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l.Introducti on

The Late Triassic Dockum Group of West Texas and New Mexico is a dryland fluvial
system which records abundamperflow-regime channel fills generated bypercritical flows
fed by intense, cyclonic storms (Lamb, 2019; Walker, 2020; Bezucha, 20#2pockum
Group historically has beestudiednot for its sedimentology and stratigraphy but rather for its
significance to the paleontological record as it contains a diverse and rich record of Triassic
vertebrate fossil§Green, 1954Eder, 1978, Chatterjee 1983, 1984, 1985, 1986, 1991, 1993;
Small, 1985, 1989a, b, 1997, 2002; Davidaenry, 1987, 198%4unt and Lucas, 19914, b,
1992, 19934, b, 1994, 1995, 198éng and Murry 1995; Lehman et al., 1992; Lehman, 1994a,
b; Simpson, 1998; McQuilkin, 199&dler, 1999; Bolt and Chatterjee, 2000; Atanassov 2002;
Martz 2002, 2008; Weinbaum, 2002, 206iaule Mueller, 2004; Lehman and Chatterjee, 2005;
Lehane, 2006; Mueller and Parker, 2008)th some noteworthy exceptions, the Dockum Group

has received little attentimegardingts depositional processes

Recent work (Lamb, 2019; Walker, 2020) noted this lack of investigation and sought to
rectify this by studying the sedimentology, paleohydraulics, and fluvial architecture of the
Dockum Group. Lamb (2019) identified the presence of abundant-tipperegime channels
and hypothesized that large, convective storms were the driver of the high disclestged et
were common in the Dockum. Walker (2020) investigated further into this updated
understanding of the strata and focused his research on detailed fluvial architectural analysis and

the paleohydraulics of the system.

These studies, while presented in magnified detail, were localized to a few sections solely
in West Texas. Since the discovery of these ufipar-regime channels in the Dockum Group

by Lamb (2019), no studyas been done abdubw this updated understanding of flow



processes is exhibited in the larger, regional extent of the system. This study aims to assist in
filling that void by integrating the data from these recent studies and applying it to an extensive

outcrop analysis in New Mexico as well as additional eastin West Texas.



2.Background
2.1 Exposure andextent

The Dockum Group extendserapproximately 246,050 kh§96,000 mf) primarily from West

Texas to eastern New Mexico with some extension into the panhandle of Oklahoma, eastern
Colorado, and as far north as southwestern Kansas (McGowen et al., Tl888)ockunmGroup

ranges in thickness from tens of meters over local highs such as the Matador Arch of West Texas
to thicknesses greater than 600 meters in the Midland Basin (McGowen et al., 1983; Lehman and
Chatterjee, 2005; Lamb, 2019). It outcrops along the eastermpesa#rof the Llano Estacado

of West Texas, within the Canadian and Pecos River valleys of Texas and New Mexico, and
along the eastern edge of the Rocky Mountains in New Mexico (Lehman and Chatterjee, 2005;

Lamb, 2019)Figure 1)
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2.2 Stratigraphy, history, and naming conventions

The Dockum Group comprises four formations. In ascending stratigrayatac they
are: the Santa Rosa Formation, the Tecovas Formé#tenrujillo Sandstongand the Cooper
Canyon Formation. The Dockum Group is stratigraphically bound in its Texas extent by the
Permian Quatermaster Formation below ahdve bythe Tertiary Ogallala Formatipas well
as Cretaceous stegfMay, 1988; Lamb, 2019). In New Mexico, the Dock@roupis bound by
the Permian Artesia Group below and dlueassiEntrada Sandstone above (Lucas et al., 2001).
This study focuses on the Tecovas Formation, Trufglodstoneand Cooper Canyon

Formation.

The Triassic System in West Texas and eastern New Mexico has been investigated since
themid-1850s( Mar c o u , 1853, 1855, 1D @EMat)the arlagsibstratag h 1t
in West Texas received the nadmckumd(Cummins, 189Q) The DockuntGroupstrata were
named thusly due to their proxi mi t(Qummios, t he L
1890) Drake (1891) published work on the Dock@roupin which he identified three distinct,
mappable units. Correlation of the Dock@Groupinto easteriNew Mexico dates to Cummins

(1892) where, at the time, no name had been given to the Triassic strata of the area.

Gould (1907) elevated the Dockum to group status and namesiitwoits. The lower
unit was named the Tecovas Formation and was described as a variegated red, purple, yellow,
and gray mudstone with interbedded quartzose sandstone and conglomerate. The upper unit was
named the Trujillddandston@nd was described as a basal series offolifhing sandstones
with an uppeisuccession of slop®rming red mudstones and siltstones with lenses of sandstone
(Gould, 1907; Lehman et al., 199Parton (1928) and Blard (1928) conductedufther

correlation of Triassic beds into eastern New Mexico where the daookundwas also used.
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Darton (1928) also identified and described the Santa Rosa Sandstone as the basal formation of

the DockumGroupwhich appeared as a distinctive, thick sandstone beneath the Tecovas.

Chatterjee (1986) laid out historical evidence supporting restricting the Trujillo
Sandstonef Gould (1907) to solely the basal clftirming sandstone. Further, Chatterjee (1986)
proposed that the upper, slefeeming succession be named the Cooper member, identified a
type section, and brought the Dockum Group down to formation rank. Lehrakr1€192)
updated the type section and demonstrated that the Cooper Member of Chatterjee (1986) exists in
sufficient thickness (161.5 m) to warrant formation rdmhman et al. (1992) also addressed
naming convention issues raised due to the existence of the Cooper Marl of South Carolina by
adjusting the name to Cooper Canyon after the Cooper Creek from which the original name
Cooper was derived. Thusly, Lehmanadt(1992), backed by historical precedence, named the

rocks above the Trujill®andstonas the Cooper Canyon Formation.

The naming conventions of most of the Dockum Grarghistorically contested. It is a
two-fold argument which is centered around formatiank naming and groug@ank naming. In
1985 Lucas et al. officially abandoned the name Dockum Group. Further, in 1989, Lucas and
Hunt identified five formation rank unitén ascending order those five formations were named
the Santa Rosa Sandstone, the Garita Creek Formation, the Trujillo Sandstone, the Bull Canyon
Formation, and the Redonda Formation. In 1993 Lucag\addrson placed these formations
into the ChinleGroup, extending this name for equivalent strata in the-Eouners region to the
West Despite this, a review on nomenclature by Cather et al. (2013) maintains that the proper
name for the collection should be Dockum Group at keatfteeastern front of the Rocky
Mountains of New Mexico due to the historical precedence and contiguous nature of exposure

along theHigh Plains.



Formationrank conventions are focused on the Tecovas and Cooper Canyon Formations
while all parties agree on the names Santa Rosa Formation, T8giildstoneand the Redonda
Formation (Lucas and Hunt, 1989; Lucas and Anderson, 1993; Lucas et al., 1994; Lehman,
1994). Lucas and Hunt (1989) claimed that the name Tecovas should be changed to Garita Creek
in New Mexico, and that the Cooper Canyon should be alba&adentirely due to the name
0Cooper 6 b elsewhpradthedirnepghe €abper Canyon wast namedLucas and
Hunt (1989) proposed that the name Bull Canyon Formation be used in place of the Cooper
Canyon FormatiorCather et al. (2013kviews all arguments on both formations and decides
that the name Tecov&®rmationshould remain and that the Bull Canyeormationshould be
used in place of Cooper CanyBarmation However, this study agrees with the arguments of
Lehman (1994) which states thitoopebhad not yet been taken as all stratigraphic units also
had a lithologic modifier attached to them (Cooper Limestone, Cooper Marl, Cooper Creek
Limestone, Cooper Peak Dolomite, etc.). Furthermore, Lehman (1994) points out that
stratigramic code prefers redescription of a unit and revision of its boundaries over
abandonment. As such, this study agrees with the naming conventions of Lehman and Chatterjee

(2005), Lamb (2019), Walker (2020), and Bezucha (2022).

Furthermore, this study refers to all strata above the Trgdladstonas the Cooper
Canyon Formation including what has previously been named the Redonda Formation. The
Redonda Member was first mapped in the Tucumbdvi area by Dobrovolny et al. (1946), but
a type section was never designated and the contact with the underlying strata was observed to be
conformable. Griggs and Read (1959) raised the Redonda to formation rank. Then Lucas (1993)
correlated the base of tReedondadormationto the basefahe Rock Point Formation of the

Colorado Plateau based on a sharp, lithologic change. Lucas (1993) claimed this was proof of a



basinwide expression of the 3 unconformity. This study did not observe this bagide

unconformityand continues the original assertion of the contact as conformable

Although the RedondBormationwas previously interpreted as recording the deposition
of a large, regional lake (Lucas et al., 2001), updated understanding revised the interpretation to
a collection of smaller, morghallow, localized ephemeral lakes (Hester and Lucas, 2001)
which is consistent with how the Cooper Canyon Formation is interpreted in thigrsilelyas
and New Mexico Cat her et al. (2013) says in refere
lithostratigraphic units within the Dockum are geally considered to be formations, but their
mappability has not been adequately assessed in som@areBsor t hese reasons
study did not observe the-brunconformity in a regional extent, this study will refer to all
DockumGroupstrata stratigraphically above the Trujif@andstonas the Cooper Canyon
Formationrather than the Bull Canyon Formation and Redonda Formation of Lucas and Hunt

(1989)

While not a focus of this stuggue to being oftrend of other measured sections, the
Travesser Formation of the Dry Cimarron Valley was measyedB@- 88). Lucas et al. (1987)
named this formatiom New Mexicq butit is not yet identified in Texas. dgent work by
Bezucha (2022) found that it is temporally the same stratigraphic age as the Cooper Canyon

Formation.

2.3 Tectonics,deposition, andclimate

The Dockum Group was deposited in the Late TriassibeofupercontinerRangea
which formed fomthe Late Paleozoito the early Mesozoic as a result of the collisidbn
Gondwana and Laurentihis event rmedmajor mountain ranges including the Ouachita

Orogenic Belt which is thought to be a primary source of sediments for the Dockum Group
8



(Bezucha, 2022)'he Matador Arctand AmarilleWitchita Uplift were other, minor
palegeographidighswhich formed at this time in the vigtg of Dockum Group deposition.
Conversely, various bass formed concurrely. These inclde the Midland Basin, the
Tucumcari Basin, and tHealo Duro Basin, in which the four Texas sections of this study are
located, formed at this time as well and was a persistent low during the deposition of the
Dockum Group (Walper, 1977; Kluth and Coney, 1981; Dickinson, 1981; Viele and Thomas,

1989).

