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DISCLAIMER

LEGAL NOTICE. This report was prepared by the Bureau of Economic Geology as
an account of work sponsored by the Gas Research Institute (GRI). Neither GRI,

members of GRI, nor any person acting on behalf of either:

a. Makes any warranty or representation, expressed or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report,
or that the use of any apparatus, method. or process disclosed in this report may

not infringe privately owned rights: or

b. Assumes any liability with respect to the use of, or for damages resulting from
the use of. any information, apparatus, method. or process disclosed in this

repoi’t.
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(1) To provide a regional stratigraphic overview of the Travis
Peak Formation that will serve as a foundation for future
geologic and engineering studies; (2) to divide the Travis.Peak;

into mappable depositional sequences that are based on

- geologically significant criteria (occurrence of regionally extensive

shale beds and erosional hiatuses): (3) to quantify thickness. net- -
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sandstone and percent-sandstone values for each depositional

. sequence so that pertinent geologic information can be directly

related to existing and future production trends: (4) to use core.
log. and map data to interpret regionally occurring depositional
facies that comprise the Travis Peak, and the processes
responsible for theif genesis and morphology: and (5) to
reconstruct the paleogeography for specific time intervals of
Travis Peak deposition and relate observed paleogeographic
changes to the overall character of Travis Peak evolution during

the Early Cretaceous.

Previous studies haQe establ‘ished the‘regional structural and
diagenetic history of the Travis Peak Formation. However. |
earlier stratigraphic ‘investigations relied solely on well-log analyses
of the Travis Peak Formatién to address fhe regional distribution,’
general facies associations, and relation to salt-deformation
patterns in the formation from East Texas to the Mississippi
River. This report represents a synthesis of Travis Peak
stvratigraphy‘ and depositional systems that is foCus;ed on the area
of GRI-supported Tight Gas Research in East Texas and West
Louisiana. Interpretations of depositional facies are based on
well logs, core (acquired from cooperative and Staged Field

Experiment wells and donations), and quantitative sedimentary

viii



" Results

~maps.. In light of these new data. refined interpretations of

Travis Peak stratigraphy, depositionalvsyst'e’ms,_ and

‘paleogeographic evolution are proposed..

" The Travis Peak Formation was divided into five

lithostratigraphic units based on well-log correlations. Formva‘tion‘

~of a fluvial-deltaic-paralic-shelf depositional systems tract was

interpreted from énalyses of stratigraphic and sedimentologic data

from each unit combined with well-log: and core data. During

early Travis Peak development, braided streams deposited

channelbelt; floodplain, and overbank sediments in most of the

study area. Downdip of the braided streéms. deltas prograded
to the south and séuthéast over a shallow, stable shelf. As
braided,streams migrated and enlarged, the site of deltaic
deposition advanced southward and expanded to the northeast.
Estuaries developed fn relatively sediment-starved, embayed
bortions of the shoreline between centers of‘deltaic depositi‘o,n. ,
Seaward of the deltas. shelf sandstones accumulated through

sediment-gravity processes triggered by high sediment loads and

rapid deposition in the deltas. Shoreline transgression and

development of coastal-plain and paralic environments characterize

- late Travis Peak evolution. Fluvial systems transported a mud-

rich sediment load and assumed a sinuous-braided to meandering

form. . Channelbelts coursed ‘across a coastal plain with expansive
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floodplains and lakes and fed a few small retrogradational deltas.

Estuaries enlarged and became a dominant coastal feature as

‘submergence of the coastal plain progressed. With continued

transgression, marine limestone of the Sligo Formation onlapped

the Travis Peak.

Travis Peak stratigraphy was examined using over 300 logs from
wells in 12 counties and 5 parishes in East Texas and West
Louisiana. Regionally correlative resistivity markers divide the
Travis Peak into lithostratigraphic units. ~ Thickness, net-sand,
and percent-sandstone data were mapped for the entire Travis
Peak interval and for each lithostratigraphic unit. Cores
recovered throughout the stratigraphic section from 10 wells
(1,240 ft) distributed across the study area provided lithologic
and sedimentologic data that were essential for well-log
calibrations and interpretations of depositional processes and

environments.
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ABSTRACT

Lower Cretaceous continental‘to marine deposits in the Travis Peak Formation
rim the Gulf Basin from East Texas to Mississippi. This terrigenous-clastic sequence
derived from sediments eroded from the Rocky Mountain and Ouachita forelands,
forms a major basinward-thickening (1.400 to 3,200 ft-thick) wedge and records a sig;
nificant progradational event in the East Texas Basin. Burial and subsequent upﬁft of
the Sabine Arch place the top of the Travis Peak at present subsea depths of 5,899
to 9.600 ft, and natural-gas production from low-permeability (< 0.1 md) sandstones
deposited in fluvial, ‘deltaibc. and paralic environments make the Travis Peak. an impor-
tant exploratioﬁ target.

