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ABSTRACT

Late Triassic (Dockum Group) rocks accumulated in a relict Paleozoic
basin defined, in Texas, by the Amarillo Uplift to the north and the Glass
Mountains to the south. This basin was reactivated during Late Paleozoic or
Early Mesozoic by tectonic activity that probably was related to the opening-
up of the Gulf df Mexico. The basin subsided, some relict positive elements
were up]ifted, and sediments began to accumulate in the basin.

Moré than 2,000 feet of terrigenous clastics, derived mostly from older
Isedimentary rocks, accumulated within the basin. Source areas were in Texas,
Oklahoma, and New Mexico; sediment transport was from the south, east, north,
and west. The Dockum Group accumulated in a variety of deposftiona1 systems

~including: (1) braided and meandering streams; (2) alluvial fans and fan

deltas; (3) distributary-type lacustrine deltas (highly constructive ]obatel
deltas); (4)_]acustrine systems including ephemeral and relatively long-1ived
lakes; and (5) mud f]atsl

Dockum sediméntation was cyt?ic. .Underlying causé of cyclicity was
alternation of humid and arid climate; tectonism most likely was the climatic
trigger. During humid c]imatic conditions lake Tevel was relatively stable
(lake area and depth were maximum); meandering streams supplied sediment to
high-constructive lobate deltas in the central basin area (Texas and New
Mexico) whereas braided streams and fan deltas wére 3ominant depositional
elements within southern and northern basin areas. Lake area and depth
decreased during arid Elimatic conditions, base Tevel was lowered, valleys
were cut into older Dockum deposits, and relatively small fan deltas were
constructed along margins of ephemeral lakes; evaporites, calcretes, sil-
cretes, and soils developed upon floors of ephemeral lakes and on delta

platforms.



Occurrence of uranium in the Dockum Group has been known for years.
Association between depositional facies and uranium occurrence was first
documented through research by the Bureau of Economic Geology. Twenty-five
distinct depositional facies have been recognized in the Dockum; each of these
facies contains uranium. Highest uranium values are in lacustrine facies
which deve]opéd under arid climatic conditions; however, only a few areas

exhibited high values. Channel-lag facies of meanderbelt systems generally

exhibit consistently higher uranium values than other depositiona1'%acies.

Crevasse channel and crevasse splay deposits associated with meandering
streams and delta distributaries 1locally contain carbonized wood some of

which contains uranium. Facies of high-constructive Tobate deltas contain

uranium;- highest va]ues_are exhibited by delta front sandstones. Some valley-

'fill'deposits are mineralized; radioactive minerals mostly are within con-
glomeratic parts of the sequence.

Uranium depdsits within the Dockum Group are, for the most part, epi-
genetic and generally occur within sandstone bodies. Four sources of uranium
for Dockum mineralization are possible: (1) Triassic volcanics; (2) igneous
“rocks in Oklahoma; (3) Cretaceous volcanics; and (4) Tertiary volcanics.

- Although there is a relationship between uranium occurrence and deposi-
tional facies, ﬁrediction of areas of uranium occurrence is difficult because
of a rather complex ground-water history. Ground-water flow was for the host
part basinward (down depositional slope) during deposition and shallow burial
of the Dockum. Erosion during Jurassic Qnd Early Cretaceous influenced local
ground-water flow which would have been toward erosional lows. Ground-water
chemistry was probably affected by marine transgression during Cretaceous.
Following accumulation of Cretaceous sediments, erosion again dominated the

area of the Dockum basin; erosion prevailed until sometime during the



Pliocene. Pliocene (Ogallala Formation) wet alluvial fan deposits accumu-
lated upon a highly disﬁected surface underlain in part by Cretaceous rocks,
but most of the area was underlain by the Dockum Group. During and subsequent

to Pliocene deposition ground-water flow was to the east in both the Oga11éla
Formation and thé upper part of the Dockum Group.

At present, there are two favorable areas for uranijum exploration in.
outcrop: (1) Tule Canyon-Palo Duro Canyon area, and (2) from southern Dickens
County Soythward through Mitchell County. Within the subsurface a widespread
radiometric anomaly occurs at the top of the' Towermost progradational
sequence; this anomaly is a few hundred to more than I,OOU.feet below ground
surface. A fourth favorable area for uranium exploration is the uppefmost
Dockum which has been dissected and is immediately overlain by the volcanic

‘ash-bearing Pliocene Ogallala Formation.






INTRODUCTION

The Dockum Group in northwestern Texas and eastern New Mexico was studied
in outcrop and subsurface in cboperation with the U. S. Geological Survey
(Grant Number 14-08-0001-G-410) for the purpose of: (1) determining the
depositional systems within the Dockum, (2) establishing relationships
between uranium occurrence and depositional facies, and (3) deriving a mﬁde]
which may be employed in uranium exploration.

A first report on the Dockum Group, submitted to U. S.‘GeologicaT Survey
in February, 1978, concerned the lower half of the Dockum Group (in outcrop
and subsurface) in Texas and New Mexico south of the Matador Arch. The first
report described the depositional framework for the lower half of the Dockum
Group. Most conclusions contained in the first report were derived from
reconnaissance and detailed outcrop studies. ~ Initial subsurface analyses
south of the Matador Arch indicated that depositional facies recognizable in
outcrop could be identified and mapped in the subsurface. The first report
emphasized a comb%nation.of tectonic and climatic controls on Late Triassic
fluvial, deltaic, and lacustrine sedimeﬁtation. It tentatively conc]uded
that opening-up of the Gulf of Mexico strongly influenced the style of Dockum
deposition. .It Qas also postulated that volcanic activity that accompanied
horst and graben development was a possible source of uranium-bearing
detritus from which radioactive materials contained within parts of the
Dockum were derived.

Subsurface work, tﬁroughout the Dockum basin in Texas and New Mexico, was
performed contemporaneously with outcrop work. Each phase, outcrop and sub-
surface analyéis, was cbmpared with the other to verify the validity of the

environmental interpretations. There is general agreement between facies



interpretations made from outcrop studies and sandstone trends and gamma-ray
log characteristics for the subsurface Dockum.

This report emphasizes the subsurface Dockdm Group in 51 counties in
Texas and éight counties.in New Mexico and selected outcrop areas in Texas and
New Mexico. The entire Dockum Group was investigated for the purpose of
determining: (1) the depbsitiona] history of the southwestern Triassic
basin, (2) depositional systems operative during_accumulation of the Dockum
Group, aﬁd (3) the subsurface distribution of radioactive anomalies and the
association (if any) of those anomalies with depositional facies.

Sections of this report were written by McGowen, Granata, and Seni. The
following sections were written by McGowen: (1) ébstract, (2) introduction,

(3) parts of the section on outcrop geology (part of the Northeastern New

‘Mexico area, and all of the Canadian River Valley, Tule Canyon, Dicken-

Mitchell County area, Deposifional Systems, Modern Analogues for the Dockum),
(4) Dockum Depositional Systems: A Summary, (5) Uranium Occurrence in Dockum
Outcrop Facies, (6) Depositional and Erosional Events that Affected the
Dockum Ground-Water System, (7) Hypothetical Evolution of Ground-Water
Systems, (8) Possible Uranium Sources, Mechanisms and Timing of Emplacement,
and (9) Conc]usions.. Granata's primary responsibility was the Dockum sub-
surface. Granata wrote the following sections: (1) Regional Geology of the
Dockum Group, (2) part of the section on outcrop geology (the major part of
Northeastern New Mexico area), and (3) Radioactive Anomalies from Subsurface
and Radiometric Data, Dockum Gkoup. Seni's primary responsibility Qas out-
crop work in Palo Duro Canyon. Seni also participated in part of the regional
outcrop reconnaissance work, and detailed outcrop work in Garza County. The

section on outcrop geology of Palo Duro Canyon was written by Seni.
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More than 2;000 gamma-ray logs from oil well boreholes were used in the
subsurface study. Rock cuttings from several boreholes were described;
lithic descriptions were used as a means to check Tithic interpretations made

from gamma-ray log patterns.
General Setting

The Upper Triassic Dockum Group accumulated in a basin that underiies
96,000 square -miles (249,600 kmz); parts of Texas, New Mexico, Colorado,
~ Kansas and Oklahoma (fig., 1). The area of investigation in Texas qnd eastern
New Mexico covers 73,000.5quare miles (189,800 kmzd. Location and geometry of
the basiﬁ appear to be related to Paleozoic structural elements (fig. 2) whichl
probab]y'originated in Late Mississippian (Nicho]son, 1960). 'In the northern
. part of the area relict structural elements are the Amarillo Uplift and Bravo
-Dome. Structure in the southern part of the basin is bartia11y'obscured by
.evaporité solution resulting from Cenozoic surface drainage (Miller, 1955;
Hills, 1972). The Matador Arch apparently was inactive during Late Triassic
and exerted little influence on sedimentation. _Sandstdne'depositiona1 pat-
terns in the lower half of the Dockum were unaffected by the Central Basin
Platform (fig. 3).

Dockum and unaerlying Permian Strata are red,lbut Dockum facies, which
accumulated in fluvial, deltaic, and lacustrine environments are in marked
contrast with Permian evaporites and terrigenous clastics which were depos-
ited under arid conditions in restricted, shallow, hypersaline water bodies,
tidal flats and sabkhas. 1In some areas Permian and Triassic strata are
separated by an unconformity. Elsewhere sedimentation appears to have been
continuous from Permian into Late Triassic time. Lower and Middle Triassic
deposits are perhaps represented by such Upper Permian deposits as Pierce

Canyon redbeds (Lang, 1935) and Dewey Lake redbeds (Page and Adams, 1940).
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Figure 1. Area underlain by Triassic Dockum Group (Texas, Oklahoma, Kansas, Colorado, and New

Mexico),
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The Dockum basin received sediment from the east, south, west, and north.
Lowlands to the east and west were traversed chiefly by meandering streams.
Higher gradient streams with flashy discharge existed at northern and
southern ends of the basin. Chief sediment sources were Paleozoic sedimentary
. rocks. |

In this report, Triassic strata are analyzed in terms of genetic facies
that compose depositional systems, and Dockum Group is the only formal strati-

graphic term applied.
Prévious Studies

Numerous studies have been made of the Dockum Group during the past 80-90
years, Cummins (1889) named the Dockum Group-which was divided by Gould (1906
‘and 1907) in the Canadian River valley area, into a Tower mudstone (Tecovas
Formation) and upper sandstone (Trujillo'Formatibn). Adams (1929) was among
the first to attempt to interpret the depositional environment of the Dockum.
He believed that the Triassic deposits south of the 33rd parallel accumulated
in a flood plain-alluvial fan setting.

Several dissertations and theses have dealt with specific stratigraphic,
paleontologic, and sedimentologic aspects of ;he Dockum Group (Green, 1954;
Kiatta, 1960; Cazeau, 1962; and‘Cramer, 1973)." Asquith and Cramer (1975)
studied sandstones within the Tecovas and Trujillo Formations. A1l these
workers agree that the Dockum is the product of a continental regime.

According to Green (1954) the Uockum probably accumulated under pre-
vailing semiarid conditions that at times became more humid and at other times
shifted toward aridity. Kiatta (1960) believed the Tecovas was deposited on a
flood plain and the Trujillo accumulated in stream channels. Cazeau (1962)

stated that early deposition of the Dockum Group was chiefly on flood plains,




succeeded by deposition in lacustrine or estuarine environments. Asquith and
Cramer (1975) state that sandstone bodies within the Tecovas represént point
bars of‘meandering streams and that Trujillo sandstone bodies were laid down
as braided alluvial sheets.

Finch (1975) reported on the occurrence of uranium in the Triassic. He
inferred that”thg Tecovas Formation represents chiefly lacustrine and deltaic
sedimentation and that {he-Truji1]o Formation consists of fluvial sandstone

and conglomerate and lacustrine and deltaic mudstone.
Subsurface Procedures

- Approximately 2,000 gamma-ray logs compose the data base of the subsur-
face study. Few electric logs that penetrate the Dockum section are avail-
‘able, and most of these are of poor quality because of low contrast between

the salinity of borehole fluids and formation fluids. Also, for purposes of

mapping sand facies, data from. electric logs were found to be incompatible

with that from gamma-ray logs. .The SP curve, for -example, reSpénds somewhat
to porosity and thus responds to "sandstones" by a textural definition. Thus,
an SP log might show as. "sandstone" a ro;k compoéed of sand-sized clasts of
mudstone. Gamma-ray logs, on the other hand, measure the natural radio-
activity of rocks. Radioactive elements such as uranium, thorium, and potas-
siumlemit gamma rays. Sediment containing clays with a high pofassium content
(e.g., i1lite) have higher gamma radiation levels than clean (no interstitial
clgy) terrigenous silt and sand. Thus, gamma-ray logs respond to "sandstone"
of a mineralogical definition. In this study, therefore, we are mapping
"sandstone" facies composed of relatively clean quartz sandstones and silt-
stones. This general relationship between gamma-curve response and Tithology
was verified by comparing lithic composition from well cuttings with gamma log

properties.



By mapping clean quartz sandstones and.si1tstones, we are mostly looking
at sediments derived from outside the ﬂmnediate basin of deposition and depos-
ited by processes conducive to'good sortiné of sediment (e.g., longer dura-
tion, ]gwerlintensity). Such processes were operative during.high base level

stands (documented by outcrop studies). High base level stands were dominant

early within the two major Dockum cycles (discussed in sections on Dockum’

Stratigraphy) and became less common later in these cycles. Sedimeﬁts_that
compose ]ow stand deposits (documented in outcrop studieé)_were eroded from
older Triaséicldeposfts and, consequently, a large proportion of these sedi-
ﬁents were derived from O]der qustone facies. Many sand and gravel-size

clasts undoubtedly are recorded as fine-grained deposits on gamma-ray logs.

Hence, sand percentage maps probably reflect principally depositional systems'

‘operating during high stand.

An additional limitation is inherent inzinterpretations based on gamma-
ray logs alone. ‘Sandstones with a high content of wuranium or potassium-
bearing mica may appear on gamma curves as mﬁdstones. Though prohéb1y signif-
icant on a smaller scale it was assumed that these errors did nof affect
regiona1 sandstone distribution patterns.

It was obsérved that for a given gamma-ray log, the net thickness of low-
gamma-ray-level response within the Dockum section was relatively 1owl The
net thickness.of 1ntermediate-gamma—ray—]eve] responses was relatively high.
In tabulating sandstone thickness data, a vertical line was drawn on the log,
far enough to the left (Tow on the radioact?Vityhsca]e) to exclude the bulk of
the intermediate-gémma-réy—]eve] responses. The parts of the curve to the
left of this line were counted as sandstone (fig. 4).

The terrigenous clastic section immediately below the Dockum is known as

the Pierce Canyon redbedé (Lang, 1935) 1in the Delaware Basin and is called
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Dewey-pake redbeds (Page and Adams, 1940) in the Midland Basin. According to
Miller (1955) the Pierce Canyon and Dewey Lake redbeds are lithically homo-
geneous and consist of very thinly and éven1y bedded, clayey and sandy silt-
" stone cemented with gypsum and calcite. Subsurface data generaﬁed during this
investigation suggests that this clastic interval maintains this uniform
lithology over a wide part of the Dockum basin, thereby producing a reference
section of known lithology on each log. Placement of the "sand 1ine" on logs
was a]ways made so as to exclude the Dewey Lake siltstones. ;This procedure
served to guard against variability in logging tools and in amg]ification
(scales) ambng logs. |
Limited interpretation of vertical textural trends were also made from
individual gamma-ray logs. Gamma-ray logs have been used in the interpreta-
tion of depositional environments of terrigenous clastic deposits that under-
lie parts of the North Sea (Selley, 1976) and the sedimentology of petroleum-
bearing strata in the Niger Delta area (Weber, 1971). 1In these two studies
gamma-ray logs were used in the manner that SP curves are used to determine

textural trends.
Qutcrop Methods

Rocks were stUdﬁed in outcrop (both reconnaissance and detailed field
work) by measuring and describing sections and by makihg photomosaics where
extensive Tlateral exposures were present. Rock color, 1ifh01ogy, vertical
and lateral variations in scale, and type of primary sedimentaty structures,
textural trends, biological constituents (body fossils and ichnofossi]s), and
accessory or minor rock types or mineral components (for example, chert,

gypsum, and salt casts) were recorded for each outcrop area.



Depositional facies were determined in the field at each outcrop. Cross-
sections and fence diagrams were constructed from outcrop descriptions;
photomosaics were also utilized for facies mapping, particularly where out-
crops were inaccessible. |

At each outcrop directional features (axes of trough-fill cross-strata,
dip direction of foreset cross-stfata, direction of ripple migration, and
parting lineation) were measured if exposed on a bedding surface where there
was no dqubt as to the type of sedimentary structure being measured. Direc-
tional features in conjunction with sand-body geometry were used tq determine
sediment transport direction.

Samples were collected at all outcrops for analysis of uranium content.
The objective was to determine.the uranium-bearing potential of each deposi-
'tional facies. Thin sections and clay mineral slides were‘made from represen-

tative samples from the entire Dockum outcrop.
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REGIONAL GEOLOGY OF THE DOCKUM GROUP
Structural and Stratigraphic Framework

The major structural features of the Dockum depositional basin are shown

in figuré 5, which shows present structural relief on the base of the Dockum.
Study of Dockum depositional facies indicates that.basin configuration during
Dockum deposition was apprﬁximately the same as that preserved today. The
regiona]_strucfural setting of the Dockum Group is characterized by a series
of interéonnected basins separated to varying degrees and ]oca1]y‘bounded by
structurally positive features. These basins and highs, active during
Permian deposition, appear overall to have exerted less influence on Dockum
than on Permian sedimentation. Basinward stratigraphic thickening within the
‘Dockum is typically five feet pér mile (1 m/km). Observed in butcrop, rock
sequences from individual (not vertically stacked) depositional systems are
generally less than 100 feet (30 m) thick. Depositional facies suggest that
both differentia1 structural movement and topographic relief were low within
the Dockum basin. Effect of individual structural features on different
attributes of the Dockum are discussed_with those attributes. |

Figure 6 shows the position of cross sections used in this report. Cross
sections and the thickness map for the Tower part of the Dockum (fig. 7)
indicéte that the center of the Dockum depositional basin lay close to the
center of the Midland Basin in Late Permian time. Therefore,- an erosional
uﬁ;nnformity between Dockum and underlying units is unlikely at Teast at basin
center. Figure 8 (isopach of Dewey Lake interval) exhibits areas of pre-
Dockum erosion. In Texas these areas coincide with the crest§ of three
structurally high features: (1) the Central Basin Platform, (2) an unnamed

arch in and northwest of Sterling County, and (3) the Bravo Dome. In New
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Mexico along a northwest trend across the northwest part of the study area,
_ rocks of the Dockum Group lie on progressively older Permian rocks. In
southeastern Colfax County, New Mexico, McKee and others (1559) report rocks
of Pennsylvanian <and Precambrian age immediately beneath the Dockum.
Throughout most of the study area Dockum rocks are underlain by a continuous
terrigenous clastic interval known as Dewey Lake redbeds in the Midland Basin
and as Pierce Canyon redbeds in the Delaware Basin. Paleontological evidence
for the age of the Pierce Canyon/Dewey Lake interval is lacking. However,
cross section MM' (fig. 9) suggests a ﬁiréct correlation between the Pierce
Canyon of the Delaware Basin and the Bissett Conglomerate outcrops of the
‘Glass Mountains. King (1935) concluded that physical and paleontological
evidence favor an Early Triassic age for the Bissett. Thus, the Pierce
Canyon/Dewey Lake interval may represent the "missing" sediment interval
befween the Permian and the continuously deposited Late Triassic Dockum
Group.

