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ABSTRACT

The Late Triassic Dockum Group of Texas and’ New Mex1co is composed
of 200 to 2, OOO feet ot comp1ex1y 1nterre1ated terrigenous clastic fa-
~c1es ranging from mudstone to conglomerate. The 1ower 200 to 1, OOO feet
- of the Dockum accumu]ated in a fluvial- ]acustr1ne basin defined by the
Amarillo Uplift-Bravo Dome on the north and G1ass Mountains on the 1

south, and is the top1c of th1s paper.

Outcrop and subsurface data indicate that (1) the basin was. f111ed
per1phera1]y, (2) sediment sources were in Ok]ahoma, Texas and New
~Mexico, and (3) relict: Pa1eozo1c structures in- concert with alternating
'hum1d and ar1d climatic cyc]es exerted cons1derab1e 1nf1uence on depo-
sitional sty]e of the Dockum. ~ An unconformity between the Permian‘and
Triassic is obvjous in the northern part of the basin, but'physica1'
~evidence of an unconformity is 1ack1ng in the central basin area

Arid Permian cond1t1ons gave way gradually to more humid cond1t1ons
of the Triassic. In1t1a1 deposits of the Dockum, which record these
humid cond1t1ons, accumu]ated in: ‘(1) bra1ded and meander1ng streams,
‘(2) a11uv1a1 fans and fan de]tas, (3). h1gh constructive lobate deltas;
and (4) lakes. A11uv1a1 fans and fan de1tas were best developed in
northern and southern parts of the bas1n whereas, centra1 basin areas
 were dom1nated by h1gh construct1ve 1obate de]tas A change from hum1d
to arid conditions produced (l) 1ower1ng of base 1e¥e];‘(2) etosionvv
(cannibalization) of older Dockum deposits; (3) rep1acement of meander—_
ing f]uvia]hsystems by headwardly eroding valleys andrbraidedhstreamS;ﬂ_,

~and (4) development of small fan deltas.



4v:‘_Severa1 dépositiona1 tycTes are recbgniZed in the area defined by °
Dickens, Crosby, Kent and ‘Garza Counties. A cycle comprises facies that
accumulated during oﬁé'highA and one low-stand of lake level. Thin
progradational delta and attehdant meanderbelt systems Wéfe deposited
during high-stand, relatively-stable base-Tevel conditions. Prograda-d
tionaT dé1té\sequences are composed of extkébasina1 sediments ranging in
texture from clay to gravel. A typical delta sequence conéﬁsts of
: 1atustrine and prodeita mudstone—si1t3tone,,dé1ta fronf siltstone-
,sahdstone, channel mouth bar andVsttrfbutary sandstone, and meqnderbe]t
'sandstone—congloméfate. Sp1ay units,‘qonsisting of poorly sorted‘intra-
basinal sandgtone and conglomerate, are COnsfituentS of interdistribu-
tary and f]ood.p1ain deposits.' Most delta sequences were partTy canni-
ba]izedvby superimpose& meéndering-stréams that migrated across the
area. - | | |

l ‘With a shift toward afﬁd cbnditions there was a lowering of base
“Tevel acéombéﬁged by erosion of subjacént Dockum deposits. Sediment
that composes the lowstand fécies association ranges from reddish;brown -
mudstone to §0n91omeratei ~Abrupt vertical and lateral texturé] changes:
characterize these lowstand depésits. Lower Dockum red beds consist of
Tacustrine mudstone, prodelta mudStone—s?Ttstone, delta front (delta
foresets) siltstone to Cong1omérate, déTka platform sandstone and con-

'910merate, and interdeltaic muds tone éxhibiting des1tcé£i0n féatureé,

and rare gypsum, salt hoppers and chert.f



INTRODUCTION

The Dockum Group inSWest”fexas and eastern New Mexico was investi-
"~ gated in cooperation with the U. S. Geo1ogicad Survey (Grant Number 14-
; 08—001—Ge410)kf0r the purposes of (1) determining'geo]ddica] conditions
that influenced deposwtwon of “the Dockum, (2) estabtiehing ne1atidnships
between uranium occurrence and depos1t1ona1 facies,. and (3) deriving a-
'depositiona] model which may be utilized 1in uranium‘exp1oratﬁonf

- This paper, which concerns the depositional framework of the Dockum
'Group, addresses the f1rst phase of the more. comprehens1ve study. Data
, 'der1ved from regional reconnaissance and Tocally detailed f1e1d work, 1n_v
conjunction with a regional subsurface study, provide the basis for this
report. Field work in other selected outcrop areas and additional sub-

“surface work are in progress. In addition to subsurface and outcrop

. Studies, the following supportive laboratory work is underway: (1)

petrography of siltstones, sandstones and cong1omerates; (2) analyses of
bc1ay m1nera1s from selected depos1t1ona1 env1ronments, and (3) determi-
nation of uranium content of sampTes from throughout the study area.
Reconnaissance Field work was conducted in DeBaca, Guadalupe, San
Miguel and Quay Counties, New MeXico, and from the Canadian River valley
to the Glass MountainshjndTexas. Detai1Fd_outcrop stddies were carried
out in Dickens, Crdsby, Kent and'Gatza dounties,'{exas.‘ A basin-wide-
‘subsurface study was'coordinated with outcrop Wcrk.~ The subéurface |
aspects of this report deal only with the Tower half of the Dockun in

the region south of the Matador Arch, and includes 31 Texas counties and

three counties in New Mexico. Future reports will consider further the



~ subsurface geology of the Dockum Group. More than 1,500 wells were
utilized in this part of the subsurface study. Gamma Togs provided the

principal subsurface data.
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GEOLOGIC SETTING

The Upper Triassic Dockum Group accumulated in a basin that under-

_1165 parts of‘Téxas, New Mexico, Colorado, Kansas and Oklahoma (Fig. 1).
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Figure 1.

Area underlain by Triassic Dockum Group (Texas, Ok]ahoma, Kansas,
Colorado, and'New Mexico), and Dockum outcrops in Texas, eastern New

Mexico, and OL]ahoma panhand1e



Location and geometry of the basin appear to be related. to Paleozoic
‘struetura1 elements (Fig. 2). 1In the northern part of the area relict
' structura1 e]ements are the Amarillo Uplift and Bravo Dome, wh1ch proba-
bly or1g1nated in Late M1ss1ss1pp1an (N1cho1son, 1960). Structure in ‘
the southern part of the basin 15 partially obscured by evaporite ‘solu-
~tion resulting from Cenozoic surface drainage (Miller, 1955; Hills,
1972). Positive structural elements are the Matador Arch And Central
Basin Platform. The Metador Arcurappareut1y\was inactiue during Late -
Triassic (Fig. 3) and exerted 1ittle influence on sedimentatiou. éand—
‘stone depositional patterns in the lower half of the Dockumrwere unaf-
fected by the Central Basin Platform (Figs. 2, 3, and 4). Structural
1rregu1ar1t1es along the structura1 profile in W1nk1er County (Fié. 3D)
are re]ated to evapor1te so]ut1on

Dockum and underlying Perm1an strata are red, but Dockum fac1es, |
which accumulated in fluvial, deltaic, and 1acustr1ne environments, are
in marked contrast with Permian, evaporites and terrigenous clastics
which were deposited under artd conditions in restricted, shaj1ow,
‘hypersaline water bodies, tidal flats and sabkhas. In some areas Per-
mian and Triassic strata are_separated by an unconformity. Elsewhere
the contact is gradational and it is assumed that sedimentation was
continuous from Permian into Triassic. hf this is so, then where are
the Lower and Middle Triassic deposits? They are perhaps hiqden in such
Upper Permian deposits as Pierce Canyon redbeds (Léng, 1935) and Dewey
Lake redbeds (Page and Adams, 1940). There was apparently a transition

from the arid Permian climate into the pluvial climate of the Triassic.



Figure 2.

Relict Paleozoic structural eTéments 1nc1uding Dalhart Basin,
Amarillo Uplift, MatadoF-Arch, Midland Basin, Central Basin Platform,

and Delaware Basin. Lines A—A','B~B';7C—C', and D-D' are structure

profiles shown on figure 3.
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The~Docka basin was peripherally fiT]ed, rece{ving sediment from
the east, south,‘and'west. Lowlands to the east and west were traversed -
chiefly by meandering'streams. 'Higher gfadient streams with flashy >
dfscﬁgiéé existed“at northérn and sdﬁfhern_ends bf fhe basih. Chief
sediment sources were Paleozoic sedimentary rocks. .
The Do;kum Group, iﬁ the Texas Panhandle, is composed of the basal,
shaly Tecovas Formafion and the over]yﬁng sands ‘of the Trujillo Fbrhé—
tion (Gou1d,‘1906,‘1907)i  Iﬁ this repoft, Trﬁassicdstfata are analyzed
jn.terms of genetié faéies that compose debosi&iona] systems. Dbdkﬁh

Gfoup/is the only formal stratigraphic term abp1iéd.

DOCKUM GROUP: FLUVIAL, DELTAIC,

(

AND LACUSTRINE SYSTEMS

$Sub§urfaceiwork by M;Kee and other§ (1959), and substahtiated by
the present Study, indicate that tﬁé Dockum bésfn was sﬁpp1ied with
sediment by streams'f1owing‘from east, southband west (Fig. 5). A
shallow lake (ofiTakes)rwas £Fil1ed wfthvdistributary deltas aﬁd fan
| deltas.

Initiation of Dockum sedimentation résu]ted frqm two apparenf
changes: (1) a shift from arid Péfmian F]imate tqwardfé more hﬁmid
Triassic climate, and (2) a réjuVenation:of some Pa]eozdic structura]
elements (Asduith and Créméf, 1975). Opening of the Gulf of;MexTco as'
postulated B}HKeh1é'(1972) can be 1nferred'to»have caused (1) a change
in climate, (2) an uplift in part of the Ouachita tectonic beTt, and (3)

subsidence of the Dockum Basin. With increaéing precipitation, Permian

L0



“Figure 5;

Inferred paleogeography during the initial stage of Dockum sedimen-
‘tation in area south of Amarillo Uplift-Bravo Dome. Depositional ele-
ments -are bfaided streams, a11uvia1-fans; fan deltas, meandering streamél

distributary deltas, and shallow lakes.
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sabkha environments, were replaced by expanding‘]acustnine‘and fﬁunia1;
de]taic environmentsi‘ |
~ Early during Dockum deposition, alluvial fans and fan deltas were
vconcentrated in'the sdufnern andinbrthekn parts of fhe basin. Sediment
transport was through braided streams;f'Meandening streams and high con-
structive lobate deltas occupied the east- and west-central parts of the
’ bésin because (1) reg1ona1 slopes vere. re]at1ve1y Tow, (2) former tec-
tonic belts were up to 200 miles away, and (3) tota] dra1nage area was
Targe. Pluvial and afid EOndiﬁidns aiternated‘throughout most of Dockum
time,_ In;fexas,‘rddnfa11 and'vegetatdon'cover were probably greatest in
up]ands'to<tne east and southeast. Rainfall and vegetation probably
decreased to the west. De]ta p1a1ns were almost barren and vegetat1on
“Was probab]y restricted to narrow bands adJacent to streams . Climate
' and depos1t1ona1 environments of the Dockum are 1nferred to have been
“similar to the present Omo delta (Butzer, 1971). R
| Lake area and water depth f]uctuated with changes 1n c]1mate and
sed1mentat1on rates. Lake level was highest and most stable dur1ng
pluvial periods. Maximum depth attained in the outerop area, based on
thickneseegﬁof progradational sequences, waé abduf thirty feeff |
During arid cycles base level dropped, valleys were .scoured, and
lake size“decreased;v Most of the meandeLing stredms ceased to function
at this time, and Tocal braided‘streams became -the dominant ﬁype of
'f1uvia1 systemé. Ranid construction of small fan de]tas‘occdrred'where
these braided streams debouched from the eroded valleys into small

1ake§. Many of these fan deltas were reworked by succeeding flood

12



eventg. Fan deltas were consequently constructed from debris eroded
(canniba]ized) from o1dér’Triassic deposits. |

~Interpretation that the Dockum Grdup was debosited as a compTex of
fluvial-deltaic-lacustrine systems has drawn on éﬁudies-of modern open
and closed lakes (Bonython and Mason, 1953; Goq]d,~1960; Langbein, 1961;'
Goftscha]k, 1964), modern 1acus£rine deltas (Axe]sson, 1967; Butier,
1971; Born, 1972; Pezzetta, 1973), ancient.Tacﬁétrine'déltas (Butzer and
others, 1969; Born, 1972;'Léntz,‘1975), modern and ancient oceanic = -
deltas (Fisher and others, 1969), modern fan dg1tas (McGowen, 1971&), '
'and_modern f]uv1a1'deppsits (Ore;”1964;_8ernard andwothgrs, 19702 McGowen .
and Garner, 19705 Smith, 1970; Church, 1972; Levey, 1976). The Dockun
Group exhibits elements common to most of the above mentioned systems.
uwThene is‘H6\ex1§ting single model that describes the variefy of Dbék&m

depositiona] systems.

