensively weathered
and are interpreted to be suba‘erially ‘exposed lacustrine mudstones overlain by delta-
front siltstones. In J. Friemel No,‘ 1 fhey are similar to _delta—’front sediments

previously described in unit 2 in the Mansfield No. 1 well.
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Sandstone Unit 4

Saﬁdstone'in unit 4 is conc‘entr’a‘t‘ed' in the western and southwestern partsn of thé
basin (fig. 21). Net-sandstone contour. patterns indicate a dominant western sediment
soufce w}ith‘subo‘rdin‘ate eastern sources. Sandstone beds are generally thin and
scattered over‘»a large vertical thickness, but a few thicker sandrston‘es' a’ré preseht_,
(<40 ft) (figs. 10 and 13) ;Sépération of this unit from unit 3 is questionable in
some 'afeas, suggesting that portions of’unit 4 may be ‘Iaterélly equivalent to some
unit 3 ‘s‘andstones.'_‘ |

Lith.ologic':cross sec'tions‘ ‘(figs‘. 10 a-ndk 11) show that unit 4 is encompassed by
abunda_'r:yt mu‘dstone. :Sandstone horizons tend to have little lateral co‘ntinuityb.

Outcrop equivalents may be the many ‘lobate deltas in the upper portion of the lower

Dockum noted by Boone (1979) in Tule Canyon. in which sandstones represent.

channel deposits and t‘hinnérr'sandstqn'es' probably proximal delta and‘d’elta‘-f_ront
»dep‘osit’s. i |
Unit 4 iﬁ J. Friemel ‘No. 1 appears to' be ‘the r-es'ult‘of deltaic sedimenta.tion alone
(lt‘able 1) thus sUpporting,outcrop' énd cross section interprevtations. Thin beds.
scoured basebs,‘infrafo_rmational scour su‘rfaceis, primarily riipplev and Iow-nangle cros’sv,-
stratific'ation; énd spatial relationsv‘hip'-s to the mudstone section suggest that the
sandstone and conglome’réte beds ‘are distal »délta-front splays (fig.',18). ‘Howevé‘r.
because of 't.ih‘eir proximity to un‘derlying fluﬁal distribu”tary channel ‘deposits as |
previously.;iescribed. an alternate vexplanation is that the ‘unit 4 sandstones 'ar‘e
overbank fluvial ‘spl;ays. possibly prograding into a pon‘d. Subsequ.ent lake expansidn
would then accounf for delta facies overlying the ovérbankdeposits;
| ‘I‘n Gfabbe No. 1. unit 4 appears to be of deita-front and distributary-thannel ‘
origin (fable 1). The unit coarsens upward from lacustrine mudstone into a soft-

sediment-defofmed delta-front siltstone and sandstone (fig. 14).& ‘These sediments are
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.Figure 21.. Net-sandstone map of lower Dockum depositional unit 4 showing all
remaining sandstone up to the base of the upper Dockum. Major sediment
contributions come from western sources. Erosion has removed these sediments in
the northern and northeastern parts of the basin. o ' :
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erosionally overlain by distributary channel-fiil conglomeratic sandstone with an upward

- decrease in scale of sedimentary structures.

Subunit 4a

‘SUb.unit‘ 4a rep'rés'énts the only attempt to recognize and d'irvide' apparently
individual, single-event, genetically related sandstones. Net-sandstone pa.tte‘rns strongly
indicate a deltaic origin and a sOurcé in the northwest (fig. 22). The sochernmost

delta lobe appears to abut against and terminate along a topographic feature overlying

the Littlefield basement structure in south-central Lamb County.
WELL‘LOG LITHOFACIES

Lithofacies were identified in the subsurface at two levels of investigation. At the

first level, lithologies were identified on gamma-ray well logs. and general facies

interpretations were made of each lithology. The second and more detailed level was

" based on four Dockum cores and ‘included identifying specific Iithologies" with

sedimentary charactéristics that cqllectively de‘ﬂhé unique depositio‘nalb facies.

Three sedimentary l‘ithofaciés. sandstone, sandstone-mudstone, and mudstone, are
recognized in the Palo Duro Basin from gafnma—ray well logs-., The sandstone facies
is dominantly sandstone, including convglomerate.' in beds at least 15 ft thick. These
also may contain thin interbeds of mudstone and siltstone, but such interbeds cannot

be detected on the logs. The sandstone-mudstone facies consists of roughly equal

amounts of interbedded sandstone and mudstone with individual sandstone and

conglomerate beds less than 15 ft thick. The mudstone facies contains dominantly

. siltstone and mudstone. . Thin interbeds of sandstone and c‘onglor_nerate, less than 5 ft
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Figure 22. Net-sandstone map of lower Dockum depositional unit 4a. Sediment

sources were in the west and possibly east.

Correlations of the unit are questionable

to the east where the unit thins and merges with laterally equivalent sandstones.
Erosion has removed these sediments in the northern part of the basin.
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v thick. are known from core examination to occur in this lithofacies. /ilthough thé
best gah’lma?ray logs are used in each well. the Characteriand ‘sensitivity of the
gamma response vary between logs. Variable gamma response may have caused som'vei
of the apparent lateral lithofacies changes on the cross sections.

The sandstone Iithofacieé occurs in beds ffom 15 ft to greater than 100 ft thick.
The thickest beds are located in Deaf Smith and Swisher Counties in depositional unit
2 (figs. 23 through 26). This lithofacies is unequally distributed in the basin both
- aerially and stratigraphically. Aerially, it is more common ‘along the north and east
“margins of the present extent of the Dockum Figures 23 through 26 show that the
sandstone I|thofaC|es is Iess common in’ the deeper parts of the basm‘
Stratlgraphlcally the sandstone IlthofaC|es is dominant in the first" and second
depositional units but occurs scattered throughout the remaining - section.