The four formations of the Dockum Groape long interpreted t@present a succession
of rocks recording fluvial, lacustrine, and deltaic environments; however, the relative magnitude
that each of these environments is represented in the rock record has been debated over time
(Green, 1954; McGowen et al., 1979; Lehnaad Chatterjee, 2005; Lamb, 2019; Walker, 2020).
Once the Dockun@&roupwas interpreted to have been the product of dominantly, if not entirely,
lacustrine and lacustrine deltaic deposition (Granata, 1981; McGowen et al., 1979, 1983).
Interpretations also shifted to entirely fluvial deposits with arguments that lake sediveesits
misinterpreted floodplain depaosiiMcGowen et al., 1983; Frehlier, 1987; May, 1988; Lehman
and Chatterjee, 2005). However, recent work has concluded that indeed all depositional
environments are recorded in the outcrops of the Dockum Group, ame thiagle one
completelydominates over the others (Lehman and Chatterjee, 2005; Brown, 2016; Lamb, 2019;

Walker, 2020).

The DockumGroupwas described by Lehman and Chatterjee (2005) as two alluvial
depositional sequences: the Santa Riaseovas, and TrujilllCooper Canyon intervals. This was
due to both successions being broadly fining upwards sequences starting with a thick, sandstone

body at their respective bases. The concept of famgde sequences and the boundary between



t he basal and upper sequence is expl.ored in
Walker concludes that this boundary between the Tedemasationand Trujillo Sandstonés
unconformableand the TrujilloSandstonés a multivalley complex which was formed due to

the fluctuation between intense megastorms during wetter periods scouring valleys-and less
intense cyclonic storms during more arid period filling those valleys. In this way, the Dockum

Group is a fluvial recat of a monsoonal climate.

At the time of Dockum Group deposition, the climate of modkyn West Texas and
northeast New Mexicawascontrolled bytropical, monsoonal stormBarrish (1988) developed
the idea that the size and global position of the supercontinent Pangea allowed for weather
circulation conducive to generating massive, convective storms which Parrish named
megamonsoons. She offered this as an explanationgosite in the equivalent Chinle Group
to the WestThe depositional trends of the Dockum Group are consistent with this as
stratigraphic units record varying arid and humid periods (Seni, 1977; May, 1988; Martz, 2008).
Lamb (20B) argues that this variability is evidence that the flow of the Dodkuoupwas

monsoonrcontrolled.

Another factor impacting climate during the extent of the deposition of the Dockum
Group includes possible reactivation and uplift of the Ouachitas due to the opening of the Gulf of
Mexico thatwould impact magnitude of rainfall from the megamonsoons and smaller,
convective storms (McGowen et al., 1983). Parrish (1988) also notes that the climate of Pangea
likely varied on time scales of higher magnitudes than seasons which likely meant that the

alternating arid and humid periods apparent in the rock rewere lengthy.

Recent sedimentology work from Lamb (2019) and paleohydraulics and fluvial

architecture work from Walker (2020) concluded that megamonsoonal climate was indeed likely

10



the driving force for Dockum Group deposition in part due to the presence of abundant upper
flow-regime channels and sheets. Both in lithologic distribution and apparent magnitude of
discharge, the strata of the Dockum Group record a climate which vatigddn large

megastorms and smaller convective storms.

2.4 Supercritical flows

Upperflow-regime structures and bedforms gemeratedyy supercriticabnd near
supercriticafflows. Recent worlargueghat these structures and bedforms might be more
abundant in the rock record thareviously though(Fielding et al., 2006, 2009, 2018;
Yokokawa et al., 2010, 2016; Lang and Winsemann, 2013;-Bjmiklund, 2015; Slootman and
Cartigny, 2018). This was true of the Dockum Group. Lamb (2019) was the first to identify
upperflow-regime channels and sheetghe DockuntGroup All five principle structures
associated with supercritical flowereobserved within the Dockum Groaad in this study
These sedimentary structures in order ascending flow energypperplanebed, symmetrical

antidunes, breaking antidunes, chutes and pools, and cyclic steps

Flow energy of these uppélow-regime structures is calculated using the Froude
number. The Froude number is a dimensionhessberwhich divides the flow velocity
(inertial/kinetic energyby the square root of the acceleration of gravity times the flow depth
(gravitational of potential energy)he transition from subcritical to supercritical flow is when
the Froude number is@, and the first supercritical flow structures, symmetrical antidunes, start
to form at 0.841.0(Kennedy, 1961, 1963, 1969; Vden Berg and Van Gelder, 1993; Carling
and Shvidchenko, 2002; Fielding et al., 2006, 2009; Kostic et al., 2010; Cartigny, 2012; Cartigny
etal., 2011, 2013; Lang and Winsemann, 2013; Yokokawa et al., 2010, 2016; Froude et al.,

2017; Slootman and Cartign018).
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Fluvial systems that record supercritical flows are commonly fueled by flashy, extreme
flows caused by convective storms such as monsoons (Latrubesse et al., 2005; Syvitsky et al.,
2014; PlinkBjorkund, 2015). These types of flashy flows often are assaktigith rapid onset of
flow and rapid waning of flow. Walker (2020) found these types of hydrographs to be consistent
with quantitative measurements of the paleohydraulics of the DoGtoom Walker (2@0)
al so concluded that t letersdeoconkistemt wighrhighutgpverg highl o w
discharge variance river systentSVQpis a measure of the standard deviation of the annual
peak flood discharge divided by the mean annual peak flood discRaf@g is a value used to
definethe interannual variabilityof fluvial systemgFielding et al., 2018; Hansford et al., 2020;
Walker, 2020)Walker (2020) found that theéVQp value for Dockum Group channels were
consistent with uppeftow-regime channels controlled by megamonsoonal climates (GVQ

0.6071 0.90)(Fielding et al., 2018; Hansford et al., 2020).
3.Met hods
3.1Field work and locations

This project uses lithology, sedimentary structures, and fluvial architecture collected from
field observations of outcrops to analyze facies relationships of the Dockum Group on a regional
scale. Data collected from twelve field locations were used td bune composite lithologic
sections. These locations span from the panhandle of Texas to the eastern front of the Rocky
Mountains in New Mexico. Although twelve locations were observed, this study will focus on
ten locations. These ten locatiarefrom east to west: TX Hwy 256, Tule Canyon, TX Hwy
207, Palo Duro Canyon SP, NM Hwy 469, Route 66, NM Hwy 156, NM Hwy 104, Truijillo Hill,
and US Hwy 84Figure 3. The twolocationsthat are not being used are a location in the Dry

Cimmaron Valley of New Mexico and a location along U.S. Interstate 25 by Romeroville, New

12



Mexico. Thesdocations are denominated Red Rock Ranch &étirespectively. The section
measured at the Red Rock RaiRiRR)location is not used because it is-tBnd fromthe rest
of the locationsand the section measured at 5 (RG-B) location is noused because it lask

stratigraphic context due structural complexity of the éfegure 2.
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Some of the sections are composite stratigraphic secBaeause outcrop exposure in
eastern New Mexico was limited aratelycaptured the entirety of the Dockum Group, the
composites built from the New Mexico locations sometimes span a distandengjastof these
distances is thirgeight kilometers which is between the Conchas and Newkirk locations used to
build the Conchas/Newkirk composite section. In cases where one location is not visually
correlatable to another location, this study uses tfiemally correlated marker beds of the
Trujillo Sandstone and Exeter Sandstone to ensure stratigraphic cohexiomposite sections
from Texas locations share the name of the location because they are composites within one
general location, but a couple of the names of the New Mexico composite sections are named
differently than their corresponding locations doi¢he component sections of the composite not
being measured in the same, singular location. The names are given to these composites based ol
the proximity of the component sectionds | oc:
west, San Jon and Conchas/Newkirk. The San Jon composite comprises NM Hwy 469 and Route
66 and is named thusly due t o bGConchas/Newkirkat i on 6

composite comprises NM Hwy 104 and NM Hwy 1(b&gure 2).

Data was collecteth measured sectiofilom field observationsf grain size,
sedimentary structures, and biota.ofls were captured in the field using a Cannon EOS Rebel
T3i camera with either an 3% mm or 55250 mm lens. Thicknesses were measured using a
Trimble Geo7x. Paleocurrents were measured using a Brunton compass. Graphics were

generated using Adobe llluator

3.2Lithofacies analysisand lithosomes

An updated interpretation of the lithofacies present in the Dockum Group was introduced

by Lamb (2019) and was further refined by the work of Walker (2020). This research agrees with
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the works of Lamb and Walker, atids projecfs sudy area comprises the study areas of those
respective projectas a parttherefore, this work utilizes the lithofacies analysis of Walker to

inform the descriptions of the lithologic patterns present in the outcrops analyzed for this project.

The aim of this project is ttakethe welldefined sedimentologic and stratigraphic
information from Lamb (2019) and Walker (202)m the localized grouping of sections in
Texas and compare it with the data from the Dockinsupsystem on a much larger, regional
scale. Therefore, lithosomesreg e ner at ed from Lambo6s (2019) a

(Table 1)to showregionalizedrends of depositian
4 Resul ts
4.1 Measured sections

Tenmeasured sections were analyzed in this stivety of which were used to form
composite sectia) amounting ultimately téour sectionsn Texas and fousectionsn New
Mexico. Measured sections vary in terms of formation expo@tigaire 3) In Texas the Ogallala
Formation scours into the Cooper Canyon Formatidmich dramatically decreased the
preservedhickness in some locations. In New Mexico the Tecovas Formation is not exposed in
its entirety either. As a result, most correlation and subsequent analysis on a regional scale is
limited to the data availahlef which the most complete are frdhre Trujillo Sandstone and
Cooper Canyon Formation. Still, despite only recording the uppermost of the Tecovas in New

Mexico, some observations can be made from what information is available.