The base of the Dockum is defined on gamma logs for the purpose of this)
study as the base of any muds (high radioactivity response) immediately under-
lying lowest Dockum sandstone (see fig. 10 wells 96, 486 Gaines County), or
conversely as the top of the siltstone interval (intermediate radioactivity
response) immediately overlying the Perhian évaporite section. This defini-
tion holds over most of the Midland and Delaware Basin, over the western part
of the Central Basin Platform, and over parts of the Palo Duro Basin. Around
the margins of the basins where units thin somewhat and where there is consid-
erable vertical and lateral lithologic variation both within the Dockum and
the Upper Permian, the base-of-Dockum pick is correlated from well to well.

In the extreme southern part of the Midland Basin a 25-200-foot, progra-

dational (coarsening upward) sequence of sediment 1lies between what is
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defined as top of the Dewey Lake and base of the Dockum. This lobe (labeled "8
Lobe" on cross sections BB', fig. 10, and MM', fig. 9) of sediment is mapped
in figure 11. B Lobe is lithologically similar on gamma-ray logs and has a
direction of transport simflar to overlying lowest Dockum sediment. Whether
or not this early pulée of .sediment from the relatively acti&é southern source
area is equivalent to ény of Bissett Conglomerate/Pierce Canyéh section in the
Delaware Basin is not known due to truncation of the Dockum section 0§er-the
Central Basin Platform.

The sub-Dockum unconformity in and west and northwest of Quay County
(cross section LL', fig. 12), New Mexico is of extremely Tow angle over much
oflits extent. In outcrops along the Pecos River north and south of Santa
Rosa, erosional relief was found to be less than one foot (.3 m) over the
‘distance of single exposures. This hiatus is considered to.-represent a period
of gentle erosion or nondeposition. The lower sandstone member of the Santa
Rosa Séndétone (informal stratigraphic members mapped by Gorman and Robeck,
1946) appears on gamma-ray logs as a mudstone intefva1. This mineralogically
dirty sandstone fhus appears on the hap of the Towest Dockum mudstone-(fig.
13) ag»a southeasterly directed lobe. The outcrop equivalent of this“sand—
stone accumulated as a 1owlgrad1ent fan. It differs in depositional style and
1ithology from overlying sandstones which are the lowest sandstones that are
correlatives of the rest of the Dockum basin. Thus, this sandstone (10Qer
member) may represent deposition during part of the missing interval below the
Dockum.

The'Dockum.Group is overlain by Jurassic sediments in'northeastefn New
Mexico (figs. 14 and 15). The original extent of Jurassic deposition is not
known. = Prior to deposition of Cretaceous strata Jurassic deposits were |

removed in basin margin areas and upper Dockum rocks were eroded. Present



Figure 13. Generalized isopach map. Towest Dockum mudstone unit. Mudstone unit (lake bottom
and prodelta) represents initial Dockum lacustrine transgression and subsequent deltaic pro-
gradation, respectively.

This lowest mudstone facies (and by {nference, the initial Tacustrine environment) is
absent north of Midland Basin, except in Tucumcari Basin. MNorth of Midland Basin'lowest Dockum
fluvial sandstones rest directly on pre-Dockum rocks. Large Tobes that occur in northwestern
and northeastern parts of map area are clay-bearing sandstones which, on gamma-ray logs, ap-
pear to be mudstones. These two clay-bearing sandstone bodies are equivalent to alluvial fan
deposits in outcrop.

The area of greatest thickness in the southeastern Midland Basin represents muddy pro-
delta facies where fan deltas entered the basin from the south.

An earlier, ‘lowest Dockum or pre-Dockum, deposit alse prograded into the basin from the
south. This unit is informally called "B-Lobe" (Fig. 11). Where sands-do not occur in the
"B-Lobe," it cannot he distinguished from the overlying Dockum mudstone unit; consequent]y,
thickest values represent an undivided "B-Lobe" and lowest Dockum mudstone unit.
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distribution of Cretaceous rocks suggests that the entire area presently
underlain by Dockum rocks was covered by the Cretaceous. Both Cretaceous and
Dockum focks were subjected to erosion prior  to deposition of ‘the Tertiary
Ogallala Formation. Cretaceous strata were removed from most of the Dalhart
Basin-Amarillo Uplift trend-Palo Duro Basin area and from a strip trending
east-west across the southern Midland Basin. This strip appears to have been
the ;tream' valley 'far an eastward-flowing Early Tertiary (pre-Ogallala)
stream.  Most of the area underlain by Dockum rocks was covered by the
Pliocene Ogallala Formation, largely wet alluvial fan deposits shqd from the
rising Rocky Mountains to the west. Subsequent to Ogallala depos{tion; ero-
sion of Dockum rdcks has been active along the eastern escarpment of the High
Plains, along the Canadian ana Pecos River valleys, in the structurally ele-
vated northwesfern part ﬁf the study area, and over the Central Basin Plat-
form. The upper'surface'of the body of Dockum rocks, though apparently
largely erosional; is dominated by a structural tilt to the southeast 'of 10 to

15 feet per mile (.5 to .75 m/km).
Deposition of the Dockum Group

Maximum preserved thickness: of Dockum rocks, 2,000 feet (600 m), occurs
slightly west of the center of the Midland Basin (fig. 16). In order to map
_more accurately sand facies within the Dockum it was necessary to subdivide
the Dockum iﬁto_thinner intervals. Dockum rocks are characterized by a
complexity of Tlocalized genetic units whoge.sand facies show very Tlittle
lateral continuity. Continuous or correiatable individual beds are non-
existent on the scale used in this study. In order to find correlatable
cycles of 1lithology useful for subdividing the sectfon, it was necessary to

look at "average vertical sections" derived from several c]ose]& spaced
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wells. Average vertical sections from different parts of the basin were then
- correlated. Two low frequency cycles of lithology were found to exist
throughout the study area upon which higher frequency lithic changes are
superimposed. The Tower cycle is charactgrized as having a sandy lower
segment which gives way to an increasingly muddy upper part. -The upper cycle
consists of a similar overall fining upward sequence in outcrops in the
northwestern part of the study area. Howéver, a fining-upward character is
not typical of this cycle farther south in the northwestern Midland Basin.
Here, sand from an eastern source was deposited throughout the preserved part
of the upper Dockum cycfe. Since the two Dockum lithic cycles are recog-
nizable throughout the basin despite differing source areas, they are in-

ferred to be due to climatic and/or tectonic variations.

Deposition of the Lower Cycle

The preserved extent of the lower Dockum cycle coincides with the maximum
preserved extent of Dockum sediments. It obtains a maximum thickness of about
1400 feet (420 m) south of the center of the Nidland Basin. Two hundred miles
(320 km) north in Quay Couﬁty, New Mexico, the equivalent section is 600 feet
(180 m) thick. |

The lowest part of the Dockum section is a.mudstone (fig. 10, section
BB', well #96 Gaines County) which varies from a few feet to about 200 feet
(60 m) thick (fig. 7). This interval is made up of lacustrine and proﬁe1ta
muds composing the basinward mudstone facies of both the initial lacustrine
transgression and the subsequent delta progradations.

The Tlowest Dockum sandstone (fig. 10, section BB', well #486 Gaines
County) represents the updip sandy facies of the initial progradational
sequence., It was derived from many different source rocks surrounding the

basin. This sand hés been mapped in New Mexico as the Santa Rosa Formation
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and has been informally called the Santa Rosa Sandstone throughout the entire
Midland Basin. Gorman and Robeck (1946) subdivided the Santa Rosa Formation
in north-central Guadalupe County, New Mexico, into four informal members, a
lower sandstone, a middle sandstone, a shale member, and an upper sandstone.,
Subsurface cross section XX' (fig. 17) is extended to the surface (fig. 18)
north of Santa Rosa, New Mexico in an area where the upper three members crop
out. The upper two sandstone members are not individually mappable units in
the subsurface. The Towest member, as mentioned previously, appears as a
mudstone En gamma-ray logs and is mapped in figure 13. .

An indication of the reﬁiona] distribution of depositional systems is
given by a map of the vertical sequence of lithologies at the base of the
lowest Dockum sandstone (fig. 19). A clearcut progradational (coarsening
upward) sequence is preserved only toward the center of the Midland Basin,
suggesting that the Ear]y Dockum lacustrine environment was confined to the
Midland Basin. The original extent of the lowest Dockum prograﬁationa]
sequence was moﬂified by subsequent scouring through the progradational
sequence by fluvial systems. ‘

Sand percentage maps suggest cumulative geometry of mineralogically
clean quartz sand bodies for the interval mapped. Geometry of a high-percent-
age sand area is determined by: (1) the distribution of sandstone within a
depositional systems, (2) the interrelation of sandstone bodies with sand-
stone bodies of adjacent systems, and (3) the amount of vertical stacking of a
single system or overlapping of adjacent systems through time. Subdivision of:
the Dockum Group into upper and lower parts for sandstone mapping was intended
to reduce number 3 above as much as possible. However, within the lower part
of the Dockum Group, sandstones near the base consist of vertical stacking of

1 to 4 progradational cycles. This type of stacking preserves paleoslope-
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indicative patterns but obliterates detailed sand patterns of sin§1e systems.
Overlapping throhgh time of adjacent systems occurs toward the basin center
and where adjacent basin margins meet at higher angles, as in Cochran County,
Texas. This overlapping tends to obscure even primary paleoslope trends.

The Midland Basin is rimmed on its western, northern, and eastern sides
by dip-oriented sand-percentage highs which bifurcate basinward (fig.l20).
In the subsurface adjacent to outcrops in the eastern Midland Basin, a west-
erly direction of transport indicated by subsurface sandstone trends corrob-
orates wiih directional data interpreted from outcrop. In the G§rza County
area where outcrops have been extensively studied, it is empirically known
that subsurface sandstone percentage patterns indicate fluvial and lobate-
delta sedimentation, though it is doubtful whether individual distributary
patterns would appear on a map of this scale. Vertical textural (lithology)
trends on individual logs (fig. 21, cross section CC') and when mapbed (fig.
19) indicate an increased proportion of deltaic over fluvial deposits downdip
from outcrop exposures. One distinct delta is visible on cross section CC'
(fig. 21) as a 1atefa11y continuous coarsening-upward sequence capped by
mudstone and bound laterally by mudstones.

The inference, by analogy, that similar depositional systems rimmed the
northern and western Midland Basin s consistent with other aspects of our
understanding of Dockum sedimentation. Vertical textural trends on indi-
vidual logs (figs. 22 and 23, cross sections AA' and YY') also suggest similar
fluvial-deltaic sedimentation along the northern and western margins of the

Midland Basin.
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The broader percent-sandstone patterns developed north of the Matador
Arch are probably due to: (1) the higher proportion of fluvial sedimentation
north of the arch, and (2) the decrease in density of well control north of
the arch. Outcrops in Palo Duro Canyon, Texas and in the Santa Rosa area, New
Mexico indicate that the Dockum Group consists of fluvial sands overlain
respectively by lobate-deltaic sandstones and fan-delta sandstones.

In the Delaware Basin and southernmost Midland Basin, broadly coalesced,
high percent-sandstone patterns define the extent of fan and fan-delta sys-
tems shed from source rocks to the south. Greater than 90 perceng sandstone
and up to 600 feet (180 m)'grOSs sandstone thickness-is indicated on gamma-ray
logs in parts of this system. Gamma curves typically show a scoured (abrupt)
base and a general coarsening upward trend through the lower part and a
generally fining upward trend through the upper part of this sandstone
sequence. This fan/fan delta system is separated from delta systems to the
north by an unnamed structural arch (fig. 5). The Dockum section 0ver1ying

the arch is characterized by a low ﬁand percentage (figs. 20 and 24).

Deposition within the Upper Cycle

Considerably less is preserved of the hpper Dockum cycle than of the
lower Dockum. Figure 25 shows the preserved thickness of this unit. Maximum
thickness of about 1,200 feet (360 m) occurs west of the center of the Midland
Basin. In New Mexico,-the base of the upper Dockum cycle corresponds to the
base of sandstones mapped in outcrop as the Cuervo or Middle Sandstone Member
of the Chinle Formation-(Kelley, 1972a). In Texas, along. the Canadian River
valley, the base of the upper cycle approximately coincides with the base of
the Trujillo Formation as mapped in Texag.

Sediment (rocks) of the upper cycle had a western source along the

western side of the Midland Basin (fig. 26). Minor sediment sources to the
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east contributed sediment to the eastern part of the basin. Rocks of the

upper cycle do not crop out in the southern part of the basin. In San Miguel

County, New Mexico, outcrops of sandstones at the base of the upper cycle show

a progradational sequence of thin overlapping delta lobes overlain by fluvial
sandstones. Individual delta lobes are typica]]y‘ls to 30 feet (5-10 m) thick
and contain at their base considerable quantities of rip-up clasts of lacus-
trine 1fmest0ne nodules and mudstone. These observations indicate that these

deltas prbgraded into a shallow body of water.

GEOLOGY OF SELECTED OUTCROP AREAS

Most of the concepts relative to depositional framework of the Dockum,
. tectonic and climatic imprint on sédimentation, and fluctuation of base level
during accumuiation of the Dockum Group were developed from oqtcrop observa-
tions. Intérpretation of the subsurface data was influenced by interpreta-
tions of outcrop geology, and subsurface work completed subsequent to the
outcrop ‘work tend§ to strengthen depositional facies interpretations of the
Dockum %n outcrop. | | |

Réconnaissance and detailed outcrop work was conducted throughout Texas
and in northeastern New Mexico (McGowen, Granata, and Seni, in press). Out-
crop data from northeastern New Mexico, Canadian River valley (Texas), Palo
Duro Canyon, Tule Canyon, and Dickens-Mitchell County area are summarized in
this paper, which emphasizZes .the regional subsurface distribution of the

Docka.
. Northeast New Mexico Area

Dockum rocks are exposed in a wide outcrop belt along the Pecos and

Canadian Rivers in DeBaca, Guadalupe, San Miguel, and Quay Counties, Hew
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Mexico. The exposed section includes perhaps the oldest and the youngest
preserved Dockum rocks.

The sandstone at the base of the Dockum is well developed in this area
and is mapped as the Santa Rosa Sandstone. The Santa Rosa has been subdivided
in outcrop (Gorman and Robeck, 1946; Finch and Wright, 1975) into a lower
sandstone member, a middle sandstone member, a shale member, and an upper
sandstone member (fig. 27).

'The‘16wer sandstone is characterized by a few feet to 100 feet (30 m) of
intrabasinal conglomerate and medium-grained sandstone at the base, fining
upwﬁrd to fine sandstone. Typical exposures include one to three ‘incomplete
sequences at the base and local rejuvenations of the sequence in the upper
part.

An idealized vertical section consists of: (1) massive sand and conglom-
erate channel fill, (2) 2 to 4 feet of crossbedded sandstone resulting from
lateral migration of broad shallow channels, and (3) thin bedded (1.0 feet, or
0.3 m) medium sandstone, becoming very thin bedded (1.0 inch{ or 2.0 cm)
upward. The Tower sandstone is interpreted as a 15w~gfad1ent alluvial fan or
fan delta deposit. Subsurface mapping and correlation indicate that the lowér
sandstone may predate most of the lower Dockum rocks.

The middle sandstone member, 60 to 130 feet (18-40 m) thick, is inter-
preted to be a coarse-grained meanderbelt system. The lower part typically
consists of'1 to 3 incomplete vertical sequences of ébandoned chqnnel fill and
lateral channel fill (pbint bar) deposits recording multiple channel migra-
tions. A cbmp]ete vertical sequence of about 40 feet (12 m) from scour pool
through upper point bar facies is preserved at the top of the middle member.
The sequence consists of: (1) about 5 feet (1.5 m) of conglomeratic medium-

grained sandstone, (2) from 4 to 6 feet (1.2 to 1.8 m) of parallel laminated
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medium-grained sandstone containing some large scale trough-fill cross-
strata, (3) approximately 20 feet (6 m) of moderately well-sorted medium-
grained sandstone consisting of small trough-fill cross-strata, and (4) about
5 feet (1.5 m) of ripple cross-laminated fine- to medium-grained sandstone in
one-inch to one-foot beds.

Lacustrine mudstone overlies ‘the middle sandstone member. Burrows,
plant material, and carbonate nodules are 1oca11y common in the mudstone.
Where overlain by én upper sandstone member, the mudstone ranges from a few
feet to 50 feet (15 m) thick. Lacustrine mudstone grades upward into progra-
dational deltaic deposits.

The upper sandstone is interpreted as a progradationa]/transgregsive
fan-delta sequence. The underlying lacustrine mudstone grades upward into
alternating mudstone and thin (1 inch, or 2 cm) sandstone beds. Mudstone is
characterized by soft-sediment slumps. Sedimentation units within delta
foresets increése'in thickness upward (up to 6 inches, or 15 cm). Broad (200
feet, or 60 m) scour channels truncate the upper parts of foresets. Some'
scour channel fill and foresets lateral to distributary channels consist of
alternating thin beds (1 foot, or .3 m) of ripple cross laminated medium
sandstone and thin (6 inches, or 15 cm) mudstone beds. Channel fill also
includes some lateral accretionary Eeds (alternate bars) and some 3 to 5 feet
(1 to 1.5 m) foreset crossbeds. Up to 80 feet (24 m) of 4-inch to 1-foot (10
cm to 0.3 m) beds of ripple cross-laminated sandstone represent a vertically-
stacked and Isoméwhat transgressive sequence of distal fan-delta facieé.
Small (50 feet, or 15 m wide) mud-filled abandoned channels occur in the upper
part of of the sandstone sequence. At the top of the sequence, sandstones

grade by interbedding into lacustrine mudstones.
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The upper three members of the Santa Rosa are interpreted to represent
deposition within a single fluvial-deltaic-lacustrine system. Outcrop and
subsurface data indicate that the coarse-grained méanderbe]t system was the
most widespread. During the initial progradational episdde of the Dockum,
fluvial sys;ems covered the entire San Miguel-Quay-Guadalupe and northern
DeBaca County outcrop area. The number of fluvial systems operative at this
time is not known. Subsurface data indicate that the fluvial environment
extended (figs. 13 and 19) to the Matador Arch, which is a step marking the
northwest margin of the Midland Basin. Midland and Tucumcari Basins probably
were the first sites of Dockum deltation. Expansion of the lacustrine envi-
ronment shifted deltation northwest into the oﬁtcrop area. Fluvial-deltaic
progradations are localized, and sandstone deposits exhibit limited lateral
'continuity above lacustrine transgression in the Dockum section. Lake level
fluctuations and changes in volume of sediment transported by streams prob-
ably caused shifting in sites of fluvial-deltaic sedimentation. The 500 feet
(152 m) of lacustrine mudstone that lies above Santa Rosa sandstones are
mapped as the lower part of the Chinle Formation in New Mexico.

Cuervo Sandstone Member (Kelley, 1972b) of the Chinle Formation records
an episode of fluvial-deltaic progradation into a shallow lake. The Cuervo
progradational sequence is 300 to 350 feet (91 to 107 m) thick. The Tower
part comprises overlapping small (10 to 30 feet, or 3 fo 9 m thick and a few
hundred feet wide) delta lobes interspersed with 30 to 60 foot (9 to 18 m)
intervals of lacustrine mudstone. Two to five delta lobes are stacked in a
typical vertical section. The ratio of quartz sand grains'fo intrabasinal
clasts increases from lower to upper delta units.

Delta foresets consist of conglomeratic sandstone containing intra-

basinal lacustrine mudstone and limestone-nodule clasts. Channel fill, made
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up of intrabasinal or quartz sandstone, truncates the tops of foreset beds.
From ba;e to top, stratification of channel-fill deposits consists of mas-
sive, trough cross-bedded, and horizontal beds. Foreset c?oss—bedded units
near the top of delta sequences may represent splay deposits. The uppermost
sandstones of a delta sequence are typically tﬂick, horizontally bedded or
ripple cross-laminated. The uppermost beds of a delta sequence are burrowed
and contain rare crustacean tracks. These biological structures record slow
depositiqn'f0]1owing delta abandonment and foundering.