Five Iithostfatigraphic units were defined in the Travis Péak based on correlation
of over 300 well logs. Analyses of thickness, net-sandstone. and sand-percent trends
for each unit, combined With well-log and core data, illuminated the occurrence of a
fluvial-deltaic-paralic-shelf depositional system that formed during an Early Cretaceous
sea-level rise. At the time of early Travis Peak development, north-south oriented
braided streams deposited channelbelt and associated redbed-forming floodplain and
overbank éediments ovér most of northeast Texas. At braided-stream terminations._
deltas prograded to the south and southeast over a shaIIoW. stable shelf. As braided
streams migrated and enlargéd, the site of deltaic deposition advanced southward and
expanded to the northeast. Estuaries oécupied embayed portions of the shoreline
between centers of deltaic deposition. Seaward of the deltas, shelf sandstones
accumulated through sediment-gravity processes triggered by high sediment loads and
rapid deposition in the deltas. | h

Late Travis Peak evolution is characterized by shoreline transgression and devel-
opment of coastal-plain and paralic environments. Fluvial systems adjusted to the risf

ing Cretaceous Sea and decreased gradient (and perhaps decreased sediment supply



and increased tectonic subsidence), by assuming a braided-meandering morphology.
These north-south to northwest-southeast oriented systems deposited channelbelts and
small, retrogradational deltas. Floodplains and lakes between channelbelts. and
interdeltaic estuaries enlarged as submergence of the coastal plain progressed. With
continued transgression, marine oolitic and micritic limestones of the Sligo Formation

capped the Travis Peak.



INTRODUCTION

In response to economic incentives granted by the Federal Energy Regulatory
Commission (FERC) to drill and complete gas wells in low-permeability (< 0.1 md)
sandstone reservoirs. the Gas Research Institute has over the past several years
sponsored geologic research aimed at choosing particular sandstone formations in
which to conduct research that will enhance the development and exploitation of low-
permeability reservoirs (Finley. 1984; Holditch and others, 1987. Baumgardner and
others. 1988). Goals of the GRl-supported Tight Gas Sands Project are twofold: 1)
to iﬁprove understanding of low-permeability reservoirs from a geologic and gngineering
standpoint; and 2) to advance the massive-hydraulic-fracture (MHF) technology that
must be utilized to commercially produce these "tight” sandstones.

A major multidisciplinary research effort conducted over the past few years has
focused on the Early Cretaceous Travis Peak Formation in the East Texas Basin.
The Travis Peak was chosen for detailed study owing to its ultimate recoverable
reserves (13.8 to 17.3 Tcf if 12 to 15% of basin produced: Finley, 1984), operator-ac-
tivity level. potential impact on the gas market, and the predicted presence of
"broadly-lenticular” sandstone reservoirs. Permeability in most of the Travis Peak
sandstones is less than 0.1 md: porosity ranges from 3 to 17%. but is generally less
than 8% (Dutton and Finley, 1988). Direct benefits of this research’ to gas producers
will be improved recovery and lowered completion costs achieved through better field-
development and well-completion programs (Holditch and others, 1987). Other
benefits of this research lie in the possibilities of locating new exploration objectives,
improving field-development strategies. and making previously uncommercial reserves

profitable through better reservoir delineation, improved technology. or both.



This stra»tigraphic. synthesis represents a portion -of an integrated-geologic :
. | (structural, stratigr.aphic,and diagenetic). engineering."and-petrophysical st}udy of theb
Travis Peak Formation. Tosupport this broad research effort, several goals wereb
outlmed in thrs study Specific goals are: :(1) to provide a regional s-tratigra:ti‘hic
: ‘overvrew of the Travrs Peak Formatron that erI serve as a foundatron for future geo-
kloglc and engrneermg studles (2) to dlvrde the Travns Peak into mappable depositional
sequences that are based on geologrcally 5|gn|f|cant criteria (occurrence of_.regronally
extensive shale beds and» erosronal hratuses): (3) to quantlfy thickness. net 'sand,vand
’percent;s‘and values for each 'depos‘itional sequence .sob that pertinent ge'ologic informa- :
tion can be directly ‘rel'ated‘ to existing and kfutur’e production trends; (4) to use core,
"_‘!og, and map data to interpret th‘e processes responsihle for the» genesis_ and morphOI--