16



US Hwy Trujillo
84 Hill

San Jon

Conchas-
Newkirk

Exeter

“4— Dune
4— Chute + Pool
<« Antidune orientation

# = number of averaged paleocurrents

Palo TX Hwy Tule
Duro SP 207 Canyon

TX Hwy
256

Conglomerate
Sandstone
Siltstone
Muddy siltstone
Silty mudstone

Mudstone

E

Ogallala &=
Cooper 3 o =
Canyon B o ;
y o sE E
ssfE 50 T
e 45 M
Trujillo 05
30 £=
Tecovas .
20 W
15 m
..................................... 10 ==
5
Quartermaster
Total Distance: 425 km
< 52 km »< 42 km »< 76.5 km »< 164 km ch.m _E_VANM rEVA 32 _==V

Figure 3. Crossection showing all eighithostratigraphic sections. The red line is the top of the Trujillo
Sanstone which was used for regional correlat@ymsssection line shown on map in Figwze

17



4 .2 Lithofacies

Twelve uniqudithofacieswere observed within the Tecovas Formation, Trujillo
Sandstone, and Cooper Canyon Formation throughout the extent of the study area. These
assemblageare distinguished based on their lithology, sedimentary structures, and biogenic
influences (bioturbation/trace fossils or lack thereof). Clast sizes range from clay to gravel, and
sedimentary structures include ripples, dunes, trough-bexding, uppeplane beds and

requisite laminae, symmetrical antidunes, breaking antidunes, chutes and pools, arstepgclic

This study includes the sections measured and analyzed in Walker (2020), and this
research identified all the same lithofacies identified in that work. However, this project
encompasses a greater field area which contains deviations from the parantetensifai
Walker (2020). The lithofacies descriptions have been modified to accurately capture these
differenceqTable 1)but the naming convention for lithofacies code has been maintained for

continuity.
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Code | Lithofacies Lithology Sedimentary Characteristics Interpretation
Structures
Gac Sandstone to Light red to white, | Unstable antidunes, | Bed are 0.1 0.2 m thick, minor Local hydraulic jump
gravel with poorly sorted, chutes and pools, an¢ component of observed fluvial in upperflow-regime
uppekflow- coarsegrained cyclic steps deposits, forms sheet or lens channel fill
regime quartz sandstone to geometries
structures gravel clasts
Gp Sandstone with | Red to white, Massive, to local Beds range from 0.1 0.5 m with Prograding delta
gravel and moderately sorted, | minor antidune thick interbedded silty sections, foresets in lacustrine
minor silt, silt to gravel structures on distal | distinctive coarser grained fill
inclined sediments end of inclined gravel progradational lenses, encased in R
deposits
Sac Sandstone with | Red to gray, Antidunes and less | Beds are 0.2 2 m thick, moderately| Upperflow-regime
uppekflow- moderately sorted, | common chutes and | preservedipperflow-regime channel fill
regime uppefrfine to pools and cyclic stepy lithofacies, forms lensoid beds
structures medium grained bedforms
quartz sandstone
Sh Planar Red to gray, Upper plane bed Beds are 0.05 0.3 m thick, Upperflow-regime
laminated moderately sorted, | laminations dominate preserveapperflow- channel fill
sandstone uppetfine to regimelithofacies
medium grained
quartz sandstone
Sl Sandstone with | Red to white, well | Sigmoidal cross Beds are 0.4 2 m thick, rare Transitional flowat
transitionai sorted, uppefine bedding to washed | preservation in study area, distinct | Froude numbers
flow-regime quartz sandstone out dines gradual slopping on crodmeds close to 0.84within
structures channel fill
Stb Sandstone with | Red to white, well | Tabular cross Beds are 0.2 0.8 m thick, Lower-flow-regime
inclinedlower | sorted, uppefine bedding and ripples | distinguished by lateral accretion bar or channel fill
flow-regime quartz sandstone sets withlower-flow-regime
structures structures parallel to accretion
surfaces, fines into floodplain muds|
forms wedge or lobe geometries
Sr Sandstone with | Red to white, well | Asymmetric ripples, | Beds are 0.4 2 m thick, rare Lower-flow-regime
lower-flow- sorted, uppefine dunes and tabular to | preservation in study area, channel fill
regime quartz sandstone trough cross transitions into fine muds, forms ler
structures stratification or concave up geometries
Scvh Sandstone with | Buff to white, well | Convolute bedding, | Beds are 0.5 1 m thick, rare Deltaic slope sands
convulted sorted,uppekfine Parallel laminations | preservation in study area, found in
bedding, quartz sandstone close association with Fmh and Fcf
parallel in, found immediately beneath
laminations planar laminated and ripple
laminated sandstone
Fmh Sandstone, Red to light red, Dominated by planar| Beds are thin ranging from 0.05 to | Sandy lacustrine bas
laminated very well sorted, silt| laminations with 0.5 m, with interbedded muds, local
to fine grained minor ripples to local | fluid escape structures, encased in
sediments antidunes Fcf
Fl Massive Reddish orange to | No sedimentary Beds are 1 3.5 m thick,separates | Floodplain mudflat
mudstone white, very well structures to minor | coarse sandstone packages, forms
sorted, mud grain | local ripples and blanket geometries
sizes planar laminations
Fcf Claystone to Red to light orange,| Weakly to strongly Beds range from 0.615 m with Lacustrine fill
mudstone very well sorted, developed parallel, | alternating thin and thick sections,
clay to mud wavy and ripple distinguished by preserved
sediments laminations development of laminations, limited
to no bioturbation
P Mudstone with | Red orange and No sedimentary Beds are 0.2 0.4 m thick, Paleosols

soil profiles

white to yellow, silt
to mud sediments

structures

alternating calcrete and silcrete
horizons, some bioturbation, root
halos and blockylaty pedologic
structures observed, distinctive colg

profile

Table 1. Lithofacies table for the Dockum Grolmndified from Walker (2020)
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4.3 Upper-flow-regimechannekHill lithofacies

The most commonly identified lithofacies in this study in both Texas and New Mexico is
Sh(Figures 45, 6). Sh is characterized as a very fgrined to mediurgrained sandstone, red
to white in color, withdominance oplanar lamination interpreted as upanebedforms.
This lithofacies is present in chan#iidling sandstones predominantly within the Tecovas
Formation and Trujillo Sandstone. Sh is found in conjunction with dithefaciesas a portion
of a stack of chann4ill sandstones although it can be the sole lithofaciessinglechannel

filling sandstone.

When the Sh lithofacies is found in association with other chdoraing lithofacies it
is usually within a relatively thicker stack of chanfitlsandstones, and it is interpreted as
recording transitional to either waxing or waning flows. In thetlooa researched in Texas,
these stacks of channi@l sandstones can be thick, wide, largeale sand bodies that record
stormdriven flooding events. However, when Sh is the highest energy lithofacies in a ehannel
fill sandstone, the sandstone unit sually relatively thinner and is interpreted to be recording
independent floodplain channels, chute channels, or spéayt the larger channglévalker

2020).

This is generally not true in New Mexico. The majority of the chafilhslandstones that
comprise the Sh lithofacies do not contain a lithofacies that captues®at of higher energy.
Furthermore, in New Mexico the thinner chanrfiklsandstones interpreted as floodplain
channels, which in Texas comprise 8tinpriselithofacies characterized by low#low-regime

sedimentary structurésom dunes and ripple@-igure 10)

Common to locations in Texas, the two facies that record tffipesregime structures in

channelfill sandstones are Sac and Gac which are both characterized by having abundant
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antidunes withocal chutesandpools and cyclic steg&igure 4) Sac is a fine to medium

grained, channdill sandstone that ranges in color from red to white. Gatherwise the same
asSacbut hagpredominantly gravel sized grains with limited vearse sandstone. Similarly to
Sac,Gacrecords intense uppéiow-regime flow rates that are recorded by the same sedimentary
structures as Sac. Gac is less common than Sac in Texas, but both lithofacies are much less

common in the measured sections of New Mexiggure 10)

Gac is associated with Sac as this study has not identified Gac without Sac being present
within the same channdill sandstone unit. However, the same is not true of SacisSac
observed independent of theesence of Gac. In fact, most of the sections containing Sac
lithofacies observed in New Mexico locations contained no Gac. The most common sedimentary
structure in Sac is symmetrical antidunes whereas chntgools and cyclic steps are less
common. Tis is true of the entire study area where Sac was observed, but it is noteworthy that
chutesandpools and cyclic steps were not observed in any of the New Mexico seetimahs

were only observed in some of the Texas sections

In Texas Sac and Gac are prevalent in charilesandstones of the Tecovas, Trujillo
and Cooper Canyon, but in New Mexico S&s only observeds a componeraf somelarge
channeffill sandstonsin the Trujillo Sandstone Sac in the Trujillo Sandstone of New Mexico,
if present at all, represents musrnaller parts othanneffill sandstone units than in measured
sections in Texas. The thickest units of Sac and the only presence of Gac in New Mexico is
exhibited in the uppermost Trujillo Sandstone at@onchas location of the ConcHéswkirk
composite section. The Conchas locatimiudedthe only example of Sac within the Tecovas

Formation, and the lithofacies was observed in thin, disak&nnelfill sandstones encased in
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floodplain mudstonesSac is common in the Tecovas sections of TeSa was not observed

in any of the Cooper Canyon sections observed in New Mexico.
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Figure 5: (Above) Mixed Sh (A), Sl (B), and Sr (C) lithofaéi€Erujillo Sandstone,
Trujillo Hill location. (Below) Sh (D) and Sl (E) lithofaci&sTrujillo Sandstone,
Conchas portion of Conchas/Newkirk measured sectiorACNgure 2).
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4.4 Lower-flow-regimechannelill lithofacies

The Sl lithofacies is defined as a vdiye grained to finggrained channéill sandstone
which contains sigmoidal cro$amination that are interpreted to be wasbeatidunege.g.,
Saunderson and Lockett, 1983; Chakraborty and Bose, 1992; Fielding and Webb, 1996; Fielding,
2006; Lang and Winsemann, 2013; Walker, 2020sk¢dout dunes are indicative of a waxing
transitional flow as the Froude number approaches one when sediments would begin to form

upperplane beds.

The Sl lithofacies is rare in Texas locations, ibig more prevalent in New Mexico
(Figureb). Regionally it is almost exclusively found within the Trujillo Sandstone, but thin units
of this lithofacies are also found in the Cooper Canyon Formation at the Trujillo Hill location
(Figure 10. Sl is typically observed as a thin unit directly at the base of Sh sandstones. It is
found within largerscale channéill sandstones, and not associated with floodplain channels of

smaller width and thickness.