The sandstone-mudstone lithofacies is more common in the deeper parts of the
basin and higher in the section than is the sandstone lithofacies. = It grades laterally
into the sandstone or the ‘m'udstone lithofacies and can overlie or underlie either
lithofacies. This lithofacies occurs in Iatetally continuous horizons in the lower part- of
the Dockum. except in Bailey. 'Lamb; and Hale Counties (fig. 26) .where this
lithofacies is more laterally restricted than elsewhere in the basin. Occurrence of this
lithofacies becomes patchy upward (‘ﬁgs. 23 and 26). | |

The mudstone lithofacies dominates the Dockum Group sediments. It is thiékest
~in the upper part of the section and may thicken laterally downdip (for example, the
. mudstone between unit 1 and 2 in figure 25). It is the most laterally continuous

lithofacies present. -
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Lithofacies Relationships and Depositional Environments

Vertical and lateral associations between the lithofacies provide clues to their
genetlc relationships.  Overall. the'most common vertical lithofacies ‘relationship is

sandstone- mudstone overlylng mudstone, closely followed by mudstone overlying

‘sandstone, mudstone overlying sandstone- mudstone and sandstone overlying mudstone

The two possible relationships between sandstone and sandstone-mudstone have a
very low frequency of occurrence.  The most common lateral relatio'nship between
facies is sandstone grading into sandstone-mudstone; sandstone grading laterally into

mudstone is the least common. Spatial relat|onsh|ps between lithofacies suggest that

‘vertical changes in the deposntlonal environment tend to be more abrupt than lateral

changes. Abrupt lateral lithofacies changes are probably less common because they
are a produet of base-level fluctuations in a low-relief basin, making gradual changes
less likely. |

Cqmparisons between updip and downdip cross secti()ns show some changes in
lithofacies relationships_that are due to changes in depositionall environment. For‘
example, Iithofacies cross section 1’—1' (fig. 23) represents an updip sect.ion whereas
2-2° (fig. 24) is a downdip section. The most significant vertical difference seen in
the cross secti’ons’ is the downdip decr‘ease in the abrupt association df sandstone
over- and underlying‘ mudstone and an‘ increase in mudstone overlying sandstone-
mudstone and sandstone-mudstone over‘I‘ying sandstone. A possible explanation of the
former situation may simply be theb ovetall decrease‘i‘n the downdip abundance of the

sandstone facies. Alternatively, downcutting by the systems depositing the sandstone

lithofacies may have removed the sandstone-mudstone lithofacies in updip areas,

whereas this process was not as common downdip. where the depositional systems

were closer to base level. Downdip decrease in abundance of sandstone lithofacies is
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fluvial floodplain mudstones and siltstones. The presence of this lithofacies is more

the most likely cause of the decrease in the mudstone-over—sandstone"fécies

relationship Better deveIopment and preservation of deltaic facies in downdip areas

would account for the increase in mudstone- under-sandstone-mudstone and sandstone-

mudstone—under-s,andstone associations.

Paleodip cross sections 55 and 6-6' (figs. 25 and 26) also display the expected

downdip. lateral facies changes. Sandstone lithofacies generally give way to the mixed

sandsto'ne—mudstone Iithof‘ecies‘, g’rading from fluyial to deltaic deposition'al systerrls.

'Al‘though making specific environmental _inter‘pretat‘ions of these three lithofacies is
difficult, general interpretatiorls. are' possible using outcrop and core data. That the
sandstone Iith'ofa‘cies ‘is generally found in the’ urpdip areas and is thickest in unit 2,
previously described as being composed of dommantly fluvial valley- flll deposits, ‘
indicates that this IlthofaCIes represents fluvial-channel environments. This lithofacies
thus marks the’lecatlon of the primary fluvial transport routes in the Dockum.
However, there are unddubtedly deltaic sediments included within this lithofacies th‘abt‘
cannot be distinguished‘using‘ available well controll‘ or technology.

The sandstone-mudstone Iithofecies represents a variet)r of en'vironment}sb. In
general. this lithofacies represents distal clastic deposits: they are either thin fluvial
sandstones off the main channel .ax‘es or thin deltaic sandstones associated with
prograding stream systems.' Mudstone in’terbeds of this facies are both lacustrine end
common higher in the section reflects the dominance of deltaic sedimentation, and
therefore of laterally discontinuous sandstone beds. in the upper part of the ‘sectron..
These deep-water lacustrine deltas higher in the Dockum section (Seni. 1978; Boone.
1979) probably did not‘ prograde far enough into the basin for the fluvial facies to be
preserved. Thinner genetic sequences, resulting from rapidly changing environmental

conditions during shallow-water lacustrine sedimentation in the lower part of the
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Dockum account for the abundance of thrs llthofaues m the basal unlt

The mudstone Ilthofaues represent two prrmary deposntlonal envrronments

marginal and deep lacustrlne and dlstal delta front. Undoubtedly 'some floodplain and

possrbly even abandoned channel plugs also are present Domlnance of this llthofaues »
reﬂects the progresswe shift to a deeper and probably more. extenswe Iacustrme
setting. As core from the upper sectlon contains some very Weathered Iacustnne"
mudstones. an ‘alternatlve explanatlon’ mayv be" that lacustrine conditions were not
much different from prev’iOUSv oonditions but are ;ithe result of reduced clastic sediment

influx. -
CORE LOG LITHOFACIES

Analysns of GF and SWEC core from the Dockum Group allows more refined
lithofacies recogmtlon on geophysrcal weII Iogs " Ten lithofacies are identified in core
representing four depos:tlonal environments; Iacustrlne deltalc fluwal deltalc and eollan :
(table 3). thhofaaes mcluded in the combmed fluvial-deltaic environment are those in

which sedrmentary structures and vertlcal I|tholog|c relatronshlps in_core are not

definitive enough to allow more preC|se envnronmental delmeatlon

Lacustrine System Lithofacies

Two lithofacies are recognlzed as orlgmatmg in lacustrine environments (table 3).