‘ogy of regionally occurring depositionalj facies that c0mprise the ’Travis"Peak: and
; (5) to reconstruct the paleogeography for specific time intervals of Travis Peak 'deposi-
- tion and to reIate observed paleogeographlc changes to the overall character of Travis

Peak evolutron durrng the Early Cretaceous
' Study- Setting

The Ouachita thrust front and the Mexra Talcol Fault Zone defrne the northern
: and western boundarles of the passwe margln East Texas Basin (fig. 1; Jackson 5
1982). Since the opening of the Gulf Coast Basin during the Triassic (Jackson. 1982;
vBuferr‘. 1984). carbonate deposrtron domrnated this basm (Moore.. 1983; McGillis, 1984;
‘Stewart 1984) Late Jurassic progradatlon of the terrrgenous -clastic Cotton Valley
Group (f"g 2) marks the ﬁrst major progradatlonal event in the East Texas Basin. A
“second progradatronal event -is recorded by Traws Peak sedlments that form a.
terrrge‘nous—clastrc,wedge rlmmmg the Gulf: Coast Bas_m from Texas_through southern

Arkansas and northern Louisiana, and eastward into southern Mississippi. ", Outside of
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Texas. ‘t'he Travis Peak and the overlying 'Sligb Formation are‘referred to as the
HdSSton Formétion and fhe Pettet Formation respectively.r These formations comprise
| the -baéal portion of the Trinity Group (fig. 2; Sellards and others, 1932; Wood and
Guevara, 1981: Gallboway and vothers.‘1983); | |
bTbhe Travis Peak is described as‘a redbed—beariﬁg'sequence of fine- to co;arse-
graivr-led ‘sandstone, siltstone, mudstone.. shale, ‘dblomite, and vcherty conglomerate, al-
though shale, dolomite. and'conglomérate ;A/ere not 'obsen_/ed in the study area
(Hazzard. 1939; Imlay. 1940; Murray. 1961: Berryhill and others, 1967). It overlies
the Late Jurassic to Early ‘Cvretaceous Cottoﬁ Valley Formation and is gradationally
overlain by micritic and oolitic limestones of the Cretaceous Sligo Formation form_ing 5
' time-transgressive .boundary (Bebo“ut and others, 1981). The lower Sligo in Louisiana
s predominantly a marine siliciclastic unit that is a basal facies equivalent of the
Travis Peak (Hosston). As in Texas, upper Sligo sediments in Louisiana are normal
“marin‘e. dark gray. oolitic, fossiliferous limestone and dark shale'-(BerryhiII and others,
1967). | | |
| Thé’nature of the Travis Peak-Cotton Valley contact is uncertain (Nich’ols and
| others, 1968; Cooper and Shaffer, 1977: McFarlan, 1977: Tocii’d and Mitchum, 1977;
| ‘Seni, 1983: Saucier, 1985;: McGowen and Harris, 1984).‘ The 'Knowles. Limestone, ak
thin trahsgressive-hariﬁe deposit, overlies the Cotton Valley Formation ’in the dist.alr
: regibns pf the East Texas Basin, ’but pinches out updip. In the region where the
| Kr{QwIestimestone is absent, the Travis' Peak-Cotton Valley contact is generally con-
- sideked to be unconfofmablé (sandstone-sandstone contact; fig. ’2). Todd and
Mitchum (1977) defined the Travis Peak-Cotton Valley contact as a major seduence
bbundary »(ﬁg. 2). and radiometrically and biostrati.graphically ‘dated ‘the' Travis Peak
as Hauterivian to‘ Aptian (125 to 110 mya) in age. This age (125 to 110 mya) was
révised by Haq and others (in presS) and Vail and Séngreé (1988) as Valaginian to

Aptian in age. It corresponds to a period of relative sea-level rise following a low



"‘stand that created a Type 1 unconformity on top of the Cotton Valley Formation

-(fg 2).