The upper 30 to 50 feet (9 to 15 m) of the Cuervo Sandstone Member is
fluvial sandstone that scoured through most of the underlying progradational
sequence. Textural properties and sequence.of primary sedimentary structures
of the upper Cuérvo Sandstone Member are analogous to those of the middle

“sandstone membér of the Santa Rosa Formation and are indicative of a coarse-
grained meanderbelt system.

About 300 feet (91 m) of Chinle Formation overlies the Cuervo Sandstone
Member. This part of the Chinle is mostly lacustrine mudstone, but Tocally
there are 10 to 30 foot (3 to 9 m) thick sequence of deltaic sediment. The
upper surface of the Chinle is variagated purple, red, and light green, sug-
gesting a weathered surface. |

The Redonda Formation crops out within the Tucumcari Basin. Its south-
eastern subsurface extent is unknown. Redonda is interpreted as a shoreface-
lacustrine facies tract. Fluctuations in Take levé1 resulted in interbeddiﬁg
of those facies. The overall vertical sequence represents an initial expan-
sion of the lake across Chinle deposits followed by a progradation of shore-
face deposits through the lower half of the Redonda followed by gradual lake
expansion and lacustrine sedimentation through the upper part of the Redonda.

Bedding and 1ithology of the Redonda are laterally continuous. From offshore
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(Tacustrine) through shoreface the rock types are: (1) extensively burrowed
clayey siltstone, (2) burrowed sandy siltstone with some horizontal bedding
and wave ripples, (3) slightly bioturbated horizontally bedded silty fine
sandstone, and (4) horizontally bedded well-sorted fine sandstone with fore-
set cross-beds up to 1 foot (.3 m) thick. Some of the we11;sorted fine-
grained sandstones contain beds of curled (desiccation) mud dhips. Primary
gypsum crystals occur as bladgs and rosetteslwithin some of the sandstone
beds. Redonda sediments pfobabiy accumulated under relatively stable lake-

level conditions when climate was arid and sedimentation rates were slow.
Canadian River Valley

Nithinlthe Cénadian River Valley (in Texas) a lower mudstone sequence was
‘not investigated. A section west of Tascosa (south of fhe Canadian River) was
investigated. Here, sandstone sequences consist of over1appin§, broad sand-
stone bodies from 10 to 30 feet thick (fig. 28). Some sandstone bodieé.are
convex upward and have low-angle foresets along lateral margins thaﬁ afe
characterized by interbedded sandstone, siltstone, and mudstone. Dominant
sandsfone stratification is- parallel or parallel-inclined laminae; trough-
£i11 crosS—strétification- represents a minor type. Tﬁin channel-fill
deposits (from 2 to 5 feet thick) occur locally within sandstone sequences.
Channel-fill is fine-grained sandstone consisting chief1§ of trough-fill
cross-strata with some ripple cross laminae and mud drapes. _
Reddish-brown mudstone and siltstone that underlie and interfinger with
séndstone beds record multiple depositional events. Most of these sedi-
“mentary sequences begin with coéfse—grained siltstone or fine-grained sand-
stone characterized by para11e1 laminae, or massive mudsteone. Soft sediment

deformation is common to this facies.
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Figure 28. Schematic of fan delta deposits in Oldham County, Texas (Boys Ranch West 7.5-minute quadrangle), along right bank of Canadian
River, west of U.S. Route 385, and south of Fort Worth and Denver Railroad. Shown here are: (1) delta foresets consisting of (a) massive and
parallel laminated mudstone, (b) parallel laminated siltstone and sandstone, (c) ripple drift sandstone and siltstone, (d) discontinuous
siltstone and sandstone (pull-aparts), and (e) contorted sandstone (penecontemporaneous deformation); and (2) braided stream deposits consist-
ing of (a) parallel laminated fine sandstone, and (b) trough cross bedded and ripple cross laminated fine sandstone with mud drapes confined
to shailow braided channels. Braided stream deposits comprise a fan delta plain analogous to the modern Gum Hollow fan delta (McGowen, 1971).
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Straight channels up to 40 feet deep were scoured through sandstone
bodies into underlying siltstone and mudstone. Channel-fill is symmetrical
and asymmetrical indicating that currents at times flowed both parallel and

oblique to channel axes. Grain size of channel-fill deposits ranges from

* intrabasinal conglomerate (clasts were derived from older Dockum deposits) to

mudstpne.

_Stratifiﬁation of channel-fill consists of foreset cross-strata, trough-
fill cross-strata, paraile]llaminae, ripple drift, and ripple cross-laminae.
Foreset cross-stratified granule to pebble cong1omerafe is mostly ;onfined to
channel banks where foresets dip toward channel axes. Most trough-fill cross-

strata occurs in conglomerate and sandstone that occupy basal parts of the

channel fill. The most abundant stratification types within lower channel-

fi11 are parallel laminated and ripple cross lariinated siltstone and very

fine-grained sandstone that conform to the chgnne] perimeter. As a general
ruie, coarser sediment occupies channel banks, and finer sediment was depos-
ited near chanhel axes. -

Lower Dockum stréta near Tascpsé in the Canadian River Valley are inter-
preted to be a lacustrine-fan delta éoup1e. Mudstone and siltstone accumu-
lated in lacustrine and fan delta front environments. Sandstones were depoé—
ited on fan delta plains (McGowen, 197la, 1971b; McGowen' and Scott,llg?ﬂ).

Channels were scoured and filled when lake Tevel was Tlowered.
Palo Duro Canyon ’

| A detailed outcrop study was made of the western part of Palo Duro Canyon
during parts of the summers of 1976-77 (fig. 29). This area and the Canadian
River Valley area (Texas and New Mexico) serve as tie points (outcrop and

subsurface) for the Texas and New Mexico Dockum sections.
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From 300-400 feet (90 to 120 m) of Dockum are exposed in Palo Duro
Canyon. MWithin this area the Dockum records a complex depositional and
erosional history. Fluvial, deltaic, and lacustrine systems were dominant
when the Dockum was laid down. Fluctuations between humid and arid climatic
conditfons, oscillations in lake area and depth, soil and evaporite develop-
ment, and Scouring of narrow and relatively deep canyons all transpired during
the time the Dockum Group was accumulating.

Fluvial, deltaic, and lacustrine depositional systems comprise three
main progfadationa1 sequences in Triassic rocks exposed in Palo quo Canyon.
Interpretations of depositional environments are based on data from: (1)
thirty-three measured sections, and. (2) forty-seven photo mosaics (fig. 30)
which were used to determine vertical and lateral facies relationships.

In the Palo Duro Canyon area the combination of fluvial, deltaic, and
lacustrine systems are geneticdl]y linked to produce progradational se-
quences. One transgressive valley-fill sequence was observed in this area.
Three vertically superposed progradational sequences characteristically begin
with lacustrine mudstone and end with f1uvia1—de1£aic sandstone-conglomerate.
This reflects a minimum of three complete cycles beginning with Tlacustrine
deposition and ending with fluvial-deltaic progradation.

Lacustrine rocks are composed of two lithologies: (1) varicolored bur-
rowed mudstones, and (2) calcareous zones. Burrowed mudstones make up more
than 90 percent of the Tlacustrine section. Mudstones accumulated in lake
center environments. |

Calcareous nodules consisting of microspar calcite, sparry calcite, and
minor dolomite are paleocaliche horizons that separate mudstone units.
Caliche formed in intermittently dry mudflats or possibly within a shé110w

subsurface diagenetic environment. Textural trends are not obvious within
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vertical sequences of lacustrine rocks.. Characteristics of the lacustrine

deposits are illustrated in figure 31.

Delta system rocks are texturally diverse depositional units that can be:

categorized as shallow-water and deep-water lacustrine deltas.

Shallow-water lacustrine deltas overlie lacustrine mudstones and are
capped by fluvial sandstone-cqng]omeréte sheets deposited on fan delta plat-
forms. Shallow-water lacustrine deltas are characterized by this sedimentary
package ;hat accumulated in delta front, distributary channel, and channel
mouth bar environments. " Slump structures are common to this sequence. The
characteristics. of 5ha110w—water lacustrine deltas which prograded into water
1 to 10 m (3 to 30 feet) deep are illustrated in figure 32. |

A common attribute of deep-water lacustrine deltas is thick'sequences of
‘delta front foresets. Foresets are 8 to 15 m (25 to 50 feet) thick indicating
that deposition occurred in a lake basin at least 8 tﬁ 15 m deep. Features of
deep-water Tlacustrine deltas are exhibited in figure 33.

Fluvial sandstone-conglomerate bodies occur in two distinct geometries:
(1) sheets, and.(2) linear belts. be]ta systems are capped by sandstone-
conglomerate sheets that represent deposition on fan delta platforms by
coarse-grained braided streams. One fluvial sandstone~cong1qmerate body com-
prises a linear belt of valley-fill. This sequence is répresented by thick
channel-fill lenses, some of which are composed ﬁf chert pebble conglomerate.
Properties of valley-fill depdsits are shown in figure-Sd;

Eight Tlithofacies ﬁave been -identified in the Palo Duro Canyon area

(table 1). Lithofacies are defined on texture, mineralogy, sedimentary

structures, and vertical and lateral relationships of component depositionaf

units.
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LACUSTRINE DEPOSITIONAL SYSTEM

DESCR

IPTION
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Figure 31.

Scoyenia and Teichichnus, and caliche horizons.

Lacustrine system deposits are characterized by fine-grained mudstones bearing
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Shallow-water lacustrine deltas are characterized by coarse-grained delta platform
sandstone-conglomerate sheets that overlie progradational coarsening-upward lacustrine and
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VALLEY FILL: TRANSGRESSIVE FLUVIAL-DELTAIC SEQUENCE

DESCRIPTION

TEXTURE

INTER=

Inclined thin interbedded
reddish-brown silistone, fine
sandstone and mudclast ccnglomerats;
sedimentary structure ripple
crossdaminae, horizontal

laminae, and structureless,
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Light-brown to grayish-green ling 1o
medium sandstone

symmetrical lens; channel fill

lines upward; basal part of

channel fill is conglomeratic
medium sandstona; upper part

of channel fill s hamatitic fine 10

structures are trough-fill
cross-stratilication; paralle!
laminatians, and rare foreset cross-stratilication,
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Figure 34. Valley-fill system comprises a transgressive fluvial-deltaic-lacustrine system that

is composed of a basal fluvial chert pebble conglomerate, overlain by delta distributary, and

delta front deposits that are capped by lacustrine mudstones.
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Characteristics of fluvial, deltaic, and lacustrine
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Tab]g L. facies,
Dockum Group, - Palo Duro Canyon area.
LITHOFACIES ENVIRONMENT | TEXTURAL TREND STRUCTURES THICKMNESS

Gravel Sand

Mud

Lacustrine Lake center, Burrowed sandy mudstone, desiccated and Total_ZQ to 50 m,
(1) Burrowed mudstone | |ake margin breccialed, popcorn weathering surface ?e?: EI'S 1::115
Calcareous zones are discrete pisolitic and Total less than
(2) Calcareous zones Lake margin burrowed nodules; elay and quartz sand Ttodm,
" mudflat normally in microspar calcite matrix; individual zones -
01to1m

" Deltaic
(3) Parallel bedded,

horizontal, sheet,
siltstone-sandstone-
conglomerate

Lacustrine fan "
delta front,
shallow water
1to 5 m deep

sparry calcile, dolomite and opal also present

=

Parallel bedded,
inclined, lobate,
siltstone-sandstone-
conglomerate

Lacustrine delta
front foresets,
deep water 5 to
greater than

15 m deep

Parallel laminae, ripple drift, contofted
laminae, and soft-sediment slumps and
faults; trough-fill cross-stratification is rare

Total 5to 165 m,
individual units
Tto7m

Ripple-cross laminae, ripple drift, parallel
laminae; trough-fill cross-stratification and
soft-sediment faults and slumps are rare;
sedimentation units are inclined and
wedge shaped :

Total 15 to 35 m,
genetic units
5to15m

‘Mudclast

Interdeltaic

Total less than 1 to

4 muclflat, Ripple drift is the primary sedimentary "
-siltstone-sandstone embayment structure; contorted laminae is comymion (;ODSm;ugeﬂnil:; it
. - Trough-fill cross-stratification; texture Lsisasg l;:l
) ,s.ymmetr:cal channel-| Distributary fines upward, ripple-cross laminae and ool
fill sandstone channel L

Fluvial
(7) Sheet sandstone-

conglomerate

Fan delta - delta
platform

" parallel laminae at top

{8) Stacked channelfill

sandstone-
conglomerate

Fluvial valley fill

Trough-fill cross-stratification is the most
abundant sedimentary structure; ripple
cross-laminae and parallel laminae at top;
accretionary grain and curved bed set
boundaries are common ‘

Total 10 to 30 m,

‘individual sheets

2t020m

Multiple channel-fill scours; trough-fill
cross-stratification occurs at base of
channels; cross strata fines upward; paralle!
laminae occurs at top

Total 20 to 45 'rn,
individual channel-

“fills7 te 20m
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Lacustrine System

Lacustrine system rocks accumulated in two environments--lake center and
intermittently dry mudflats. These environments coincide with two distinct
lithofacies--burrowed mudstones and ca]careoué_mudstones respectively. Vari-
colored, burrcwed lacustrine mudstones make ub more than 90 perﬁent of ?he
lacustrine section. and as much as 20 percent of the total Dockum section.
- Caliche horizons, whiﬁh constitute less than one percent of the Dockum, formed
on intermittently dry lacustrine mudflats.

Lacustrine Mudstones

Varicolored lacustrine burrowed mudstones occur in four to seven genetic
packages concentrated in the 10wef 70 m of the Dockum. Mudstone units are 1
to 10 m thick and are distinguighéd by color ranging from purple, reddish
‘purple, reddish brown, to-dark yellowish orange.

Mudstone geometry ranges from horizontal blankets to broad lenses. Mud-
stone thickness decreases toward the southwest. Although the total thickness
of the Dockum increases to the west beneath the High Plains, sub-bésins may
have been Tlocally 1mp0rtaht areas of sediment accumu1ation.

Small-scale structures in lacustrine mudstones are predomihant]y burrows
and desiccation fractures associated with caliche horizons. Primary sedimen-
tary structures have been destroyed by intense burrowing which produced
Scoyenia (Hantzchel, 1962). Cross sections through Scoyenia reveal arcuate
back-fill structures or spreite.

The texture and mineralogy of 1acusfrine mudstones is uniform. Silt-and
sand-sized quartz grains are rare to common. Smectite and illite are the
common clay minerals. Complex suites of diagenétic carbonate and siliceous
minerals associated with caliche horizons formed within subaerially exposed

Tacustrine mudstones.
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Caliche Horizons

Paleocaliche occurs as thin layers of CaTcareous mudstone nodules com-
prising microspar, sparry calcite-filled fractures and some dolomite. Sili-
cified evaporite nodules afe rare. Paleocaliches are interbedded with 7lake
center muds indicating that lake fluctuations subaerially exposed broad areas
of Take muds. |

Silcretes situated in the lTower 5 to 20 m (16 to 65 feet) of the Dockum at
Wayside Crossing in Armstrong County and near Siiverton in Briscoe County
m1ght_havé formed confemporaneously with pé1eoca1iche5. Ca?careoug zones and
nodules similar to those in the Dockum are described by Nagtegaal (1969) in
Permian and Trijassic paleocaliches in Spain.

Summary |

Lacustrine mudstones were depdsited in the lake center environment by
sedimentation from suspension. The fine grain size indicates that Tow-energy
conditions-prevaiied.during deposition. Stratification was destroyed by ubi-
quitous and thorough burrowing which indicates that bottom waters were
oxygenated and thét the lake system was not highly stratified as postulated
for the Tlacustrine environment'in which the Eocene Green River Formation
accumulated (Bradley, 1964; Picard and High, 1968; Eugster and Bradley,
1969). |

Caliche horizons developed on lake center mudstones suggest. that 1ake
level fluctuations subjected 1acustr1ne muds to arid c]imate_conditions.
Ephemeral Lake Eyre, Australia fs a possible Mbdern analogue for part of the

Dockum (Bonython and Mason, 1953).

Deltaic System
Deltaic rocks comprise central parts of three major progradational

sequences. - Seven westward prograding delta lobes were identified within

these three major sequences. One lobe prograded southward. Lacustrine mud-
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stones underlie deltaic siltstone-sandstone-conglomerate, and fluvial sand-
stone-conglomerate sheets overlie deltaic rocks and mark upper limits of
progradational sequences.

Delta components are delta frﬁnt, delta foreset, interdeltaic mudflat,
and distributary channel. Burrowed lacustrine mudstones grade 1atera]iy and
‘upwards into distal delta front siltstone. Delta platforms comprise coarsé-
grained sandstone-conglomerate sheets. Two Tacustrine delta models, (1)
shallow-water delta, and (2) deep-water delta, are proposed for Dockum del-
taic deposits.

Thin-bedded delta front deposits of .shallow-water deltas contain mud-
clast and caliche granule conglomerate interbedded with texturally mature,
horizontally-laminated very fine-grained sandstone. Interbedding of mature
very fine sandstone and immature sedimentary rock fragment conglomerate is
typicé] of delta-front deposits of shallow-watér deltas. Soft sediment slump
structures are common to delta front deposits.

Within the Tower 70 m of the Dockum,-shal1ow-water lacustrine deltas were
developed in 1 to 10 m (3 fo 30 feet) of water as base level fluctuated during
arid climate conditions. Coarse.debris, eroded from older Dockum deposits,
was transported across delta platforms by braided streams and was deposited as
frontal splays. Lacustrine expansioh flooded and buried deltaic deposits
beneath lacustrine mudstones.

" Deep-water lacustrine deltas display thick "Gilbert-type" delta fore-
sets. Delta foresets are wedge-shaped, thin at the toe, thicken toward the
top, and are inclined 4-15 degrees. Grain size and scale of sedimentary
structures increase from the base upward. Delta foresets, 8 to 15 m (25 to 50
feet) fhick, developed in part from slip face accretion and in part from

grainfall (suspension of silt and sand). Thickness of individual foresets
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indicates water depths of 8 to 15 m. The high angle of fepose of delta
foresets is preserved under conditions of rapid sedimentation, minimal soft
sediment movement, and Tlow-physical energy within the basin of deposition.
Both delta types were lobate in plan and were fed by braided streams.
Deltaic deposjts comprise 20-45 pérceht of the Dockum section. Shallow-water
delta progradational sequences are thinner (15 to 30 m, 50 to 100 feet) than

deep-water delta progradationaT sequences (20 to 70 m, 65 to 230 feet).

Fluvial System

Two fluvial systems, braided streams and incised streams, were operable
during accumulation of the Dockum. Sediment deposited on braided-strean
delta platforms caps three major progradational sequences 1in Palo Duro
Canyon. The valley-fill system, f]ooréd by linear fluvial sandstone-
conglomerate, is terminated witﬁ a transgressive fluvial-deltaic-lacustrine
sequence. |

Three fluvial sandstone;conglomerate horizons are composed éf seven
Iindividual lobate gheets. Small sheets are oné to three km (0.6 to 1.8 miles)
wide; large sheets are greater thanl3 km (1.8 miles) wide. Deltaic facies are
laterally equivalent with fluvial lithofacies. Fluvial sheefs are overlain
by Tlacustrine mudstones that are genetically related to the next progra-
dational sequence. Texture and scale of sedimentation units oflsandstone—
conglomerate sheets decrease upward. Trough-fill cross-stratification is the
predominant sedimentary structure. Sediment that makes up delta platforms
moved downstream as dune bedforms within braided channels.