In I|thofac,|es Lm. burrowing is the prlrnary |dent|fy|ng'characterlstlc. It is commonly

very intense, destroying all original sedimenta_ry structures (fig. 27). Sco.yema is the
most abundant burrow type (I-‘l'antzs‘chel‘. ‘1‘962)‘ seen in core. but Teichichnus is also
present. - McGowen- and others (1979) and Seni (1978) also. note these ‘burrow types

occurring in mudstone intervals in outcrop. . 'A warm lacustrine environment is
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Figure 27. Intensely burrowed claystone, ‘Rex White No. 1 well, Randall County,
291 ft. Burrows of Scoyenia have a maximum diameter of 9 mm. See figure 1 for
well location. ' :
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suggested as a habita't for Scoyenia by Frey and others (’1984)7_ Vertical relativonshipls‘

in core usually show lithofacies Lm alternating between and transitional with delta-
front lithofacies (lithofacies Dp and Df). However, abrupt overlying associations with

genetically unrelated lithofacies Fcs and Fcm are present. These are pré_sumably the

result of local channélization‘by»overylying fluvial systems, although some may be the

result of more widespread entrenchment by fluvial systems related to drops in lake
level. Lithofacies Lm may also overlie fluvial-deltaic lithofacies Fcs as a'reisultvof ',
delta avulsion or rapid lacustrine expansioﬁ.‘ In two examples fro‘m the Maﬁsﬂeld No.
1 well, swamp. Iithofac‘ievs Ds underlies lithofacies Lm. These probably result frorynb
gradual fouﬁdering :of an abandon’éd delta lobe or a very gradual “rise in lake level.
Brecciated mudstone in fithoféciés Lm is less common than the burrowed
mudstone and also differs from it in that "wea‘th,ering has almost completely masked
all dekpositionaliand biogenic “‘s‘tructures;(‘fig. 28).. An example ,Of t»h’ivs style of
lithofacies Lm is in the Grabbe No. 1 well (fig. 14). Delta-front siltstone of
lithofacies Df is above and below this interval.y The occurreﬁée of delta-front
sediments directly on the-weafhéréd horizon suggkest‘s very rapid progradation following

re-establishment of the lacustrine setting, thus preventing accumulation of additional

lacustrine mudstone. Some thin horizons similar to this lithofacies occur in the

Mansfield No. 1 ‘well, but the brecciation is not as intense, and primary and
secondary structures are still viéible. |

~The brecciated"mudstone of Iithpfacies Lm strongly resembles dolomitic: mudstones
in the Eocene Green River Formation of Wyoming (Smoot. 1983). Smoot interpreted‘
the Green River mudstones to have been debosited by Sheetfloods on a subaveriallyy

exposed mudflat with varying degrees of 'revworkin.g by floodwaters. ' In the Dockum,

- locally abundant dolomite has been identified with the scanning electron microscope
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Figure 28. Pervasively brecciated mudstuiie paleosol, Grabbe No. 1 well, Swisher
County, 372 ft, showing reworked calcified mudclasts deposited in fractures. See
figure 1 for well location.
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(SEM) in core chips of some weathered mudstones from lithofacies Lm. but it is not. .
clear whether the dolomite formed during subaerial weathering or by later diagenetic

processés. Subaerial -exposure of the Dockum mudstone is suggested by calcification

of the mudstone. mudcracks, ‘and the desiccation breccia at the top of the lithofacies.

)

Local reworking by ﬂ'oodwafers‘ or lake waters is fndicated by angular and rounded
calcitic mud intraélasts ‘c‘ieposited in fractures.

Lithofacies Lc is found in‘t‘he. J. Friemel No. 1 well (fig. 18). It consists of
massive claystohe with 0.5 to 1.0 mm ;v)‘lanarylaminations of Micaceous siltstone.
This lithofacies ‘represen‘ts‘ Iéke—centér deposits that accumulated ‘away from coarse
clastic input.- The lack of burrowing may indicate anaerobic bottom'v-'condivtions. It is
overlain by Iithofacies 3. Lithofacies 7 underlie‘sb this section, sugges;ing a very rapid
increase in lake dépth. | -

Lithofacies Ls. uncommon in core, is characterized by ripple cross-laminated, finely
interbedded mudstone and siltstone :(table 3). Desiccation cracks suggest at least
periodic subaefial exposure, ‘whereas distqrbed bedding and load structures indicate
periods of rapid deposition of .water—‘saturated sediments. Lithofacies Ls is interpreted
to represent sedimvents’ deposited either on a lake shore mudflat of a foundering delta
or on lacustrine sediments fQIIowing a drop in lake Iev‘eI and preceding lacustrine
transgression. bLithofacies Ls is most cobrhmonly underlain by lithofacies Lc, suggesting
that lithofacies Lc may be a shallow pond deposit. In ohé case, lithofacies Ls
overlies lithofacies Lc. which overlies lithofacies Fcs.  This associatibn suggests that
Iithbfacies Lc may Be an abandoned fluvial channel-fill or floodplavin‘ deposit. Where
Iithofacies'_Df or Dp overlies lithofacies Ls. it suggesté a rapid return to high lake

levels during,which progradation was locally active. Similar rock descriptions and
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interpretations are reported by Smoot (1983) for the Wilkins Peak Member of the

Green River Formation in Wyoming.