The remaining loweflow-regime channdlill lithofacies identified in this study are Sr
and Stb. These lithofacies are similar. Both lithofacies are composed of red to white, very fine
grained to finegrained sand, and contain similar sedimentary structures: ripples, dunes, and
tabular to trough crossbeddifigigure 7) However, Walker 2020 distinguished the two based on
the presence of accretion sets and the higher abundance oftrogghamination in the Stb
facies. Another difference between the two lithofacies is that@mnmnonlya component of
largerscale channdill sandstones thaitherwisecontain uppeflow-regime channélill
lithofacies whereas Stb is interpreted to be indicative of traditional {lexerregime channel

fill and bar deposits that do not contain higher energy lithofacies.
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Sr and Stb are rare in the measured sections in Texas. They are found within the Tecovas
and Cooper Canyon Formations and there exists only one example of a thick unit of Sr present at
the Hwy 256 locationvithin the Tecovas Formatiofhe rest of Sr and Stb in Texas is expressed
as either thin, minor components of thick upflew-regime channelill sandstones or thin,
discrete floodplain channels. In New Mexico, however, the Sr and Stb lithofacies are both more
common and also represent thicker portiohthe sandstone units in which they are present.
Thesdithofaciesare present in various proportions throughout the extent of the measured

sections, but the Trujillo Sandstone is where they are the least common. Within the Tecovas and

Cooper Canyon Formatiold New Mexicq Sr and Stb are dominant lithofac{@gure 10)

Figure 6: Sr (A), SI (B), and Sh (C) in a thick (6.81 m) stack of channel&aretovas
Formation, Texas Hwy 256 location.
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Figure 7: Stb (A) in channel sar@grujillo Sandstone, Conchas location of
Conchas/Newkirk composite section.
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4 5Lacustrine and non-channellithofacies

Interpreted as a floodplain mudflat, the Fl lithofacies is characterized by its clay to silt
sized sediments in varying proportions. It is described as massive with localized ripples or
parallel lamination. Heavily bioturbated, this lithofaaneay contain root traces and other traces
of biogenic activity. FI can exhibit selike characteristics as well. In some units, Fl exhibits a
blocky, pedogenic weathering style as well as slickensides. The Fl lithofacies is interpreted as a

record of overbankiud-sized sediments settling out of suspensianngchannel aggradation.

The Fl lithofacies is of varying thicknesses through all formations although the thickest
successions are found in the Tecovas and Cooper Canyon Formations. There is not a drastic
difference in the abundance of Fl between sectditisese formations Texas and sections in
New Mexico. Fl encases chantidl sandstones. llocally hasa gradationatontact with

lacustrine faciespreservinm package of Owettening upwards?o

The P lithofacies, mudstone with soil profiles, is similar to Fl. P is characterized by clay
to silt sized sediments with colors that range from red, orange, white, and purple. P exhibits
pedogenic weathering, cutans, slickensides, manganese staininghatbasodules, calcrete
nodules, and bioturbation such as root tracesoaitthtionhalos. The P lithofacies is interpreted

as paleosols.

The characteristics of P are variable based on location. Some are vedgvettiped
paleosols while others are less defined. In Texas a thick, correlatable unit of P is found beneath
the Tecovasormationc o mmonl y referred to as the Palo D
Sk i (McGoden et al., 1979; Lamb, 2019his geosolexhibits weltdefined color banding
with alternating calcrete and silcrete horizons which reflect fluctuations from dry to humid

climates(Lamb 2019)c.f., Retdlack, 1992; Kahalangsy, 1997). In New Mexico this unit of P
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is not observed. In New Mexico P is generally found in thinner packages and is usually found in
conjunction with the Fl lithofacies. Within the Cooper Canyon Formation in dtrthido Hill

location, a thick, wetdeveloped P unit exhibits calcrete beds up to 1 meter in thickness.

The channefill sandstones of the Dockum Group are not just encased by the Fl and P
lithofacies. The Fcf lithofacies is another example of a@ireened lithofacies present in the
measured sections. It is a red to light orange or grey colored claystonglstone that contains
little to no bioturbation, parallel laminations that vary in strength, and minor local ripples. It is
interpreted as lacustrine f(Walker, 2020) Prior research from Walker which focused solely on
the Tecovas Formation and Titlg Sandstone claimed that this lithofacies was confined to the
Tecovas, but the addition of the Cooper Canyon Formation in this study shows that thick
successions of this lithofacies are present in both the Tecovas and Cooper Canyon Formations.
However the distribution of these packagemiesbetween the two formations. One thick stack
of the Fcf lithofacies is found within the Tecovas Formation aftiie Canyorocation(Figure
8), but otherwise the lithofacies is observed in relatively thin packages that are interpreted as
shallow, local depressions rather than a lake of substantial size. This differs from the Cooper

Canyon Formation in which stacks up to 10 meters are commassabiofield area.

Interbedded within the Fcf lithofacies at some locations is the Fmh lithofacies. This is
defined as a silt to fine grained sandstone that ranges in color from red to buff. It is characterized
by planar laminations, local antidunes, and soft sediment dafimmin the form of flame
structures and ball and pillow structuf€sgure 9) This lithofacies is interpreted as sandy,
densityflow deposits that spread out across lake bottoms (Walker 2020 .lithofacies is
identified within both the Tecovas and Cooper Canyon Formations in Texas, and in the Cooper

Canyon Formation in New Mexico. This lithofacies is not associated with the shallow, localized
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Fcf units but rather with larger stacks of Féf.minor lithofacies that is associated with
lacustrine deposits is Gp. The Gp lithofacies is defined as inclined accretion sets of sandstone
with gravel and minor silt encased within the Fcf lithofacies (Walker 2020). Gp is massive with

local antidunes ang interpreted as prograding delta foresets.

One of the changes to the lithofacies of Walker (2020) is the addition of \Blaidh is
another lithofacies associated with lacustrine deposits and similar to the previous two lithofacies
yet distinct in grain size and interpretationdefpositionaknvironment. Scvh is defined as a
well-sorted, fine grained sandstone buff to white in color with parallel lamination and bedding
and convoluted bedding with recumbent folds. While Fmh is interpreted to be along the bottom
of lakes and the prodelta, Scighinterpreted as being more proximal to the shoreline and

associated with the delta front.
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Figure8: (Left) Closeup of Fcf lithofacied Tecovas Formation, Tule Canyon location.
(Right) A hoodoo composed almost entirely of a thick (>25 m)itfcifacie® Tecovas
Formation, Tule Canyon location. While the Fcf lithofacies is typically observed as thin .
discrete in both the Tecov&srmationand Trujillo Sandstongthis is the major exception to

that rule.

SRS

Figure9: (Left) Stack of repeating Fcf and Fmh lithofacies {05m packages$) Cooper
Canyon Formation, Hwy 469 location of San Jon composite section. (Right) Fluid escaj
structures, Fmlhithofacie® Cooper Canyon Formation, same location as left picture.
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FigurelQ: Crosssection of measured sections with lithofacies interpretations sh&tographic
context of sections used in cressction from Figure 2
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4 .6 Fluvial Architecture

The architectural elements of the Dockum Group identified in Walker (2020) are
consistent wittield observations throughout the field area of this study. Established in the
aforementioned research, are seven chasgaé elements, two vallescale elements, and one
sequencdevel elemen({Table 2).The channekcale architectural elements are named UCHI,

UCHSs, USB, CH, MCH, FF, and LF. Respectively, these codes represersdtatgaippeflow-

regime channel fill, smakcale uppeflow-regime channel fill, uppeifow-regime sideattached

bar, lowerflow-regime channel fill, mixedlow-regime chanel fill, floodplain mudflat, and

open lake fill. These architectural elements are characterized by geometry, dimensions, bounding
surfaces, and lithofacies that are found within them. The vatiale elements are named VF and

FTD which are, respectivelyalley fill and fluvial terrace deposits. MVC is the final

architectural element code and is representative of a multivalley complex.
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ChannelScale | Code | Geometry Characteristics Interpretation
Architectural
Elements
LargeScale UCHI | Geometry: Narrow to Thick fluvial sandstone body, dominated | Records cut and fill of wide
UpperFlow- broad sheets by Sac and minor Gac transitioning into § channels under supercritical flow
Regime Width: 487 118 m Sh and Sr lithofacies, bound by 8r 4" conditions. Generally recording
Channel Fill Thickness: 1.7 4.3 m order surfaces. waning flow with channel filling.
Aspect Ratio (W/T): 35
SmaltScale UCHs | Geometry: Broad ribbong Thin fluvial sandstone body dominated by Records rapid pulse of uppéow-
UpperFlow- to thin sheets Sh and Sr with minor Stb lithofacies, regime waning flow energy.
Regime Width: 57 20m bound by 2¢or 3¢ order surfaces. Localized to floodplains and mino
Channel Fill Thickness: 0.1 0.5 m Identified by the distinct lack of Sac incisions into largescale upper
Aspect Ratio (W/T): 41 | lithofacies flow-regime channel bodies. May
record independent flow events,
splays, or chutes from larger
channels.
UpperFlow- USB Geometry: Wedge or Lateral accretion surfaces building out inf Records consistent duration of
Regime Side lobe channel body. Limited identification withil supercritical waning flow energy
Attached Bar Width: 107 35 m study area. Contains Sac and minor Gac| allowing for the formation and
Thickness: I 12 m transitioning into Sh alternating withing®2| growth of an uppeflow-regime
order accretion sets bound by er 5" lateral accretion sets as side
order basal surface. attached bar and cut bank moved
laterally. Uncommon due to lack o
consistent flow energy and
presevation.
Lower-Flow- CH Geometry: Lens to Lens or concavep ribbon, well sorted Records hiatus in supercritical flo
Regime concaveup narrow sandstone dominated Stb and Sr deposition and a return to lower
Channel Fill ribbons lithofacies, uncommon in study area, flow-regime channel architecture.
Width: 57 20 m bound by #or 5" order surfaces.
Thickness: I 5m
Aspect Ratio (W/T): 4
Mixed Flow MCH | Geometry: Narrow sheet| Thick fluvial sandstone body, with Sac, S| Records fluctuation and transition
Regime Width: 407 50 m Sl with intermixed Sr lithofacies, bound b] in waning flow energy from
Channel Fill Thickness: 1.5 3 m 3" order surfaces. Full preservation is supercritical to subcritical flow or
Aspect Ratio (W/T): 20 | uncommon within study area. vice versa. Commonly partly to
completely eroded by overlying
channels.
Floodplain FF Geometry: Blankets Blankets commonly interbedded with Records overbank fines settling o
Mudflat Width: 3-40 m channel deposits, dominated by Fl and P| of suspension as flow energy
Thickness: 0.2 4 m lithofacies, bound by™ or 39 order further decreases with intermittent]
surfaces. status characterized development
soil horizons.
Open Lake Fill | LF Width: 57 25 m Vary in size from few meters to tens of Records large and small bodies of
Thickness: 3 17 m meters. Dominated by Gp, Fmh, Fcf and| standing water, commonly with
some interbedded Gac, Sac, Sh and Sr | deltaic development.
lithofacies, adjacent to channel bodies,
bound by 2 or 39 order surfaces.
Valley-Scale Code | Geometry Characteristics Interpretation
Architectural
Elements
Fluvial Terrace| FTD Geometry: Dowrstep Small pinchout section of a fluvial body | Preserved section of channel fill o
Deposit pinchrouts on outer or inner bank of valley scour. floodplain before following
Width: 27 4 m Contains channedcale architectural incision, within the confines of a
Thickness: 1 3 m elements such as UCHI, UCHs, SBu, FF| larger valley.
and or CH, bound by"or 5" order
surfaces.
Valley Fill VF Geometry: V or U shape| Large confining architecture containing al Records multiple channel cut and
Width: 207 90 m channelscale architectural elements and | fill episodes confined within one
Thickness: 5 15 m FTD major architectural element. Bound | cumulative higher order surface.
Aspect RatigW/T): 4.3 | by 5"or 6" order surfaces.
Sequence Code | Geometry Characteristics Interpretation
Scale
Architectural
Elements
Multivalley MVC Geometry: Extensive Largest confining architecture containing| Records multiple laterally
Complex shallow, smooth all channelscale and valleggcale amalgamated valley fills confined