Two laterally equivalent valley-fill units are situated in the northern
-and southern sectors of Palo Duro Canyon and occupy part of the central 50 m
(160 feet) of the Dockum. Asymmetrical and symmetrical sandstone-conglom-

erate lenses accumulated at the base of a valley-fill sequence. HMost of the
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valley-fill deposits fine upward. One unit within the valley-fill comprises
an upward coarsening lens of chert pebble conglomerate 18 m (60 feet) thick.
Trough-fill cross-stratification is the predominant sedimentary structure.
Fluvial lenses within the valley-fill are overlain by deltaic and lacustrine
deposits that accumulated during a rise in lake level.

Braided streams were operative in delta p1atf6rm and valley floor envi-
ronments; braidéd stream facies are equivalent to downdip lacustrine and
deltaic facies. Fluvial deposits constitute 10-50 percent .of the Dockum
section. Multilateral sheet geometry, texture, and sedimentary‘structures
indicate that éediment was trénsported across delta platforms by braided

streams.

‘Depositional Summary

Lacustrine, deltaic, and fluvial depositional systems comprise three
major upward-coarsening, progradational sequences in Palo Duro Canyon. A
single transgressive valley-fill sequence displays an upward-fining, fluvial,
deltaic, 1acustriﬁe sequence. Lacustrine mudstones underlie the prograda-
tional deltaic sequences which accumulated in delta front, de]ta foreset,
interdeltaic mudflat, and distributary channel environments. - Shallow-water
lacustrine deltas are typified by thin texturally and mineralogically vari-
able delta front deposits that contain abundant slump structures. Deep-water
lacustrine deltas typically exhibit "Gilbert-type" delta foresets.

Both shallow- and deep-water lacustrine delta platforms were coﬁstructed
by braided-stream processes. During a low-level lake stand, one prograda-
tional sequence was cut by a headwardly eroding vélley which constructed a
small fan delta at its mouth. The valley was finally filled by fluvial-

deltaic-lacustrine deposits during a lacustrine transgression.
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_Genetic Sequences
Three progradational sequences, each composed of genetica]]y—re]éted
lacustrine, deltaic, and fluvial rocks, comprise the Dockum Group in Palo Duro
Canyon. Interpretation of genetic sequences is based on data derived from
contour maps,  fence diagrams, -cross sections, pa]éocurrent analysis, and
| petrographic studies. |

Lower Progradational Sequence

An upward coarsening sequence of Tacustrine and fluvial-deltaic sedi-
ments characterize the fifstlprogradationa1 sequence of the Dockum Group in
the study area (fig. 35). Basal sandstone of the Tlower unit contains medium
to coarse and well-rounded quartz and chert sand grains probably derived from
Permo-Triassic dunes to the east. Sandstones of the upper unit are mostly
‘very fine quartzarenites, and their sburce also may have been Permo-Triassic
dune fields. Interbedding of lacustrine mudstones and paleocaliches in the
middle unit 1nd1&ate that the climate alternated between arid and humid
cycles. A vertical profile of shallow-water lacustrine deposits which char-
acterize the first-progradationa] sequence-is shown in figure 32.

Middle Progradational Sequence

The second progradational sequence comprises mu@h of the sandstone-
conglomerate-rich central 30 to 50 m (100 to 165 feet) of the Dockum in the
study area (fig. 36). A westward prograding lacustrine delta system was the
dominant depositional element in the second progradational sequence. This
delta system was eroded in the nprthern and southern sectors by two laterally
equivalent valley-fill sequences: ‘- Small fan deltas were constructed west of
the valley mouth. Subsequent expansion of lake area produced flooding in the
valley which was finally filled by a transgressive fluvial-deltaic-lacustrine
sequence. A decrease in sandstone percentage occurs 1ﬁ the direction of

progradation (to the west).
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Figure 36. Second prngradational sequence strike section is exposed along the eastern margin
of Pala Nuro State Park. This figure illustrates the facies tract and sedimentary structures,
Two nearly continuous sandstone-conglomerate sheets, which cap the second progradational se-
quence, were deposited in sandstone-rich delta platform braided stream and distributary channel
environments. The progradational sequence is composed in ascending order of: lacustrine bur-
rowed mudstone (prodélta), and delta front siltstone-sandstone-conglomerate. -The two lateral-
1y and temporally equivalent lacustrine fan deltas were separated by finer grained interdeltaic
mudflat or embayment. The southern flank of the southern lacustrine delta is truncated by a
thick valley-fill sequence which formed in response to diminished lake depth and area. The
valley-fill sequence is composed of basal braided stream and delta distributary sandstone-
conglomerate. The valley-fill sequence comprises a transgressive sequence encased within an
overall progradational sequence. A subsequent expansion of lake area caused the lacustrine
deltas to founder. Fine-grained lacustrine-mudstones of the third progradational sequence over-
Tie the second progradational sequence. Vertical exaggeration is 128x.
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Upper Progradational Sequence

The third progradational éequenca comprises two vertically superposed,
deep-water lacustrine delta cycles (fig. 37). A vertical prbfi]e through
sequence three conta?ns, in ascending order: . lacustrine Burrowed mudstones,
inclined delta foreset, siltstone-sandstone-conglomerate, and fluvial-delta
platform sandstone-conglomerate. This vertical sequence is repeated re-
sulting in two superposed progradational cycles. The third progradational’
sequence displays westward progradgtion of two delta lobes.

Lacustrine mudstones, although not well exposed, thicken tg the west
where.they comprise one or two burrowed horizons that are 2 to 10 m thick.

Deltaic deposits, the thickest facies in the third progradétional se-
quence, are composed chiefly of paraliel-bedded, inclined wédgeéshaped delta
foresets. Some foreset units are 8 to 15 m (26 to 50 feet) thick, suggesting
that lacustrine deltas were deposited in a water body 8 to 15 m deep.

Apparent dip direction of delta foresets varies widely. Factors which
influence apparent dip direction as observed on an outcrop face include true
dip direction and the strike of the outcrop face. Measurements taken from
sedimentary structures exposed in two-dimensional verfica1_outcr0ps are not
valid paleocurrent indicators. Facies geomefry and trends in sandstone per-
centage were used as a means to determine the westward deitaic progradation.

Two Tlacustrine delta Tobes were fed by westward-flowing streams. The
Tower delta lobe prograded to the west across the study areé. An increase in
lake area and depth, or an upstream river avulsion and continued basin sub-
sidence, caused the lower delta to founder. Lacustrine mudstones accumulated
on the 1ower.de1ta platform. Dockum deposition ceased fn Palo Duro Canyon
with another cycle of western dé]taic progradation into water 10 to 20 m (33

to 66 feet)-deep.
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Figure 37. Fence diagram of the third progradational sequence exposed in the central and western portions of the study area. This figure il-
lustrates sedimentary structures and depositional facies. Two superposed lacustrine deltas prograded to the west across the study area. Each
lacustrine delta is composed in ascending order of: lacustrine mudstone, deltaic siltstone-sandstone-conglomerate. Parallel, foreset inclined,
wedge-shaped sedimentation units that were deposited proximal delta (delta front) facies are highly characteristic of deltaic deposits of the
third progradational sequence. The thickness of these delta foresets is from 8 to 15 m, indicating that deposition occurred in water at least
8 to 15 m deep. Vertical exaggeration is 44x.
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Tule Canyon

Triassic Dockum Group exposed in Tule Canyon is 1ntérpreted to have

accumulated under conditions almost identical to those that prevailed in the
~ Palo Duro Canyon area to the north (Boone, in-progress).
Dockum Group is approximately 130 m (425 feet) of'mudstone,_si1tstohe,
- sandstone and conglomerate, which displays an overall fining-upward texture.
Sandstone and conglomerate constitute about 62 percent of the Dockum exposed
in Tule Canyon. '

Depositional systems identified in Tule-Canyon (Boone, in prdgresﬁ] are
from the base upward: (1) alluvial fan-fan delta (approximately 40 m, 130 feet
‘thick); (2) valley-fill (more than 60 m, 197 feet thick); (3) meanderbelt .
(more than 30 m, 100 feet thick); and (4) lobate delta (more than 60 m, 200
feet thick).

Fan-Delta System |

A ‘continuous, tabular sandstone body, an alluvial fan or fan-delta sys-
tem, marks the base of the Dockum in Tule Canyon. This is a high-sand system
and contains small amounts of siltstone and mudstone. - The bége_of the system.
is relatively flat and uniform. Maximum thickness of the system is about 40 m
" (130 feet). Erosion by the overlying valley-fill system scoured completely
through the fan-delta sandstone 1nf0 underlying Permian mudstone. Sedi-
| mentary structures within the alluvial fan-fan delta sandstone are dominated
by medium to large scale trough-fill and foreset cross-strata, parallel lami-
nation, and some ripple cross-lamination and ripple drift. This section,
which exhibits a local basal progradational sequence and lake-basin associa-
tion,'close]y resembles the fan-delta sequence in some areas (McGowen, 1971a;

McGowen and Scott, 1974).
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Valley-Fill System

A distinctive feature of the Dockum Group in Tule Canyon is a valley-fill
sequence of conglomerate and sandstone. A larae drop in base level is postu-
lated to explain deep scouring and narrow incision of this valley and coarse
texture of basal fill. Chert pebble conglomerate characterized by large-
scale trough-fill cross-strata forms the lower two-thirds of the valley-fill.
Base of the valley is.1ined with angular sandstone boulders up to 2 m (6 feet)
in maximum dimension. Valley-fill s}stem is about 1.3 km (0.75 mile) wide and

with maximum thickness of 64 m (210 feet).

Meanderbelt System

Fluvial meanderbelt facies are exposed in the western part of Tule
Canyon. The f}uyia] system comprises a complex of_point bar and channel
deposits. Qverbank mudstoﬁe and siltstone make up a small volume of the
system. Meanderbelt facies overlie the valley-fill system and grade north-
ward into contemporaneous deltaic facies. Maximum thickness of the fluvial

zone is approximately 25 m jSU'feet).

Delta System

Delta systems comprise most of the Dockum Group in the Tule Canyon area.
Lobate lacustrine deltaic systems occupy the upper part of this section and
are distinct from the Tower fan delta system in that framework sandstone units
aré lenticular, and are variable in geometry. Deltaic sandstones are asso-
ciated with Tlocally thick prodelta and-delta—front mudstone and siltstone.
Sandstone bodies range in geometry from small, isolated lenses to thick,
stacked units extending over large areas. Maximum Tlateral extent of indi-
vidual units appears to be on the order of 5 to 10 km (3 to 6 miles). Deltaic

systems are stacked or imbricated suggesting that subsidence and/or lake
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level rise kept pace with sediment input to the lake basin. Total thickness
of individual deltaic systems is indicative of relative water depth. Maximum
depth was interpreted to be about 30 m (100 feet); depths were generally less
than 30 m.

Detailed study in the upper part of the canyon resulted in recognition of )
a variety of components of delta systems including prodelta, delta front,
distributary mouth bar, distributary channel, crevasse splay, and de]té plain

environments.
Dickens-Mitchell County Area

The first Dockum report, Depositional Framework of the Lower Dockum
Group (Triassic), Texas Panhandle, submitted to the U.S. Geological Survey in
February, 1978, emphasize& the interpretation of the Dockum in outcrop in the
area defined by Dickens, Crosby, Kent, Garza, Scurry, Borden, Mitchell and
Howard Countieé. Only a summary of conclusions of that report are included
herein (for details see the first report).

The Dockum Group changes southward in the vicinity of northern Dickens
County, from here southward there is more mudstone than contained in equiva-
lent strata to the noﬁfh. Within the eight-county outcrop belt the Dockum is
characterized by cyc]ié sedimentation. At Tleast five sedimentary cycles,
each more than 100 feet thick, have been recognized in Dickens, Crosby, Kent
and Garza Counties. Three cycles were identified in Palo Duro Canyon area

(Seni, 1978) where detailed field study was carried out.

Cyclic Sedimentation
Sedimentary cycles began after accumulation of the basal Dockum, which
is a progradational sequence, recognizable in outcrop and traceable westward

in the subsurface to the vicinity of the Texas-New Mexico border. Basal
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Dockum deposits, which accumulated during expansion of the Dockum lake envi-
ronment, consist from bottom upward of a basal lTacustrine and deltaic mudstone
and siltstone sequence, a thin deltaic sequence and an uppermost thick fluvial
sandstone.

Cyclic deposits that accumulated upon the basal Dockum progradational
sequence are red beds which grade upward into grayish-green, yellowish-brown
“and orange siltstone, sandstone and conglomerate. Red beds constitute a
complex sediment suite ranging in texture from mudstone to cobble conglom-
erate. Clasts that compose sandstones and conglomerates within the red bed
Quite were- derived chiefly through erosion and re-sedimentation of older

Dockum deposits; these deposits are termed intrabasinal. Siltstones, sand-

stones and conglomerates that overlie red beds were derived, for the most

part, from outside the basin of deposition; these deposits are extrabasinal.

Sediment properties (e.g., color, texture, comﬁosition, sequences of
sedimentary structures, geometry, cross-cutting relationships, and biological
'constituenfs) indicate that climatic fluctuations produced depositioﬁa1
cycles. -Tectonic activfty, however, could have been the prime factor that

triggered climatic fluctuations. It is postulated that most of the.réd beds

are products of arid cycles and that extrabasinal sediments were transported

to the Dockum depositional basin when the climate was humid.

High-Stand, Humid Phase

Dockum sedimentation ensued.with the advent of humid climatic condi-
tions. Base Tlevel was relatively stable and sediment was transported to the
_basin by meandering streams. High constructive lobate deltas were the domi-
nant lake margin depositional system during the high-stand (lake level) part

of a cycle (fig. -38).
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Figure 38. Major depositional-elements during the high-stand, humid phase: meandering streams, distributary deltas, and shallow lakes. Facies
tract and cross sections generalized from field observations. Cross section A-A' represents coarse-grained meanderbelt sequence, and B-B' is
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sections F-F' and G-G' represent fill of crevasse channel and crevasse splay (splay-delta), respectively.
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A vertical (upward) sequence of strata deposited during high stand in
Triassic lakes commonly begins with reddish-brown, massive to parallel lami-
nated lacustrine or prodelta mudstone. Grayish-green siltstone and very
'fine-grained'de]ta front sandstone overlies Tlacustrine and prodelta facies.
Delta front facies (sandstones) are mostly parallel and ripple cross lami-
nated and contain.a few small washout channel-fill deposi{s. Distributary
channel-fill -sequencesr (mostly sandstone) overlie delta front sandstone
facies; primary sedimentary structures are trough-fill cross-strata and p$r~
allel 1am1hae that conform to channel cross sgction. Upper parFs of some
delta front and distributary channel-fill sandstone facies are burrowed. The
youngest but coarsest grained fluvial sandstone deposits of . the high-stand
part of the cy61e occur at Tower paleotopographic Tevels than older, high-
‘stand deltaic and lacustrine deposits. Fining upward f]uﬁia] sandstoneg are
products of meandering-streams that had cut downward into subjacent delfaic_
facies. | |

Sandstones that accumulated. under high—stand conditions have relatively
wide areal distribution. 'Meanderbe1t sandstone bodies greater than 50 feet
(15 m) thick are commonly the 6n1y sandstone fécies present in an outcrop
area. Delta front and distributary channel-fill sandstone facies are poorly
preserved as alconsequence of down-cutting and Tateral migration of super-

imposed meanderbelt fluvial systems.

Low-Stand, Arid Phase

Humid phase deposits are succeeded upward by red beds that are inter-
preted to represent sedimentatiﬁn under arid or semi-arid conditions. As
humid conditions gave way to an-arid climatic regime, several changes oc-
curred: Tlake size ahd depth decreased (most lakes were then ephemeral); base

level dropped; meanderbelt systems ceased to function; and older Triassic
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deposits were scoured by headwardly eroding streams. Intrabasinal sediments
eroded from older Dockum deposits were transported through valleys, up to 50
feet (15 m) deep to small fan delta systems at the basin margin (fig. 39).

Low-stand deposits'are'predominant1y reddish-brown mudstone, siltstone,
sandstone and conglomerate eroded principally from older Triassic deposits.
Mudstones are. thin, massive or parallel laminated, and commonly burrowed.
Some mudstones are desiccated and contain gypsum crystals and sait hoppers.'
Most siltstone units are components of fan deltas; they are mostly bottomset
and foreset facies. Sandstone and conglomerate constitute delta foreset and
delta platform facies of small fan deltas. Combined thickness of multiple
foreset and platform facies ranges from about 10 to 30 feet (3 to 9 m).
Valleys that were eroded into the Dockum were filled with sediment ranging in
‘texture from clay to boulder gravel! Valley-fill sediment was emplaced by
slope wash, bra{ded streams, and from suspension (settle-out withiﬁ ponded
water bodies).

Chief differences between high-stand and Tow-stand facies are: (1) the
primarily intrabasinal source for low-stand mudstone, siltstone, sandstune,
and conglomerate which exhibit no overall textural trends; and (2) high-stand
deposits, derived chiefly from outside the basin, display both coarsening-and
fining-upward textural sequences. In most areas there is no abrupt chahge or

contact between high-stand and low-stand facies.

Depositional Systems

The Dockum Group accumulated within a variety of depositional systems
influenced by base level oscillations. Red beds mostly accumulated when Take .
area and depth were restricted. Low-stand facies consist of valley-fill, fan

delta ‘and lacustrine deposits. Meandering streams and associated high con-
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Figure 39, Major depositional elements during low-stand, arid phase: headward-eroding streams, braided sireams, small fan deltas, and small
ephemeral lakes. Facies tract and cross sections generalized from field observations. Cross section A-A' is valley-fill sequence consisting
of braided and meandering stream deposits, slope-wash, and lacustrine mudstone and siltstone. Braided feeder channel-fill sequence near apex
of small fan delta is shown by cross section B-B'; fill is chiefly trough cross bedded intrabasinal conglomerate. Delta platform, delta
margin, and delta foresets shown in cross section C-C' which is parallel to flow direction. Cross section D-D' is across distal part of small
fan delta; this section shows delta foresets to be broadly convex upward.
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structive lobate deltas developed under humid climatic conditions when Take
area and Tlevel were at a maximum.

High-Stand Depositional Systems

Two depositional systems typify the high-stand sediments. The basal
deltaic system is characterized by a coarsening-upward, progradational
sequence beginning with mudstone and terminating with fine-grained sandstone.
‘Overlying are fining-upward, thick, gravelly sandstone and sandstone bodies
of a meandering fluvial system (fig. 40).