*(fg 3) and although the main portion of the Travrs Peak in the study area (frg 4)'_
is centered over the Sabme Arch, stratlgraphrc cross sections and |sopach net-
: sandstone and percent sandstone maps (flgs 5-10) indicate that this basement-cored'
feature was not posmve during Travis Peak deposrtron (Halbouty and Halbouty. 1982
' Jackson and Laubach. 1988). An isopach: map of the Travis Peak formation in East_
Texas a‘nd West Louisiana (flg 8) ||Iustrates rts ‘range in thickness (1. 400 to
3,200 ft) and rts southwest to northeast dnstrlbutlon pattern The sequence gradually :
thickens: to the south and southeast owmg to deposmon over a slowly subsrdmgb
gently south to southeast dlppmg shelf t reaches‘maxrmum thrcknesses between
/3.000 and 4.000 ft in Red River and Bienville Parishes (fig. 8: Cullom and ‘others‘r':'
1962; Granavta‘ 1963>)7 Major thickness v'ariationsare apparent aI‘on'g' a north-south:f
trend through western Hamson County Rusk “western Panola County and perhaps in-
to Shelby County and Sabme Parlsh Decreased thrckness of the Travis Peak along
“this trend comcndes with the occurrence of salt pillows in the East Texas Basm (Sem '
1983) Seni (1983) McGowen and Harris (1984). and Jackson (1986) attnbute this
isopach pattern to be the result of deformatlon of the Louann Salt and formatlon ofy

salt prllows induced by Cotton Valley and Travns Peak sedimentary loading.
- Methods

To assess the stratigraphy of the Tr_avis Peak Formation. over 300 well Iogs
were used to correlate bdepositionalr,packages and construct regional cross sections from:
East Texas into West Louisiana. - The study area encompasses aII or part of 12

countles in Texas and 5 panshes in Lounsmna Resrstrvrty markers assoaated with'

: Depth to the top of the Travis- Peak Formatlon ranges from 3. 660 to 10 400 ft{ , /‘
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subregionally pe'rsistel;lt shale beds were chosen in the basinal region of western
Louisiana where the Travis Peak is relatively shaley, and these markers were traced.
into the updip. more sand-rich parts of the basin (figs. 5-7 and 11). Where shales
thin or pinchout. the resistivity markers could still be correlated. Sandstone-sandstone
contacts at the positioﬁ of these resistivity markers are considered to be an erosional
or unconformable expression of the equivalent downdip shale beds.

‘Five lithostratigraphic units were defined (fig. 11). -Each unit was mapped in
the manner described by Krumbein and Sloss (1963) to illustrate thickness. net-
sandstohe, and sand-percent trends (figs. 12;26). Portions of the spontaneous
pofential (SP) well-log curve exceeding a 30% cutoff value (greater -than 30%
deflection from a shale baseline) denoted sandstone content. Percent-sandstone maps
most clearly delineated the lithologic trends and provided valuable information .for de-
positional systems interbretations. Based on this method, the middle, more sand-rich
interval of the Travis Peak was separated from the lower and upper relatively mud-
rich portions by regionally persistent resistivity markers. Moreover, this method
allowed subdivision of the sand-rich middle section, which previously could not be eas-
ily subdivided. |

Lithologic and depositional interpretations were extended throughout the study ar-
ea by calibrating well-log response ‘to particular rock types and depositional settings
inferred from core data. Cores (1.240 ft from 10 wells; fig. 4) were acquired through
donations to the Texas Bureau of Economic Geology, cooperative wells under joint
study by GRI contractors and the operating company, and two Stéged Field Experi-
ment (SFE 1 & 2) wells (Holditch and others, 1987). The cores provide good geo-

graphic and depth coverage of the Travis Peak.
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TRAVIS PEAK STRATIGRAPHY AND DEPOSITIONAL SYSTEMS
Stratigraphy

The Travis Peak is not divided into members, and as stated by McGowen and
Harris (1984), Saucier and others (1985). and Dutton and Finley (1988). good marker
horizons that could facilitate division of the Travis Peék and aid in interpretation of
its component depositional environments do not exist in this formation. Based on the
log character ‘and relative distribution of sandstone intervals. previous studies (Seni.
1983; Saucier., 1985; Saucier and others, 1985) established a three-fold internal strati-
graphic framework for the Travis Pea‘k. They describe a middle sand-rich fluvial
sequence that is gradationally underlain and overlain by marine-influenced. relatively .
mud-rich, fluvial-deltaic zones. The fluvial sequence is characterized by blocky SP-log
traces that suggest‘stacking of sand bodies. In contrast, the lower and upper fluvial-
deltaic sequences are generally characterized by more widely separated sand bodies
with distinctly bell-shaped. inverse bell-shaped. or irregular-serrate SP log traces
(Fracasso and others. 1988).