elongated U shape
Width: 220 m
Thickness: 25 m

architectural elements. Bound bY @r 8"
order surfaces.

within a higher order surface or
seguence boundary.

Table 2: Architectural elemenigentified within the Dockum Group (Walker 2020)
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4.7 Lithosomes

To demonstrate largscale, regional trends in the distribution of chasfilletandstones
across the field area, this study grouped lithofacies and fluvial architectural elements into
lithosomes in a similar fashion to the research of Lamb (2019). Titiessoimes serve as a
relative scale of the recorded strength of flow of chafihelandstones and general distribution
of nonchannel sediments. Lithosomes comprise two categories: channel lithosomes-and non

channel lithosomes.

A lithosomecompriseshannelscale architectural elemenh varying proportionsThe
lithosomesaredefined in this research in part by the charsualle architectural elements that
compose thenLithosomes alsare defined byhe presence and relative abundandétusfacies
andthe proportions ofedimentary structuregithin. Channeffill | ithosome are used as a proxy
inthiscasefot he strength of flow of the fluvial sy
specific area at a specific time. &thickness of individual lithosomes is variable inasmuch as a

section of valley fill can only be as large as the paleogeography allowed.

This study identified six unique lithosomes; four channel lithosomes and two non
channel lithosomefTable 3) The channel lithosomes are defined based on the presence of the
lithofacies that corresponds with the highest energy sedimentary structures-dremngy
representative lithofacies and the corresponding sedimentary structures are common within
higher energyrepresentative lithosomes. Nahannel lithofacies such as Fl are sometimes
contained within a valley fill and therefore a lithosome, but #Hreyminor, thin components that

interfinger with channel sands when they are not amalgamated.
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4.8 Channelkfill lithosomes

The LCP lithosomeecord high-upperflow-regime deposits, and defined by the
presence of chutendpool structures, cyclic steps, or antidunes in greater than 50% abundance
throughout the extent of the unit. This lithosoooenprisesarchitectural elements UCHI, UCHs,
and USBwith high abundance of these higbbudenumberupperflow-regime structures
Although the corresponding architectural elements are all defined as upper flow regime with
dominant Sac, Gac and Sh lithofacies, loflew-regime lithofcies such as Sl and Sr are
present and preserved in waning and waxing flow stages. Also, not every UCHI contains
abundanthuteandpool structures, cyclic steps, or has antidunes in >50% abundance, so only
thosewhich do would qualify apart oflithosome LCP. This lithosome represents periods when

channels had sustained flow thaeached oexceeded a Froude number of 1.

The LA lithosome is defined hypperflow-regime channel fills with Sac or Gac up to
antidunesnly, andin abundance less than 50%. This lithos@mmprises/arying proportions
of the architectural elements UCHI, UCHs, MCH. The Sac lithofacies is présgrielow the
threshold of 50% abundance. Most of the antidunes identified are discrete and contained within
the MCH architectural element. The dominant lithofacies in this lithosome is Sh, but Sl and Sr
arepreserved as waxing and waning floWhis lithasome represents valley fill of channels that
commonly had sustained rates of flow approaching supercritical and intermittently exceeded a

Froude number of 1.

The LUPB lithosome is defined by the presence of uptarebed. Thidithesome
compriseghe architectural elements UCHBdMCH. The lithofacies that marks the highest
recorded sedimentary structure in this lithosome is Sh; no Sac was observed in this lithosome.

Sh, Stb, and Sr are found in higher abundance within LUPB than within LA, and some €hannel
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scale architectural elements such as CH contain only {bawsregime lithofacies. However,
upperflow-regime channetcale architectural elements such as UCHSs are still common and can
comprisealmost entirely uppeplane bed and laminations. This lithosome represents valley fill

of channels that fluctuate between subcritical flow rates to flow rates near or approaching

supercritical.

The LD lithosome is defined by the presence of dunes and trough crossbedding. This
lithosome is exclusively composed of the architectural element CH. The lithofacies which
contains the highesinergy sedimentary structure in this lithosome is Stb whidkfiaed by
trough crossedding. Sr is also common. Every charsele architectural element found in this
lithosome exclusively contains low#low-regime sedimentary structures representative of
subcritical flow. This lithosome represents valley fillablannels with flow exclusively at

subcritical rates.

4 .9Non-channellithosomes

The LF lithosome is defined by the presence of anyaiamnel floodplain lithofacies
which include Fl and P. This is most like the architectural element FF of Walker (2020). The
lithofacies that compose this lithosome do not demonsthatenelizedlow or associated
sedimentary structures. This lithosome represents sections of valley fill where channel sands are

not present.

The LL lithosome is defined by the presence of any lacustrine lithofacies. This lithosome
compriseghe LF architectural element which includes litteofaciesFcf, Fmh, Gp, and Scvh.
While not channefill sandstones, these lithofacies danally indicate the strength of flow of

the corresponding channel sands which flow into them. For example: Gp and some Fmh
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lithofacies observed in measured sections contain discrete antidunes. This lithosome represents

sections of fill where channel sands terminate into a lake or local depression.

ChannelScale
Sedimentary Lithofacies Architectural
Structures Elements (Walker,
2020)
Cyclic steps, chutes | Sac, Gac, Sh, Sl UCHI, UCHs, USB
and pools, antidunes
>50% relative
abundance, upper
plane bed, transitiona
dunes

Antidunesi discrete | Sac, Sl, Sh, occasion| UCHI, UCHs, MCH
or in >50% relative | Sr
LA abundance, upper
planebed,transitional
dunes

Upperplanebed, Sl, Sh, Sr UCHSs, MCH, CH
transitional dunes, (if other channels in
LUPB ripples, dunes valley scour contain
supercritical
bedforms)

Dunes, ripples, trough Sr, Stb CH
LD crossbedding, tabular
beds
Horizontal Fcf, Fmh, Gp, Scvh | LF
laminations, wavy to
LL ripple laminated,
mud-cracks, fluid
escape structures

Massively bedded, | Fl, P FF
LF heavily bioturbated,
horizonated

Lithosome Code

LCP

Table 3: Table of lithosomes. Lithofacies in column 3 from Table 1. Chaca&d
architectural elements in column 4 from Table 2 (Walker, 2020).

38



US Hwy Trujillo  Conchas- San Jon i LCP Palo TXHwy Tule TX Hwy
84 Hill Newkirk _Ill_ LA Duro SP 207 Canyon 256
Exeter | | Lues
B o
- LL
B F

Ogallala

Cooper
Canyon

Trujillo

Tecovas

Quartermaster
Total Distance: 425 km

< 52 km »>< 42 km >< 76.5 km »>< 164 km Xuc.m _E_VA 28 _==X 32 _csv

Figurell: Crosssection of measured sections with |glmneinterpretations shading.

39



4 .10Paleocurrentdata

Paleocurrents of the Dockum Group have been previously and recently researched
(Lehmanand Chatterjee, 2005, Bezucha, 2022owever, Lehman and Chatterjee (2005) lacked
the knowledge that the Docku@roupwas rife with uppeflow-regime structureghich gives
thepossibilitythatantiduine coss-setsmay have beemisinterpreted adune crossets. This is
significant because antidencrosssets dip upstream whereas dune cs®s dipdownstream.
Bezucha (2022) focused primarily on the Santa Rosa Formation. No study has analyzed
paleocurrents in the Tecovlermation Trujillo Sandstongor Cooper Canyon Formation since
antidunes and other upp#ow-regime sedimentary structures have been identified. Therefore,
this study took paleocurrents at six of the eight measured sections to compare with previously

published paleocurrents.

Paleocurrents were taken using both lofl@w-regime and uppdiow-regime
structures. In Texas the majority of paleocurrents were taken using the crest of symmetrical
antidunes. In these cases, the paleocurrent recorded is + 90° to the bearing shot along the crest of
the antidune. This method suggests that paleoflow dmiid either one bearing or in 180° to
that bearing. In New Mexico most paleocurrents were taken using dunesetssut some

paleocurrents were taken from antidunes when applicable.

Paleocurrents, regardless of whether they were measured frorAfloppeegime
structures or loweflow-regime structureshowed that channels of all three formations were
broadly flowing to the westorthwest(Figure 12) Bezucha (2022) found that this is true of the
Santa Rosa Formation as well. Furthermore, the paleocurrents measured in this study are

consistent witHindings fromB e z u cdatrtad zrcon study2022)which confirms the source
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for the Dockum Group is the

and sediment dispersed to the west across the Dockum basin
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Legend

Ww Measured Section

Link between composite sections

Trujillo Hill

Google Earth = ‘ ~

Figure (12) Rose Diagrams showing paleocurrents from Trujillo Sandstone at the following locations from east to west: TX |

256, Tule Canyon, San JddonchasNewkirk, Trujillo Hill. All paleocurrent measurements are available in the appendix but sl

are rose diagrams made from paleocurrents taken from the Trujillo Sandstone. As the st $armdation of the Dockum

Group, the Trujillo Sandstone the best for high populations of paleocurrents. While the Tecovas and Cooper Canyon Formations
show similar trends, fewer paleocurrents were measured due to lack of reliable examples.