DISTRIBUTION OF MAJOR DEPOSITIONAL ELEMENTS

Outcrop studies 1in the‘east-central part of the basin, supplemented
by subsurfacgraata; indicate that meandering streams and distributary
deltas were dominant in Dickens, Crosby, Kent, Garza, Scurry, Mitchell,

Ster]ing,’Howard, Martin, Dawson and Borgen Countiés,.Texas. ‘Log char-

acter and sand percentage patterns (Fig.!6) mapped in the west—ceﬁtra1 -
part of the basin (Chaves and Lea Counties, New Mexico and Amdrews,
'Gaines,vaakum, Terry, Cochran and Hockley Counties, Texas) suggeét that
similar depositiona] env%fonments éxistéd throughout that pgrt of the

basin. Log character and distribution pattern of the preddminant]y'sand
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Sequences south of Sterling, Glasscock, Midland, Ector and Winkler Coun-
ties, Texas are interpreted to represent coalescing fan deltas.

Fan dr fan delta facies are not exbdseduin the southern part of the
besin In the Glass Mountains, south ef the Dockum bas1n, however,o
occurs a comp]ex of Triassic 11mestone and chert cong]omerate, sandstone,'
‘reddish-brown mudstone, and thin Timestone and dolomite beds that com-
prise the Bissett Format1on (King, 19303 1935; 1937). Vertebrate and
plant fossils indicate that the B1ssett is o1der than the Dockum Ver-
_ tebrate and p]ant foss11s from the B1ssett Cong]omorate were stud1ed by
Case and Read (King, 1935) According to Case, who studied the verte-
brates, the format1on cou1d not be either Permian or Cretaceous VRead;
who studied the fTora, reported that all species are early Mesozoic
types,vand thdt-there are no e]ements of a Permian ftora in the Bissett
collections. According to Read, the Bissett ttoralis older than the
" flora in the. Dockum localities farther north. King (1935) concluded
-”that physical and paleontological evidence favor an Early Triassic age
for the Bissett. The Bissett Formation records initial Triaséic allu-
vial fan~and'fan delté‘sedimentation\immediateTy north of the Ouachita
Tectonic Belt. o :

“The predominant1y eand”section5north ot the Quachita fold belt,
shown by var1ous sandstone maps, is 1nterpreted to be coalescing fan
delta deposits. Thick sandstone trends- displayed on net sandstone maps
(Fig. 4) and reconna1ssance outcrop studies 1nd1cate that fan de]tas
also represent initial depositional systems a]ong the northern part of

the basin from Motley County, Texas, northwest along the Canadian River



valley to Quay, Guadalupe and Debaca Counties, New Mexico.
Santa Rosa Area

Lupe (1977) reborts that the Santa Rosa Sandstone in the vicinity
of Santa Rosa, New Mexico, accumulated in braided stream, flood plainj“'”
and Take environments. »Four memberé of the §anta Rosa Formation (Fdig.
7), which weré defined by Finch and Wright (1975), are genetic as well
as descriptive (Lupe,‘1977)Aéﬁd inc1ud§ in astendihg ordef'(l) the Tower
sandstone, (2) ﬁidd]e ééndstohe, (3) shale, éng (4) upper sandstone ‘
members.\" | ST ST

A 1bwer'sandstone‘member comprisihg'medium-grained sandstone and |
some 1ntrabas1na] cong]omerate (F1g 7), 1s character1zed by numerous,
over]app1ng, th1n, re1at1ve1y broad, channe1 f111 sandstone bodies,
~ Channel-fill is composed of 2 to 6 feet of trough-fill and foreset oy
 ]Cross—straté.f'The Tower sandétone is inferred to be either an alluvial ™
fan dr fan delta system. An unconformity Separates_the Tower and midd1¢wﬁ“
sandstone members. | .

A middle Sahdstone member, interpreted to be a coarse gréined mean-
~derbelt sequence (McGéwen and Garner, 1970; Levey, 1976), recékds multi- l
ple channel migrations and the basal 1OJ15 feet is composéd of channel-
‘lag Cohg]omerate and abandoned channe1-f%11:consis¢ing of very fine
sandstone and siltstone. A comp]éte vertical sequence, from scour poo}k
through upper point bar facies, is preserved at the top of th% middle

sandstone member. The sequence is approximately 40 feet thfck and con-

'sists of (1) about 5 feet of conglomeratic medium-grained sandstone
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exhibiting Targe scale trough-fill cross-strata, (2).from 4 to 6 feet of
parallel Taminated mediun grained sandstone containing some large scale
trough f111 cross- -strata, (3) approx1mate1y 20 feet of moderate1y well
sorted medium-grained sandstone comprising small trough fi11 cross-
strata, and (4) about 5 feet of rmpp]e cross-]am1nated fine- to medium-
~grained sandsfdne in one-inch to one-foot -beds.

A shale member overlies the midd1e,sandstone member. The Tower 25
feet of the shale member is composed of oTTve'gray 1acustrine claystone

containing plant mater1a1, and siltstone and sandstone lenses. wave

‘ripples and wave-dominated comb1ned flow r1pp1es (Harms , 1969) occur on

bedd1ng surfaces The upper 45 feet of this unit is ‘grayish-red prodelta

mudstone that grades. upward 1nto d1sta1 de1ta front s11tstone and very
fine-grained sandstone ‘The uppermost 10-15 feet comprise a]ternat1ng
mudstone and r1pp1e drift siltstone and very f1ne grained sandstone.

| A sequence through the upper sandstone member is composed of {1) 2
feet of basal ripple drift, horizontal and broadly undulatory laminated
very fine- to fine- grained sandstone, and (2) 10 feet of superposed
trough -fill cross-stratified, f1ne—7 0 medium- grained sandstone’ The

uppermost sandstone member 1is representat1ve of distal fan deTta fac1es

Canadian River ya11ey

Sandstones in the lower part of the Dockum Group 1in parts of the
Canadian River valley and Palo Duro Canyon resemble the Santa Rosa

section. However, the New Mexico and Texas sections differ principa]1y

in grain size and composition. Sandstone exposed in Palo Duro Canyon 1is



most]y fine-grained fe1dspath1c 11tharemte 'The'Santa Rosa sandstone

s composed mostly of fine- to coarse grained quartz arenites (sandstone

classification after-Fo1k,v1974).

FA basal Dockunbn:ostone sequence in the Canadién River vai]ey”was
~not 1nvestigated, Dockum sandstones, nest of Tescosa (south of the
Canadian ijer), however, were sﬁgdjed. Sandstone sequences consist of
overlapping, broad sandStone bodies from 10 to 30 feefAthick (Fig. 8).
Some of these sandstone bodies are convex upward Lateral margins of

sandstone bodies are 1nterbedded w1th mudstone and siltstone and afe
_:character1zed by 1ow—ang]e foresets. Dom1nqnt sandstone stratjf1cat1on
is parallel or parallel inclined laminae; trough-fi1l cross—stnatifiea—
tion represents a minor type. -Thin channel-fill deposits (from 2 to 5
feet thicki occur 1oca11y wfthin these:sanostone‘sequentes. Channel-
'f111 compnises fine-grained sandstone consisting chiefly of .trough-fill
cross-strata, minor ripple cross laminae (small scale trough fill cross-=
strata of Harms and Fahnestock, 1965),Vand mud drapes. | |

..Reddish-brown mudstone end‘si1tstone.that unden1ie and fnferfinger
with sandstone units record multiple oepositiOna1 events (Fig. 8). Most
of these sed1mentary sequences begin with coarse- grained s11tstone or
fine-grained sandstone characterized by para]]e] 1am1nated or mass1ve
mudstone. -Soft sed1ment deformation 1is Eommon to 'this fac1es

‘_Strejght channels, up to 40 feet deep, were scoured throogh sand-
stone bodies into underlying siltstone and mudstone'(Fig. 9); Channel-
f111 is the pnoduct of mu]tip]e scour-and-fill episodes. Syhmetrica1

and asymmetrical channel-fi11 deposits indicate that currents Tocally
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Figure 8.

Schematic of»faﬁqdélta dépqsits_in Oldham County, Texas (Boys Ranch
West 7.5 minute‘quadrangle), along right bank of Canadian River, west of h
. S. Route 385, and south of Fort Worth and Denver Railroad. Shown
here are: (1) delta foresets consisting‘of (7) massive and parallel .
Tamihated mudstaﬁét (b)'Jara11e1 1am1nated siltstone and sandstone, (c)
r]pp]e dr1ft sandstone and siltstone, (d)(d1scontinuous cﬂtstone and
V sandstone (pu]]-aparts), and (e) contorted sandstone (penecontemporaneous.
'fdefdrmatién); and (2) braided stream depos1ts cons1st1ng of ( ) parallel
1am1ndtLd fine sandstone, “and (b) trough crossbedded and’ripp1e cros§¥
laminated fine sandstone with mud drapes confined to sha]]ow braided;
channels. Bra1ded Stream deposits compr1se a fan do]ta plain” ana]ogous

to the modern Gum Hollow fan delta (McGowen, 1971).
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Figure‘9}

| Sketohv(made from a onotomosatc) of part of a va11ey—fj11 sequence
in O]dham‘County, Texas (Boys Ranch West 7. S.minute quadrang]e) a1ong a
railroad cut west»of u. S Route 385 At this locality approx1mate1/ 40
feet of Dockum depos1ts were removed by headwardly eroding streams The
;:sketch shows about 24 feet of sediment that accumulated near the west
‘mar]1n of the va]Wey the base of the sequence lies north of the ra11road
and consists of some 15 feet of granule intrabasinal cong]omerate and
conglomeratft fine’sandstone; sedimentary structures are massive cong1om-
erate, and parallel 1aminae, trough-fil1 cnoss—stratafand iow-angle
" foreset cross-strata in sandstonss. Va]]ey;fti1 deposits;”shown on the
'sketch cons1st in ascend1ng order of: (1) Reddish- brown and green1sh—
1ight gray sandstone, s11tstone, and c1aystone, predom1nant]y reddish
- brown.‘vReswstant units are green1sh-11ght gray, ca1c1t1c,every f1ne‘
sandstone and coarse si]tstone.  Calcitic sandstone and siltstone con-
sist, for the most part, of quartz;.these beds are.about 3-7 inches
b'thick,mand are rippTE”cross Taminated (apparent transport direction S-
SW). Redd1sh brown, coarse siltstone to f1ne sandstone cons1sts a]most

ent]rely of mud c]asts, these beds are about 4- 6 inches th]ck, sed1men— )

tary structures are parallel laminae, ripple cross‘1am1nae, ripple
dritt, and soft sediment deformation; apparent transoort direction was
S-SW. Reddish-brown mudstone-and c]aystone units are about.2-4 incnes
thick; they are either massive or para11e1 ]aminated. Depositiona1
events are recorded by ripple cross laminated, calcitic, sandstone or
s11tstone, fo]lowed by parallel 1am1nated or ripple cross 1am1nated
reddish—brown sandstone or siltstone, and may‘be terminated with reddish.
- brown mudstone or claystone. (2) Greenish-gray to brownish-gray, con-
glomeratic, fine sandstone and coarse siltstone; granule-size conglom-

erate at the base; granule- and sand-size clasts were‘most1y derived



IFFigure 9 continued

~fr6m ﬁudstones: Sedimentary structures are parallel laminae, ripple
Ckoss 1am1nae;réﬁd soft sediment deformation. Parallel laminae conform -

_vtohfhe channel bottom. (3) Greenish-gray and 1ight brown (brown surfi-
cial stéih) conglomerate, cang1omerat{c sandstone, sandstone and silt-

| sféne;:»(a) Prgddminéntﬂy ca]citic;,pebb]e,,intrabasina] conglomerate;

c1a5ts compfise caliche, sandstone, siltstone, and muds tone. Massive

and parallel ;Hc1inedvbedded with minor trough~fi1T cross—strafé and

© soft sediment deformation. To thé.east (beyond the Timits of the photo
,éver1ay) conglomerate contains thin layers of parallel 1amihated, iron-
cemented, fine-grained sandstoﬁe. (b) ATfernating iroﬁ cemented, coarse
siltsfone to very finexsandstone,‘and calcitic, gfanu]é, 1ntrab§sjna1
conglomerate. Conglomerate units are 0.5-1.0 inch thick. Si]tétohe and
sandstone_compfise 1.0 fnchufo 1.5 foot parallel Tlaminated and ripple

- Cross 1aminated units.,‘(c)‘Intrabasina] granu?e cong1omerate.ana coarse

Visandsfone; unit fines upward. Massive and trough-fill cross-stratified
at the base, becoming bara11e1 Taminated toward the top} (4) Light‘
berh,'s]ight1y calcitic, muscovitif, bdarséhs%itStone and'very fine
sandstone. Sedimentary structures are parallel (horizont;{) aqd para11e1.