Low-Stand Depositional Systems

Deposits of the low-stand association -are products of sporadic, high
intensity, short duration. depositional events. - Depositional environments .
included small shallow Iékes, small fén_de]tas, interdeltaic mudflats, and

'epheméra] streams contained within headwardly eroding valleys. Low stand
deposits include lacustrine, fan delta, and ephemeral stream systems composed
of the following facies: (1) lacustrine and prodelta (bottomsets), (2) delta
foresets, (3) delta platform, (4) mudflat, and (5) valley-fill fluvial
depdsits. Single deltaic sequences comprising foresets and delta platform
are on the order of iO‘feet (3 m) thick. Lacustrine and prodé1ta facies are
generally thin (5 to 10 feet, 1.5 to 3 m thick) and valley=fill fluvial

deposits range from a few to about 50 feet (15 m). Figure 41 exhibits some of

the low-stand facies.
Modern Analogues for the Dockum

The Dockum Group in Texas and New Mexico accumulated in an inland
fluvial-lacustrine basin. In outcrop fluvial and deltaic facies are domi-
. nant. Subsidence within the basin, in concert with a change from arid cli-

matic conditions of the Permian to more fluvial conditions of the Triassic,



Figure 40. Progradational sequence, Slaughter Ranch, southwestern Garza County (Middle Creek
7.5 minute quadrangle). High-stand and low-stand deposits represented in section. Units 1-4
are low-stand deposits, and units 5-15 are high-stand deposits; a transition occurs from Tow-
stand to high-stand facies. Low-stand deposits (units 1-4) components of fan deltas. For
example, unit 1 and upper part of unit 2 are delta foresets consisting of reddish brown mud-
stone, siltstone, very fine sandstone and intrabasinal conglomerate; primary sedimentary struc-
tures are parallel inclined laminae, ripple cross-laminae, trough crossbeds, and low-angle
delta foresets; also small diameter (0.06 to 0.12 inch) burrow. Lower part of unit 2 is a mul-
tiple channel-fill sequence (straight feeder channel) consisting of reddish brown and greenish-
gray very fine sandstone and granule to pebble intrabasinal conglomerate; primary sedimentary
structures are massive conglomerate, parallel and ripple cross laminated sandstone. Delta
platform (middle part of unit 2 and units 3 and 4) consists of reddish brown very fine sandstone °
and granule to pebble intrabasinal conglomerate; sedimentary structures are high- and low-angle
foreset cross-strata, wavy parallel laminations (wave length: 8 feet; amplitude: 0.5 foot),
parallel laminae with mud drapes (Unio in unit 3), combined flow ripples (unit 4), and soft
sediment deformation (unit 4). Interdeltaic deposits (lower part of unit §) are moderate brown
to reddish brown, coarse siltstone and very fine sandstone; sedimentary structures are alternat-
ing parallel and ripple cross-laminae. High-stand deposits represented by lacustrine deposits
(lower part of unit 5) consist of reddish brown and red-purple claystone, mudstone, and silt-
stone (silt content increases upward); primary sedimentary structures are parallel laminae, se-
quence is mostly massive; burrows are common (Scoyenia and Teichichnus). Mudflat deposits (up-
per part of unit 5) consist of reddish brown, red-purple, and green desiccated mudstone with
caliche ‘nodules and burrows in lower part. Lacustrine deposits (uppermost part of unit 5) con-
sist of reduced grayish-green massive mudstone. Distal delta front (units 6 and 7) and proxi-
mal delta front (unit B8). Distal delta front is greenish gray hiotite-bearing coarse siltstone
to very fine sandstone; primary sedimentary structures are alternating parallel laminae and rip-
ple cross-laminae with washout-channels (unit 7) 10 feet wide and 3 feet deep. Proximal delta
front is grayish green biotite-bearing very fine to fine sandstone; primary sedimentary struc-
tures are parallel laminae. Distributary channel-fi11 (units 9-141 comprises greenish gray
granule to pebble intrabasinal conglomerate, conglomeratic fine sandstone, and Fine sandstone,
and moderate brown to reddish brown mudstone, siltstone, and very fine sandstone; primary sedi-
mentary structures are trough crossbeds, high-angle foresets, parallel laminae (conform to
channel floors), ripple drift, ripple cross-laminae, and settle-out mud and si1t Taminae. Mean-
derbelt deposits (unit 15) complete high-stand sequence. Unit 15 composed of greenish gray
granule to pebble intrabasinal conglomerate and fine sandstone, 1ight gray to yellowish Tight
gray coarse siltstone to medium sandstone; primary sedimentary structures are massive conglomer-
ate, shallow trough crossbeds, parallel inclined laminae, medium scale trough crossbeds, high-
angle foreset cross-strata, and wavy parallel laminae.
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Figure 41. Facies developed during low-stand, southeastern Garza County (Macy Ranch, Grassland Southeast 7.5 minute quadrangle). Seven facies
depicted in outcrop sketch: delta foresets; mudfiat; feeder channel; crevasse channel; levee; abandoned channel-fill; and delta platform. Del-
ta foresets have apparent dips of 9°-15° and consist of parallel laminated mudstone, siltstone, very fine sandstone, and granule conglomerate.
Lateral to upper parts of some foresets are mudflat deposits consisting of burrowed, ripple cross laminated, contorted, and desiccated clay-
stone, siltstone, and very fine sandstone. Feeder channels are filled at base (see unit 2) with parallel laminated, contorted foreset cross-
beds and ripple drift siltstone to granule conglomerate. Most feeder channel filled with coarse sandstone to cobble intrabasinal conglomerate;
sedimentary structures are trough-fill cross-strata 15 to 30 feet wide and | to 3 feet thick at base. Crevasse channel characterized by multi-
ple scour-and-fill events; fill is muddy fine sandstone to granule conglomerate; sedimentary structures are parallel laminae, foreset cross-
strata poorly defined trough-fill cross-strata, and ripple cross-laminae. Levee deposits are wedge-shaped (thickest at east and pinch-out to
west); sediment is clayey siltstone to very fine sandstone; sedimentary structures are parallel laminae and ripple cross laminae. Abandoned
channel-fill is about 12 feet thick composed of trough-fill cross-stratified fine sandstone to granule conglomerate, with central part filled
with ripple cross laminated clayey coarse siltstone to muddy very fine sandstone, and channel margin of fill comprised of alternating ripple
cross laminated siltstone to very fine sandstone and massive to burrowed muddy very fine sandstone. Uppermost unit is delta platform consisting
of trough-fill cross-stratified coarse sandstone to granule conglomerate, parallel laminated very fine to fine sandstone, and massive pehble in-
trabasinal conglomerate with Unio and sand-filled burrows on bedding surfaces; this unit grades into delta foresets to the west.
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was perhaps related to the opening of the Gulf of Mexico and reactivation of
some relict Paleozoic structdra] elements. Sediment was derived mostly from
older sedimentary rocks lying east, west, and south of the basin.

Climatic conditions fluctuated between humid and arid, or semiarid,
throughout accumulation of the Dockum Group. Climatic fluctuations produced
changes in base level, depth and area of Tlakes, and types of streams that
discharged - into the basin. During humid climatic conditions, Tlakes were
re]ative{y-1arge, base level was relatively stable, and fluvial systems vere
characterized by meandering streams which constructed lobate deltas along
lake margins. Arid climatic conditions were accompanied by small ephemeral
lakes, a lowering of-base level, erosion of valleys, some of which attained
depths of 200 feet, and small braided streams that built small fan deltas
along lake marginé. |

Two possible modern analogues for the Dockum Group are the Omo delta in
Ethiopia (Butzer, 1971) and Lake Eyre of Australia (Bonython and Mason, 1953).
The Omo delta is a distributary delta characterized by a delta plain that is
virtually a barren mud f?ét across which the shoreline of Lake Rudolph trans-
gresses and regresses about lﬁ.kilometers (9.6 miles) each year. Climate in
the headwaters of the Omo River is humid; the climate becomes progressively
drier toward the delta. On the delta plain vegetation is restricted, for the
most part, to the area adjacent to distributaries.

Lake_Eyre, in South Australia, is a normally dry basfn. Large rains that
occur about twice per century create a fresh-water lake that attains maximum
depth of about 13 feet (4 m) and covers an area of some 3,000 square miles.
Filling and drying of Lake Eyre occurs in about 3.5 years. MWater and sediment
are discharged into the lake from all sides. Immediately after the lake is
filled with fresh water, the desert blooms with vegetation. Salts are depos-

jted on the lake bottom. as water evaporates.
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Minor facies within the Dockum (salt hoppers, gypsum crystals, dolomite,
and chert) indicate that at times small, hypersaline water bodies existed

during low stand.

DOCKUM DEPOSITIONAL -SYSTEMS: A SUMMARY

Subsurface work by McKee and others (1959), and substantiated by the
present study, indicates that.the_Dockum basin was supplied with sediment by
streams flowing from east, south and west (fig. 42). A shallow Take (or
Takes) was filled with'diétributary deltas and fan deltas.

Initiation of Dockum sedimentation resulted from two apparent changes:
(1)-a shift from arid Permian climate toward a more humid Triassic climate,
and (2) a rejuvenation of some Paleozoic structural elements (Asquith and
Cramer, 1975). Opening of the Gulf of Mexico as postulated by Keh]é (1972)
can be inferred to have caused (1) a change in climafe, (2) an uplift in part
of the OQuachita tectonic belt, and (3) subsidence of the Dockum Basin. With
increasing precip{tation, Permian tidal flat and sabkha environments were
replaced by expanding Tacustrine and fluvial-deltaic environments.

Regional and local detailed outcrop-studies, supplemented by subsurface
daia,'indicate that meandering-streams and distributary deltas were dominant
in the east central part of the basin. Log character and subsurface sand
distribution patterns in the west-central part of the basin suggest that
§imilar depositional environments existed throughout that part of the basin.
Log character and distribution pattern of the predominantly sand sequences
south of Sterling, Glasscock, Midland, Ector and Winkler Counties, Texas, are
interpreted to represent coalescing fan deltas.

Fan or fan delta facies are covered in the southern part of the basin by

Quaternary alluvium and dune sands. In the Glass Mountains 'there is a complex
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of Triassic limestone and chért conglomerate, sandstone, reddish-brown mud-
stone, and thin limestone and dolomite beds that comprise the Bissett Forma-
tion (King, 1930; 1935; 1937). Paleontological data indicate that the Bissett
is older than the Dockum. King (1935) concluded that physical and paleon-
tological evidence favor an Early Triassic age for the Bissett. The Bissett
Formation records initial Triassic alluvial fan and fan delta sedimentation
immediately north of the Quachita Tectonic Be1f.

Theipredominantly sand section north of the Ouachita fold belt, shown by
various sandstone maps, is interpreted to be coalescing fan de]tq deposits.
Thick sandstone trends displayed on net sandstorie maps (fig. 3), and recon-
naissance and local detailed outcrop studies indicate that fan deltas also
represent initiai depositional systems a1bng the northern part of the basin
from Motley County, Téxas,_norfhwest along tﬁe Canadian River.

Fluvial and arid conditions alternated throughout most of Dockum time.
In Texas, rainfall and vegetation cover were probably greatest in uplands to
the east and southeast. Rainfall and vegetation probably deéreased to the
west. Delta plains were almost barren &nd vegetation was probably restricted
to narrow bands adjacent to streams. Climate and depositional environments of
the Dockum are inferred to have been similar to fhe present Oho delta (Butzer,
1971).

Lake area and water depth fluctuated with changes in climate and sedimen-
tation rates. Lake level was highest and most stable during fluvial periods.
Maximum depth attained in the outcrop area, based on thicknesses of prograda-
.tiéna] sequences, was about thirty feet to the south and about 60 feet to the
north (Seni, 1978).

During arid cycles base level dropped, valleys were scoured, and lake

size decreased. Most of the meandering streams ceased to function at this
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time, and local braided streams became the dominant type of fluvial systems.
Small fan deltas were constructed where braided streams debouched from val-
leys into small lakes. Many of the fan deltas were reworked by succeeding
flood events. Fan deltas were consequently constructed from debris eroded
(cannibalized) from older Triassic deposits.

Interpretation that the Dockum Group was deposited as a complex of
fluvial-deltaic-lacustrine systems has drawn on studies of modern oﬁen and
closed 1pkes (Bonython and Mason, 1953; Gould, 1960; Langbein, 1961;
Gottschalk, 1964), modern lacustrine deTta; (Axelsson, 1967; Butzer, 1971,
Born, 1972; Pezzetta, 1973), ancient lacustrine deltas (Butzer and others,
1969; Born, 1972; Lentz, 1975), modern and ancient oceanic deltas (Fisher and

_others, 1969), modern fan deltas (McGowen, 1971a), and modern fluvial
deposits (Ore, 1964; Bernard and dthers, 1970; McGowen and Garner, 1970;
Smith, 1970; Church, 1972; Levey, 1976). The Dockum Group exhibits elements
common to most of-the above mentioned systems. There is no existing single

model that describes the variety of Dockum depositional systems.

URANIUM OCCURRENCE IN DOCKUM OUTCROP FACIES

Depositional systems that constitute the Dockum Group are fluvial, del-
taic, lacustrine, valley fill and beach. Some of the depositional faéies that
comprise these systems were altered through soil forming processes; however,
most of these facies are readily identified. Underlying Permian deposits are
chiefly components of a tidal flat system. Dockum Group rocks‘that crop out -
in Texaé and New Mexico accumulated in 25 distinct depositional environments
(table 2).

There are 7 fluvial facies, 11 deltaic facies, and 4 lacustrine facies.,

Individual facies of valley fill systems are not shown on table 2 (these are
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Table 2. Depositional systems and depositional environments

operative during accumulation of the Dockum Group.

Depositional System

Fluvial

Deltaic

Lacustrine

Valley Fill

Soil (Paleosols)

Beach

Depositional Environment

Meanderbelt

Point Bar

Channel Lag

Levee

Crevasse Splay

Flood Plain

Abandoned Channel Fill

Distributary Channel
Abandoned Distributary
Channel Mouth Bar :
Delta Front

Frontal Splay
Interdistributary
Lacustrine-Interdistributary
Interdeltaic '
Delta Platform

Delta Foresets

Crevasse Splay-Splay Delta

© Lacustrine

Lacustrine-Mud Flat
Mud Flat
Lacustrine-Deltaic
Valley Fill

Soil

Beach
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enumerated in that part of the text that déa15 with depositional systéms).
Paleosols, although not conéidered depositional facies, are common in Dockum
outcrops. Beach deposits were recognizéd in only one exposure of Dockum
rocks. |

Rocks that accumulated in fluvial environments comprise about 41 percent
of the récognized facies within the 93 localities from which uranium data were
collected. Deltaic facies make up about 38 percent, valley fill and paleosols
aboqt 2 percent each, and beach deposits constitute approximately 0.5 percent
of the rebognized facies. These percentages represent only the fﬁequency of
occurrence of strata that accumulated in the above-mentioned environments
during this investigation; the numbers do_not represent volume of rock.

Fluvial systems dominate the Dockum in outcrop. Two broad classes of
fluvial deposits comprise'these systems. They are braided sfream deposits (16
pEEcent) and deposits that were laid down by meandering streams (84 percent).
Meandering stfeam'deposits comprise about 27 percent point bar and about 14
percent channel deposits.-

Deltaic facies are almost equal to fluvial facies with respect to fre-
quency of occurrence. Delta front facies make up about 23 percent of the
deltaic rocks. Second in frequency of occurrence are distributary channel

facies at about 20 percent. Splays constitute a little over 16 percent and

delta foreséts about 11 percent. The remaining facies comprise 0.6 to greater

than five percent.
Four facies make up the lacustrine system. Lacustrine facies were inter-
preted through association with other facies. Some 87 percent of rocks of the
lacustrine system were categorized as "lacustrine" facies and probably repre-
sent sediment that accumulated toward the center of Dockum lakes. Mud flat

facies constitute a little more than 4.0 percent of the lacustrine system,
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whereas lacustrine-mud flat deposits make up about 3.0 percent. Lacustrine-
deltaic facies constitute about 6 perceét of the lacustrine system.

Valley fill, soil, and beach sediment occur less frequently than other
Dockum facies. Only one occurrence of beach deposits was recognized, Paleo-
sols and valley-fill sequences are common in some areas of Dockum outcrop.
Their distribution is somewhat restricted, however.

Based on frequency of occurrence of the numerous f]ﬁvial; deltaic, and
lacustrine facies within the Dockum Group (fluvial deposits are most ahundant
in outcrop, with deltaic deposits occurring only slightly less fﬁequent]y),
uranium should occur mostly within fluvial facies. This assumption is not
correct with respect to either frequency‘of occurrence or highest ppm U308
(fig. 43, table 3).

An ﬁttempt was made to evaluate uranium-bearing potential of the many
different depositional facies of the Dockum Group exposed in outcrop. In
order to do this we tried to: I(l) identify, in outcrop, the depositional
systems and component facies, and (2) collect samples that exhibited the total
range of te*tures and stratification types of each depositional facies. These
‘samples were analyzed at the Bureau of Economic Geology Mineral Studies Labo-
ratory for U308. To date, more than 400 samples have been analyzed (table 3).
-Approximately 10 percent of these samples contained U3O8 in excess of 5 ppm;
90 percent of the samples contained less than 5 ppm U308;

A total of nine samples from the fluvial facies contained more than 5 ppm
U304 (range 5 to 79 ppm). Meandering stream deposits exhibited the highest
USOB content, most of which was contained within channel lag déposits (total
of 5 samples with U308 range of 6 to 79 ppm). Braided stream deposits had the
lowest U308 content. Only one sample from the braided stream facies contained

U308 in the 5 ppm range.
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Figure 43. Uranium occurrence within the Triassic Dockum Group--Texas panhandie and north-

eastern New Mexico. -
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Associations among rock type, depositional environment (facies),
ancIU%P content as determined from samples from 93 outcrop localities
in Te

LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) UBDB ppm
1 siltstone (Permian) tidal flat < 1
2 sandstone braided stream 1
<% | medium sandstone braided stream <

h very fine sandstone ‘delta front < 1

g ~very fine sandstone delta front g

L mudstone lacustrine < 1
e fine sandstone upper point bar 1

- d medium sandstone lower point bar < 1
c! sandy conglomerate channel lag 2
b medium sandstone braided stream 1
a intrabasinal conglomerate braided stream < 1
4 fine sandstone delta front 1
5. fine-medium sandstone braided stream 2
6 chert pebble conglomerate braided stream 2
7 limestone lacustrine € 1
8 chert pebble conglomerate channel lag 2
9.d mudstone distributary channel < 1
c mudstone distributary channel 3

b mudstone distributary channel < 1
a conglomerate distributary channel 3
10.d sandstone splay | 1
g sandstone splay g 1

b sandstone splay g

a mudstone splay 2
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
11.q mudstone interdistributary 4
p mudstone interdistributary 2
0 mudstone interdistributary 3
n mudstone interdistributary 2z 1
m sandstone ~distributary channel 1
1 sandstone distributary channel ]
k sandstone distributary channel <1
J mineralized log distrfbutary channel 14
i carbonized 1og- distributary channel (base) 40
h sandstone distributary channel (base) <1
g mudstone lacustrine <1
f mudstone lacustrine-interdistributary f
e mudstone lacustrine-interdistributary 1
d. congiomerate splay - 2
c mudstone interdistributary 2
b conglomerate splay 1
a mudstone lacustrine-interdistributary 1
12:¥ sandstone fluvial channel fill <1
q sandstone delta front <1
p .sandstone distributary channel < 1
0 sandstone delta front 2
n mudstone delta front 1
m mudstone interdistributary < 1
1 mudstone interdistributary 1
k conglomerate fluvial channel fill 1




U308 ppm

LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES)
12.] conglomerate -fluvial channel fill < ]
i sandstone fluvial channel fill 2
h sandstone fluvial cﬁanne] fill 2
g mudstone interdistributary 3
f cong?omeraté splay ]
e conglomerate splay 3
d mudstone ]acustr%ne < 1
c mudstone lacustrine < 1
b mudstone lacustrine < 1
a mudstone lacustrine 2
13.h congTomerate delta platform 7
g sandstone delta front - splay ]
f sandstone delta front - splay 2
e mudstone delta front - splay 2
d mudstone lacustrine 2
c mudstone lacustrine <
b mudstone lacustrine 3
a mudstone lacustrine 1
14.b quartz.geode paleosol < ]
a quartz geode paleosol 1
15 siltstone floodplain < f
16 carbonized log valley fill 57
17c carbonized Tog channel lag 79
b carbonized log channel lag 15
a carbonized Tog channel lag 18




LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
18 conglomeratic sandstone braided stream € 1
19 conglomeratic sandstone lower point bar <1

chert conglomerate channe1'1aq 4

20. sghdstone braided stream 1
conglomerate braided stream 1

6oﬁglomerate braided stream 1

sandstone upper point bar & 3

sandstone upper point bar 1

21. conglomerate abandoned channel fill 1
very fine sandstone beach |

e2. alternating mudstone and lacustrine 1

sandstone

sandstone lacustrine 4
mudstone-si1tsfone lacustrine 3

muds tone lacustrine 16

mudstone iacustrine 5

23. conglomerate braided streaml 4
| medium sandstone delta front <1
fine sandstone delta front < 1

conglomerate braided stream 1

siltstone tidal flat (Permian) 2

24. mudstone and sandstone abandoned channel fill < 1
conglomerate abandoned channel fill 1

very fine sand delta front <1

fine sand delta front <1

mudstone and sandstone

tidal flat (Permian)




LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm

25.d conglomerate channel Tlag 1

g sandstone delta front <1

b fine sand delta front ]

a mudstone and sandstone tidal flat (Permian) 3
26.g3 conglomerate -distributary channel fill 1

9, -sandstone distribufary channel fill | 1

9, mudstone distributary channel Fi1l . <1

b2 red mudsténe lacustrine ” < 1

bl Qreen mudstone lacustrine ]
27 mudstone—cong1omerﬁte lacustrine-deltaic not reported
28.c fine sandstone point bar 15
29.h fine sandstone delta front 23

e mudstone Tacustrine _ 9

d very fine sandstone distal delta front 57
30 mudstone-sandstone -'1aCUStrine-de1taic not reported -
31 conglomeratic sandstone meanderbelt not reported
32.q fine sandstone abandoned channel fill < 1

p very fine sandstone abandoned channel fi11 < 1

0 siltstone-sandstone abandoned channel fill 1

n sandstone braided stream <1

m sandstone .braided stream <1

1 sandstone bra{ded stream 1

k sandstone braided stream 2

J sandstone braided stream <
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
321 sandstone braided stream 1
h sandstone distributary channel fill 6
g sandstone distributary channel fil] 1
f conglomeratic sandstone distributary channel fill 7
e sandstone-conglomerate delta front 4
d sandstone delta front 1
c sandstone delta front 4
b mudstone-siltstone lacustrine 8
a mﬁdstone—si]tstone 1acu5trihe 2
33 mudstone-conglomerate crevasse splay not reported
: splay delta
34.e mudstone tidal flat (Fermian) 2
d. siltstone-mudstone tidal flat (Permian) 2
¢ siltstone tidal flat (PermTan)'l ]
b sandstone-siltstone tidal flat (Permian) <
a very fine sandstone tidal flat (Permian) < 1
35.b conglomeratic sandstone channel lag 1
a conglomeratic sandstone channel lag 2
36.d4 conglomeratic sandstone abandoned channel fill < f
b medium sandstone abandoned channel fill < 1
b medium sandstone abandoned channel fill < ]
376 coarse sandstone distributary channel < |
b medium sandstone delta front 2
a mudstone lacustrine 1
38 gray mudstone abandoned channel fill 3
39.k fine sandstone point bar 1
f conglomeratic sandstone point bar ]
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) UBOB -
39.e medium sandstone point bar 1
40 carbonized log point bar 4

cafbonized log point bar 1

cérbonized log point bar <1

carbonized log . ~ point bar <]

41.b conglomerate ' channel lag 1

a sandstone ~ point bar 1

42.0 fine sandstone point bar 1

h fine sandstone point bar <1

g medium sandstone | distributary channel <1

f conglomerate K distributary channel 1

e fine-medium sandstone delta-front <]

c conglomeratic sandstone channel-mouth bar £ 1

c fine sandstone | channel-mouth bar < |

b very fine sand delta front 1

43 mineralized calcite lacustrine 320
nodule in burrowed mudstone

44 .4 muddy sandstone floodplain 1

h sandstone point bar <1

g sandstone point bar <

i sandstone point bar <

d conglomerate channel Tlag 1

G fine sandstone point bar 2

a mudstone floodplain 6

45.d conglomerate - crevasse splay ]

c mudstone f]oodpfain 5
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
45.a mudstone floodplain 3
46.e, siltstone-sandstone delta foresets 1

Cy sandstone splay delta 1
c, conglomerate splay delta 3
ag mudstone lacustrine 1
a, mudstone (burrowed) lacustrine 1
ag mudstone (burrowed) lacustrine 1
ag mudstone (burrowed) lacustrine z
a, mudstone (desiccated) mudflat 5.
ay mudstone lacustrine é
a, -ﬁudsfone soil horizon 1
a; ' mudstone floodplain 1
47.f sandstone channel-mouth bar < 1
& sandstone (bﬁrrowed) abandoned distributary <1
ey sandstone (burrowed) abandoned distributary ¢
d conglomerate distributary channel 2
c mudstone abandoned distributary ]
b sandstone distributary channel 1
a, sandstone delta front 1
a, sandstone delta front 1
48.d fine sand ﬁoint bar 2
C chert conglomerate channel lag 20
49.m conglomeratic sandstone channel lag 6
]6 sandstone point bar 1
1 medium sandstone point bar < 1




LOCALITY NO.

ROCK TYPE

ENVIRONMENT (FACIES)

ppm

49.

50.

51.
52.

53.

54.

85.
56.

1

o o

sandstone-conglomerate
muds tone-siltstone
muds tone
fine-medium sandstone
muds tone-siltstone
sandstone

sandstone

sandstone
sandstone

sandstone

siltstone

fine sandstone
fine sandstone

muds tone-siltstone
sandstone

muds tone

muds tone |
muds tone (burrowed)
muds tone-siltstone
mudstone-siltstone
muds tone-siltstone
conglomerate

muds tone-siltstone
sandstone

conglomerate

channel lag
lacustrine

lacustrine

floodplain

tida1 flat (Permian)
braided stream
braided stream
braided stream
braided stream
braided stream

delta foresets
crevasse splay
crevasse splay
floodplain
meanderbelt
lacustrine

lacustrine

lacustrine

lacustrine

lacustrine

abandoned channel fill
abandoned channel fill
abandoned channel fill
abandoned channel fill

abandoned channel fill

NN

ra
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
56.a mudstone abandoned channel fill 3
57.3, manganese point bar ]

i limonitic Tog ‘point bar 2
i ’ _sandstone point bar 1
q mudstonefsandstone abandoned channel fill ?
e mudstone abandoned channel fill e
d sandstone abandoned channel fill
c sandstone upper point bar 1
b sandstone upper point bar 1
a sandstone lower point bar 1
58.h sandstone 'channel-mouth bar <1
f “mudstone | lacustrine T
e mudstone abandoned distributary <1
d sandstone distributary channel <]
b mudstone Tacustrine ]
a sandstone delta front < i
59.9, mudstone—si1tstoné delta foresets 2
e, mudstone-siltstone delta foresets 5
e, mudstone-siltstone delta foresets & ]
e mudstone-siltstone delta foresets 16
d2 mudstone-siltstone delta foresets s |
d1 mudstone-siltstone delta foresets. 17
(s ' conglomerate splay 11
b mudstone lacustrine < ]
a mudstone lacustrine 1
60.x siltstone paleosol 4
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
60.xl mudstone paleosol 1
Wy siltstone lacustrine 1
W, mudstone lacustrine 1
Wy oo mudstone lacustrine i
v mudstone-sandstone lacustrine <1
t mudstone- lacustrine 1
r siltstone-sandstone valley fill 1
p siltstone valley fill ol
'hz siltstone valley fill <1
h1 siltstone valley fill 1
c mudstonefcong10merate , _Va1ley fill <1
b' siltstone-sandstone valley fill 1
61.1 sandstone delta front 1
i3 sandstone _ point bar 2
11 si]tstone-sandstone point bar 2
h6 fine sandstone delta front 15
h& cong]omérate frontal splay 26
hl fine sandstone delta front 7
g mudstone 1acustriqe 3
f4 conglomerate frontal splay 6
f3 siltstone-sandstone delta front 3
fl fine sandstone abandoned channel fill 3
(= siltstone-sandstone delta front 5
aa conglomerate froﬁtal splay 5
a siltstone delta foresets 3



LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) UBOé ppm

61.a2 siltstone delta foresets 6
a; siltstone delta foresets 6

62.04 conglomeratic sandstone point bar ]
0, sandstone point bar 2
0, conglomefate - channel lag 2
Ny mudstone-sandstone abandoned distributafy <1

channel
m ;andstone distributary channel <1
kl siltstone abandoned distributary 1
channel

J sandstone distributary channel 1
i conglomerate distributary channel 2
h sandstone proximal delta front ]
g lsandstone distal delta front 1.
3 mudstone mudflat 12
eq mudstone breccia mudflat 12
e, siltstone (burrowed) lacustrine 2
5, siltstone (burrowed) lacustrine g i
es claystone-mudstone lacustrine 1
e, siltstone-sandstone interdeltaic 1
e, siltstone-sandstone interdeltaic <1
d conglomeratic sandstone delta platform < 1
c muds tone-sandstone delta platform < 1
b? siitstone-congTomerate delta foresets <1
b6 mudstone-sandstone delta foresets 1
b sandstone delta platform 1
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"~ LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U3U8 ppm

62.b4 sandstone delta platform 1
b3 conglomerate delta platform 2
b2 sandstone channel fill 2
b1 sandstone-conglomerate channel fill 6
a ‘mudstone-sandstone delta foresets 3

63.V3u sandstone abandoned channel i1 2
v3] mudstone-sandstone abandoned channel fill 2 5
v, siltstone abandoned channel fill 2
vy siltstone abandoned channel fi]l 2
t2 mudstone-sandstone abandoned channel fill - 1
r conglomerate channel lag 2
p mudstone-siltstone paleosol ]
N, siltstone-sandstone delta foresets 1
m sandstone splay 3
1 conglomerate splay 4
k12 siltstone lacustrine 2
kJ siltstone Tacustrine 2
j sandstone delta foresets 2
9, si]tstoné-sandstone splay 5
da" siltstone (burrowed) lacustrine 840
d41 siltstone (burrowed) lacustrine 1

64.03 mudstone floodplain 2
0, sandstone floodplain < ]
1 conglomerate channel lag 2
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U304 ﬁpm

64.] conglomeratic sands tone channel lag 1
h4 sandstone point bar = 1
h3 conglomeratic sandstone point bar 4
g mudstone-siltstone lacustrine 1
f3 siltstone deTta foresets 1
65.5s ‘sandstone spfay 2
r muds tone floodplain 1
9, sandstone splay 2
'ql sandstone-conglomerate sp1ay <1
Py sandstone point bar 2
pl sandstone point bar 1
Ny mudstone—si]tstone‘ floodplain 1
Ny sandstdne point bar 1
Ny sandstone - poinf bar 2
ny sandstone-conglomerate channel lag 3

m sandstone delta front 2
14 mudstone _ lacustrine-mudflat 1

(dessication-cracked)

13 muds tone-siltstone delta front 1
12 sandstone-conglomerate splay | 1
h muds tone-siltstone ‘delta front 3
k2 siltstone-sandstone delta platform 1
k1 sandstone-conglomerate delta platform 1
j3 siltstone delta front 2
j2 sandstone delta front <1
sandstone delta front ]
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
65.1 siltstone delta front 2
h mudstone-siltstone lacustrine 1
g siltstone lacustrine 2
f siltstone lacustrine 5
e siltstone lacustrine 2
d3 sandstone splay 1
d2 sandstone splay ]
dl sandstone splay 1
- 6 conglomerate splay 3
b cong]omerafe braided stream 5
a sandstone channel fill 2
66a.b sandstone-conglomerate splay 3
a siltstone-sandstone delta foresets B
66b.e sandétohe-cqnglomerate delta platform <
d, mudstone-sandstone abandoned channel fill &
d1 sapdstone-cohg]omerate abandoned channel fill 3
bi _si]tstpne-sandstone levee 1
66b.a sandstone~cong]omeraté channel fill 4
66c.k1c siltstone-mudstone levee 2
K siltstone-sandstone floodplain 2
Ky, sandstone splay 2 ]
J mudstone floodplain 2
i sandstone splay 21
93 sandstoné-cong]omerate point bar 1
93, conglomerate channel lag 1
sandstone distributary channel 1
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U30g ppm

66c.g1 sandstone channel-mouth bar 1
T conglomeratic sandstone channel Tag 1

e sandstone delta front 1

c mudstone-breccia Tacustiine-mudfiat 1

b mudstone-sandstone lacustrine 1

67 Isi]tstone tidal flat (Permian) < 3
68 sandstone -meanderbelt 5
69.c conglomerate splay 2
b siltstone (burrowed). lacustrine-delta front 2

70 congiomerate channel lag 2
?1.h2b sandstone splay 1
h2a conglomerate splay 3

f siltstone splay 2

c si]tstoﬁe levee 1

ay sandstone point bar 2

a, sandstone point bar € 3

72 sandstone meandérbelt 2
73 sandstone delta front 1
74 mudstone-sandstone abandoned channel fill 4
75 sandstone crevasse channel 1
76.b sandstone braided stream 2
a sandstone braided stream < 1

17 sandstone point bar i Tk
78.a sandstone channel mouth bar 2
79.b siltstone-sandstone distributary channel 4
a siltstone-sandstone 1

distributary channel
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LOCALITY NO. ROCK TYPE ENVIRONMENT (FACIES) U308 ppm
80.b sandstone meanderbelt <1
a sandstone meanderbelt <1
81 sandstone meanderbelt 2 1
82 sandstone-conglomerate meanderbelt <1
83 sandstone meanderbelt 1
84.b ~ sandstone meanderbelt 1
85 sandstone braided stream- & 3
86.c caliche paleosol 1
b gypsiferous mudstone lacustrine 2
a muds tone lacustrine 2
87.d sandstone _point bar 2
b2 sandstone point bar <1
88 conglomeratic sandstone meanderbelt 1
89 siltétoﬁe-sandstone tidal flat (Permian) = 1
90.c sandstone delta front - lacustrine 1
b sandstone distributary channel 2
a conglomerate. distributary channel 3
91.a sandstone channel fill 1
92 sandstone distributary channel <1
93.eu mudstone - floodplain =3
el mudstone-siltstone levee 1
d siltstone upper point bar- < ¥
c sandstone upper point bar « 1
b sandstone point bar (lateral bar) 1
a sandstone channel Tag 1
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Deltaic facies yielded 21 samples with UBUB content in excess of 5 ppm.
A1l of these samples were derived from six deltaic facies which, in ofder of
decreasing numbers, are: (1) delta foresets (5 samples, range 5-17 ppm); (2)
distributary channel and delta front (4 samples each, range 5-57 ppm); and (3)
frontal splay and crevasse splay (3 samples each, range 5-26 ppm).

Ten samples collected from facies of.the lacustrine system had U308
content in excess of 5 ppm. Two .facies contained all these samples.

| “Lacustripe“ facies yielded seven of these samples and exhibited U308 range Uf-
5 to 840 ppm. Mud flat deposits (3 samples) had UBDB range of 5—;2 ppm.

Valley-fill deposits yie]ded a single sample with U308 value greater
than 5 ppm; U308 content was 57 ppm. There are numerous depositional facies
associated with valley-fill systems, and they have beeh.discussed in the
‘section on depositional systems.

The highest U308 values for the various faéies are: (i) fluvial facies
(channel lag) 79 ppm; (2) deltaic facies (distai delta fronf) 57 ppm; (3)
lacustrine facies (lake center) 840 ppm; and (4) valley fill (carbonized logs
in channel lag) 57 ppm. Highest U308 values in both fluvial and valley-fill
systems are in Tule Canyon, where dominant texture in each is.conglomerate
(fig. 43, localities 16 and l?). Within the deltaic system most of the higher
U308 values are associated with sandstone bodies that were constructed during
humid climatic cycles. These facies are: (1) distributary channel (40 ppm,
fig. 43, locality 11); (2) delta front (23 ppm, fig. 43, locality 29); (3)
distal delta front (57 ppm, fig. 43, Tlocality 29); (4) frontal splay (26 ppm,
fig. 43; Tocality 61); and (5) crevasse splay (21 ppm, fig. 43, locality 61).

‘Delta foresets and lacustrine center faciés are the deposits with relatively
high U308 values that accumulated during arid cycles. Highest U30S concentra-

tions in delta foresets are 16-17 ppm at locality 59 (fig. 43), and highest
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values in lacustrine deposits are 320 and 840 ppm at Incalities 43 and 63,
respectively (fig. 43). Lacustrine deposits exhibited the highest U308
values found within the Dockum Group.‘ However, U308 in these lacustrine
deposits is associated with burrow fill. Burrows in lacustrine siltstone and
mudstone were filled with sand which was subsequently cemented with calcite
and mineralized with copper and uranium; these deposits apbear-to be volume-
trically dnsignificant.

With data available at this time one can postulate that.if uranium occurs
in commercial qﬁantities 1ﬁ the outcrops of the Dockum Group there wi]l be two
areas in Texas favorable for exploration. These are: (1) the Dickgns—trosby—
Kent-Garza County area; and (2) tHe Palo Duro-Tule Canyon area. Uranium can
be expected to be found in fluvial, deltaic, and Técustrine facies. Although
~ the highest U308 values encountered in the present study were from samples
taken from lacustrine facies, commercial deposits of uranium are not likely Lo
ocburlwithin this facies because of the éxtremely small volumes contained
within burrow-fill sandstones. _De1taic deposits have the highest number of
U3OS values exceeding 5 bpm of any facies with the Dockum' Group. Highest
‘values encountered in deltaic systems are in delta front facies where maximum
concentration was less than 60 ppm. Distributary channel facies have maximum
U308 values of about 40 ppm. Déltaic sandstones are generally poorly pre-
served because of erosion subsequent td deposition as a consequence of
lowering of base level and scouring action of streams that meandered back and
forth over rather wide areas underlain by older Dockum deposits. Relatively
high U30g values (greater than 75 ppm) were found in the channel lag facies of
coarse-grained and fide-grained meandering stream deposits. Because of: (1)
the rather large volume of conglomerate and sandstone contained within these

fluvial deposits, (2) concentration of plant debris within this facies which
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would serve as a reductant for uranium precipitation and concentration, and
(3) high permeability and porosity of the facies which would be favorable to
movement of uranium-bearing ground water through the system, one can specu-
late that most of the uranium thqt will be found in the Triassic Uockum'Group

of Texas will be in the channel lag facies.

RADIOACTIVE ANOMALIES FROM
SUBSURFACE AND RADIOMETRIC DATA, DOCKUM GROUP

" Within the subsufface, the Dockum Group exhibits some high, anomalous
gamma-fay values. Units in which anomalous gamma log readings have been
opserved are assumed to contain concentrations of radioactive minerals adja-
cent to the borehole at that depth. Radioactivity peaks on gamma-ray logs
were counted by visual estimate if their magnitude on the radioactivity scale
was about two standard deviatfons greater than normal. A quantitative evalua-
tion of radioactive anomalies is prohibited by the Tlarge number of non-
standardized 10ggiﬁg toois employed and the unknown value of variables -asso-
ciated with each logging run.

Anomalously high gamma-ray peaks were mapped for the total Dockum sec-
tion and for stratigraphic sub&ivisions within the Dockum. The map for total
Dockum includes, in addition to gamma-ray log data, published chemical anal-
yses of outcrop samples and pub]ished'aerial radiometric survey data. (Speci-
fic Tocalities and references are recorded in Bureau of Economic Geology Open
File Report.) Chemical analyses are included if the indicated uranium concen-

tration is 20 ppm or above. Aerial radiometric data consist of 2qui/ZOBTl

i 214

Bi readings. Levels were considered anomalous if their magnitude was
two or more standard deviations above normal. Groupings of two or more

anomalies along a flight path are shown on the map. Concentrations of gamma
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log anomalies in and adjacent to Garza County, Texas correlate closely with
anomalies from aerial and chemical data.

Areal distribution of anomalies within the upper Dockum cycle appears to
be very uniform except around the margins of the upper Dockum sediment body
(fig. 44). Where the thickness of-the upper Dockum is Tess than 500 feet, the
concéntration of gamma log anomalies decreases toward zero. A uniform distri-
bution of anomalies is consistent with a syngenetic concentration of uranium.