In this study. the Travis Peak was divided into five lithostratigraphic units or
bodies of sedimentary rock delimited on the basis of their lithic characteristics and
stratigraphic position (Bates and Jackson, 1987). Regionally correlative resistivity
markers form the lithostratigraphic unit boundaries, and the arrangement and sedimen-
tary characteristics of each unit are shown in figures 5-7 and 12-26. A type log from
Panola County (figs. 4 and 11) shows the unit boundaries in addition to general
facies interpretations.

Shales divide the distal portions of the Travis Peak into multiple sandstone beds
that thicken and merge updip (toward the northwest: figs. 5-7). The greater mud-

stone content of the upper and lower Travis Peak is evident from the lithologic
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correlations and sediment maps (figs. 5-7 and 12-26). A significant lithologic contrast
is noted in comparing maps of the combined percent-sandstone values for> units 1-3
with those of units 4 and 5 (figs. 27 and 28). The upper portion of the Travis Peak
(units 4 and 5) contains much more mudstone. Moreover. areas containing greater
than 60% sandstone in the Idwer Travis Peak '(units 1-3) form north-south oriented
bands from Gregg and Harrison Counties through Cherokee, Nacogdoches. and Srhelby
Counties. Areas of equal sandstone content (> 60%) in the upper Travis Peak are
diminished in size and occur in pods or narrow bands of random orientation (east-

west and north-south).
Depositional Systems

Bushaw (1968). McBride and others (1979). Bebout and others (1981),
McGowen and Harris (1984). Saucier and others (1985). and Dutto‘n (1987) utilized
data from well logs. cuttings, seismic lines. isopach and net-sandstone maps. cross
sections, and limited core analyses to characterize the depositional environments
represented by Travis Peak deposits. A typical Travis Peak depositional systems traét
“defined by Hall (1976). McGowen and Harris (1984). and Saucier (1985) consists of
(1) a b_r.aided-.fluvial system that was possibly fed by numerous but small alluvial fans,
(2)‘ a delta system that prograded over a broad, stable shelf to form depocenters in
the area of the Sabine Arch in East Texas and the Monroe Uplift in northeast
Louisiana, (3) distal delta (delta front and prodelta with laterally equivalent strandplain
and barrier island environments), and (4) marine-shelf systems (shelf. and slope).

Paleogeographic reconstructions of Travis Peak-Sligo deposition in the East Tex-
as Basiﬁ (Bushaw, 1968) depict an early Cretaceous alluvial plain that extended from

the northwest to the south-southeast into Cherokee, Rusk. and Panola Counties. and

it graded basinward into neritic environments (shoreline and shelf). Despite rising sea
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level conditions dkuring middle Travis Peak deposition (McFarlan, 1977: Todd and
Mitchum, 1977). hlgh sedimentation rates exceeded subsidence rates and formed a
broad, southerly oruented delta plain centered over Cherokee Rusk. and Panola
Counties. This middle Travis Peak depocenter (Saucier and others. 1985). dominated
deposition in the East Texas Basin. Continued sea-level rise résulted in transgression,
ban‘d in deposition of poorly developed fluvial-deltaic, paralic (estuarine and bay). and
neritic (strandplain, barrier island, and shelf) environments in the upper Travis Pea‘k‘
section. |

Based on <:.ross sections constructed fqr this study, Travis Peak sandstones seem
to maintain uniform updip to dowhdip thickness trends (figs. 5-7)§ Th'ey thicken
slightly and are gtacked in a region just east of the Texas-Louisiana border. The
farthest basinward transport of sandstone took place during early to middle Travis
Peak deposition, and the stratigraphy of the upper interbedded sandstone-mudstone in-
terval i‘mplies retrogradational (onlapping) depositional conditions. Using well-log.
sediment-distribution, and core data, the Travis Peak Formation in this region of the
East Texas Basin is interpreted to include (1) a braided- to meandering-fluvial system
that forms the core of the Travis Peak section. (2) deltaic deposits thét are
interbedded with and encase the distal portion of the fluvial section, (3) paralic
deposits that overlie and interfinger with the deltaic and fluvial deposits near the top
of the Travis Peak, and (4) shelf deposits that are present at the downdip extent of
the Travis Peak:; they interfinger with and onlap deltaic and paralic deposits
(figs. 5-7). The sedimentology of each facies that comprises this terrigenous-clastic

depositional systems tract is discussed in a later section.
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HYDROCARBON PRODUCTION PLAYS