“ingliﬁed laminae; sedimentation units are 0.12-0.25 inch thick. (5)

Light brown with gYeenish-]igHt gray patches, s]ight]yﬁca]citic, coarse

siltstone tb very fine sandstone; clasts consist of quartz and mudstone.

Sedimentar}lstfuctures are ripple croés.1aminae,’yipp1e drift, :and par-

allel laminae. From a distance ripple drift, to ‘the west,’give a fa]se‘

impression of foreset cross-strata. (65 Eigh&bunits (not all are shown

| “ﬁavthis figure) make up'sediméntary sequence number 6. .Becéuse of the
relatively hiQh-ang]e between the camera and sediméntafy sequence 6 not

»‘a11-units are shown, and the thicknesses of the units that are depicted
in this figure are less than true. thickness. (a) A few inches to 0.5
foot. Yel]owish—]ight brown, calcitic intrabasinal granule conglomerate.

Sedimentary structures are parallel laminac and trough-fill cross-



IFigure. 9 continued

strata; apparent transport direction was north. (b) 1;5 to 3.5 feet of
‘reddish—brown, highly micaceous, very fine sandstOne, clayey si]tstoné
and mudstone. bwest part of the unit'comprises ovérsteebéned %onesets
(dip annlé abquf 600, anparent dip dineétion_s—sw)."East pénf of unit
«:'consists of sjight1y salnitic% Very‘%ine:sandstOne; sedimentary siruc;
tnres are ripple drift with anparent migrétion to the west; east part of~
the unit was eroded, prior to deposition of west-part of unit, and

_ LXh1b1tS sTump adjacent to channe1 marg;n ‘( c) A few inches to about

2.0 feet of 11qht brown, s11ght1y ca1c1t1c, very f1ne sandstone grains
are quartz “and mud clasts; contains a few redesP—brown, cobb1efsize,

mud ¢lasts that are e1ongat§?ban$T1e1‘to'beading. Sedfmentahy structures
~are predominantiy para]]e] laminae; upper 2.0-6.0 1nchés are ripple

Efoss laminae, some of wn{ch havebnsen defdrmed by soft sediment move-
ment. (d) A few inches to 1.0 foot of:brpwn, ciayey siltstone. Massive
':“with parallel 1nc11néd 1amjnae at the top of the thicker'part of thg
“'munit.. (e)VOne font of,gkayishégreen, s1ight1y'ca]citic,‘micaceous, very
fine sandstone. Sedimentary structures are ripple cross 1amin§el(appan—
ent mfgration vas N-SN); and‘shn11ow washouts (0.3 foot deep and 5.0
rfeet wide) that are Fii]éd‘nith,pafé11e1 1aminae‘and ripple cross Tami-
nae. (f) Lower 5.0 inches comprisé greénish~gray, massive,lén1cit1c,;
very fine sandstoné' Upper 7.0 inches cons1sts of green1sh gray, mas-
sive, calcitic, sandy pebble conq1omerate, c]asts are most1/ ca11che,“

. other clasts are s11ustone and mudstone (g) 0.5 & to 1.0 Foot of olive
green, massive, fr1ab1e,‘sandy, granule to pebb]e 1ntrabas1na] cong]om-

~erate (clasts were derived from mudstone) Carbonized plant debris is

locally abundant. (h) 5.0 feet of gre9n1sh gray, s]1ght1y calcitic,

highly micaceous, fine: sandstone, Sedimentary structures are mostly
parallel inclined laminae; small trough—fi]chross;strata and foreset -

cross-strata are present.
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, fToned?both parallel and oblique to cnanne1 axes. Textura] types com-
prising the channe]—fi11 are: (1) 1ntrabas1na1 cong]omerate (clasts
were dekived from older Dockum“deposits)‘made up of sandstone, si]tF
stone, mudstone,vend oaiiche‘fragments; (2) sandstone comprising a
mdxture of quartz and sedimentary rock ffagments; (3) siltstone which
consists for the most part of qdartz; and .(4) mudstone.
| Stratffication of channel-fill compnises foreset oross-strata,
%trough f111 cross- -strata, parallel 1am1nae, r1pp1e drift, and r1pp1e
Cross 1am1nae Foreset cross- strat1f1ed granule to pebble conglomerate
‘is'mostiy.confined near channeT banks; foresets dip toward channel axes.
Trough-fi1] oross—strata’genera]1y occur in conglomerate and sandstone
fﬁ;%wére confined to_iower parts of the channel fi1l. The most common
stratification type’of the Tower channel-fill is paraﬂ]e1b1am1nated and :
ripp]e"cross 1Fninated siltstone and very’f%ne—érained sandstone tha£
conform to the channel perimeter; these deposits are.ubfouitods; Some -
foreset cross-strata adjacent to channel f]anks grade 1nto para11e1
1am1nated and ripple cross 1am1nated siltstone and sandstone sequences
toward the deeper parts of the channel. As a genera] rule, coarser
sediment accumulated along channel banks and finef sediment was depos-
ited near channel axes.,‘Major flood events are recorded by’ intrabasinal
congTomerote and coérée—grained sandstone that exhibit a predominance of
-.foreset cross-strata. Fine-grained sandstone and coarse siidstone,
whose sedimentary structures are para]1e1 laminae, ripple cross 1am1nae,
and soft-sediment deformat1on, accumulated e1ther/dur1ng Tow-flow con-

ditions associated with a major f]ood evqnt or during lesser floods when
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depth of f]ow was sha11ow

Lower Dockum strata near Tascosa in the Canad1an river va11ey are
1nterpreted to be ar1acustkineefan de]ta coup]e._ Mudstone and si1tstone
accumulated in Tacustrine and fan delta front envirdnments."SandStoneé
were deposited on fan delta plains (Mgﬁowen; 1971a, 1971b;tMcGowen and
Scofﬁ;‘1974). Channels were scoured and filled when lake level was

Towered.
Palo Duro Canyon Area

From 300- to 400 feet of.Dockq@ strata are exbosed in Palo Duro-
Cahyon. 'Recdnhaissance stud{eé‘ihdidaté'é Comp1ex‘deposftidna1 and ero- B
sional history for-the Dockum G}oup in this areaw .-The contact between
Permian and TriassiC“gtrata is-unconformab]é. A soil zone occurs “To-
ca]]y,dt,thelba§e of the Dockum (Finch, personal communicaﬁjon,_1975)g
7 The soil is overlain by ]acustriné mudstone facies.and a complex of S
delta foresets and conglomerate-filled dhanne]s (Fig. 10, units 2-8).1:

Delta foreset beds'dfe similar to those repbrted by Gi1be§t (1890)
for P]ei;toCene deltas in Lake Bonneville. Foresets are compdsed’of (1)
massive‘mudstone, (2) s11tstone containing para11el 1nc11ned Taminae and
vr1pp1e cross-laminae, (3) bioturbated and soft sed1ment deformed silt-
stone and very f1né—gra1ned sandstone,.akd (4) 1enses‘of 1ntrabas1na1
conglomerate. Intrabasinal cond]omerate consists of clasts thattwere
derived:from within the basin by erosion of older Dockum dep%siﬁs;
_C]asts were eroded from mudstone, siltstone, sandstone,.and caliche-

bearing units. Foreset beds are not components of all fan: de1tas Fan

Ny
(&%)



Figure 10.

Composiﬁe séctinnvneak‘east end of Palo Duro Canyon State Park
north of tunn—around'at east end of park (Fortress C11ff 7. 5 minute o
‘quadranQTe).- Unit 1 is Penmian Quartermaster Formation: @lggl_flgg_
deposits; thin beds of ripp1e nross—1aminated coarse red siltstone an)d.i
very f1ne sandstone w1th satinspar. Units 2-11 ake.nrobab1y equiya]ént
to Tecovas Format1on, Dockum Group, and units 12-25 ane'probablyrequiva—
Tent to Trujillo Formation, Dockum Group. 'Unfts 2»8‘are fan-delta
,fac1es ‘comprising conglomerate, qandstone, si]tstoné,‘and muds tone foreait
“sets (units 2-6); channeW i1 cong]omerate (unit 7); and uppermost-
mudstone and siltstone foresets ‘whose dips decrease upwards; intensively

burrowéd‘si1tstone'at"top-(unit 8). Lacustrine deposits (units 9-11)

consist of thick, massive, ye1]pw,.mediumygray, reddish brown and purp1e_f
mudstone with lenses of 1mpune silty dolomite and satinsparvvéins.
Un1ts 12-25 are probably equivalent to Trujillo Formation. Two progra-

natwona1 deltaic sequences are defined by lower units 12 16, and upper.

units 17 and 18. Lower progradatwona1 sequcnce consists of de]ta front,

light gray., nipp]é cross laminated, very fine sandstone (unit 12); delta
foresets,'1ight gray mud clast bearing very fine sandstnné (unit 13);
and disiributary channe]—fiTW, alternating light gray to qreenish gray
very fine sandstone and coarse siltstone and redd1sh brown mudstone

(nnits 14~16) hanne1s were a1ternate1y act1ve and abandoned _Eper



Figufe 10 continued k

\
A \

progradational sequence consists of:"délta’front, a1ternating'para11éﬁi

1am1nated redd1sh brown c]ayey s11tstone and r1pp1e cross 1am1nated very

f1ne to f1ne sandstone, delta- front and d1str1buta4x_channe] f111 con-

Y

sist of green1sh gray parallel 1am1nated fine sandstone, and trough

v'.crossbeddsd and r1pp19 cross-laminated flne sandstone, respect1ve1y

Overbank, delta plain deposits (un1ts 19-22) are ‘greenish-=gray para]]e]

]amlnated, ripple cross- 1am1nated and trough crossbedded s11tstone and. d

'»"very fine dandstone; and mass1ve brown, gréen, ye]]ow, and maroon mud-

stone. Lacustrine deposits. (units 23-25) that cap- cequence are brown

and redd1sh brown mudstone with 1enses of green1sh gray r1pp1e cross-

Jaminated s11tstone and very F1ne sandstone
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deltas constrﬁcted of very fine; to fine-grained sand, which accumulated
in extremely shallow watér, did not,déve]op foresets. This mudstone-
conglomerate facies assemblage is interpreted as a lacustrine-deltaic
association thét deveToped during }hitiai f]ooding énd,Sedfhentatibn in
the Triassic basin.

Delta foreset beds are overlain By massive to horizontally bedded
mudstone containing lenses of satinsparhand bufrowed, fmpure doTomite |
faﬁd Timestone. This hUdstone\géquence probég1y acéumu]ated from sus-
pension in a shallow ephemeré] Take. L )

Upper sandstone units in Pg]o‘Duro‘CényonJ(Fig. 1Q,UUnits 12-20)
are components of high ¢constructive lobate delta, meanderbelt, and
~ valley-fill systems (meanderbelt and va11éy—fﬁ]1 deposits are not shown
.dn Fig. 10). Distal delta front facies ére comprfsed of alternating
thin beds gﬁ mudstone, siltstone and sandstone. Proximal delta front - B
véhd channel mbuth baf sandﬁtone'faciES ar¢ characterf%ed by laterally
.persistent horizontal beds and para11e1 1nc1ined laminae. Distributahyww
channels are represented by chanhe]—fﬁ11 séndgtone énd abandoped channel-
fi1l mudstone facies. Several sandstdne lenses in thé upper‘part of the
Palo Duro sequence (Fig. 10, units 19-22) accumu]atea in levee and delta
plain envirbnmenﬁs. Lacustrine mud deposition followed delta abandon-

- ment and'foundering‘(Fig, 105 units 23-2%). At least 60 feet of re&dish-
brown mudstone containing some Tenses of fipp1e Cross 1amina§ed silt-
stone énd very fine—grained sandstone accumulated fo]]owing éeposition

of the upper sandstone. Mud accumulation is representative of delta '

abandonmeht, foundering, and inundation by lacustrine waters.