Dispribution of anomalies is not uniform within the Tower Dockum c}c]e
(fig. 45). .Areal clusters of anomalies are associated with oner Dockum
sandstones (fig. 46). Of-particu]af-interest are the radioacfive anomalies in

the viéinity of GarzaICounty, where known low-tonnage, near-surface concen-
trations of uranium have been prospected and mined (Finch, 1975b; Butler, et
‘al., 1962). A high concentration of radioactive minerals (25 areas suggested
by anomalous gamma-ray log peaks) consiétent1y occur at the top of the lowest
Dockuﬁ sandstone bodies. These sandstone bodies are interpreted as prograda-
tional deltaic sequences, and high radioactive values are inferred to occur
within delta plain deposits. The association of radioactive anomalies and
depositional facies suggests a syngenetic mode of emp1acémeﬁt. Another area
of radioactive anomalies within the lower Dockum sandstones is Lubbock and
adjacent counties. Distribution of these anomalies is associated wﬁth an area
within the lower Dockum made up of a high sand percent (fig. 46). Anomalies
occur in muddy facies near the top of the Towest Dockum sand sequence. The
mode of emplacement probably is the samelas for the Garza County area.

Two other areas that are characterized by high radioactive anomalies
ére: (1) Crane, Upton, and southern Midland Coﬁnties, and (2) Andrews,
Martin, Dawson, and Gaines Counties. The southern area (area 1) lies within

the high sand.fan or fan delta system. The northern area (area 2) contains
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anomalies within the mudstone facies overlying the lowest Dockum sandstone;
this low percent sand coincides with the center of the Midland Basin. These
two areas of radioactive anomalies and associated sedimentary rocks are known
- to occur’ only in the subsurface, therefore the specific nature of uranium
occurrence is not known.

Several possible groupings of anomalies are contained within the upper

part of the lower Dockum (fig. 45). Some groupings on thislmap probably arise
.from a rgndom sampling of uniformly distributed anomalies; other groupings

may be significant. One radioactive anomaly group in Yoakum pounty and
another in Hockley County coincide with the downdip extent of two high sand
systems that enter the Midland Basin respect{veiy from the west and the
northeast. Twolother possible groupings (one in northwestern Lea, eastern
Chaves, and southwestern Rooseve]tI00unt1es, New Mexico) and one in Howard and
" northern G]asécock Counties, Tegas)-are situated in 10w sand areas between
areas of major sediment input.

Radioactive anomalies are absent over two positive structural features,
the Central Basin Platform and an unnamed stfuctura1 high along the south-
eastern edge of the Midland Basin (fig. 47). These areas may have served as
ground-water recharge sites during and after Dockum deposition; consequently,
uranium was flushed downdip. Another possibility is that these highs could
have provided an elevated, oxidizing depositional environment which could
have been unfavorable to syngenetic deposit%on of uranium.

The 600 feet (183 m) of Dockum strata in the Delaware Basin exhibit no
radioactive anoma]ies.. Geometry of the Delaware Basin and rocks contained
herein has been greatly altered by up to 1500 feet (457 m) of subsidence into
Sa]t—solutionltroughs. Ground-water history of the Delaware Bégin is complex

and probably is responsible for the absence of radicactive anomalies. A




;
|
|

RADIOMETRIC ANOMALIES:
DOCKUM GROUP

EXPLANATION

RN

General areo of anomalies
within the Dockum Group

W

Anomolous areos onoerial
radiomelric survey

Anomalies within the Dockum
Group (Gomma log, literalure
reference to chemicol analysis
of hand specimen, mining
prospects)

ﬁwumtﬁoJ'. L
Wells (gamma logs) with TEXAS i

no onomalies

0 : Somi
0 BO KM

N N

Figure 47. Radiometric anomalies, Dockum Group. Criteria for designating anomalies for gamma-
ray logs discussed in text. Specific references for and locations of anomalies other than
gamma-ray logs are listed in open file report at the Bureau of Economic Geology. Chemical
anomalies based on greater than 20 ppm uranfium, Air'ial radiometric ancmalies based on magni-
tude and density of standard deviations for both 21981/20811 and 21885 along a Flight path.

694




70

source of uranium possibly was absent for the Delaware Basin during Dockum

deposition and/or during subsequent episodes of ground-water activity.

DEPOSITIONAL AND EROSIONAL EVENTS THAT
AFFECTED THE DOCKUM GROUND-WATER SYSTEM

Triassic Events

An grosiona] undonformity exists between Permian and Triassic rocks in
the northern part of the Texas Panhandle aﬁd in northeastern Ngw Mexico.
Elsewhere, sedimentation was continuous from Permian time through Triassic.
Depositional style and setting changed from Permian into Triassic from tidal
flat (sabkha) to fluvial-deltaic-lacustrine as a consequence of increased
precipitation that was probably related to creation of the Gulf of Mexico by
block faulting. |

Sedimentary sequences .preserved in the Dockum Group indicate alternating
humid and arid climatic conditions; the cause of climatic fluctuations prob-
ably was tectonic events that created the Gulf of Mexico. Lake level and area
were at a maximum during high rainfall periods. At this time, meandering
fluvial systems and associated lobate deltas dominated the landscape in the
central basin area of Texas and New Mexico; braided streams and fan deltas
were major depositional elements in southern and northern basin areas. Arid
cycles caused a considerable decrease in lake area and depth; this resulted in
lowering of base level, scouring of valleys, cannibalization of older
Triassic deposits, and construction of small fan deltas at margins of ephe-
meral lakes.

More than 2,000 feet of sédiment, deposited under alternating humid and

arid conditions, are preserved in the central part of the Dockum basin in
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Texas and New Mexico. Sediment sources for the Dockum were mostly older
sedimentary rocks exposed in New Mexico, Texas, and Oklahoma. These source
areas are indicated- by outcrop and -subsurface sandstone trends, outcrop
directional features, and composition of fluvial sandstones. lSandstOne com-
position is different in outcrop areas around the basin; for example, (1) a
coarse-grained sandstone from the Bissett Formation in Pecos County, Texas is
an immature calclithite, (2) in Scurry County, Texas a very fine to fine-
grained fluvial sandstone is a feldspathic litharenite with calcite and
kaolin cement, and (3) the Santa Rosa sandstone in Guadalupe County, New
Mexico is a medium grained quartz arenite with limonite cement. Nithiﬁ the
outcrop belt in Texas there is a northward increase in fe]dspar content in
fluvial sandstones; some fluvial sandstones in the Palo Duro Canyon area are
subarkoses (Seni, 1978), suggesting some contribution from the Wichita Moun-
tains in Oklahoma. Also, in outcrop within the Texas area, sandstones locally
contain abundant 5iotite (some grains are hexagoha]), suggesting a volcanic
source to the south and southeast in the region now occupied by the Gulf of

 Mexico.
Post-Triassic Events

It is assumed that the Dockum Tacustrine basin was ff]]ed prior to
beginning of the Jurassic Period. Qutcrop mapping by Eifler (1967, 1968,
1969, 1974) and subsurface work (this report) indicate that the Dockum Group
is unconformably overlain in some areas by Lower Cretaceous strata and in
other areas by the'Plibcene Ogallala Formation. Following is the sequence of
events subsequent to deposition of the Dockum Group: (1) Erosion of the
“Dockum during Jurassic and part of Early Cretaceous. (2) Deposition of Lower

Cretaceous rocks. (3) Erosion during Late Cretaceous and Tertiary periods up
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to the Pliocene. (4) Deposition of an.extensive wet alluvial fan system (the
Pliocene Ogallala Formation) upon a highly dissected surface underlain by
Lower Cretaceous and Triassic sedimentary rocks. (5) Development of exten-
sfve calcrete at the top of the Ogallala. (6) Development of Pleistocene
lakes in which volcanic ash accumu]atéd. Deposition of extensive aeojian

~ cover sands. (7) Deve]dpment of modern drainage.

HYPOTHETICAL EVOLUTION OF GROUND-WATER SYSTEMS
Triassic Depositional Stage

During early deposition of the Dockum Group grouhd water was, for the
~most part, unconfined. Surface water moved from drainage basins during humid
cycles through meandering streams and delta distributaries.into the lake or
iakes. Part of the fresh water was trapped within newly deposited fluvial and
deltaic sands, and some water moved by infiltration process into fluvial and
deltaic sands. Sands of the fan de]tﬁs at the nofth and south ends of the
basin also contained grouhd water. Ground water merd down depositional slope
through fan delta deposits (north and south basin areas), meanderbelt and
lobate delta sands (central basin areas). Some ground water was discharged at
or near the lake surface. Ground-water flow during early deposition of a
humid cycle was from north, east, south, and west down depositional slope
toward the lake or lakes.

Arid climatic conditions caused a decrease in lake size and depth, a
lowering of base level, and ﬁreation of stream valleys. Surface water flow
“was down depositional slope from drainage basin, through stream valleys,
across fan deltas, and into shallow ephemeral lakes. Surface water and

ground-water flow were somewhat different from flow during humid climatic
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conditions. Rainfall was probably intense and of short duration during this
time. Vegetation was sparse and consequently there. was sﬁort lag between
precipitation and runoff. Discharge was flashy and infiltration was minimal.
Since valleys were cut as much as 200 feet into the older Dockum deposits

which contained ground water, it is possible that (at least during early

‘stages of erosion) ground water flowed from the older Dockum sandstones

toward, and perhaps into, the valleys. Ground water contained within fan
delta deposits was probably discharged near the transition between delta
foresetsland lake bottom sediment, onto the floor of ephemeral Takes.
Because of the continually changing climatic conditions that were accom-
panied by fluctuating base level there should have been a tendency for ground

water to continually transport materials in solution toward ephemeral lakes.

‘Materials contained in solution in ephemeral lake and adjacent "low-stand"

fan deltas should have been concentrated further through evaporation pro-
cesses. Evidence that evaporative processes vere operative during Dockum
time are exhibited as silcrete, chert modules, caliche nodules and lenses,

thin dolomite beds, salt casfs, and gypsum crystals.
Triassic Shallow Burial

As deposition continued within the Dockum basin, the older water-bearing
strata'were buried beneath younger deposits, some of which were mud that
formed an'aquitard, which presumably was impermeable and prevented vertical
movement of ground water from one_sediment type into another. During this

phase of development, ground-water flow was confined or semiconfined (fig.

. 48). Flow was still down depositional slope from all sides of the basin. It

is possible that there was vertical movement (either upward or downward) of

ground water from less permeable strata into more permeable strata. In this




02s

K]

Figure 48. Possible ground-water flow in Dockum strata during early deposition-sha?Tow burial
stage. High permeability (K=10) dipping unit. Major movement is down the high-K unit with
some discharge into the overlying low-K unit (after Kreitler, 1978). :

0i1sF

Figure 49. Possible ground-water flow in Dockum strata following deposition during Triassic ’

and erosion during Jurassic and Cketaceous. Topography affects near-surface flow. It re-
duces flow down the aquifer, but does not, in general, affect regional ground-water flow

(after Kreitler, 19?8).
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situation materials in solution in waters of mudstones or siltstones could
move upward or downward into reducing ground water contained within sand-

stones.
Post-Dockum Erosion

Stream erosion into the Dockum during Jurassic and Early Cretaceous
probably affected ground-water flow in the rechérgé zone but had Tittle effect
on the deeper parts of the ground-water system. Valleys were eroded into the
Dockum at this time, and it is assumed that by this time regional surface
drainage had changed from a general westward flow (%n Texas) to éastward or
Gulfward flowing streams. Valleys that existed during Jurassic and Creta-
- ceous time probably received some wéter from Dockum aquifers. Whatever
‘materials that were containéd in solution in the ground water contributed to
Jurassic and Cretaceous streams moved eastward beyond theloutcrop limits of

the Dockum.
Cretaceous Deposition--Burial of the Dockum

Dockum ground-water chemistry and flow direction probably were altered
during the Cretaceous as a consequence of sedimentation and marine transgres-
sion. Fluvial, deltaic, and shelf environments migrated across Texas into New
Mexico during initial transgression. With these changes in environment the
recharge areas of the Dockum, both in Texas and New Mex{co, were affected
first by fresh water from streams, next by a ﬁn’xing of fresh and marine water,
and finally by mafine waters. Depth of invasion of marine water is not known,
but certainly there must have been a salinity and chemical gradient in the
ground-water system similar to that shown by Kreitler (1978). Because of the

timing of the marine transgression and direction of dip of Dockum strata (to
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the west_in Texas and to the east in New ldexico) the gradient could have been

more pronounced along the east side of the Dockum basin.
Post-Cretaceous Erosion

Much of the Cretaceous cover.was stripped from the under]yiné Dockum
Group sometime between Cretaceous and Pliocene time. Valleys were incised
across Cretaceous and T?iassic strata by streams flowing eastward from the
“Rocky Mouptains. Local ground-water flow was most Tikely influenced by ero-
sional topography; ground-water flow within Cretaceous and Triassic aquifers

was toward erosional valleys (fig. 49).
Pliocene Deposition

Local and regional ground-water %]ow pattern, at least in the upper part
of the Dockum Group, probabiy was altered as a consequehce of widespread
deposition of gréve] and sand during the Pliocene as a wet alluvial fan.
Depositional slope of the Ogallala (P]iocéne) alluvial fan was generally to
the east; this direction of slope coincides with slope of the Dockum in New
'Mexicd; but is opposed to the westward dip of the Dockum in Texas.

Wet alluvial fans are constructed entirely by fluvial processes that
operate at high intensity over fe]ative]y short periods of time. Discharge of
some streams that construct Modern wet alluvial fans is in the range of the
Mississippi River during flood stage (Gole and Chitale, 1966). A significant
volume of that discharge is lost by infiltration into the underlying porous
and permeable alluvial fan deposits. The volume of ground water that moves
from apex to toe, where it is discharged,'is tremendous. Flooding of rivers
" that build the large wet fans occurs each year but lasts about three months.

During the remainder of the year the streams are virtually dry and the zone of
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saturation moves downward in the fan deposits; the oxidation zone increases in
thickness until the onset of the next f1ood.

Sand bodies of the Ogallala wet alluvial fan and the upber part of the
older Dockum Group are juxtaposed (they are in contact) as a resu}t of stream
incision. -During and -after deposition of the Ogallala an integrated aquifer
system comprising Ogallala and Dockum sands (gandstones) was developed. |

Because of this integrated ground-water system, the large volume of
water thgt-mﬁved through the QOgallala fan and the direction of movement of
ground water, generally toward the east, it is posfg]ated that regiona1 flow
in the upper part of the Dockum was dramatically changed in the eastern part
of the basin. Flow direction on the western side of Dockum basin Qas to the
east and down depositional slope in both the Ogallala and Dockum. Ground—
‘water flow in Ogallala and Dockum on the east side of the basin was also to the
east; this would be down depositional slope in the Ogallala, but ub deposi-

tional slope in the Dockum (fig. 50).
. Post-Pliocene Erosion

The gently dipping.surface of-the'Oga11a]a wet alluvial fan has been
altered considerably since P1iocené time. Erosion in New Mexico, Colorado,
and elsewhere along the eastern front of the Rocky Mountains, has severed the
Oéa]1a1a from its recharge area. The Ogallala in Texas occupies or forms the
Llano-Estacado which _is being ‘diésected by headwardly eroding streams.
Recharge of the Ogallala is now very slight and results from downward percola-
tion of water that is trépped in soils, wind-blown sand, and solution Tlakes.
Natural ground-water movement is most likely controlled by topography; flow

is toward streams and valleys.
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POSSIBLE URANIUM SOURCES, MECHANISM AND TIMING OF EMPLACEMENT

Granitic and volcanic rocks (mostly ash) are the common source materials
of uranium that occur in sedimentary rocks; Granitic rocks occur in the
Wichita Mountains of Oklahoma. Triassic volcanic rocks: (1) are associated
with horst and graben fhat are now buried beneath the Gulf coastal plain, (2)
occur in northern Mexico, and (3) occur in southwestern New Mexico and south-
eastern Arizona. These granitic and volcanic sources could have supplied
sediment to the Dockum basin. Volcanic activity was widespread during Creta-
ceous time, and ash might have been incorporated with the terrigenous blastics
that accumulated abovelthe'Doﬁkum in Texas and New Mexico. Ash deposits are .
contained in the Pliocene Ogallala Formation. Each of these sources could
have contributed uranium to the Dockum.

Feldspar content is greater in fluvial sandstone; of tﬁe Palo Duro-Tule
Canyon area than in fluvial sandstones in Texas to the south or in north-
eastern New Mexico. Uranium content of sandstones in Palo Duro-Tule Canyon
area is higher thaﬁ in comparable rocks in northeastern New Mexico or in Texas
southward fo the Matador Arch area. Relatively high uranium content coinci-
dent with an increase in feldspar content suggests that granitic rocks of the
Wichita Tectonic System could be a soufce of uranium. Uranium in this areé is
epigenetic, is contained in sandstone hosts, and was emplaced by ground water
that flowed from east to west. It is postulated that uranium was emplaced
during the Triassic. One can speculate that, because of céntinuous]y fluc~
tuating lake Tlevel, ufanium was precipitated and remobilized repeatedly
during the Triassic. iTherefore, it is possible that bn]y small uranium
deposits will be found in outcrop and shallow subsurface.

Relatively high uranium values are widely distributed in Dockum strata

that crop out in an area defined by southern Crosby County southward to
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Mitchell County. Within this area sandstones and siltstones contain a signif-
icant amount of biotite which is assumed to be derived from a volcanic source.
It is possible that the source of ash and biotite was Triassic volcanics in
Texas and northern Mexico. Although ash or tuff have not been recognized in
- Dockum deposits indirect evidence, volcanic biotite and montmorillonite, sug-
gest that volcanic activity transpired during the filling of the Dockum basin.
It is unlikely that ash blanketed the basin. Most likely ash and tuff
accumulated in the upland areas east and south of the basin where they wea- '
thered to form montmorillonite which was subsequently eroded and transported
by streams to lake margin areas. Uranium was probably released from ash and
tuff in the uplands and Eéansported basinward through meandering streams.
Uranium emplacement was early (probably prior to cementation of sandstones
and dewatering of mud and silt); a syngenetic origin of . the deposits is
possible.

Uranium mineralization in the Dockum directly beneath Cretaceous and
Pliocene sandstones and conglomerates is most Tikely related to ash contained
within these younger rocks and to Cretaceous and Pliocene aquifers. Chemistry
of Ogallala and upper Dockum ground water (Seni, 1977) substantiates the idea
that Ogallala and upper Dockum ground-water systems are interconnected.
Uranium that was released from ash in the Ogallala probably moved downward
through the Ogallala then into underlying upper Dockum. Movement of ground
water through both Ogallala and Dockum strata was from west to east. During
early phases of uranium mobilization and ground-water movement, funneling of
- flow probably occurred within erosional Tlows that were scoured into the
Dockgm. It is postulated that as ground water moved eastward through these
erosional conduits that water migrated laterally (through valley walls) and

downward into the Dockum; since the Dockum was virtually blanketed by Ogallala
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there was downward movement of ground water everywhere into the Dockum, parti-
cularly into the sandstones. Most of the uranium in the upper Dockum was
probably derived from leaching of ash within the Ogallala; some uranium may be
related to enrichment during Triassic and Cretaceous time. It is possible
that flow of ground water through the OQa]]a]a and upper Dockum accounts for
low values observed in the Dockum in New Mexico but relatively high values in
outcrop on the Texas side of the basin. Ground-water flow through the-
Ogallala might have cauéed enrichment in the upper Dockum in some areas,
whereas uranium was possibly remobilized and moved out of the Dockgm in other
areas. It is postulated, however, that enrichment of the upper part of the
Dockum is of epigenetic origin related to eastward movement of ground water
through the Ogallala.