4.110bserveddata not used in crosssection analysis

Two sections in this study were observed and recorded but were not used for cross
section analysis due to one, Red Rock Ranch (appendix cc), betngnaffand another,

Romeroville Gap (appendix aa), lacking correlatability in a structurally complex region

Theyboth exhibited similar characteristics to other Dockum Group sections with
prevalent uppeflow-regime structures but lacked enough evidence to be fully included in this
study. However, A recent zircon study by Bezucha (2022) suggests that the uppeatsost st

the Red Rock Ranch sectjdhe Travesser Formatioarelikely temporally at the same

stratigraphic age as the Cooper Canyon Formation. Further research would be needed to correlate

stratigraphically lower formations of the DockuBnoupinto the Dy Cimarron Valley where the

Red Rock Ranch section was measured.

5.Di scussi on

5.1 Dockum Group regional variability in lithosomes

The Dockum Group of West Texas and northeast New Mexico is a succession of fluvial
sandstone, floodplain mudsie and isolated lacustrine mudeecharacterized by the presence
of abundant uppeftow-regime structured.ithosomeswhich are groupings of lithofaciesere
generated for analysis of tdestribution of trese structure§.he relative abundance of these

lithosomes varies both longitudinally through the system as weéréisally (Figure 11)

Discharge estimations for upp#ow-regime channels of the Dockum Group were made
by Walker (2020). In that work he noted that the antidunes preserved in chitusaeldstones
are forming past the peak discharge and during the waning stages of flewpasistent with
modern observations (Langford and Bracken, 1987; Alexander and Fielding, 1997; Alexander et
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al., 1999, 2001; Russell and Arnott, 2003; Fielding et al., 2009, 2018; Alexander, 2008; Kostic et
al., 2010; Froude et al., 2017; Izumi et al., 2017; Baines et al., 2018). Still, despite peak
discharge for Dockursroupchannels being an indeterminate value greater than the preserved
sedimentary structures might suggest, these do record associations in relative strength of flow for
channels based upon what sedimentary structures are preserved. Such is the aim airggtegori

these stratigraphic units intibhosomes.

The defining characteristic of the LCP lithosome is the presence of either any amount of
chutes and pools or cyclic steps or the presence of antidunes in relative abundance of 50% or
more throughout entire channel fills. Chutes and pools form when thdé=noumber is between
1.6 and 2.1, and cyclic steps form when the Froude number is greater than 2.2 (Alexander et al.,
2001; Cartigny et al., 2011, 2013, 2014; Cartigny, 2012; Muto et al., 2012). Stable antidunes
form when the Froude number is approximatelyGilbert, 1914; Lighthill, 1978; Kennedy,

1961, 1963, 1969; Allen, 1984; Cartigny et al., 2011, 2013; Cartigny, 2012). Therefore, units of
measured sections that are labeled LCP are representative of periods of deposition when

discharge was at the higstenagnitude of any channel building events in the Dockum Group.

Thestrongly uppeiflow-regimeLCP lithosome is almost exclusively identified in Texas
with only one exception in New Mexico. LCP is associated with thick, amalgamated cfitnnel
sandstonéensesto sheetsn the Texas locations and is less frequently observed in thinner,
discrete sandstori®ds. The entirety of the Dockum Group in Texas is largely composed of the

LCP lithosome.

The Trujillo Sandstone contains the highest relative abundance of the LCP lithosome
compared to other lithosomes. In fact, the only example of the LCP lithosomemoitbe

western exposures dblew Mexico is within the uppermost TrujillBandstonat the Conchas
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portion of the Conchalslewkirk composite section. No chutasdpools nor cyclic steps were
observed in New Mexico, and while antidunes were observed they were in lower relative

abundance in than in Texas.

The LCP lithosome is also dominant within the Tecovas Formation of Texas, however,
there is a higher abundance of lovegrergy lithosomes than in the Trujillo Sandst{ffigure
11). The Cooper Canyon Formation in Texas is unique in that its expression is more variable
than the other two formations. Every lithosome is present within the Cooper Camyoation
of Texas The LCP lithosome composes approximately 50% of the channel sands across all
Texas locations, but other lowenergy lithosomes are present in relatively higher proportions
than the other two formations of the Dockum Group. The LCP lithosome was notezbse

within the Tecovas and Cooper Canyon Formations of New Mékigare 11).

The LA lithosome is defined by the presence of antidunes in relative abundance of less
than 50% across the unit. Commonly associated with lewergyrepresentative structures, the
LA lithosome represents periods of Dock@roupchannel deposition when flow only barely

reached supercritical conditions.

Theless intensivenediatupperflow-regime channélill deposits of theLA lithosome
wereobserved across the entire extent of the study area. In Texas, it can be found in every
formation, but it is associated with thinner sections of valley fill than LCP. Typically in Texas
sections, if antidunes are present within a chahlthebndstone tay are present in large
abundance, and; therefore, would be categorized as the LCP litho$sbmeliffers from the
distribution of LA in New Mexico which is only psent in the TrujilldiGandstoneln fact, the
LA lithosome is a dominant component of the Trujillo Sandstone in New Mexico sedtimn

LA lithosomedoes not occur in eithéine Tecovas Formation or the Cooper Canyon Formation
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in New Mexica When the LA lithosome is observed in the Trujillo Sandstori¢éew Mexico
sectionsit is found in thick,channeffill sandstonesvhereas when the LA lithosome is observed
in the Trujillo Sandstone in Texas sections it is found in thinner sandstone units. This is due to
large channelfill sandstones of the Trujillo Sandstone in Texas being of high enough flow

energy to be classifieas the LCP lithosome.

The LUPB lithosome is defined by uppalanebed being the highest energy
representative structure present in a unit. Ujgbenebed laminations form when the Froude
number is less than 0.84 (Gilbert, 1914; Lighthill, 1978; Kennedy, 119813, 1969; Allen,

1984; Cartigny et al., 2011, 2013; Cartigny, 2012). In this case, the channel only achieved the
lower levels of uppefiow regime for brief intermittent periods during filling, and may locally

for brief episodes reached supercritical conditions if at all.

The mixedweakupperflow-regime to lowefflow-regimeLUPB lithosome is observed
across the entire exteot thestudy area, but it is most prevalent within the New Mexico
locations where it is present in all sections and formations. In Texas the LUPB lithosome was
only observed within the Tecovas and Cooper Canyon Formations. There were no measured
sections in Texas which the LUPB lithosome was not observed in the Tecovas and Cooper
Canyon Formations. This differs from the Trujillo Sandstone in whicte md the Texas sections
includedthe LUPB lithosome. The LUPB lithosome in Texas is expressed as thin, discrete
channel sandstones with the exception of one thick, local unit found in the T&coveagionat

the Hwy 256 location.

In New Mexico, the LUPB lithosome comprises thick, amalgamated sandstones in every
formation across all sections. Differing from the Trujillo Sandstone in Texas sections, the LUPB

lithosome is the dominant component of the Trujillo Sandstone in New M&hed_UPB
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lithosome is associated with the LA lithosome when observed in the Trujillo Sandstone.
However, in the Tecovas and Cooper Canyon Formations of New Mexico, the LUPB lithosome

is associated with the LD lithosome.

The LD lithosome is defined by the presence of only lefleav-regime structures in a
unit. Units labeled LD are representative of the smallest magnitude of discharge recorded in the
Dockum GroupThe LD lithosome is observed throughout the study area, however, in Texas it is
only found withinthe Tecovas Formation and within the Cooper Canyon Formation. In Texas it
is expressed as thin, discrete sandstones, and it is associated with either the floodplain sediments
or smaltscale lakes forming in local degssions. There are no sections in Texas in which the LD

lithosome was observed in the Trujillo Sandstone.

In New Mexico, thdower-flow-regimeLD lithosome is foundn all formations, but the
expression of the lithosome varies dependinghefiormation. Within the Trujillo Sandstone,
LD is composed of thin, discrete sandstones associated with the floodplain. Within the Tecovas
and Cooper Canyon Formations; however, the LD lithosome is observed as botbcaheall
floodplain channels as well #sick, largescale units of channéill sandstone. There is a higher
frequency and relative abundance of the LD Btthroe within the Tecovas Formatioompared

to the Cooper Canyon Formation.

The LL lithosome is observed throughout the extent of the study area. The Tecovas
Formation in Texas contains one, thick unit of the LL lithosome, however, the LL lithosome in
the Tecovas Formation is also expressed as thin, local packages of lacudinremtsein both
Texas and New Mexico. This is very similar to the distribution of the LL lithosome within the
Cooper Canyon Formation. The LL lithosome identified within the Cooper Canyon Formation is

expressed both as thick successions of lacustrine onegsas well as thin, ndaterally
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extensive units. Both thick and thin packages of this lithosome are found in Texas and New
Mexico within the Cooper Canyon Formatidn.the Trujillo Sandstone all units of the LL

lithosome across the field area were observed to be thin and not laterally extensive.

The LF lithosome is observed throughout the extent of the study area. Within the Tecovas
and Cooper Canyon Formations, the LF lithosome is expressed in a similar character in both
Texas and New Mexico. In both formations the LF lithosome was observethahibainits
separating channdill sandstones as well as thick, slefseming units. The Trujillo Sandstone,
however, contains a different distribution of the LF lithosome from Texas to New Mexico. In
Texas, very little LF is present at all becausentiagority of the formation is composed of
amalgamated channgll sandstones. In New Mexico not only is LF more common in the
Trujillo Sandstone, but also there is@nmontrend of a thick, slopéorming LF lithosome
separating two major Trujillo sandstones. While this bimodal distribution is observed in the
Trujillo Sandstonén Texas (Walker 2020), theommonpresence of a thick LF unit separating

them is unigue to New Mexico.