Deltaic System Lithofacies
Four deltaic system lithofacies are recognized in core. Lithofacies Dp is

c’haracterized by interbedded. cross- stratified, ripple. and ripple-drift cross-stratified

siltstone and sandstone (table 3) containing thin beds of conglomerate and mudstone

Mansﬁeld No. 1 and J. Friemel No. 1 wells contain the best examples of thlS facies

(flgs. 16 and 18). Individual beds are as much as 75 ft thick and contain many

discrete depositional sequences from less t‘han 1 ft to almost 14 ft thick (figs. 29 and

30). Each sequence represents sediment deposited in the delta-front environment -
during a single depositional event of unknown duration. Lithofacies Lm commonly

overlies or underlies lithofacies Dp, although overlying associations with lithofacies Df

“and Fcs are common in the ‘J. Friemel No. 1.

Lithofaciés Df is characterized by interbedded, cross—strafified. ripple. and ripvpl‘e-
drift cros’s-stratiﬁed siltstone and sandstone with thin beds of conglomeraté and
mudstone (table‘ 3). A well-preserved sequence. for example between 310 ft and
370 ft in Grabb’e No. 1 (fig. 14), consists of conglomerate or conglomeratic sandstode.

of lithofacies Df abruptly overlying lithofacies Dp and grading upward into cross-

stratified, soft-sediment- deformed. muddy sandstone wuth abundant organic fragmentsv

and clay mtraclasts on bedding pIanes in lithofacies Df. These are in turn overlain by
distributary-channel sediments of lithofacies Fcs. Lithofacies Df is lnterpreted to have
been déposited in proximal delta-front and distributary-channel-mouth-bar en\v/ironmenti.‘s.

Examples of lithofacies Ds occur in two locations .in the Mansfield No. 1 well.

(fig. 16). In both occurrencés these sediments overlie lithofacies Fcs and underlie

64



Figure 29. Ripple and ripple-drift cross—strati}'ied siltstone lithofacies 4, Mansfield
No. 1 well, Oldham County. 107 ft. Ripples are as much as 2.0 cm high. See
figure 1 for well location.
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'''' Figure 30. Soft-sediment-deformed interbedded siltstone and mudstone that typically
' caps lithofacies 4, Mansfield No. 1 well, Oldham County, 302 ft. ~See figure 1 for
well location. : o : .
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lithofacies Lm. Lithofacies Ds is interpreted to represent marsh or swamp sediments
(table 3). Associated lithofacies suggest that lithofacies Ds developed on a foUndering
delta during or preceding lacustrine transgression. Thickness of this lithofacies

indicates that foundering or transgression was slow, allowing sedimentation to keep

pace with the relative rise in base level. Delta foundering could be due to

abandonment by stream avulsion. decrease in sediment supply. or increase in lake
level. In one case, there is‘ a hiatus befWeen deposition of underlying lithofacies Fcs
and deposit-ion of lithofacies Ds, durin‘g w’hich a silcrete soil horizon developed in
lithofacies Fcs sgdiments. The depOSitioﬁaI hiatus could represent prolonged subaerial
expdsure caused by sediment bypass due to a drop in Iake level.

Examples of progradational (regressive) associations seen in core show
lithofacies E)f overlying lithofacies Lni. Lc. and Dp and underlying iithofacies Fcs (figs.
14, 16, and'18); Other regressive aséociatic‘)ns ‘sh‘ow Iithdfacies Ls underlain by
lithofacies Lc and overlain by Iithofacies‘Dp and Df. Regressive associations occur
under normal sedimentary conditions where lake levels are fairly constant.
Transgressive associations are exhibited by lithofacies Fcs underlying Iit‘hofacies Df,
D‘p.‘ and. Lm. . Other examples show lithofacies Ds overlying lithbfacies Fcs and
underlying lithofacies Lm. Transgressive associations occur where Iacubstrine expansion

shifted deltaic facies shoreward, over fluvial facies.

Fluvial-Deltaic System Lithofacies
-Lithofacies Fcs. generally eqbuiv“alent to the sandstone lithofacies in the well log
lithofacies, defines the sandStohe;rich depositional systems. Ivtr is characterized byv
thiék, intérbedded 'sandstone and conglomerate with sharp bases and gradational tops

(table 3).  This lithofacies is primarily of fluvial origin, but the sedimentologic

67



characteristics are not sufficiently diagnostic to classify it as‘ either fluvial channel or
delta distributary channel. and it is rare thaf_distinctions can be made between the
two. - Outcrop data indicate that equiv.ale/nts of lithofacies Fcs in sandstone unit 1
and possibly’ unit 2 intervals of the lower Dockqm are bed-load stream depbsits.
whereas those above (units 3 and 4) are mixed-load stream deposits; The geometry
of these sediments, which- helps distinguish stream types in outcrop (Seni, 1978). is
nbt discerna'ble'in’the subsurface. Lithofacies Fcs has characteristics similar to those
found in modern flluvial—channelvvenvironments (Harms and Fahnestock, 1965: Bernard
~and others, 1970; McGowen a‘nd‘ Gbarner.v,, 1975).

Lithofacies Fcs most commonly oVevrlies deltaic lithofacies Dp and Df, which
suggests that many oc‘currence‘s of Iithofacies Vch are delta distributary channels.
Several examples of lacustrine lithofacies Lm and Lc underlying lithofacies Fcs indicate
that fluvial downcutting was a‘éom'mon process during Dqékum deposition. Even if in
some cases lithofacies Fcs consists of‘ prox‘imal deltaic sediments, these deposits
eroded the previously deposited distal delta front siltstone. A variety of lithofacies
occur above lithofacies Fcs: deltaic lithofacies Dp and Df are especially common. but
lacustrine lithofacies Lm and Lc also fegularly occur above lithqfacies Fcs. The
p}esence of derta lithofacies ove‘r‘lying‘ ﬂu,vialryl‘ithofacies indicates that slow lacustrine
expansion waks’ common. - Lacustrine Iithofacies,direCtIy over fluvial  lithofacies shows
that rapid expansion was also a regular occurrénce. Some of the overlying mdddy
lithofacies may be abandoned channel plugs.