At w&yside Crossing the 1ower 70—80 feet of . the Ddékum are similar
to the Tower mudstone (bed numbers 2- 11 f1g \10) in Palo Ddro Canyon
"State Park. There. are some d1fferences, however part1cu]ar1y with
respect to the contact between Permian and Tr1a551c strata, and the pre- -
sence 6fuprobab1e~pa1eoso1s in the 1owerl10-15,feet 6f thevDockumAat
Wayside Crossing. The contact between Permian and Triassic in the road
cut af Wayside Crossing appéars to be;gradafiona1; Thé Tower five feet,
or so, of Triassic is mottled reddish-brown and purple, clayey siltstone
to vefy fiﬁelééndstone that contains relict parallel 1aminae'andxfﬁpp1é‘d
’cross laminae. The next f1ve to seven feet of Dockum cons1sts of two, .
mass1ve mottled, purple, ye]]ow and brown, s11ght1y s111c1c, very fine
sandstone separated'by mottled, purple, ye]]ow ‘and gray mudclast breccia.
Chert Tenses, dbout’O 06. to 2.0 iﬁches thick, oVé?Tfe eaCﬁ'df the' mas-
sive sandstones. There are two possible origins for chert Tenses: (1)
chert lenses may have formed in a manner ana]ogous to the comp]ex sod1umb
silicate presently forming in Lake Magad11 (Eugster, 1967, 1969; Eugster'
and Jones, 1968) and 1n A1ka1€.Lake,.0regoh (Rooney; et al, 1?695. The.
/comb]ex sodium si1iéate, magadiite, conVerté With age tb chert,: (2) The
-other possibility is that the chert in the Dockum is a silcrete resu]f-
fhg ffom\deposition of silica by évapotranspiraﬁion from surficial and
shallow subsurface Waters‘(Stgphens; 197&). Immediéte1y above the chert
horizoh there are about six feet of a1ternating purple and gﬁeenfsh—gray
mudstone and reddishébrowh and 1ight gray, massive, very we]f rbdnded,

medium to very coarse sandstone; this sequence comprises foresets that

" -have an apparent dip to the south. The next 40 feet, or so, is covered



and 1sbéssumed to be pfedbminant]y mudstonef Overlying the mudstone
section are approximatg1y.85 feet of siltstone, sandstone, and intra-
basinal conglomerate. The lower 40 feet, or sd, of this sequeﬁéé o
consists of.fhfkabasind1.Cohg1omerate channel-fi11 followed by foreset
~and troubh-f111“cross-strétified fine to‘medium—grained séndstone4Wh1cH
grades'Tatera11y (southward) 1nto'Very fine-grained sandstone and silt-
stone consisting of ripple drift and ripp}é cross Taminae. The éequence.J
Ais tentafivefy interpréted as distal fan dé]ta facies; A periodkbf”
erosion fo]1owed‘c6nstructidh‘of the fan ae1fa; this is recorded as
abandoned Chahne]éfill consisting of approximately 15 feet of reddish- -
brown, ripple cros§ laminated, siltstone and very fine sandsfone. ~Stra-
tigraphically above the abandone channel-fill are three symetficaf1y-"'
filled channels; these were inaccessible for deséfﬁption,”but'appeaf to
be about 15-20 feet thick. Near the south end of the road cut thefemis
a valTey-fill sequence (about 45 feet of valley-fill was measured, the
base is not exposed). »This va]]ey was eroded during a lowering of base
‘1eve1>c91nc1denF'Wifh a decrease in‘1age size. ?Tfiassic sandstone boy1—
Vders accumulated along parts of_the valley floor and wa]]s; At»]easf
six scour-and-fill events are récbrded within the va11ey—fiT1 sequence.
Sand-size sediment was ehp]aced-by bed-1oad streams during flood events;
fine sediment (predbminantly mud).éccumuhated during periods of relative
inactivity. :
Depositional and erosional history of Triassié strata iﬁ Palo Duro
Canyon is complex, and the deltaic-deposits shown in the'Qpper part of

Figure 10 are only a part of the sequence. Elsewhere in the canyon;
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deltaic deposifs were Tocally removed by erosionwwheﬁ base Tevel was

Towered. Valleys were fnciSed (for example at the west end of_Pé]o_Duro
Canyon State Park, Wayside Crossing, and.in'TuTe Canyon) as much as 200
féet‘fﬁto subjacenf Dﬁckum deposfts; With ?_riée‘ihvbase 1evé4, vai]éys
weré’fiTied_with transgressive f]uviai; delﬁaié, ahd 1acu§frine;dgpos- e

its. Similar transgressive sequences have been reported by Butzer and

~others (1969) from late Cenozoic strata in the Omo Basin.
Tu]e'CanyonTAreé

_ Studiéﬁ'byrdaﬁﬁiBoone (Deparfment_of“Geojbgj§é153§{qugshgtvthe
University of Texas at Austin) indicate that the Dockum Group in Tule
' thyon'is\approximate1y 600" feet thick. The Tower 400‘feet 6F°§edimént
is inferﬁreted by Booﬁe to have accumu1atedfiﬁ a f]uviai‘enyironﬁént and -
the upper 200 feet aré lacustrine and deltaic facies. Oné of the thick-
est vaﬁ1ey—f1111deposits:ddcuménted thus far 1n"the'Do¢kum Grodp occufs‘“
in the Tule Canyoh»area. A northwg;tesoutheast trendinnga]]ey is about
one-half-mile wide and 200 feet deep. The valley was‘erdded.jnt6:o1der
- Triassic f]uvia1kdeposits and is filled most1y'W1tH intrabasiﬁal con-
g1omeréteg*~Thé valley-fill is Qver1a1ﬁ’by a meanderbelt sequence, wh{ch

is succeed upward by deltaic facies-

Si]verton-Dicken% Area

Sand deposition was almost continuous from Late Permian through .

Late Triassic time from an area east of Silverton (Briscoe County)

'southward through Mottley County. East of Silverton, in a road cut along
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State Hidhway 256,“appnoximate1y 45 feet of Permian strata were mea-
sured. Here, the Permian comprises reddish—broWn mudstone, siltstone,
and very fine sandstone (predominantly sandstone) that accumulated in
sha11ow, meandering, tidal channels (channels were 5.0 to 15.0 feet

deep; based on thicknesses of preserved channe1*f111 deposits). Where

~ complete channel sequences are preserved, -the deposits exhibit fining

upward textural and sedimentary structure trends. Basal channe1;fi11

compr1ses trough-fill and foreset Cross- strat1f1ed sandstone, followed

by para11e1 (hor1zonta1) 1am1nated “and parallel inclined (some are- wedge

'sets) 1am1nated sandstone and s11tstone, ‘and an uppermost mudstone-

‘used in this report synonymously with braided streams). Thene is slight-

siltstone sequence consists of combined-flow r1pp1es with flasers and
para11e1 laminae. | |
There -is an abrupt change in sandstone texture and composition, and
in deposit1ona1 style between the Permian and Triassic. Overlying the
Perm1an there are approx1mate1y 35 feet of brown and greenish-gray,

friable to s]1ght1y ca1c1t1c, poorly sorted, cong1omerat1c, angu]ar to

very well rounded fine to very coarse Tr1asch sandstone. Grave1‘s1ze

" clasts comprise granu]e to pebble chert quartz, and quartzite. Depo—

sitional packages average' 7.0 feet th1ck and con51st mostly of two

strat1f1cat1on types, trough- f111 and foreset cross-strata. Basa] parts

 of some sequences are massive, and’ upperlparts of “some sequences consist

of parallel inclined laminae; soft sediment deformation is common This

part of the Dockum was deposited by bed Toad streams (bed 1oad streams

erosional relief along the upper surface of the lowermost Dockum.
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ApproxﬁnateWy 30 feet of'sandstone‘ muddy sandstone, mudstone, and
chert over11e the braided stream deposits; a massive chert bed a few
1nches to more than three feet thick caps these depos1ts The Tower 18-
20 feet cons1sts, for the most part, of reddish- brown and greenish-gray,

poorly sorted, angular to very we11'rounded, fine to medium sandstone
having 1oca110ccurrences of éranu1e to pebb1e—siie cherc, quartz, and
quartz1te Sedimentary.struCtures are predominantly foreset cross—
strata that range in th1ckness from..a few inches to about six feet; some
of these units wedge out into massive or parallel Taminated muddy-sand-
stone. The upper 10 feet, or so, of thismsedimentary Sequence consists
of mott1ed_purp1e; reddish—brown”énd greenish—gray,‘mudstone and fine to
medium sandstone. Primary sedimentary structures are poorly preservedﬁ
they have been part]y ob11terated by vertical reduct1on zones Some
sandstone lenses are foreset cross-stratified, others are h1gh1y convo-
Juted resu1t1ng from soft sediment deformat1on A few inches to more
than three feet of b1u1sh wh1te, very light qray, and p1nk1sh gray, mas-‘
“sive chert forms the top of this sequence. Locally, chert contains very
well rounded, medium sand—size quartz grains. Chert grades-westward
into nassive, friab1e to si]ica~cemented, fine to medium sandstone;
sandstone appears to be-a pa1eoso] | _

_ The chert hor1zon is succeeded upwaLd by approx1mate1y 45 feet of
'reddish~brown claystone, mudstone and s11tstone,»and green1sn-gray (To-
ca11y'cong1omeratic)'very fine to medium sandstone{"Two sandstone
bodies occupy this interval. The Tower sandstone is a few inches to

about 8.0 feet thick, and the upper one is up to 25.0 feet thick. Red-




dish-brown e]aystone-to siltstone underlies each sandstone.  The lower -
- sandstone body grades eastward into siltstone and very fine sandstone
~foresets (apparent dip to the east), which p1nchout into brown and
reddish—brown mudstone.‘ Sandstones are products of a braided stream
”prbCGSS, and'cTaystones, mudstones and si1tstones accumulated in a
]acust#ine environment " The uppermost- sandstone of this sequence was
removed to the east, by erosion which cut downward to w1th1n a few feet
of the pa]eoso11 Eros1on created a va]]ey, at 1east 50 feet of va]]ey—~
fil11 deposits are exposed in the road cut.

 Well exposed outcrops of the Dockui Group ane 1imitedbbetween"
Silverton and Dickens County. The basal part of the Dockum in parts of
Floyd and Mot]ey Count1es is composed of chert and quartz granule to )
pebb1e cong]omerate Vertical sequences of sedimentary structures-sug-
“gest that thekbasa1 Dockum may be a coarse-grained meanderbelt system
‘(Mchwen;and Garner, 1970;‘Levey, 1976). Uppermost exposures of Tfias—‘
‘sic strata in eastern Floyd Connty are characterized by braided stream
deposits which grade westward into delta foresets combosed of:a1ternat—- -
bing muds tone and sandstone. Rocks that underlie braided stream deposits
are, in ascending order, (1) massive mudstone which beeomes parallel and
ripp]e»cross 1aminated as si]t content increases, (2) siltstone that is
para]]e1 laminated, r1pp1e Cross 1am1nat£d, and Tocally r1pp1e drift
cross-stratified, and (3) sandstone that exhibits sedimentarx structures.
‘simi1ar to those in the‘si1tstones. Siltstone and sandstone drade up-
ward into delta foresets. The. uppermost sandstone bodies, comprising

braided stream deposits and delta foresets, indicate a general westward



progradation.
Dickens County to Mitchell County Area

The Dockum Group changes southward in the v1c1n1ty of northern
Dickens County. From Dickens County southward ‘through Mitchell County
the -Dockum contains more mudstone than equivalent strata to the north.
'lw1th1n the eight- county outcrop be]t def1ned by D1ckens County on the
~north and M1tche11 County on the south the Dockum Gnoup is character1zed
by cyclic sedimentation. At Teast f1ve sedimentary cycles, each more |
than. 100 feet th1ck have been recogn1zed in four count1es (Dickens,

Crosby, Kent and Garza) where deta11ed field study was carried out.