Since the Pleistocene. there has been an ever-decreasing amount of
ground-water movement through the Ogallala. Thé Ogallala has been dissected,
and natural flow is mostly toward modern streams and va]]eys. Upward ground-
water movement and evaporation have resulted in development of extensive
caliche within the Ogallala. This evaporative process should have served to

concentrate uranium 1in the caliche.

CONCLUSTONS

Dockum Group (Late Triassic) is the product of a continental regime.
Dockum sedimént accumulated in a fluvial-lacustrine basin that was in marked
contrast with the "restricted sea" of the Late ﬁermian—Early Triassic whose
depoéits were typified by alternating terrigenous clastics, evaporites, and
carbonates which accumulated in a shallow hypersaline sea in tidal flat and

sabkha environments.
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Initiatioﬁ of Dockum sedimentation began with the opening-up of the Gulf
of Mexico, a tectonic event that produced block faulting in the area of the
present Gulf coastal plain, reactivated (uplifted) relict Paleozoic struc-
tural elements, produced a change in atmospheric conditions sufficient to
cause a transition from arid "Permian" conditions to humid "Triassic" condi-
tions and was accompanied by volcanic activity. Sediment was delivered to the
Dockum basin by streams that headed in Texas, New Mexico, and Oklahoma. 0Older
sedimentary rocks were the major sediment sources. Granitic rock fragments
were transported from the Wichita Tectonic System'in Ok Tahoma séuth‘and south-
westward to the Dockum basin. Volcanic debris, derived from the block-fau1ted
area, accumulated to the south and east of the basin where it was weathered
(possjb]y under humid climatic conditions) then was transported by streams to
‘the Dockum basin. |

Uranium occurs in the Dockum in amounts .ranging from a few parts per
million to several hundred parts per million. Sources of uranium are indi-
cated to be granitic rocks in Oklahoma, Triassic volcanic rocks in Mexico and
Texas (now buried beneatﬁ the coastal plain), and volcanic ash contained
wjthin the Pliocene Ogallala Formation. Uranium occurrence and depositional
facies are closely allied, but this association has been somewhat modified by
a complex ground-water history. Since the depositional history of the Dockum
Group was one of fluctuating ]ake level (alternating humid and arid climatic
conditions), any early (syngenetic) uranium deposits would have had short
residence time; uranium was repeatedly oxidized, mobilized, transported by
the ground—water system, and re-precipitated in a new locale ‘in sucéessive1y
more basinward positions. Ground-water flow paths were altered by erosion
during Jurassic and Cretaceous time, and ground-water chemistry was altered

as Cretaceous seas transgressed the area; redistribution of shallow subsur-
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face uranium deposits resulted from these changes in gyround-water flow and
chemistry. .A reversal in direction of ground-water flow within the upper part
of the Dockum in Texas came about with deposition of the Ogallala wet alluvial
fan systems; flow on the east éide of the basin was to the west until the
eastward flow was established within the Ogallala. Uranium occurrence within
the Dockum has been influenced by: (1) sources of uranium, (2) depositional
facies which provided the sedimentary hosts and requisite reductants, and (3)
a complex of ground-water systems ranging in age from Triassic through Recent
times durﬁng which man has altered the system. Uranium occurrencelin outcrop
and shaljow subsurface bears the imprint of perhaps the youngest major ground-
water system; this would be the Ogallala system at the time its }echarge area
was adjacent to the Rocky Mountains.. Only the deeper uraniwn occurrence
(regional radiometric anomaly) at the top of the lowest progradational se-
quence possibly escaped redistribution by changing flow patterns and water
chemistry. |

Possible uranium prospecting areas and/or stratigraphic horizons are:
(1) Palo Duro-Tule Canyon area, (2) southern Dickens to Mitchell County area,
(3) the regional radiometric anomaly at the top of the Towermost prograda-
tional sequence, and (4) Dockum rocks immediately below the Ogallala Forma-
tion. Sediment transport in the Palo Duro-Tule Canyon area was to-the west
and southwest; granitiq detritus was derived from the Oklahoma area; ground-
water flow was for the most part down depositional slope; trends wiphin
uranium;bearing strata should be to the west and southwest. Sediment trans-
port within the Dickens-Mitche]] County area was to the west and northwest;
uranium-bearing volcanic debris was derived from an area now buried beneath
the Gulf coastal plain; ground-water flow during Triassic was down deposi-

tional slope; trends within uranium-bearing strata should be to the west and
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northwest. Regional radiometric anomaly within the subsurface above the
lowermost progradational sequence, if proven to be uranium-bearing, would
have to be produced by a leaching process; uranium emplacement and concentra-
tion were probab]y.during Triassic time through an evaporative and/or soil-
forming méchanism. Trends of uranium-bearing deposits within the Dockum
beneath the Ogallala should parallel the paleotopographic lows cut into the
Dockum, the trends of Dockum sandstone bodies, and the direction of Pliocene-
P]eistocepe ground-water flow.

Additional research that would aid the understanding of uranium distri-
bution and enhance the possibility of discovering uranium deposits within the
Dockum would be: (1) a petrographic-geochemical study of soils (calcrete,
silcrete, etc.) in the Palo Duro-Tule Canyon area, (2) continued investiga-
‘tion of ground-water flow historg, and (3) a coring program designed to test

select areas of the Dockum beneath the Ogallala Formation.
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APPENDI X

Cross Section A'-A

H. Hunt, 4, Wimberly
Phillips, A-1, Harral

E1 Paso Nat. Gas, D-1 Winfield
Gulf, ST-1, Warnock

H.0.R., 10, Wilbanks

J. Grim, 1, Neal

Sinclair, 2, Fidelity Trust
Sinclair, 1, Ligon

Dixilyn Drlg., 1, Kimbell
Argo A., 1, Wilson et al.
L. Crumleg, 1, 0.P.A.

Penzoil, 26-1, University

F. Chapman, 1, Haley
Sinclair, 2, Gills

Argo, 0., 1, Linberg
Redfern & Herd, 1, Brunson

Hi11 and Meeker, 1, Hall Fed.
Conoco, 1, Levick Ford.

Dral Prod. Co., 1, Hudson Fed.
E1 Cinco 0., 1, Shell Fed.

Hudson & Hudson, 2, Inverson Fed.

Conoco, 1, Williams Ranch
Texaco, 1, State AU
Superior, 1-335, State
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Chaves, N.M.
1685 37, 22
8S, 30, 2

Roosevelt, N.M.
55, 30, , (D5)

Chaves,'N.M.
3, 27, 14
1S, 265 21

De Baca, N.M.
2N, 25, 18
3N, 24, 6

Guadalupe, N.M.
5Ny 235 11
N 22, 15
8N, 22, 20
10N, 22, 22
TiN,s 2], 22
14N, 21, 13

Cross Section A'-A (Cont'd)

Hall, 1-G, State
MWJ Prod., 1, Cato St.

Tidewater, 1, Boone

Sunray Dx, AK-1, State
Sandefer, 1, Vaugn

Twentieth Century, 0, 1, Myrick
General Crude, 1-A, Fed.

Felmant 0., 1-A, Whitaker

Baker and Taylor, 1, Smith

Thompson, et. al., 1, Tucumcari Nat. Bank
General Crude, 1, Spires

Cities, 1; Driggers

H.0.R. 6-34-13, Core lab.
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Dallam, Tx
9
18

Hartley, Tx
20
26
29

01dham, Tx
3
4
19

Deaf Smith,
12
3

Parmer, Tx
4

Castro, Tx
4
15
1

Lamb, Tx
14
78
28

Hockley, Tx
136
16
28
96

Cross Section B-B'

Shell 0, 1-2, Simms
Standard, 1, Hill

Sinclair, 1, Reynolds
Standard, 1, Buzzard
Bridwell 0, 2-A, Hougetan

Shell, 80-1, Fulton
Superior, 3, Matador
Pan Am Pef. 1, Whales

Tx
L. P. 0il1 Comp, 1, Morgan Jones
Honolulu, 1, Ponder

Gulf 0i1 Corp., A-1, Keliehot

Skelly 0.C., 1, S. Wilson
Amarillo 0il1 Co., 1, L. C. Boothe
Sun 0i1 Co., 1, W. C. Vselton

Anderson Prichard 0. Corp., 1, E. M. Getty
Sinclair 0i1 & Gas Co., 1, Roy Gilbert
L. C. Hewitt Trustee, 1, Cunningham

De Kalb Argicultural Ass. Inc., 1, R. M. Smith
Delfern 0.C., 1, Mitchell

Stanolind 0 & G, 1, W. J. Powell

Amerada Pet. Corp., 2, Brown
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Hockley, Tx
347
21

Terry, Tx
137
132
130 .,
207

Gaines, Tx

486
507
96

465

Andrews, Tx
34

Martin, Tx
101
179
89
45

Midland, Tx
281

121

125

23

333

Upton, Tx
104
180

Cross Section B-B' (Cont'd)

S & W Richardson, 33, S. A. Slaughter-
Gulf 0il, 26, Malleh Ld & Co.

H. W. Baxter & Great Western Drilling Co., 1, Pool
Sun 0i1 Corp., 1, Laura Winn

Phillips Pieta Co., E-1;.J0hn

Placid 0i1 Co., 1, Von Rosenberg

Texaco, 1, Hudson

Anderson Prichard, 1, Boldin

McDaniels & Beechel, 1, Radford Grocery Co.
Cities Service, A-1, Pruett

Pan-Am Pet., CU-1, V.St.

Texaco, X-1, Univ.

Leland Davison, 1, Mabee

Gulf, B-3, Glass

B]ackwooﬁ & Nichols, 1, Stimson

‘Ashum & Hilliard 0, et al., 1, Jones

Moore Expl., 1, Dowler-Houpt
York & Harper, A-1, TXL

T.X.L. 0i1, A-1, Bryant

J. Connally 0., 44-1, Shackelford

Amerada, 1-44, Tippett
Humble, 12, Pembrook
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Cross Section B-B' (Cont'd)

Reagan, Tx
231 Blackwood & Nichols
109 Humble, N-1, V.St.
437 Sunray, Dx, 25-2, U.St.
9. Y. Bakke, 1, Gulf, Vist

Crockett, Tx
39 . Hydro Drlg., 2, Neal
678 M. Bryant, 1, Shannon
766 Conoco, A-24, Shannon
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56

" Cross Section C-C'

Carson, Tx
68 Pure 0il, 1, Reed

Armstrong, Tx

22 Suray, SP 13, E. Palo Duro
17 Suray, C.D.H, 3, E. Palo Duro

1 - Burdell 0, 1, McGehee

Swisher, Tx :
5 Standard 0.C., 1, Johnson

Briscoe, Tx
1 Gulf, D-1, S. A. Rogers

Swisher, Tx

9 Frankfort 0. C., 1, Sweatt
Hale, Tx .
53 Ed Ogles Worth, 2, Biers
47 Permian Basin 0. C., 1, T. A. Shipp
44 Russell 0 Magire, 1, Wherley
20 " Honolulu 0. Corp, 1, Martha Schultz

Lubbock, Tx

24 Standard 0i] & Gas Co., 1, G. G. Flinn

93 Roden 0., 1, Bozeman

81 Miles Kernaghan, 1, Sherrod

39 DOB 011 Properties, Inc., 1, Boyd
Crobsy, Tx ,

28 Stephens Petr. Co., 1, Forrest
Garza, Tx

139 Garret 0i1, 1, Stulle

135 K. E. Parr et al, 1, Ray Collins

423 Honolulu 0i1 Corp., 6, Richardson Unit




Garza, Tx (C
264
397
458
395
453
49
42

Scurry, Tx
280
214
9
180
377

Mitchell, Tx
14
79 .
23
32

Cross Section C-C' (Cont'd)

ont'd)

Sinclair 0 & G., 2, Jones

D. J. Stonir 0i1 & Gas Operations, 5-1, Post estate
Duncan Drlg., 1-A, Kirkpatrick

D. J. Stone 0i1 & Gas Operations, 1, Moore-Connel

R. S. Anderson, 1, Connell

R. S. Anderson, 5, Standlind-Stoker

R. S. Anderson, 1, Miller "D"

Bright & Schiff, 1, Clawson

‘Humble 0i1 & Rfg., 11, Shannon

Sun 0il1 Co., B-4, Randals
Lone Star Prsd. Co., 1, McLaughlin
Robinson Drlg. Co., 1, C. H. Toombs

Theiss Drlg., C3, Strain
Pan Am, 1, Barber
Humble, 1, Cooper
Conoco, 1, Ellwood

Sterling, Tx

156
143
141

Great Western Drlg., 1, McCube
Monsanto, 1, Lea
HMH Operators, 2A, Ray
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Guadalupe, N.M.
8N, 22, 20
N, 225 15
5N, 23, 11

DeBaca, N.M.
3N, 24, 6
2N, 25; 18

Chaves, N.M.
1S, 28, 4

Roosevelt, N.M.
2%; 30; 36
4s, 32, 29
6S, 34,  (D13)
7S, 36, 29
8S, 37, 14

Cochran
260
149
8
209

Yoakum
209
23

Terry
103

Cross Section L-L'

Thompson, et al., 1, Tucumcari Nat. BAnk

‘Baker and Taylor, 1, Smith

Felmont 0., 1-A, Whitaker

General Crude, 1-A, Fed.
Twentieth Century 0., 1, Myrick

McAdams, 1, White

Baker & Taylor, 1, State
Austral 0., 1, Sadler

Sunray Dx, 1, N.Mex. St. "FF"
Pam Am, A-1, Peterson Fed.

" Shell, 1, Bluitt

Texas Pac. 0i1 Co., 1, H. B. Robb, Jr.
Monterey 0il Co., 1, F. 0. Masten

Great Western Procedures, 22-2, Starries

J. M. Huber & J. P. Wagner, 1, M. E. Daniel

Cabot Cafbon, 1-4, Walser
Paul Musslewhite, 1, Bob Lackey

‘Phillips Pieta. Co., E-1, John
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Cross Section M-M'

Pecos, Tx
876 HOR-, B-1A, Elsinore
424 Hunt, 20, Elsinore
767 HOR, D-2, Pike's Peak
194 " Hunt, 2, Elsinore
429 . Great Western, 1, Oates
182 Stanolind, A-1, State
180 . J. Meriwether, 1, Leon Farms
538 Humble, 1606, Ft. Stockton Unit
615 HOR, 10, Wilbanks
485 Amerada Petroleum Corp, A-1, E. 0. Reed
. 288 Texaco, 1, Athins
383 E1 Paso, 1, Athins
595 J. C. Barnes, 1 or Unit 8, Jackson
209 Thornbury-Gas et al., 1, Pecos
Crane, Tx )
485 Southland Log, 2, Evdaly
194 - Texaco, 1, Evdaly.
389 Asell, 1, Adams
606 Moran Bros., 1, Reed
184 Gulf, 855-E, Waddell
608 Atlantic, 36, Barnsley
100 Ohio 0il1, A-2, Barnsle
123 Gulf, 3E, Lea
79 Magnolin, 43, Lea
495 Phillips, W-1, University
469 Gulf, My-1-D, State University
440 R. Wood Et al, 1, University
134 Kewanee 0i1, E-7-Ohio
Upton, Tx

77 Wilshire 0i1, 14-117, McElroy




Harding, N.M.
18N, 30, 28
18N, 32, 14

Union, N.M.
18N, 34, 31

Quay, N.M.
17N, 36, 28

_ Hartley, Tx
1

26

B-60

Moore, Tx
56

Cross Section W-W'

SEC. Corp., 15, Mitchell
H.0.R., CM-1, State

H.0.R., CK-1, State

H.0.R., Co-1, State

Skelly, 1, Castleberry
Standard, 1, Buzzard
Michigan-Wisconsin Pipeline, 1, Collins

“Phillips, 2, E11is
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Guadalupe, N.M.

10N, 22, 22

10N,
10N,
11N,
11N,

23,
23,5

24,

26,

San Migué],

12N,
12N,
12N,
12N,

Oldham,
B-68
19
27
37

Potler,
B-14
17
88

Carson,
68 _

29,
30,
32,
34,

Tx

Tx

Tx

32
21

25

17

=

17
11
35

Cross Sectijon X-X'

General Crude, 1, Spires
General Crude, A-2, Simpson
LaMance Drlg., 1, Simpson
H.0.R., 6-43-25, Core Test
H.0.R., 6-14-17, Core Test

Miami Pet, 2, Hoover

. Puretex, 2, Chappel

0. Ledgerwood, 1, Kimes
Penrose, 1, Tippin

Livermore, 1, Moser

Pan Am Pet., 1, Whales
Shell, 2-58, Strat Test
Shell, 1-60, Alamosa

H.0.R., 1, Emeny
J. Brown, 1, Hill
Asarco, WOW-1-29, Amarillo field

Pure 0., 1, Read
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Eddy, N.M.
18S, 29, (D6)
195; 31, (D10)

Lea, N.M.
18s, 32, _ (D52)
18S, 34, _ (D54)
185,35, ___ (D55)
18s, 37, __ (D57)
185, 39, _ (Ds8)

Gaines, Tx
118
125
188
523
39

Terry, Tx
207
3
167

Lynn, Tx
94
B8
73
29

Crosby, Tx
34
66
63
13

Cross Section Y-Y'

Leonard 0., 1, Fed. Parcell
Cherry Bros., 3, Featherstone Fed.

Shell, 1, Querecho Plains

Conoco, 1, Tonto Deep

Sinclair, 1, State Lea 403

Conoco, 1, North Hobbs Unit

Bishop Canyon Uranium Corp., 1, Gule Tomlinson

Anderson Prichard 0., 4, Jones
Shell, 16, Leaverton

Amerada, 1, Riley

Childress Royalty 0., 1, 0.D.C.
Osmonds, 1, Morris

Placid 0i1 Col, 1, Von Rosenberg
Fullitation 0il Col, 1, Taylor
Greenbriel 0il Co., 1, Johnson

McAlester Drlg., 1, Edwards

Argo 0., 1, Edwards

Dekalb Ag. Assoc. & Balbon 0., 1, Terry
Roland S. Bond, 1, H. V. Wheeler

Sinclair 0 & G., 1, Guy Price

H. L. Hunt, 1, Jones

Morris R. Antweil, E-A1, English
Tidewater Assoc. 0. C., 1, Hickman
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Cross Section Z-7'

Loving, Tx
79 Sinclair, 1, Bailey
67 LeBland et al., 1, University

Winkler, Tx

651 Healey & LeBlond, 1-23, University
142 Shell, 21-A-1, University
66 :' Noel & Rodman, C-3, Hendricks
4  Hudson & Hudson, 7, Halley
597 J. Champlin, 1, Mitchell
299 Stanolind, A-1, Wight
Ector, Tx
1126 Texaco, B¥4, T. Thomas
743 Texas Pacific Coal & 0il1 & Eastland 0i1, C-1, Johnson
532 Sinclair, B-41, Johnson
158 Felmont, 1, Parks

Midland, Tx .
462 Texaco, 1-B, Bryant

281 Ashum & Hilliard 0., et al., 1, Jones
321 , .+ F. Holbrook & Brennard, 1, McAlister
Martin, Tx
44 Union Sulphur, 1, Snyder Arnett
71 ' Stanolind, A-2, Mulkey
Howard, Tx
466 National Associated Pet., 1, Quinn ~
88 Ibex, 6, Velma
6 Cosden Pet., B-4, PeHerson
10 ' Stanolind, D-1, T.X.L.
229 J. Williamson & J. Barnes, 1, Wade
231 R. Smith, 1, Barber '

402 Sunoco, 1, Snyder
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Cross Section Z-Z' (Cont'd)

Mitchell, Tx

87 Robinson Drlg., 2, Waston
79 Pan Am, 1, Barber

184 Seaboard, 1, Thompson

24 g Flour Bluff 0., 1, Girvin

207 Great Western Drlg., 1, Bauman