One occurrence of lithofacies Fcm is known in &ore (fig. 16). This lithofacies is
interpreted to have for‘rhed by bed-load streams moving across a mudflat exposed by
a drop in lake level (tabvle 3). It iis‘ underlain by a very weathéred zone of

lithofacies Lm and overlain by relatively unweathered lithofacies Lm. The mudclasts
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in lithofacies Fcm are derived from the underlying mudstone (fig. 31). Seni (1978)

-idehtiﬁed a similar deposit in an interdeltaic embayment setting in Palo Duro Canyon.

The core example occurs within the sandstone unit (2) correlated with valley-fill
sediments in J. Friemel No. l‘core in Deaf Smith. County and updip in Palo Duro
Canyon. The exposed weathered mudflat may be tempbrally correlative with the

valley incision event.
Eolian System Lithofacies
Lithofacies Es occurs only at the base of the Dockum in the Grabbe No. 1 well

(fig. 14). This lithofacies is interpreted to be the result of eolian reworking of distal

alluvial fan sediments ’(tablve 3). Pettijohn and others (1973) and Folk (1974)

" characterized eolian sediments as (1) being well sorted, (2) showi‘hg an absence of

micaceous minerals, (3) having a dull appeérance or frosted surface on quartz grains,
and (4) having bimodal grain sizes. No distinct eolian ripple forms (Kocurek and
Dbtt. 1981) were identified in core. but a homogéneous fine grain size, the presence
of bimodal lags containing well rounded. frbsted grains. and the pervasive.presence of
pedogenic str‘uvctures suggest that eolian processes Were important in the formation of
this Iithofla(:ie‘s (fig. 32). ‘>S-mall,. thin ‘mudstdne'r‘ipup clasts suggest some
sedimentation or reworkihg by fluviél 1processes. Sheet-sand flow in desert
enviror_\ments»can produce ripple—laminated' sand ‘cerred »by a veneer of mud. later
reworked into mud clasts (Smoot, 1983: Sneh, 1983). Similar features also were
found‘ by Hubert a'n‘d Hyde (1982) in semiarid sheet-flow deposits in the Upper

Triassic red beds in Nova Scotia. About 2 ft of finely laminated claystone, lithofacies

2, overlies the sandstone. ~ Here, lithofacies 2 possibly represents pond deposits. No

core was recovered below this sandstone.
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Figure 31. Interbedded silt- to pebble-sized mudclast conglomerate showing normal
and inverse grading and filling of desiccation cracks by sand-size mudclasts in
Mansfield No. 1 well, Oldham County, 219 ft. See figure 1 for well location.
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Figure 32. Pedogenic clay illuviation structures in bimodal sandstone from the base of
the Triassic, Grabbe No. 1, Swisher County, 771 ft. See figure 1 for well location.
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COMPOSITION

‘Compositional analysis of the Dockum sandstones is still in an early stage.

Eighty-six thin sections from' the Grabbe No. 1 well have been examined and

'describ‘ed Rock chips from Grabbe No. 1 are currently bemg exammed on the SEM

and some composntlonal data are belng acquned wuth the SEM by the- energy—
dlsper_swe spectrometer (EDS) and the electron mlcroprobe.

Doekum sediments. are »generally textqrally an‘d.co’mpositio/nally diétinci{ from
sediments lower in the section. iThey 'have‘an overall. composition thaf places them in
the litharenite and arkoeic litharenite ra‘ng‘e,‘theirr quartz: feldspar: rock‘fragment '
(Q:F:R)bratiosaveréging 55:10:35 Thls differs from Permlan samples WhICh cIuster

around a lithic arkose composmon wnth average Q F:R ratlos of 65:22:13. ‘ln the

‘Dockum, medlumr and coarse sand is common, and most grains ‘are angular or

subangular. V‘Both potassium- and :sodium’—rich feldspars are also bre'sent. The ratio
of fel‘dspar to -quart’zvi's signific‘antl‘y'higiher in Permian recks than in Doekum rocks.
Feldsp>ar"isMslightl')./‘ more wé,athered in Dockuhﬁxsa’ndstones' than ‘in Perm‘ian '
sahdstdnes. but few _grainsu’have been‘ientir’ely removed. Dissolution textures on

feldspar grains. were found with the SEM. ',Com‘posite quartz-mica rock fragments are

~common in the Permian, but show little or no foliation, while Dockum quartz-mica

rock fragmehts have well-developed foliation and are. clearly derived from schist. gneiss,
and phyllite. ~Stretched composite quartz and Iarge. fresh flakes of muscovite, chlorite,
and biotite are common. also suggesting a metamorphic source.

Th'e‘basal Dockum sandstone in G'rabbe No. 1 is both ‘compositionalvly‘ and

‘texturally dnfferent from the overlymg Dockum sedlments and is more similar to the

underlylng Upper Permian rocks.  The sandstone is bl‘modal. with well-rou-nded

supermature, medlum—gr.alned sand in a finer, angular sand matrix. = The sandstone

\
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plotsvwith Permian samples in or near the |ithic arkose a‘rea; of a Q:F‘:‘R dfagram.’
Although it can bef q‘uest}ioned.whether this: sandstone is indeed' Triassic, its similarity ;
to Perm'ian ro'cks;_may be‘ the re’,suflt of _hav-ing Permian. source beds. Sim.i_lari
observati‘ons ‘were made'by Page and Adams. (1940) and Seni (1978).