* CYCLIC SEDIMENTATION
Sedimentation in“Dickens, Crosby; gent, and.Garza Counties.was
cyclic. Sedimentation cyc1es began after aCCunu1ation of the‘basal
' Dockum wh1ch is a progradat1ona1 sequence, recognizable in outcrop and"
traceab]e westward in the subsurface a]most to the Texas New Mex1co
border. Basal Dockum depos1ts, wh1ch accumu]ated during expans1on of
;the Dockum lake env1ronment, is character1zed upward by a basal 1acus—
trine and de1ta1c mudstone and s11tstone sequence, a th1n deltaic
sequence and an uppermost thick fluvial sandstone
Cyclic deposits that over11e the basal Dockum progradat1ona1
_ sequence consist of red beds which grade upward into grayish-green,

ye110w1sh brown and orange siltstone, sandstone and cong1omerate Red

beds comprise a complex sedwment suite ranging in texture/from mudstone

(@8]
4
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to cobble conglomerate. Clasts that compose sandstones and conglomer-
'ates within the red bed suite were der1ved ch1ef1y through eros1on and

re sed1mentat1on of o1der Dockum depos1ts, these sed1ments are termed

intrabasinal in th1s report Silstones, sandstones and conglomerates

~ that overlie the red beds were derived, for the most part, from outside

the basin of deposition; these sediments have been labeled extrabasinal.
~ Sediment properties (e.g. color, texture, composiﬁion, sequenceé of
sedimentary structureé;'geometry,.cross—cutting re1ationships, and
biological constitugnts) indicate thatAdeppsitiona1 cycles were produced
A pr%ncipa]]y by climatic changes. Howéver, teéfqnic activity may be tne
prime”factor that triggered climatic fluctuations. It is inferred that
most of fne.réd‘beds aééumu]ated during arfd parts of ‘the byc]e_and that

extrabasinal sediments were transported to the Dockum depositional -basin

when the climate was humid.
High-Stand, Humid Phase

o Cyc1ianockum sedimentationbbegan when humid climatic conditions
devé]oped. Base level was relatively stable during the humid pant of a f
cycle. Sediment was transported to the basin by meandering stneams
(Fig. 11). High constructive lobate dé]tas”Were thé\domiﬁant Take mar-
gin depositioha1 syétems. ‘This depositi£na1 phése’consﬁitdted"the high
stand (lake level) part of a cycle (Fig. il). Subsurface datﬁ indicate
that fan deltas were the dominant depositional systems in the!southern

part of the basin during both humid and arid climatic conditions.

A vertical (upward) sequence of strata deposited during high stand



‘Figure 11.

Major depositiona1.e1ements during the,high-stdhdj;hﬁmid’phese:

" meandering streems} distfibutary de1tas; and’sha1lew lakes. - Facies
tract and cross-sections generalized from field observations. Cross-
section‘AéA' represents coerse-grained”meanderbe]tbsequeece,‘and B-B' is
fine-grained meahderbe]t sequence. Largerdistr{butary chanhe], and
Ghanne1;fi11 depoeité shown by C-C'. " Small distributary channels, chan-
nel mouth bar, and de]La front deposits shown by D- D' Where de1tas . '
prograded into re]at1ve1y deep water, de1ta front is represented by B
~siltstone, sandstone and cong]omerate foresets that 1nterf1nger with
prode]ta deposits (E-E'). Crevassing is common to delta distributaries;
cross- sect1ons F- F'.and G-G' represent f111 of crevasse channel and'

'crevasse“sp]ay (splay-delta) respect1ve1y.
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~in Triassic lakes common]y beg1ns with redd1sh brown, massive to paral-
el ]am1nated lacustrine or prode]ta mudstone at the base Hor1zonta11y
bedded gray1sh green siltstone and very fine- gralned delta front sand—
stone overlies 1acustr1ne and prodelta fac1es De]ta front s11tstone
~and sandstone’ faCjes‘are mostly-parallel and ripple cross laminated
containing a few smal]dwashOut channel-fi1] deposits D1str1butary
' channe] f111 sequences over11e de1ta front sandstone facies; primary
sed1mentary structures are trough f111 Cross- strata and para11e1 laminae \
that conform to channel Cross sect1on Upper parts of some de]ta Front
‘and distributaryrchannel-fi]1‘sandstone facies arerﬁdnrowed . The yodng-A
 est but coarsest grained fluvial sandstone depos1ts of the high- stand
: part of the cyc]e occur at Tower pa]eotopograph1c 1eve15 than o1der,
high-stand deltaic and 1acustrTne depos1ts; -These fining upward sand-
_stones were deposited by meander1ng streams that had cut downward 1nto
subJacent deltaic facies. |
~Sandstones that accumu]ated under high—stand_cpndttions have rela-
.t19e1y wide areal distributfon 'Méanderbe]t sandstone bodies;greater‘
than 50 feet th1ck are common1y the on1y sandstone facies present in an
darea. De]ta front and d1str1butary channe] £i11 sandstone fac1es are

poorly preserved as a result of_down—cutt1ng and Tateral m1grat1on of

the superimposed meanderbe1t fluvial systems.
, Low—Stand; Arid Phase

Humid phase deposits are succeeded upward by red beds that are in-

terpreted to represent sedimentation under arid or semi-arid conditions.



As humid conditions gave way to an arid climatic regime, severa1fchanges ‘

" occurred: Take.size and depth decreased (most Takes were then ephemer—

al)s base Teve] dropped meanderbe]t systems ceased to function; and.
d]der Traass1c depos1ts were scoured by headward]y erod1ng streams. In-
trabasinal sediments eroded from o]der Dockum depos1ts were transported
through va11eys, up to 50 feet deep to small fan delta- systems at the
basin margin (F1g 12).
Low= stand depos1ts are predom1nant1y redd1sh brown mudstone, s11t—
”depos1ts. Mudstones“are thwn, massive.or para]]e] laminated, and com-
monly bukrowed. Sdme mudstdne"beds are\desiccated and containﬁgypsum _
crystals and*saTt hoppers, -Most si1tstdne units'are components of fan
~deltas where they accumu]ated as bottomset and foreset fac1es Sandstone
and cong]omerate const1tute de1ta foreset and de1ta p1atform fac1es of"
small fan deltas. Comb1ned_th1ckness of mu1t1p1e foreset and platform
 facies ranges fromvabout 10'td 30 feet., Va]]eys‘that were eroded into
‘the.Dockum were filled w1th sed1ment ranging in texture from c1ay to
_ grave]. Va]]ey i1l sed1ment was: emp1aced by s1ope wash brawded
‘streams, and from suspens1on (settle-out within ponded water bodies).
Chief'ditferenees-between hidhestand and wa—stand facies are: (1)MT1
the primarily intrabasinaT source for 1dL-stand mddstpne, sandstone, andn
‘cong1oneratevwhich exhibit no’OVera11'textural'trends;"and (é) high-
stand deposits, derived chiefly from outside the basin,'disp1ay both
coarsening- and fining—upward textural. sequences. In»mqst.areas there

is no abrupt change or contact between high—stand and Tow-stand facies.



L.

Figure 12.

MaJor depos1t1ona1 e]ements dur1ng 1ow stand, ar1d phase headward~'
eroding streams, bra1ded streams, sma11 fan de]tas, and sma1] ephemeral'
lakes. Facies tract and cross- sections genera11zed from field observa- .
tfons. Cross- sect1on A-A' s valley-fill sequence cons1st1ng of braided
and meander1ng stream depos1ts, slope- wash, and 1acustr1ne mudstone and
's1ltstone Braided feeder channel-fi11 sequence near apex of small fan .
delta is shown by cross~sect1on B-B'; £i17 s chiefly trough crossbedded
intrabasina1 conglomerate. De1td'b1atfdfm;’deltavmargin, and delta
fdresets shown fn cross-section C—C' which is parallel to f]on direction.ﬂ
Cross-section D-D' is across..distal part of sma]i’fan,de1ta; this section

shows delta foresets_tO‘bé'broadTy convex upward.
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DEPOSITIONAL SYSTEMS

'The_DoCkum Group was‘deposited within a variety of depositional
‘systems, under the‘inf]dence of base Tevel osc111attons Most of the
red beds accumu]ated when Take area and depth were restr1cted--these
‘are the Tow-stand facies associations compr1s1ng va11ey~f111 fan de1ta
v and lacustrine deposits. ' Meander1ng Sstreams and associated h1gh con-

" structive lobate de1tas developed when climatic conditions were more
© humid and Take area and level was at'a maximumerthese are the high-stand

facies associations.
‘High-Stand DepOSitidnal'Systems

Two depositionalfsyStems typify thé'hidh stand sediments. The
basa] de]ta1c system is. character1zed by a coarsen1ng upward, prograda—‘
tional sequence beg1nn1ng w1th mudstone and term1nat1ng w1th fine-
gra1ned sandstone Over1y1ng are f1n1ng upward ‘thick, gravelly sand-

" stone and sandstone bodies of a meander1ng fluvial system

Lobate Deltaic Systems
- Complete progrédationa]fsequences,are_rare because of partial
erosion by succeeding, superposed meandering fluvial systems (Figs. 11

|

and 13). Genetic facies that compose the coarsentng-upward deltaic

sequences are: (1) Tacustrine and prodelta, (2) delta front; (3) chan-

nel-mouth baf, (4) distributary channe1—fi11, and (5) crevasse splay or

splay delta. Deltaic sequences in outerop;are 20 to 50 feet thick.



Figure'lB(".‘

| Progradational sequence, Slaughter ranch, SOUthwestern GarzafCouhty ;
(Middle Creek 7.5 minute quadrangle). High4stand and Tow-stand deposits
represented -in section. Units 1-4 are lTow-stand deposits; and units 5-

15 are high-stand deposits; a transition occurs from low-stand to high-.

stand facies. Low—étand’depoéfts‘(UHits 1-4) componénts'of fgg_ggligg.
For example, ‘units 1 and upper part of unit 2 are de]ta_foreséts con-
sisting of reddish brown mudstone,~§j1tstone, very fine sandstone and
fntrabasina] cong]omerafe; priméry sedimentary structures arg”pgra11e1
inc]%ned laminae, ripp]é:cfoés—1éminae, trough crossbeds, and 10w—ang]§
delta foresets; also sha]] diamefer (0.06 tbﬁd:12 inch) burrow. Lower

“part of unit 2 is a multiple channel-fill sequence (straight feeder

_channel) conéisting ofvreddish brown qﬁd-greeniSh;gray_very fine sdnd-
stone and granule to pebble intrabasinal cong1omerate; primary sedimen-

tary structures are massive conglomerate, parallel and ripple cross



"Figure 13 continued

1am1nated sandstone Delta p]atform (middle nant of unit 2 and units 3

.'and_4) consists of redd1sh brown very f1ne andstone and qranu]e to -
pebb1e intrabasinal conglomerate; sedimentary structures are high-. and
1Qn—angle foreset cross-strata, wavy para11e1 1am1nat1ons (wave length:
8-feet§ amp1i tude: vaJ foot), para]]e] 1am1nae with mud drapes (Unjgifn~A

unit 3), combined flow rippies (unit 4), and spft sediment deformation-

(unit 4). Interdeltaic deposits (lower part of"unit'S)‘are moderate
brown to reddish brown, coarse siltstone and very fine sandstonesy
sedimentary structures are a]ternating para11e1:and‘ripple cross—]aminae,

High-stand deposits represented by Tacustrwne deposwts (Tower part of

unit 5) consist of redd1sh brown- and red purp1e claystone, mudstone, and ~
si]tstone (si1t content increases upward); primary sedimentary structures
are parallel laminae, sequence is mostly massive; -burrows are common

~(Scoyenia and.TeichichnuS)&"Mudf]at,deposits (upper part‘of unit 5)

cons1st of redd1sh brown, red purple, and green desiccated mudstone with
/ . -

caliche nocu]es and burrows in lower part. Lacustrine deposits (upper-

-~ most part of unit 5) consist of reduced graywsh green mass1ve mudstone

vD1sta1 delta front (un1ts 6 and 7) and proxwmai de]ta front (unit 8).