5.2Dockum Group regional depositional trends

The Dockum Group is a dryland fluvial systehmaracterized by the presence of upper
flow-r egi me channels fed by intermittent, inter
of the Ouachita Orogenic Belt (Lamb, 2019; Walker, 2020; Bezucha, 2022). However, the
expression of the rocks both stratigraphically and longitudinally withisahee formation
indicate that conditions during deposition varied through time as well as downst&shy
discharge related to the megamonsoon is interpreted to be the cause dlowppegime

deposition (Wker and Holbrook, 202). The distribution of uppeifow-regime channel fills
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argues thathis conditiondissipatedlownstream and was most intensive in the middle of the

Dockum Group during Truijillo time.

The units of LCP lithosome, the lithosome that records the higpestflow-regime
discharge, are almost exclusively in the four Texas measured sections to thexeestecords
the most updip of the Dockuf@roupsections, nearest to the Ouachita source area, and the New
Mexico sections are more distal. This is backed by paleocurreniFigii@e 12), and by detrital
zircons (Bezuka, 2022. The LCP lithosome is also present in all three formations in Texas
albeit in different proportions. Still, this indicates that throughout the entire Dockum Group in
the updip direction flows frequently exceeded a Froude number@fThe Trujillo Sandstone
stands out in Texas as the formation with the most LCP relative to other lithosomes and,
therefore, represents the period of DockBroupdeposition when the magnitudariation of
discharge was higheahd dannels filled under intensive uppgiésw-regime conditions more
often All channel lithosomes observed in Texas are representative of high dischaatgen,
with the only low energy lithosome LD being observed in small, discrete floodplain channels of
the Cooper Canyoand Tecovagormations The Cooper Canyon Formation is the most diverse
of the 3 formations in terms of flow streng#ithough tlis is arelativestatemenasall

formations in althe sections in Texas still dominantly record higtensity flows.

To the west in the four New Mexico measured sections there is aftfnopflow
strength. In terms of the LCP lithosome, there is only one isolated unit observed at the Conchas
Newkirk composite section. The highest energgresentative lithosome of sifjoant
abundance otherwise is the LA lithosome which was only observed within the Truijillo
Sandstone. The Tecovas and Cooper Canyon Formaggmesallyonly had strength of flow at

high enough values to produce uppéanebedin these more distal locatis The starkest
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change is within the Tecovas Formation. In Texas it is mostly the LCP lithosome with minor LA
and LUPB, but the Tecovas in New Mexisalominantly the LD lithosome with minor LUPB.
Whereas the channel sandstones within the Cooper Canyon Formation in New &exicoser

to 50 percent LUPB and 50 percent LD. Regardless, both the Tecovas and Cooper Canyon
Formations were observed to have major estip of flow strengthdistally toward the New

Mexico outcropsFurthermore, the channel sands of both fornmatinore typicallyexhibit
channelform lensoidgeometriesn New Mexico,in contrast to the typical widendflood-out

appearance of the tireguivalent sections in Texas.

This change to more channelized sandstone bodies was not seen in the Trujillo Sandstone
in New Mexico. Rather, the Trujillo Sandstone was observed to still outcrop as large sheets as it
does in Texas. It is the only of the three formations where the h@sbme is not a major
component. Depending on location it is either dominated by the LA lithosome or it is a mix

between the LA and LUPB lithosomiesthese distal areas

The discharge of the flows during the time of deposition of the Tr@allodstonevere
still powerful enough tgenerataipperflow-regimefills with antidunes and uppg@lanebed
across dongitudinalreach of over 400 kilometers. Wherelas flows during the deposition of
both the Tecovas and Cooper Canyon Formations were not conducive to preserving much upper
flow-regime structures beyordi®0i 160 kmdown dip of thefurthest eastf the Llano Esteado

caprock sections in Texas

5.3Non-channel lithosomes

The deposition of noshannel lithosomes and thélistribution is similar to the channel
lithosomes inasmuch as the Tecovas and Cooper Canyon Formations follow similar trends to

each other from east to westhereas the Trujillo Sandstomaries moren its longitudinal
50



expressionThe LF lithosome is present in the Tecovas Formation in similar proportions both in
up-dip sections and dowdip sections. There is not a noteworthy increase or decrease in its
presence. The same is true of the LF lithosome in the Cooper Canyon Forifiagion.

distribution of the LL lithosome from east to west in both formations is similar to the LF

lithosome in that there is not a noteworthy increase or decrease in proportion. The one exception
is a thick unit of LL in the Tecovas tite Tule Cayonlocation in Texa®therwise the LL

lithosome comprises thin units throughout the Tecovas bethuand dowrdip. The LL

lithosome in the Cooper Canyon is observed as both thick and thin units regardless of whether in
an updip section or dowdlip section. This study foahno evidence to suggest that either

formation loses flowegionallyto large, terminal lakes in either Texas or New Mexico.

Because there is no noticeable longitudinal difference in the abundance of the LL or LF
lithosomein the Tecovas and Cooper Canyon Formatidns likely that these formations were
primarily driven by a system that providegufficient sediment supply to continue providing
coarse sediment both upstream and downstream, but not sufficient overall to keep up with
accommodationThe degree tavhich channel belts tend to amalgamate vs disperse and preserve
floodbasin deposits has long been tied to the rate of accommodagiatef¢, 1978; Allen, 1978;
Bridge and Leeder. 1979 More recent work shows that the rate of coarse sediment supply has a
similar impact of channel amalgamation, whereby higher supply translates to greater
amalgamationBryant et al., 1995; Heller and Paola, 1p9%his effect is so strong, that
Colombera et al.Z015 were able to show that accommodation rate alone ravelglates to
degree of channel amalgamation in actual rock sectibhs.presence of similar relative
abundance of lacustrine sedimentsdiyp versus dowatlip suggests that sedimestpply was
low enough to fail to fill these local depressions. Furthermore, the lack of meaningful

longitudinal difference in floodplain sediments shows tegtonal aggradation was higher than
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the rate of channedand depositiorHlowever, sediment transport and, therefore, chasened

deposition is positively correlated with discharge magnitude (Tooth, 2013; Fielding et al., 2018).
The flow strength in channels of geformations had dissipatednd yet there exists no

noticeable change e proportion okither lacustrine or floodplain sediments between when
channésands recordupercritical flowqup-dip) versus when they record subcritical flows

(downdip). Since the units are not appreciably thinner down dip, it is unlikely that the
maintenance of sand to mud ratio can be explained by a proportional drop in accommodation rate
down dip. Supply of coarse sediment apparently maintained and did not drdyndissipate

down dip, maintaining ratios of mud and sand with accommodation variation as a lesser factor.

The Trujillo Sandstone in Texas comprises very little LF lithosome or LL lithosome. In
New Mexico that is still true of the LL lithosome; however, there is an increase in the LF
lithesome comparativelyrhe Trujillo Sandstone has commonly been described as exhibiting a
bimodal distribution of two amalgamated sandstones. In both the San Jon and Hwy 84 locations
the LF lithosome is observed separating these two thick sandstone bodies to a greatbaaxtent t
is observed in sections further-dp. These twodcations are also where the Trujillo Sandstone
contain the highest proportion of LA lithosome compared to other Trujillo Sandstone sections in
New Mexico, so the increase in LF lithosome is likely not related to any weakening of flow in

these locations.

The absence of lacustrine sediments in the Trujillo Sandstone suggests that sediment
supply was highand channels were effective in filling local depressimannelfill sediment
This trend does riovary substantiallyup-dip versus dowadip, nor does the thickness of the unit
dramatically changélhis argues foan increased rate of sediment supply during the Truijillo

depositioncompared to the proportion found in the Tecovas and Cooper Canyon Formations.
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The wellfed Trujillo Sandstone channels had more opportunities to rework the floodplain muds
and replace them with coarser sands and gravels. This is generally true for the entire longitudinal
profile. However, the dowdip increase in floodplain sedimemiaused the fjillo Sandstone to
separaténto two thick sandstone units with some LF lithesome betw8eme loss of coarse
sediment to upstream storage is Ijkthe reason for this slight increase in floodbasin mud
preservation (c.flLeeder, 1978; Aén, 1978; Bridge and Leeder, 197%ediment supply is

linked to flow strengtt{Tooth, 2013; Fielding, 2038 Loss of flow strength down dip in the

Trujillo, though minor compared to the Tecovas and Copper Canyon formations, likely did have
some impact omate of filling of accommodation by chanriidlls. The Trujillo Sandstone is a

series of two fluvial sequences which merge updip in Texas seuttorsne sequence (c.f.

Holbrook, 2001)

The higher relative abundance of &Rd LL in the Tecovas and Cooper Canyon
Formations compared to the Trujillo Sandstone indicates that conditions during the deposition of
the Trujillo Sandstonevere more conducive to larger magnitude, rerstained, and more
frequent flowghat extended farther down diparger storms bring higher magnitude of
dischargeandmove morecoarsesediment downstream. While all formations dissipate in flow
strength down dip, the Trujillo Sandstone persigtigerflow-regime coditions farther down dip
than the Tecovas or Cooper Canyormatiors. This is evidenced by the proportionally more
abundant higheenergyrepresentative lithosomes in New Mexico sectioh$rujillo Sandstone
versus the Tecovas and Cooper Canyon FormatBwoth sediment supply and scour depth are
positively correlated with flow strength (Powell et al., 2007; Tooth, 2013; Fielding et al., 2018).
Not only does the Trujillo Sandstone record a period in the Late Triassic in which the storms that
fed this syteem were largein magnitude but also itsuggestshat the storms were more frequent.

The amalgamation of the of the Trujillo Sandstonéedy heavily controlled by an increased
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sedimentation rate caused by larger, rfoequent storms rather than a decrease in aggradation

rate.

Legend
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4 . Floodplain Upper-flow-regime
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Upper-flow-regime
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Lower-flow-regime == Floodplain
channels channels

Lakes

Figure (L3) Depositional cartoon depicting the depositional environments for both the
Tecovas and Cooper Canyon Formations. Flow is to the-northwest from the source
area of the Ouachitas. Lakes of various size are present up dip and doWpp#pflow-
regime sheets terminate down sip, and wbloev-regime channels transition into lower
flow-regime channels down dip. Channels narrow downFigure not to scale.
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Legend
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channels

Figure (14) Depositional cartoon depicting the depositional environment for the Trujillo
Sandstone. Flow is to the nontlerthwest from the source area of the Ouachitas. Wide
upperflow-regime channels persist down dip, and ugfmv-regime sheets are found
furtherdown dip compared to the Tecovas and Cooper Canyon Formations (B8jure
Figure not to scale.