‘Diagenesis of Dockum rocks is the result. of post-depositional compactlon and
mmeral reactions wnth formatlon waters Mlca flakes and cIay chips were deformed
by ‘compactron Coarse pore-filling sparry caIC|te is the most common cement, on
,average f'llmg half of the available pore space. Porosity before cementation averaged
18 percent. Scattered quartz overgrowths are noted from SEM analysis, and kaolinite
books are common in zones that correlate with skeletahzed plagioclase grams
,Drssolutron of plagloclase must have occurred after deposmon and compaction of the
sandstone because the skeletal grains 'would ‘have been crushed by transportation' or
otlerburden pressure. The correspondence in Iocation and amount’ of skeletal feldspar
and kaollmte suggests that dlssolutlon of plagloclase feldspars was the source of the
kaolmrte. Most Dockum- feldspar grams are fresh or shghtly sencrtlzed or vacuolized.
Authigenic sencrte and ‘illite are found ‘coatmg grains in rock chips. The trmrng of

and relationships among the var‘iobus'diagenetic eventsare unclear at this time.
| STRUCTURE AND TECTONICS

In the Palo Duro Basin, structural features‘are found to have locally influenced
the ‘thickness,of' ‘total sedinaent *packages. orientation‘ of sandstone trends. and
th(ic‘kness of sandstone units. Analysis of the effects of knoWn basement‘ structures
on the Dockum 'strata has provided guidelinesv‘with which to iden.tify areas 'tlhat'may‘

overlie additional basement structures that cannot be positively “identified with current
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well control. By considering individual sandstone depositiona‘l units, it is possible to

detect the location and timing of structures that localized sandstone accumulation.

Structural Influence on Deposition

Recenf studies in the Palo Duro Basin have shown that basinwide sediment
thickness trends have shifted through time in response to episodic structural
adjustments to regional stresses (Budnik. 1984). Budnik (1983) previously showed the
influence of structure on the distribution and facies of strata overlying the Castro
Trough and‘Arney Block in the central Palo Duro Basin. A basement structure map.
simplified from Budnik (1984), defines major basin structural elements (fig. 33). not
all of which influenced sediment distribution during Dockum time. Intrabasinal
structures of particular interest are those well defined in basement and having
persistent inﬂueﬁce on Dockum deposition, which include the Castro Trough system
and adjacent highs, the Arney Block and the south Castro high, and the Littlefield
structure, a low-expression, positive feature flanked by structural lows. The consistent
local control on deposition exerted by these structures can be used to infer the
presence of other basement structures that are not as well defined and yet Still
apparently affected deposition during the Triassic. The effects of basin-bordering
structures such as the Amarillo Uplift are thought to have been minor and at most
had slight positive topographic expression and acted as a barrier to fluvial transport
systems. The Wichita and Arbuckle Uplifts of the Wichita Mountain system in
Oklahoma probably attained greater relief and were an important sediment source for
the Dockum in the Palo Duro Basin.

Net-thickness maps of thick intervals of Dockum strata tend to exaggerate
structural control of deposition by showing the cumulative effects produced over long

periods of time. The total Dockum iéopach shows good correspondence with
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: _basement str-ucture in the Castro Trough system (fig’-4) “even though --post'-

deposmonal erosion has modified the lsopach in southern Castro County. In addition.

the thtlef'eld structural hlgh in Lamb County has a thm cover of Triassic sedlments ’

3 (about 1.300 ft) whereas the structural'ly‘ lower flan_‘ks have thicker deposits (about

1,400 ft). Isopach maps of both thev'upper and lower Dockum reflecththe correlations

seen in the total lsopach map (flgs 5 and 6). Percent-sandstone maps of both the
upper and Iower Dockum |nd|cate the roIe of the Castro Trough system and the

Littlefield structure |n,|ocahzmg sandstone accumulation (fig. 34a and b). Localization

_is achieved in structurally low areas by (1) producing prefe‘rred paths for fluvial

~ channels and delta development, and (2) preserving rnore sandstone by TIocally

increased subsidence. -

Net—sandstone'maps of the’four‘sandStone units in the lower Dockum- display
specific e)tamples of the correspondence between structure and sandstone accumulatiOn
(fig. 34c-f). Of particular note is the continued role of the ’vCastro Trough‘ system in
captunng and funnelmg sedlment through the basm best |llustrated durlng deposition
of sandstone unit 1 (fg 34a) Graphlc examples of greater sandstone-thlcknesses in
the Castro Trough versus the adjacent highs are shown in figures 35 and 36. The
LnttIeFeId structure is also a persrstent mfluence ‘in Lamb County where net sandstone;

thickens in structural lows on the flanks of the structure and thins across the top

‘(flg ‘37) Apparent breaches in the structure implied by‘relatlve'sandstone thicks
. across the top of the structure (fig. 34c). may occupy minor structural lows but are

. more Iikely beCause of the dense well control revealing the: complex nature of

sandstone distribution.
Several additional ‘poorly defined basement structures are implied by isopach.

percent-sandstone, and net-sandstone patterns in the Dockum. Cumulative maps. both

isopach and percent-sandstone, show inferred basement structural lows in southwestern
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Figure 35. Basement structural profile and net sandstone, Deaf Smith and Castro

Counties.

Net-sandstone values show good positive correlation® with basement highs

and lows, particularly with the Castro Trough system.
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and northwestern Bailey County. St‘ructural highs are inferred in western,
southwestern and southeastern Balley south central Deaf Smith, south- central and far‘
southeastern Lamb Countles (possibly part of the Anton-Irish structure) Of these
inferred structures, only the northwest low and west high in Bailey and possibly the
‘south Deaf Srnith high are discernable onvthe’isopach maps.