Distal delta front is oreen1sh gray biotite- bearwnq coarse s11tstone to”

very fine sandstone; primary sedimentary structures are a]ternat1ng

¥

para11e1 Taminae and ripple cross-laminae w1th washout- channels (unit 7)

10 feet wide and 3 feet deep. Prox1ma1 delta front is graywsh green

biotite-bearing very fine to fine sandstone; primary sed1mentary struc—

tures are parallel laminae. Distributary channel-fill (units 9-14)

comprises greenish gray granule to pebble intrabasinal conglomerate,



Figuré 13 continued

conglomeratic fine sandstone, and fine'sandstone, and moderate brown. to

reddish brown mudstone, sn11stone, and very f1ne sandstone, primary
sedwncntary structures are trough crossbeds, high-angle foresets, par-
allel -lTaminae (conform te channel floors), ripple drift, ripple cross-

Taminae, and settle-out mud and silt laminae. Meanderbelt deposits

(unit 15) complete high-stand sequence. Unit 15 composed of~greedish

gray granule to pebble 1ntrabasina1 conglomerate and fine sandstdne, '

11ght gray to ye1]ow1sh 11ght gray coarse siltstone to medium sandsfone,v

pr1mary sedwmentary structures are massive cong1omerate, sha]]ow trough
crossbeds, parallel inclined 1am1nae, medium scale trough crossbeds,

high-angle foreset cross-strata, and wavy parallel laminae.
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Lacustrine and Prodelta -Facies

Thin reddish-brown, parallel ]amiﬁated mudstone, although not
present eyerywhere, is the 1owermost'facies“of.fhe de]taicmseqqénce.
This facies is commonly gradationai be1ow Qith hudsfonés of 1owlstand
dfigin. Sedimentary“structhres are fhin;~hofizonta1 to wavy laminae,
exhibiting local softksediment deformation. Parallel laminated mud-
stone, which recokds initial lacustrine or prodelta sedimentation,

grades upward into delta front siltstone and sandétone.

Delta Front Facies

Delta front siltstone and sandstone faciés-are mostly grayish-green
with reddish;brOWn being’dominént in the Tower few feet of the unit.
Bedding may be app}oxihate1y hé%fibnta1‘or in¢1ined'in the direction of 7
sediment>transport (Fig. 14). Sedihentationvunits thin and grain size
decreases in a downcurrent directibn. A few thin, Tow-angle foreset
cfoss-strata and t?bugh-ff11 cross-strata are associétedAWith inc]fned
beds. Thickness of sedimentation units, scale of sedimentary_struc-
tures,-and grain size increase upward. Foreset cross-strata gnd trough-
f%i] cross—straté'are besttdeve1oped near the tops Of»thesebsequences
(Fig. 13). | |

Small wash-out channels are rare to common‘(Fig. 13). Channe1s{
one to two feet deeb and 15 to 45 feet w%de, are filled with parallel
Taminated and 1ow—ang1e'foreset‘cross~stratified, fine—grain?d sandstone;_

Siltstone ahd‘séndstone deposits are locally burrowed. lDomi'nant

burrow type is unornamented, small diameter (0.25 inch), and oriented

both perpendicular and”para11e1 {b bedding. Oghidmokgha are rare.

45



Figure 14.

- 14. Delta front facies associated with hﬁgh—stand 1obate,de1ta, Dalby

ranch, Garza County (Justiceburg Northwest 7.5 minute quadrangle).

High-stand and Tow-stand deposits represented in section. Low-stand

deposits (unit 1) accumulated in lacustrine and mudflat environments;

salt hoppers and Unio (fresh water clam) suggest a]térnating hypersaline
and fresh-water environment; bone fragments and abundant Scoyenia (poly-

chaaete worm burrows). High-stand deposits (units 2-17) accumulated

~under varying water-level conditions. Thin coarsening-upward sequence

represented by units 2-5; unit 2 is interpreted as Fhfn~prode]ta mud;

units 3 and 4 as delta front sand, and unit 5 as delta platform. Delta

foresets (units 6 and 7) ovér]ic delta platform; apparent dip angle

about 5° west (unit 6) and about 7° west (unit 7); sedimentation units

thin westward. Crevasse ChanneT—fi11, lacustrine mudstone, and crevasse
splay deposits represented by unit 8, which ranges from about 1 to 18

feet thick. Delta plain (overbank) deposits represented by units 9 and

b
|
!

10. Meanderbelt system caps hill (units 12-17)
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~ Other biological constituents are bone fragments and unidentified mol-

{
|

Tuscan ca1c1te shell fragments.

Thickness of 1nc11ned bedd1ng units suggests that water depths were
16 to 15 feet. Horizontally bedded delta front depos1ts probab]y accu-
mu]ated in less than 10 feet of water Washout channe]-f111, trough-
fi1T- cross -strata, foreset cross- strata, and conglomerate lenses record .
surges during flood events; ~ |

Channe1 Mouth Bar Facies

Channel mouth bars are gradat1ona1 beWow w1th de]ta front depos1ts, )
and are in eros1ona1 contact w1th overlying d1str1butary channel-fill
facies. Lower parts of th1s facies generally consist of Tow ang1e,
foreset cross-stratified, very fine- to fine-grained sandstone. Upper- '
most depos1ts compr1se foreset cross strat1f1ed and trough-fill cross—
stratified sandstone. Thickness of this sequence is 5 to 10 feet (Fig.
§15). Verymfine— to‘f1ne—gra1ned sandstone comprising the facies dis-
plays no vert1ca1 textura] trend Bioturbation of channel—mouth bar
facies is rare, as are fragments of bone and she]] Channe1;month bar
| depos1ts are preserved only in areas where assoc1ated d1str1butary
“channels were“sha11ow (at or near the po1nt where d1str1butar1es de—
bouched-into standing water).

L4

Distributary Channe1fE111 Facies i

Distributary channel-fill conglomerate and sandstone bodies range.
from 5 to 15 feet thick and 30 to 200 feet wide. Multiple, superposed
channel-fill units are 25 to 30 feet thick and up to 1,300 feet w1de

Ind1v1dua1 channe1s have parabo]1c cross sections; some are symmetr1ca11y



Figure 15.

Thin progradational sequence, approximately 9 feet thick, on Dalby
ranch, Garza CoUnty (Post East 7. 5 m1nuie quadrang]e) View west.
Deﬁositionafyunité are.( ) Green1sh gray para]]e] 1am1nated, calcitic -

pb friable, highly mfpaceous, very fine delta front §andstone. (b)mVery

fine to fine channé] mouth bar sandstone. Channe] mouth bar qradational
w1th under1y1ng de]ta front sandstone. Channel mouth bar sandstone par—
Wa11e1 ]am1nafed at base, becoming para11e] 1nc11ned 1am|nated (or Tow-

angle foreset crossbedded) upward; change in 1nc11nat1on producesfpiano-'
convex sandstone unit. Appa}ent'dip 53589 northwest and-southeast. - (c)

Gr@enish‘gray?,mud clast-bearing, very fine to fine distributary channel-

fill sandstone. Distributary sandstones 2 to 5 feet thick and'15_t0 30._
feet wide; they are symmetrically filled and in erosional contact with
under]yingﬂghannei mouth bayr deposits. Outcrop is representative of the

‘more distal parts of distributary channels. - -
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filled fndicating a'straight chahné] pattern.» Many channels were alter-:
- ”nately active and inactive as suggested by chahné]—f111.sequences of
conglomerate, sandstone and mudstone that exh1b1t attendant scour
features | »

Larggr channel systems'eroded through chaﬁne1 mouth bar facies and
into subjacent delta front facies (FTgLA13). Large channels were filled,
for the most part, with troUgh-fi]1 cross—sffatified, finé-grained sand-
stone. There is a'widér range of textural and structufé]ltypes in the
£i11 of smanfchénnéis than in 1érger chanﬁe]-f%]] bodies. Foreset
crOss-stratifﬁgd, intrabasinal conglomerate floors many_smé11‘chanhe1s,w
Cong]omerate'deposits‘are commonly overlain by sequehteé of alternating
parallel Taminated sandstone and siltstone; laminae conform to the
channel cohfiguratioh, Paraﬁ1e]'1amihafed'or massive mudstonévoﬁér1ies
sahdstoneesiltsfoné units. The dominance of sigmoidal foreset cross-
vStrata'gFig. 16) can be observed"ih’oufcrops which parallel transport
direction of the thicker channel-fil1 sequences. Reactivation surfaces i
are common in the. 1arge sigmoidal foresets Reactivation surfacés are .
analogous to those reported by Harms (1975 p-- 50-51). 1

Distributary,channelslof the high constructivé 1obate de]tas are
preserved as 1arge and small sandstone-filled channels. Crevasse chan-
nel-fi11 and splay deposits are attendank features of distributary
channels. Cong1omerate-f111ed channels are representative of Tr1assic_‘
crevasse actiQity. | | | ;

Crevasse Channel Facies

Conglomerate-filled crevasse channels disp1ay Timited distribution
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Large sigmoidal foreset crossbeds in lower part of distributary

channel-fill, road cut, Farm Road 669, south of Double Mountain Fork of

Brazos River, southwest Garza County (!Middle_Creek 7.5 minute quadran-.

N

gle ). View west. Apparent transport direction .north. Reactivation

|
surfaces common in sequence. Jacob's staff 6.0 feet long.
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and maximum thickness of the'channe1 déposits”is ébout 15 feet. . There
‘are two channel-fi11 end members: (1) one consists of reddish-brown to
ye11ow1sh brown, calcitic, granu]e to cobble cong1omerate, sed1mentary
structures are -massive beds, 1arge;trough—f111 cross—strata, and ]ow
~angle foreset Cross~strata; (2) the'othef.type,is grayish-greenttd'dusky.
ye]1owish-§reen, unsorted, sandy cobbTe to boulder conglomerate; major
components are mudstone c]ésts Pr1mary sed1mentary structures are
"poor1y def1ned in these channel-fi1] depos1ts Obv1ous structures are
1arge sca1e and can be 1dent1f1ed on]y as cut and-fill; some pebb]e
cong1omerate units exhibit troughjf11] crossfstratai Because of poor
gorting}and compaction of muustone c1ast§; thege cong1omeratic channel-
f111adebosits are relatively' impermeable. Unio, bone fkagments énd i
" plant debris are rare'to‘ébundant. Some plant debris has beeh'Car-:
bOniied. Léca11y, re]ativeTy thick plano-convex sanustone bodies that
dispTay dominant parallel Taminae and subordinate trough-fill cross-

strata, overlie conglomerate-filled crevasse channels.

Crevasse Splay Facies ;

Cong1omerate -filled crevasse channels grade down.current into

: sheet11ke cong]omerate and sandstone bodwes that const1tute the sp]ay
facies. Splay Cong]omerate and sandstone were emp]aced by braided
stream processes whose modern tounterpafts have been observed on the Omo
Delta (Butzer, 1971). Since splays are products of unconfinqd flow,
paleocurrent indicators exhibit a wtde qirectiona]‘variation‘simi1ar to-

thoée of fans and fan deltas (McGowen, 1971a; McGowen and Grqat, 1971). ©

In some instances flow directional features may trend in a direction



‘opposite to paleoslope.

Splay facies possess all the attributes of bréided stream deposits.
" They are 1 to 9 féét thick and consist‘host1y of débris derived from
levees and adjacent delta plain. Texturally sé]ay depoéité range from
"granﬁ1é;béaring séndstone td graﬁ;fe and pebble cong1omera£e. Trdugﬁ-
f111'cross¥stratavare dominaﬁt sedimentahy'struétures, and foreset
cross-strata and parallel laminations are secondary t&pes{ Small

channel-fill units up to three feet thick ocbur~10ca1ly within these =

~ deposits.

Splay sandstone and conglomerate bodies 1ie in erosionaT cdntact oh
under]ying~mudstone. Splay deposits are overlain by a variety df mud-
stone facies (1nc1uding_1acustkiné and f}oqd plain dgposits) or thick
_meander belt sandstone. Rare coal seams occur. in the Tower parts bf |

some drab'Tééhstrine mudstonés that‘ovér1ie splay units.

Fluvial Systems
»Fining-upwara meéndering f]uvia1‘§andstone §equences:com@onTy cap
the highésténd féqfés aésdtigtipp. ‘Maximym'tﬁickneés and wfd%h of
meahdering fluvial sahdstone bodies are approximateTy,85 feet and six :
miHes, respéctiveTy. These sandsféneé areypfoduéts of mu1t1p1é deposii
tional events, and complete fluvial sequ%nces (frqm scour'pooT to upper
point bar) are rarely preserved_éxcept in (1) the uppermost parts (1ast
depositional unit) of meanderbe1th§andstone bodiés'that are érodUcts ofd
multi-depositional events, and (2) sandstone‘bodies that represent av
single fluvial sandstone body; these norma11y occur near meanderbelt

margins. Single sandstone bodies range in thickness from 20 to 40 feet.