5.4 Dryland fluvial systems and climate

Dryland fluvial systems are susceptible to many variable environmental factors but are
particularly controlled by runoff and sediment supply (Tooth, 2013). Parrish (1993) proposed
that during the late Triassic the climate of the modkay southwest of thenited States was
controlled by megamonsoons. Work from Lamb (2019) hypothesized that thefloppeegime
channels in the Docku@roupare evidence of these violent, convective storms. Further work by
Walker (2020) on the flow parameters of the Tecdvasnation and Trujillo Sandstone
strengthened the megamonsoon hypothesis by calculating that both formations record river

systems with high to very high discharge variance consistent with systems controlled by a
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megamonsoonal climatBezucha 2022 showed that these strata originate from the Ouachita
Mountains, bolstering the claims by both Lamb (2019) and Walker and Holbrook (2022) that
these flashy discharge chametiginate where these large convective megamonsoonal storms
orographically liftedasthey collided with the high Ouachita topography. The channels then

flowed downstream toward tiveest and flow dissipated in strength.

This study shows that all formations of the Dockum Group lose flow strength and volume
downstreambut it also shows that the magnitude of that loss is not uniform across all formations
(Figure 11) The Tecovas and Cooper Canyon Formations are observed to have a dramatic drop
in flow intensity and volume while the Trujillo Sandstone records less of a dugpe¥flow-
regimedischarggFigures B & 14). This is likely, in part, the result of shifts in climate which
impacted the magnitude, duration, and frequency of the storms which fueled the flow of rivers of

the DockumGroup

Ephemeral and intermittent dryland fluvial systems are similar and often grouped
together in the literature, yet the two have some important differences which impact how they
behave. Ephemeral channels are fed by highly localized storms which produd@dshThe
hydrographs associated with these events are characterized by steep rising and receding limbs
with short time bases (Walters, 1989; Rhoads, 1990; Hassan, 1990; Reid et al., 1994; Dick et al.,
1997; Belmonte and Beltran, 2001; Cigizoglu et2002; Tooth, 2013). Other common
characteristics of ephemeral channels are the presence of a poorly connected drainage network
and an output with high variability (Toot h,
comprises a diverse range of atebtural elements recording a wide range of depositional
envi r on me nandHolbroo® &02R)andings and analysis of lithaciesdistribution in

both the Tecovas and Cooper Canyon Formations suggest that these two formations are
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characterized bthin channels recordingphemeraflow conditions These smaller, flashy events
produced by localized convective storms likely were the primary source of water for Tecovas
and Cooper Canyon channels. Ephemeral to intermittent exists on a spéctnawer, so it is
important to note that, while not the norm, occasional storms of greater intensity or duration

likely contributed to deposition as well.

Intermittent channe)on the other handye fed by storms with longéived single peaks,
multiple peaks, or produced by seasonality. These storms tenctdttmgical in origin or
frontal systems that exhibit a hydrograph with a less steep rising limb and a broader time base
(Jacobsen et al. 1995; Knighton and Nanson, 1997; Tooth, 2013). These larger storms with
greater duration and frequency likely fed the Trujillo Sandstone. The amalgamation of the
sandstones in Trujillo channels, the smaller mageitdropoff in discharge dowadip, and the

lack of LF and LL lithosomes suggest this to be the case.

The Trujillo Sandstone records an intensification of the megamonsoon on a timescale of
millions of yearswhich is indicative of a climate shift at least a continentatale
Megamonsoons were the controlling variable during deposition of all three formations, but the
magnitude, duration, and frequency varied from formation to formation. This is evidenced by all
formations in the wglip sections of Texas being dominated I§§A.and LA but only the Truijillo
Sandstone having significant upgaw-regime lthosomes in dowdlip sections of New
Mexico. These larger and more frequent storms during the Trujillo time also influenced the
amalgamation and contiguous nature of the unit, and the expression of this higher flow strength
is to the increasechanneffill deposition in this interval related to the monsoonaiigreased
sediment supply. The same correlation is seen in the Tecovas and Cooper Canyon Formations

where both lacustrine sediments and floodplain muds are present without significant longitudinal
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trends. This, paired with tHesssteep dropoff of upperflow-regime structures in channel sands
down dip is evidence thahe Trujillo Sandstone records a long period of a more intensified

megamonsoonalimatecompared tahe Tecovas and Cooper Canyon Formations.

The Trujillo Sandstoaalso recordshorter timscale cyclicity othemegamonsoon
cycle Walker (2020) found thahe Trujillo Sandstonés a mutivalley complex. Periods of
higher water to sediment ratio in wetter times cut these valleys, and the subsequeetidds
with a lower water to sediment ratio filled thefnhis argueghe Trujillo Sandstone was
dominatedoy shorter cycles of monsoon intensification on top of the longer cycle that controlled
its deposition on the formational scaléis small timescale cyclicitgn sediment supplig also
likely at the root ofhe separation of two distinct Trujillo Sandstone sequences in-dgwvn

sections of New Mexico.

6.Concl usi ons

The Dockum Group of West Texas and northeast New Mexico is a dryland fluvial $ggtesmn
megamonsoons of temporally varying strengétorded byupercriticaflow in Dockum rives.
Six lithosomed four channel lithosomes and 2 rohannelithosome$® weredefinedfrom
outcrop data to characterize measured sections based on relative flow strengtional

context

1. The channels of t he Dacdk utmh eGrfnoaoph hgvdeesetrhalaldyw
the Ouachitas

2.Fl ow strength in Dockum Group channels di s
supercritidalujil oot iGmenndsigothd edritpdaivhe
Tecovas Formation or the Cooper Canyon For

fl ows i n NewtMexitlhe Trujill o Sandstone.
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3. There is no longitudinal increase or decre

the Tecovas Formation anboChoper m€anshusa €Eol
compatrhbtknesses of floodplain and I|ITalkceaust r
Trujillo Sandstone comprises -dil moandinmowac
sections, but there is a slight increase i

sequences of t hdeowlnr udiiipl lion SNaenwd sMeoxniec o

.Deposition was controlled by megamonsoons
Dockum Group and influenced the amal gamat.i
relative to aggradation in the TecadauwaswaFor
high relative to aggradation in the Truji/l
.An intensification of the megamon scoaouns eddu rain
increase in sediment supply which caused t

t his for metpircers.entTshicsl i mate changes on a ti
mul tivalley compl ex i dealts d i ssuhlgagisisettishee cTyrculji

i hhe cdurmmange deposition of this formation
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Graphic Section Key

Ripple cross-lanunation
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TX Hwy 256

342806 160 N
10°56 370 W

Base of sectionContact between Triassic strata and underlying Per@igrtermaster

1.9 mSandstone, fine to mediugrained, red, dunes cressts, bottom half of unit contains
extraformational chert pebbles

Paleocurrent measurements:
Dunes:288, 295, 287, 278, 280, 272

3.37 mPaleosolpurple/white/yellow, mottled, root traces, discrete sandstone bodies encased
within paleosol up to 3.4 m thick, at top of paleogofragipan surface

2 m Sandstone, fine to mediugrained, red external and gray internal, scours into underlying
paleosol, antidunes, overturned blocks, chute and pool, planar bedding

Paleocurrent measurements:
Antidune crests235°/55°, 211°/31°, 242°/62°, 208°/28°
Chute and pool: 20°

1.37 mSandstone, fingrained, interbedded with silty mudstone, sandstgolanar bedding,
beds on 106s c¢cm scale, thickness of sandston

0.86 mSilty mudstone

2.99 mSandstone, fine to mediugrained, red external and gray internal, long wavelength
antidunes, antidunal hummocks, planar bedding

1.99 mSilty mudstone, red and gray, laminated

6.81 mSandstone, fine to mediugrained, red external and gray internal, transverse bar and
dune crossets in the bottom half, top hélsigmoidal dunes, planar bedding

The next8.94m of the section is laterdlto the B of previously measured section and is
situated within an intraformational scour.

0.87 mSilty mudstone

3.17 mSandstone, fine to mediugrained, red and gray, sandstone is #aets which
occasionally interbed with silty mudstanem scalé or conglomerate, sheets also amalgamate,
antidunes

Paleocurrent measurements:
Antidune crests: 95°/275°, 108°/288°, 103°/283°, 97°/277°

4.9 mSilty mudstone, red and gray, discrete sand sbeéiskest at 0.7 @ sandstone bed
thickness decreases upwards, planar bedding
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3.2 mSandstone, a stack of amalgamated and truncating sandstbbta@s| sandstone bodies,
very finegrained at base, grain size increases tedmaned upwards, basal sandstorgple
crosslamination and planar lamination, sandstones ab@amidunesand planar bedding

2.9 mConglomerate, 5 distinct lateral accretion surfaces which truncate previous sandstone
units, dipping into subsurface

Lateral to the conglomerate, mudstone, Wathinated, red and white, mud chips,
overturned blocks

Contacti sharp, erosional with the Trujills

5.1 mSandstone, fine to mediugrained, white with red and gray staining, abundant antidunes,
low angle dipping strata, entire unit is amalgamated sandstones

Paleocurrent measurements:
Antidune crests91°/271°, 99°/27%, 261°/81°, 92°/1272°, 101°/281°, 269F/89°, 265/85°

1 m Conglomerate, antidunes, accretion surfaces, not laterally continuous

0.9 mSilty mudstone, gray and red

1.36 mSandstone, fine to mediugrained, gray with red staining, antidunes

0.71 mSilty mudstone, gray and red

0.89 mSandstone, fingrained, gray with red staining, antidunes

Contacti gradational with the Cooper Canyon Fm.

0.61 mSilty mudstone, gray and red

0.5 mSandstone, fingrained, gray with red staining, sigmoidal dunes, planar bedding

21.42 mMudstone, high content of clay, well laminated, periodic siltier sections with developed
peds

Sandstone sheets, fugeained, crscale dipping to the E, discrete within the mudsdoapprox.
thirteen individual sandstone sheets

1.48 mSandstone, fingrained, gray with red staining, conglomerate lenses, fossilized wood,
antidunes

1.73 mConglomerate, fossilized wood, antidunes

8.15 mMudstonewhite andred, with conglomerate beds, 5 discrete conglomerateibeds
dipping to the west, antidunes, mudstone at the top has high clay content, develops lamination

Paleocurrent measurements:
Antidune crests255°/75°, 235/55°, 247167°, 243/63°, 25&4[74°

Contacti sharp, erosional with overlying Ogallala Fm.
Top of section
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