The inferred structural highs and lows in Bailey County are reflected in all the
net-sandstone maps of the lower Dockum except the northwest ‘Iow (not showing’ in
unit 2) and the southeast high (notshowing in unit 4) (fig. 34c-f). The fact that
one basement well shows a low in the vicinity of the mferred northwest low suggests
that the structure would be defined If add|t|onal weII control existed.

The south Deaf Smith high inferred from the Dockum is also present in more
detailed maps of the basement (Budmk 11984), although it has only about 200 ft of
relief. Net- sandstone maps of units 1, 2 and possibly 3 show sandstone thmmng in
the area of the structure (fig. 34c-e). The influence is also hinted at in a profile
across the structure showing net sandstone thickness (tig. 35) and in the total
isopach map (fig. 4). o | |

The defined basement high in south-central Lamb County shows partial to total
correlation with net-sandstone maps. However, several negative correlations with other
haps exist. For instance, the basement high shows as a low on structure maps of
the base of the Triassic (fig. 3) and on top of the Permian Alibates Formation. It rs
also a thick on the total isopach m“ap (fig. 4). The inverse 'relétionsh‘ip over this
structure is due to solution of underlying Permian salts following deposition of
Dockum units, previously discussed by Johns (1985).  Removal of salts would drop
and preserve the strata in this area and thus e’xplains why the structure appears as a
high with respect to Dockum sandstone distribution and as a low with respect to

basal Triassic and upper Permian structure.
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 Another possible ex’émple of inverse relationships occurs in the Anton-Irish area.
Net-sandstone maps of all the lower Dockum sandstone units indicate the presence of

a structure in the Anton-Irish area (fig. 34c-f). However. in each of these maps the

basement high also contains a sandstone thick. These thicks are not in the same

wells that reach 'basement.. but the felatively dense ‘Triassic'wéll control may be
revealing the complex nature of Iocél sandstone distribution, like that shown ‘for the
Littlefield structure.

.Reoccurrence of thi‘ck. ‘elongate, net-sandstone'trends along basement structure
lows implies structural 'Co_ntrol on the-llocation of depésitiohal axes. On the Eastern
Shelf of the Midland Basin, Brown (1969) noted that sandstone bodies were vertically
offset because of compaction of muddy flood‘pllain and interdeltaic sediments.
However, in areas of stacked or multistory sandstone channels. Brown fouhd‘
aﬁomaIQus deepening of structural gradients‘in‘to the basin. ‘He inferréd that bin these .
areas structure control[ed the georﬁetry of the sandstones by locally accelerating the -
rate of subsidence. thereby creating preferred paths for sediment transpdrt.} Similar

processes may have caused localization of many of the Dockum sandstone trends.

Source Directions

Previous studies have shown that the Dockum depositional basin was fiiled from
sediment sources to the east, soiuth, west, and north (McKee and others, 1959;
McGowen and others, 1979). The‘Ouachita Tectonic Belt was a proximal source at
the southern end of the basin, supplyiﬁg sediment fo adjacent ‘alluvial—vfan_énd fan-
delta deposits, and a distal source in the east, supplying braided and meandering
stream systervns‘(l\/chowen and others, >19‘79). East of the basin, the Wichita and

Arbuckle Uplifts contributed large quantities of clasiic_ debris, as did the area of the

‘Sangre de Cristo uplift to the west and northwest.



4

‘R<‘>ck sources for‘ initial Dockum depbsits are thbught to be Upber Permiain red
beds. This view is>supp'ortved by the prese‘nc-e of well-rounded. coarse sand grains.
identical té those found in the Perfnian.“and a bimodal distribution 6f grain sizes in
some lowermost Dockum sandstones (Page aﬁd Adams, 1940; Johns and Hovorka,
1984). These rocks plot as subarkose-'to—litharenite—to—fe‘ldspathic litharenite on Q:F:R
diagrams, Permian rocks have similar dis.fribution ratiés.

Depositional trends in unit 1, the basal sandstone interval. indicate sediment
sources from the eaét; northeast, northwest, and wegt (fig. 13). The net sandstone
thickness suggests that ihput'was highest from the east and west. In unit 2, trends
exhibit the dominance of eastern source areas (fig. 19). These trends afe primarily

due to incision and backfilling of fluvial valleys in the northeastern part of the basin.

~Unit 2 may contain the first sediment from the Wichita, Arbuckle, and possibly

Ouachita ‘source areas finally reaching .the basin and overwhelming locally derived
Permian source rocks. Implied sediment sources of unit 3 are also primarily from the
east (fig. 20). However, thick accumulations of sandstone in fhe western part of the
basin suggest a significant sediment component from that direction. The sandstone in
units 4 and 4a apparently had almost exclusively westervn sediment sources (ﬁgs. 21
and 22). The possible causes of this change in sediment source direction are (1)
expansion of the lacustrine basin in the upper part of the lower Dockum, wﬁich

enabled the relatively close, western-derived systems to prograde into the Palo Duro

Basin before the more distant eastern-derived systems, or (2) greater uplift of western

sources.

* Post-Depositional ‘Structure

- Tectonic events following deposition of the Dockum Group have resulted in uplift,

“tilting, and faulting of the strata. Structure contours on the top of the Triassic trend
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roughly northeast (fig. 38). approximately parallel to the present. topographic surface.
This contrasts with the basinal geometry of the structure contours on the base of the
Triassic (fig. 3). The trend of the contours on top of the Triassic is generally the
same whether the Dockum is overlain by the Miocene Ogallala Formation or the
Cretaceous Edwards Limestone, implying that the northwest to southeast slope was
present at least by Early Cretaceous time. Hobday ‘and others (1981) report that
Dockum sediments were source beds for clasts in the Lower Cretaceous Antlers
Formation in North Texas. Cross sections (figs. 25 and 26) show the post-Triassic-
pre-Cretaceous erosion surface cutting deepest into Dockum strata in the eastern part
of the basin. Gradual subsidence of the rifted margins of the Gulf of Mexico
probably caused the initial development of this slope,. poséibly in combination with
uplift of western areas.