Accretﬁonahy grain, a feature that re§u1ts from point bar accretioh,.is e
exhibited by some po1nt bar sandstones that crop out over broad areas
that are approx1mate1y perpendicular to sand- body trend. “

Upper parts of many meanderbe1t sequehces were'removedfthrough -
lateral erosion of younger channels. Cohsequent]y Tower parts of;sandQ"
stone bodies are composed of36—\to 11—foot fhick depositional séduences
%éénsisting of (1) a 16wer maSsive,.foreset andAtrough-fi11 cfosééstrgti-
fiéd,.pebb1e to cobble congTomerate (scduk'pob1 deposits) and (2) ubpér

'trougthﬁTT cfoSSAsf}atified, cong10mékhtic, fine- to medium—gkained
‘sandstQhe (s@ouf poo]band Tower point bar).r Gravel c]asts were derived
from both jnfrabasina] and extrabasinal sources. Intrabasinal clasts
are mudstone, si]tstohe;,sandStone and caliche. Extrabasinal clasts are
mostly cherf, quarfz, and qﬁartziteiv Grave contained in:the oldest
séndétdhe bodies of this faéies'(e g. in Kent and Crosby Counties) is
mostly granu1e- to pebble-size chert, quartz and quartzite (Fig. 17).
Bone material and large plant frggmentsﬁ(e.g. casts of Togs and'1imbs)
are kare to ébundaht in cong1omerdtés. .Most p1antjmateria] h?s'beén
1ea;hed} “ |

Both coarse-grained (McGowen_apd‘Garner; 1970; Levey, 1976)’and
fine-grained point baf deposits (Bernérd and others, 1970) dccur in
Dockum meanderbe]tféequences.  A\sUccession of sedimentary stfuctures
‘similar to modern coarse-grained point bars’consistS in asceqding.order
of (1) hassivé or trough-fil11, cross-stratified cong]omerateior conglom-
eratic fine- to medium-grained sandstone, (2) alternating foreset and

trough—fi]] cross-stratified granule-bearing fine-grained sandstone, (3)
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Figure 17..

Channe1—1ag cong]bmerate, Johnson. ranch, Kent County‘(dusticéburg
Southeasi 7.5 minute’quadrang1g). Modéra¢e brown granu]e_to pebble |
(extrabasinal) conglomerate. Cherf, quarfzite, and vein quartz clasts.
Chert is angular to subround. Quartzite and”veﬁn quartz are sLbround to

“well-rounded, Sample from base of meanderbelt sandstone.
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either simple Tow angTe foresets that are 5 to 9_feet thiek or an
1nterva1 of compound foresets of comparable thickness, and finally (4)
~para11é1 and ripp1e cross Taminated siltstone and_veny fineégrained»‘
sandstone that alternate with parallel Taminated or massive mudstone
(F{g. 18). I

~The ana1ogyfbe£ween Modern eoarse—graﬁned meanderbelt segeunces and
those of fhe Dockum Group is not‘perfect.' The chief difference 1ies in
grain size. Dockum coarse-grained noint bars comprise mbst]y fine- to
medium4grained sandstone, whereas, Modern coarée—érained point bars.com-
mon]y exhibit coarse-sand and gravel within the upper point bar. Both
Modern and . Dockum coarse-grained po1nt bars’ display similar suites of
primary sedimentary structures. Galloway (1977) prefers to use the .. ...

terms bed-load and mixed-load to distinguish between ancient fluvial

depesits. Tnis‘proceddre dispenses with the nndb1em of variance.between>.___ ;“

certain fluvial models and the rock record.

Fine—grained.point bar sequences (Fig. 19) vary's1ight1y~fram
'cganse—grained%sequences. Thick foresets'or compound foresets are
“absent in fine-grained point bar deposits. Para]]ei horizontal or par-
‘a11e1 inclined 1am1nae'eOmposed of Very'%ine— to fine-grained sandstone
typify upper point bars in fine-grained meanderbe1t systems. Other
sfnatif1Cation types such as thinfforesel cross-st?afa,-trou@h—fi11
‘cross strata, and ripple cross laminae a1so occur within the upper point
bar facies of fine- gra1ned meanderbelt sandstones

Meander cut-offs and abandoned stream courses are components- of

meanderbelt systems (Fig. 11). Abandoned channels are fi11ed with mud-

/

50



Figurev18.

Coarse-grained meanderbelt sequence, Da]by ranch, “central Garza
:Countj (Justiceburg Northwest 7.5 m1nute quadrang1e) . Meanderbelt sand—'

"~ stone caps escarpments in area. ‘Approx1mate1y‘50 feet of reddish brown

lacustrine inudstone (mostly associated with low-stand, arid phase, and

“in part equiva1ent,to unit -1 of figure 14, and units 1 and 2 of figure

‘ 19) underlies thinbgroqradationa] siltstone and sandstone (top .of unit

1, and unit 2). Splay deposit (1n part equ1va]ent to. units 5- 8 figure

14) overlies th1n progradat1ona1 sequence Coarse-grained meanderbelt

sgngstone‘(un1t 5) in eros1ona] contact with °p1ay un1t Meanderbelt
comprises: channe] 1_3_(un1t 5a), trough f111 Cross- strat1f1ed qranu]e

to pebb]e 1ntrabas1na1 eong]omerate lower and middle Egjnt bar (un1ts

5b and c), trough-fill and foreset Cross- strat1f1ed fine to med1um sand-

~stone; and upper point bar (chute bar, unit 5d), compound foresets, some

~ripple cross laminae, and trough fi11 cross- strat1f1ed fine to med1um

sandstone. Overbank depos1ts (un1tse6, 7, 8) consist of erp1e Cross-

Taminated coarse siltstone to very fine sandstone and massive sandy

mudstone.
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Figure 19.

Fine—graihed meanderbelt sequence, Dalby ranch, central Garza Coun-
”ty‘(Juéticeburg Northwest 7.5 minute‘duadréng]e); Meahderbe]t sandstone-
caps escarpment. Meahdering stream cut into de]taic‘deposits. Unit 1 |

is_iacusﬁriné—prode]ta mudstone. Unit 2 is a délta ffoht sequence’eqdi—

va]eht to units 2-8 (fig. 14).  Units 4 through 13 are componenté of a

fine- gra1ned meanderbe]t sequence ‘ Un1L 4 s ye]]ow1sh brown granule to

cobb]e channe] lag cong1omerata with lenses of med1um— to coarse- gra1ned

sandstone. Units 5 through 10 are point bar deposits that exhibit gen-

eré] upward decrease in grain sizewand‘thicknéSs of sedimentation units; 
‘ vertical succession of strétificatibﬁ types 1is frough—fi]] cross strata
(units 5 and 6), para11e1 fnc]ined 1§minae and foreset cross-strata (tgp
unit 6),‘f0reset~ckos§—strata,'para11e1'inCTined laminae, and-trough-
fill créss—strata (unit 7), foreset cross-strata and trough-fill cross-
strata (unit 8), ripple cross laminae and wavy‘1am1nae (Qnit 9),Vtﬁough~
fi11 cross=strata, wavy laminae, and foreset croSs~straﬁa (unit'lof.

Unit 11 1is abandQned.channé]—filT (Mudstone most]y massive), Siltstone

lenses within mudstone are ripple cross laminated and contain abundant

v

. carbonized’p1ant leaves and stems. Units 12 1nd 13 are ripple cross

laminated, massive, and parallel laminated overbank mudstone, siltstone

(z) and sandstone.
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stone and sandstone. Mudstone Tenses, 15 to 30 feet thick, are reddish-
brown and dark gneenish—gray.'»Reddish¥brown mudstones, which are mas-
sive or para11e1 Taminated, contain‘(l) lenses of r1pp1e cross Tlaminated
s11tstone and very fine-grained sandstone, and (2) very fine-grained
sandstone wedges that thicken toward neck cut-offs. Para11e1~inelined
~laminae (low-angle wedge sets) are principal sed1mentary structures in
abandoned channe1 sandstone wedges or plugs. Dark greenwsh -gray mud—
stones are genera11y mass1ve and conta1n a few parallel Tlaminated
,hor1zons cons1st1ng of a high percentage of s11tstone and p]ant debris.
~-Some . 1rregu1ar masses of very fine-grained sandstone occur within gray
mudstones, 1nd1cat1ons are that these d1scont1nuous sandstone bodies
were depos1ted as r1pp1ed sands that foundered into a "soupy” mud sub—
strate Rare to common coprolites. and carbonized p]ant material (most1y

Teaves and .twigs) have»been'observed in some gray mudstones.
Low-Stand Depositional Systems

Deposits of the Tow-stand association are products of sporadic,
high 1ntensity, short duration depositidna] events. Deposittona1 envi-
ronments inc1uded_sma11 shallow takes, small fan deltas, interdeltaic
mudflats, and ephemera] streams contained within headwardly eroding
~valleys. Low'standideposits include 1acLstrine, fan delta, and ephem——"
" eral stream systems composed of the following facies: t(l) 1aeustrine :
and prode1ta (bottomsets), (2) delta foresets, (3) delta p]atform; (4)
mudflat, and (5) valley-fill f]uviat deposits. Single deltaic sequences

comprising foresets and delta platform are on the order of 10 feet
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thick. Lacustrine and prodelta facies are genera]]y~thin (5 to 10 feet
‘thick) and va11ey—f1]1\f}uv1a1 deposits range from a few to about 50
feet (see Fig. 12). ;

Fan Delta Systems

” Fan deltas wene the dom1nant depos1t1on31 system a1ong[marg1ns af
ephemeral Takes during the arid part of a c11mat1c cycle. Drainage
,systems, which fed the fan deltas, were small. and the assOCiated;streams
are assumed to have been high gradient. High- 1ntens1ty flow was of
short duration; lag: t1me between prec1p1tat1on and runoff was brief.

~ Sediment and'water were]tranSported from the source area to the fan
“delta apex‘through a valley wherein flow was confined Upon reaching
the apex f]ow became unconf1ned and was dissipated radially across -the:
fan delta platform by sha11ow braided streams. In the Take sed1ment and .
water were d1spersed by homopycna1 flow (Bates, 1953) Delta foresetsr
"developed at the lake marg1n (if there was suff1c1ent depth in the
‘receiving basin). Sediment was moved along the foresets by bottom cur-
rents and by avalanching under the influence of gravity. A m%ﬁb¥ amount
- of sedtment accumulated along the foresets from suspension. Sediment

was emp]aced on the lake floor by bottom currents and from suspens1on

Lacustr1ne and Prodelta Fac1es

vy

Reddwsh—brown mudstone and sﬁ]tstone comprise 1acustrine and pro-
delta deposits. Several mudstone,and’si1tstone types make uﬁ these
~“deposits, which represent tne 1owestvphysica1 energy environment df the
-Tow-stand depositional system. Lacustrine and prodelta facies Qf the

lTow-stand depositional system may overlie any other facies including



 deposits..of both high-stand and Tow-stand depositionaJ.Sysfems. Lacus-
trine and pfode1ta deposits consist of burrowed, massive and parallel
1am1nated mudstone, and para]]e] and r1pp1e cross laminated mudstone and
siltstone. In the discussion of 1acustr1ne and prodeTta facies that
follows, the various mudstone and s11tstone facies have been arranged in
order of 1ncreasing physica]yenergy This‘arrangement implies that each.
of the successive facies exhibites ev1dence of an 1ncreas1ng influence. -
“of f1uv1a1 processes Genet1c terms (for exampTe Take marg1n and 1ake
center) were not app11ed to these mudstone and s11tstone units because,
at this t1me we are not certa1n that such terms are applicable.
Burrowed mudstones are grayish red purple. They 1ndicate~s1dw
rates of sediment aecumu}afion; Three bunrow’typesjare.neeogniéed: \(1)ﬁ;
random1§ oriented small burfOWS'(0.1—0,271nch_d1ameter); (2) burrow-fill
~with a ropy texture (0.2-0.5 inch diameter); and (3) spreite, meaning
sOmethjng spread between two“supportsi(0.5—0.7 inch diameter). A1l
burrow types are,attributed to the activiﬁy of worms. Scoyenia, the
burrow with a ropy texture and Teichithnus, the spreite, were; produced
by po]ychaetes (Te1chert 1975) Nondescript, sma]T burYons occur in

both fine- and coarse-grained rocks, but Scoyen1a and Te1ch1chnus were -

observedvon1y in mudstones and siitstones. |

Massive reddisn—brown lacustrine anb prodelta mudstones are grada-
tional nith all Tow-stand facies except delta platform fTuvia1'and
valley-fill fluvial facies. Massive mudstone is cnaracterized by  sub-

conchoidal- fracture, irregularly-shaped grayi§h-green‘reducpion patches,

and slickensides (Fig. 20). Slickensides do. not appear to be facies
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Figure 20.