In the northern part of fhe Palo Duro Basin, structure contours on the base of
the Dockum strata trend east to west. This cannot be the original configuration of
the contours. Analysis of core and outcrops indicates that the sediments were
deposited from dip-oriented fluvial—deltaic_systems in an east-to-west di?ection. Re-
orientation of the contours must have occurred following Triassic deposition. Budnik
(1984) reports that the Late Cretaceous to Early Tertiary Laramide Orogeny affected
the Palo Duro Basin area. Among the probable effects was uplift along the Amarillo

Uplift trend that modified the attitude of the surrounding strata.
CONCLUSIONS
The Triassic Dockum Group is composed of many interbedded sequences of

sandstone, siltstone, and mudstone deposited under progradational and transgressive

conditions by fluvial, deltaic., and lacustrine systems. These systems deposited
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sediment in a relatively" shallow Iacustrine basin'under variable climatic conditions

Changes in the amount of rarnfall caused lake Ievels to quctuate dramatlcally grvmg

rise to rapid and abrupt vertlcal and lateral facres changes and modlfylng the types of

stream systems dlschargmg mto the Iake

'Atrleast four maJor progradatlonal events occurred in the Iower'Dockum of th'e

‘Palo Duro Basin. The basal unit represents initial - Tnassm sedlmentatron in the

basin. Net- sandstone maps mdrcate that sedlment sources were from the west, north
and east. Core and outcrop equrvalents of thrs unit suggest that deposition was by

aIIuwaI fan and fan- delta systems on alluvial pIams and in a shallow Iake basrn or. in

‘several d|scont|nuous shallow Iakes A wrdespread srltstone'and mudstone between

units 1 and 2 thlckens to the west and southwest suggestmg an expansron and

deepening of the Iake system to the west in what is now Bailey and Parmer

‘Counties. Deltarc sedrmentatlon from ‘an eastern source durmg the second sequence,

was interrupted by a major fall in Iake level, durmg whrch entrenched streams carved-

deep valleys into the underlymg strata in updip areas. Cannibalized sedlment was

redeposnted downdrp as |arge areas of Iacustrlne mudstone were’ exposed to erosion

and subaerial weathermg. Subsequent rise in lake level allowed streams to fill the

- valleys With aggradational bed-load fluvial‘and transgressive deltaic sandstone deposits:.

The upper two sandstone units in the lower Dockum record progradational deltaic
se‘di‘mentation‘ Unit 3 is a basinwide progradational event in which sediment
emanated fro’rn-bOth eastern and western source areas. Core and outcrop equivalents

exhibit classic delta front, deIta and quvraI progradatlonal sequences Data suggest

~ deposition in deeper Iake settings than for previous umts DI‘SCOI’lthOUS sandstones

of units 4 and 4a are_derrved from mixed western - and eastern source areas. Lack of

lateral continuity may be partly 'due to delta abandonment by stream avulsion.
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‘Lithoiaci‘e's trends suggest, generally more proxlmal deposrtronal envrronments in
the eastern and northeastern areas of the basrn and distal conditions to the west and 8
southwest, ‘Sa‘ndstOne Iithofacies represent major quviaI channel‘ s‘ystems and proximal
vdeltaici environm‘ent‘s These are more common Iower in the Dockum and in the east.
Mixed sandstone mudstone Irthofacres represent deposrtron by smaller stream systems,
distal deltaic sedimenta‘tion. It 'alsormay represent deposition during— which rapid lake-
level fluctuations'a.re‘c‘ommon.‘ This li‘t_ho'fa'cies ',domin_ates the upper part . of the
section and western basinal ‘,areas.‘ Mudstone lithofacies represent‘ deposition in very
distal deltaic and lacustrine environments. - This lithofacies is moSt common in‘ the
upper part of‘the Dockum section. |

Nine lithofacies are recogniz}ed‘:-in‘ core‘ifrom the’Dockumv Group. ‘YCIay'stone.
mudstone, and siltstone Iithologies‘are present in the ’tWO iacustrine system.lithofacies.
Dbeminant sedi‘mentary structures in.cllude‘ ‘burrouving,‘ fine Iamination. and ripple cross-

stratification. - 'Most lacustrine intervals exhibit. evidence of varying idegrees of subaerial

'exposurefand weathering, ranging from mudstone desiccation cracks to pervasive

brecciation, calcification, and reworking of ripup clasts. Four deltaic lithofacies are
identified, representing the endpoints of delta evolution. . Sequences of ripple and

ripple-drift cross-stratified siltstone and soft sediment deformed. interbedded. siltstone

‘and fine- to coarse-grained sandstone represent distal and proximal delta-front -

lithofacies. Delta abandonment is recordedin n'iudflat lithofacies of finer interbedded

mudstone, siltstone, and sandstone and in marsh or swamp deposits that accumulated

~ on abandoned distributary channel deposits..‘ ",TWQ fluvial lithofacies, including delta

distributary channels, are thick. interbedded. fine-to-coarse sandstone and‘conglomerate

- with upward-fining grain-size trends and sedimentary structures. A single occurrence

 of a graded mudclast conglomerate suggests deposition by bed-load streams "on' an
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eXposed mudflat during a period of low lake level. v]A’ single eolian lithofacies -

developed on the distal end of an alluvial-fan deposit.
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