Pale reﬂdiéh'brown (10R5/4) massive mudstone with greenish gray (56

6/1) reduction patches, STaughter ranch, southwest Garza County (Middle

Creek 7.5 minute quadrangle). Sample from iudstone that grades verti-
cally and Tlaterally into burrowed mudstone with well preserved Tieichich-

/

nus. Scale at bottom right is one inch. (
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reStrictéd. -Any fécies,(either reddish-brown or grayish-greén) with a
high-mud_céntent may contain slickensides. Galloway (1§77) reports that
slickensides were common and demonétrab]yrgenetﬁc'featdres of lacustrine
clé;”and éome'sdi1#iones in‘the Catahouiaaﬁormatiqn;

Lacustrine and prodefta muds tones ﬁh‘E1bse proximity to”de1ta_f0re; '
“sets common]y display we11 -preserved sed1mentahy structures ReWorking
of mudstones by 1nfauna is s1light. Reddish- brown, parallel 1am1nated
mudstonéj(Fig.FZI) exhibiting s]jékens1des and gray1shfgreen redu9t1on
- patches is a m{nor rock‘tybe within fhe ﬁow—stgnd faties association.
These bedsrare commdn]y.1ess'than¥5 feet,thfck anq dre:édmposed”Qf;
horizonta], fnc11ned, straight of wavy, 0.b5- to 2.0-mm 1aminae. Para]- 4
Tel-Taminated mudstones are normaT]y assocwated with r1pp1e Cross- ‘
Taminated s11tstone wh1ch is a part of large foreset units. Loca]]y,
’para11e1 1am1nated mudstones occupy a position between delta foresét and-
massive or burrowed mudstone

Near the trans1t1on from lacustrine or bottomset depos1ts to delta =
foresets there is an increase in s11t content and strat1f1cat1on pro- .
duced by bottom currents. The dominant sediment type is redd1sh brown,
parallel Taminated mudstone,and s11tst0ne and rjpp]e cross laminated,
grayish-green, well sorted, ca1c1t1c s11tstone Sedimentation units are
0.5- to 2.0-inch. Tenses of 1ntrabas1na1 Lnd extrabasinal mater1als
This lithic type is situated lateral to massive and burrowed:mudstopes,
intrabasina1bcohg]omérates (these are'méétly delta p]atform)j and- it
occurs along lower (dista1).parfs of -some of the thicker delta foresets.
These transition dépOsifs overlie delta platform, delta foreéets, and

\
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| Figure 21.

Lacustrine mudstone and siltstone, Johnson.ranch, Kent County (Jus-
ticeburg Southeast 7.5 minute quadrang1e).| View north. Vertical scale:
1.0 Foot. AWterhating moderate brown parallel laminated mudstone andb

'

Tight brown wavy laminated calcitic siltstone. ;
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massive lacustrine mudstones.

Delta Foreset Facies {

Perhaps the most striking facies that developed during the Tow-

‘stand, arid phase are delta foreset beds (Fig. 22). Mudstone, siltstone,

sandstone and intrabasinal conglomerate oomprﬁse'the foresets. .Foresefél“
range in thickness from about 2 to 10}feet. Multiple foresets, consist-
"~ ing of as many aé 4 units, afe up to 30 feet thick. D{po of foreseté
" range from 9° to 16°. Outcrops. that are or1ented approx1mate1y perpen—
dicular to transport d1rect1on exhibit hor1zonta1 or broadly convex
" upward strat1f1cat1on B .

Delta. foresets are products of multiple high and low phys1ca1
energy conditions‘ Highly v&riab]e\energy conditions are recorded by
-scour- —and- f111, r1pp1e bedforms that m1grated up foreset slopes (the
ripple bedfowms produced ripple dr1ft strat1f1cat1on), intrabasinal
conglomerate foresets, and erosional surfaces and discordance in dip
' between depos1t1ona1 un1ts | |

Most foreset sequences d1sp1ay (1) e oowncurrent decreaée in.dip
aogle and bedding thickness, (2) conglomerate 1enses that are thickest |
near tops of foresets but genera11y p1nchout before reach1ng ‘the toe,
and (3) soft sed1ment deformat1on ‘that is normally confined to sandstone»
units. o | o ! . e |

Sedimentation units include (1) paraliel 1émipated mudsﬁone and
§i1tstone, (2) ripple cross 1eminated siltstone and very‘fine—grained'
sandstone, (3) ripple drift siltstone and very fine Sandstone~(Fig.'23),m

vand (4) one to six inch beds of granule to pebble intrabasinal conglom-



Figure 22. o

Delta foresets associated with small fan deltas, Macy ranch, south-
west Garza County (Grassland Southéast 7.5 minute quadrangle). View

g southnost. At least four depos1t1ona1 epwsodes recorded in 20-foot

“thick foreset sequence. (a) Moderate. brown, para1]e1 inclined. laminated

and r1pp1e cross 1am1nated granule-bearing coarse siltstone to very
fine sandstone; foresets d1p 4 -9° north. (b) L1ght brown to moderate
brown, para11e1 inclined laminated and ripple cross—1am1nated very fine
“ to f1ne sandstone, foresets dwp 6° 8 north. ‘(C) Light to ‘moderate
‘brown, r1pp1e Cross 1am1nated very fine sandstone, and moderate brown,
para11e1 inclined 1am1nated coarse - s1]tstone foresets d1p about 4
'north. '(d) Moderate brown to reddish brown, para11e1 1am1nated c]ayey
siltstone, and grayish green, ripp]e cross Taminated very fine sand—‘ »

 stone; foresets dip about 39 north.
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’ Figure 23.

Ripple drift siltstone and sanclsfone; Sla\igllfer ranch, southwest

Garza County ( Middle Creek 7.5 minute qtradrangle ). Pale red ( 5R 6/2) .
coarse siltstone to very fine sandstone with light greenish gray ( 5G

6/1 ) reduction patches. Ripple drift ( migration from le:ft to riéht )

grades upward ihto parallel laminae. Scale at hottom ‘is 1.0 inch.



erate (Fig. 24). Th1n, high-angle foresets are commonly accompan1ed by
regressive ripp]es (Jop11ng, 1961).

Delta Platform Facies

Delta foresets are capped by conu1omerafe‘and sandstone that were
-deposited by braided streams.” Cong10meréte, the dominant textural type;
. was derived from Tr1ass1c mudstone, siltstone, sandstone and caliche.
Minor gravel-size clasts are wood debris (some wood fragments have been
1eacned; others have been silicified), bore fragments, and Unio shells
in varidus'steges'of disarticu1ation, fragmentation*and roUndinj (ng.
25). o \

Two geonetric types, sheet and channe]—fi11? compose the delta
platform f]uv1a1 fac1es Sheetlike cong]omerateﬁbeds,‘one to ffve feet
thick, conformab]y over11e de1ta foresets. Some of the congTdmerate
beds grade basinward into delta foresets. - Congﬁomerate sheets consist
of alternating granu1e to pebble cong1omerate and very fine- to very -
coarse- gra1ned sandstone Sed1mentary structures in cong1omerates are
trough f111 cross -strata, minor foreset cross-strata, and par;11e1
bedd1ng. “Sedimentary structures in sandstones are trough-f111 Cross-
strata and parallel 1am1nae. Sheetf1ikelgeometry>and suites of sedimen-
tary structuneS'exhibited by conglomerates are similar to somevmodern
braided strean destTts-(Ore,.1953; SmitL, 1970; _Church, 1972). Con-
gTomerate sheet deposits become'thin and are transjtiona] wi?h Finer
de]te foresets 1n.a downcurrent directfon. Upper surfaces oé some‘sheet
cong1omerates contain Ophiomorpha, and rare to abundant, random]y

oriented, juvenile and adult, articulated and disarticulated Unio.



Figure 24.

Intrabasinal conglomerate, Macy ranch, southwest Garza County

(Grassland Southeast 7.5 minute Quadkang1e). Moderate brown calcitic

| v

granule fo.pebb]e intrabasinal cong1oheﬁate‘ Clasts are round to well
rounded mudstone, siltstone, and caliche. 'TwoAgraded sedimentation

units constitute this sample. Scale at Tower right is 1.0 inch.
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Figure 25~

Fréshwater clam, Uhio, on- upper surface of delta platform, Slaughter

ranch, southWastﬁéarza County (Cooper Cré?k 7.5 minute quadrahg]e)s

/

~Carpenter's rule 6 inches Tong, 1.7 inches wide.
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Channe1-f111'cong]omerates are of two types. The first type of
channel-fi11 1is represented by th1n granule to pebb]e lenses that f]oor
stra1ght channels that have parabo11c cross sections (F1g 26) Channe]s'
were about 15 feet deep and were a1ternate1y act1ve and 1nact1ve as
~indicated by channel-fil1 sequences of cong1omerate, sandstone and suTt-.
stone Most»channe]-f111 sedimentation units conform to the channel
configuration. Conglomerate beds are a few 1nches to about three feet -
thick, and are either structure1ess or d1sp1ay 1nd1st1nct para]]e] bede
d1ng and trough fi11 cross- strata. A second type of channe1 fi11 con-
g1omerate;accumu1ated within_feeder,systems_for sheet,cong1omera£es and
delta fonesefs (Figs. 26‘and‘27). These channeT—fi11 bodies display a
w1dth/depth rat1o of ‘about 25:1 and are f111ed ch1ef1y w1th trough f111
cross-stratified, granu]e to cobb]e cong]omerate -~ Clast types are-
similar to those in sheetlike" cong]omerates Wood and bone fragments,

- and d1sart1cu1ated and fragmented Unio are rare to common in the second'
pre of channe]-f11] deposit. |

\Mudf1at Facies

Mudflat deposits apparently accumulated upon abandoned fan delta
platforms, between contemporaneOUs_de1tas,.andf{n‘desiccating ponds and
" lakes. Green; brownaand purple mudstone facies contain traces of evap-
.orites, 1no1ud1ng mud-filled chert nodules. It is believed that chert
initially accumulated as a complex sodium silicate (such aS’Wagadiite)

_ which was-later_converted to chert. Mudflat deposits commonly display
evidence of desiccation. Thorough]y des1ccated mudstones are mottled .-

reddish- brown, grayish-green and grayish-purple. Slightly desiccated



F1gure 26.

Facies developed durwng low-stand, southeastern Garza County (Macy
ranch, Grass1and Southest 7.5 minute quadrang]e) Seven facies dep1cted
in outcrop sketch: de1ta foresets; mudf]at feeder channel; crevasse
Channe1;.1evee; abandoned channe]-f111; and de]ta platform. le;a
foresets have apparent dips of 9°-159 and consist oprara11e1 laminated
mudstone, siltstone, very fine sandStone, and g?anu1e conglomerate.

' Latera] to upper parts of some foresets are mudf1at deposits consisting:

of burrowed, r1pp1e Cross 1am1nated, contorted, and des1ccated claystone,

siltstone, and very f1ne sandstone. Feeder channels are f111ed at base

(see unit 2) With para]]ei laminated, contorted foreset corssbeds and

ripple drift siltstone tojgranu1e'cong1omerate. Most feeder ohanne1;
filled with coarse sandstone to'cobb1e'5ntrabasinaj cong1omerate;:sedi-'

mentary structuresAare trough-fi]]'cross—strata‘15 to 30 feet widerand 1

to 3 feet thick at“base. Crevasse channel characterized by multiple.

A scour-and-fiii evenfs; fi11 is muddy fine sandstone to granu1e conglom-

‘erate; sedimentary structures are parallel laminae, foreset-cross-strata

poorly defined trough-fill cross-strata, and ripple cross-laminae.

Levee deposits are wedge-shaped (thwckest at east and p1nch -out to

west), sed1ment is c]ayey s11tstone to very fine sandstone, sed1mentary
s
structures areapara11e1 laminae and ripple cross Taminae. Abandoned

channel-fill is}about 12 feet thick composed of trough-fill: cross-strat-

7 ified fine sandstone to granule congldMerate, withycentra] part filled
~with r1pp]e Cross 1am1nated clayey..coarse s11tktone .to muddy very f1ne
sandstone, and channe] warg1n of fill. comprwsed of alternating r1pp]e

|
cross ]am1nated siltstone to very fine sandstone and massive to burrowed

muddy very fine sandstone; Uppermost unit is“de1ta platform consisting
of trough—ff]].cross—stratified coarse sandstone<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>