Gas is produced from Travis Peak sandstones that were deposited in braided-
fluvial, deltaic, paralic. and neritic environments. In considering fields with production
in excess of 10 Bcf, Kosters and others (in prep.) delineated three Travis Peak play
types in the East Texas Basin. Each play type is associated with particular structur-
al features and characterized by a specific trap type. Fields located over the Sabine
Arch produce primarily from combination structural-stratigraphic (porosity pinchouts)
traps, and account for a majority of the total Travis Peak production in the East
Texas Basin. Secondary production occurs from (1) closure traps over the crests of
salt structures, and (2) traps formed by the association of intermediate-amplitude salt
structures and lithologic and/or porosity pinchouts; Finley (1984) reported IPF values
for 183 gas wells in East Texas as ranging from 67 to 31.000 Mcfd with an average
of 5,249 Mcfd.

In Louisiana, within an approximately 3,000 ft-thick interval, the Travis Peak
(Hosston) is known to produce from three zones (1) the upper 300 ft. (2) the middle
300 ft. and (3) the basal 200 ft. Some of the better fields in north Louisiana occur
in the region of 5 to 20% sandstone content on percent-sandstone maps (Cullom and
others, 1962). Locations of most large Travis Peak fields are shown on figurei 4 and
their occurrence can easily be compared to the net-sandstone and percent-sandstone
maps of the entire Travis Peak or the lithostratigraphic units defined in this report

(figs. 4.9 and 17-26).
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SEDIMENTOLOGIC FACIES DESCRIPTIONS

Lithofacies have been defined in the Travis Peak Formation based on macroscop-
ic descriptions of their lithologic and physical and biogenic sedimentary characteristics.
Some of these lithofacies are interpreted to represent deposition in channel, floodplain,
lacustrine, and overbank environments that were present as components of a well-
developed braided-fluvial system. The remaining lithpfacies document the preservation
of various paralic environments (1) coastal plain (channel. ﬂoodpiain). (2) marsh,
(3) estuary or bay. (4) tidal flat. and (5) estuarine shoal. |

Descriptive abbreviations for differing flubvial lithofacies defined by Miall (1977:
1978) from -analyses of core and outcrop data, and developed in this study are useful
in the description of the fluvial sediments (table 1). Because Miall (1977: 1978) did
not use burrowing features as a‘ facies discriminator, two additional rﬁinor facies. Sb
and Fb, have been defined. Additionally, Miall’s (1977: 1978) lithofacies classification
was not intended to be used in descriptions of marginal-marine to marine lithofacies.
Therefore, descriptivé abbreviations for some paralic. deltaic. and shelf facies are not
used. |

Although the existence of deltaic and shelf environments have been postulated
based on sediment-distribution maps (figs. 12-26), log character (figs. 29-33), and
facies associations (figs. 5-7). no deltaic or shelf sediments in the Travis Peak section
have been cored for use in this study. Deltas and the shelf over which they
prograded were located east and south of the main study area. Therefore, discussions
and interpretations of the deltaic and shelf facies are limited to their log response, ar-

- eal distribution, and lithology (determined from logs).
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Table 1:  Lithofacies and sedimentary structure classification scheme for modern and

ancient braided-stream deposits. Modified from Miall (1977).

.Gp

-..Sr

- FI

41

.- Facies '
 Code Lithofacies Sedimentary structures Interpretation
Gms massive, matrix supported gravel none debris flow - deposits
Gm massive or.crudely bedded gravel horizontal bedding. imbrication longitudinal bars, lag deposits. sieve
‘ : deposits
Gt - gravel, stratified trough cfossbeds minor channel fills
gravel, 'stratified planar crossbeds 'l‘inguoid bars or deltaic growths fro
older bar remnants :
St - sand, medium. to v. coarse, solitary (theta) or dunes (lower flow regime)
may be pebbly grouped (pi) trough crossbeds '
Sp sand. ‘medium_to v. coarse. solitary (alpha) or grouped linguoid, transverse bars. sand
: ~ may be pebbly (omikron) planar . crossbeds waves (lower flow regime)
sand. very fine to coarse - ripple marks of all types ripples (lower flow regime)
Sh sand, very fine to.very coarse, horizontal ‘lamination, - parting planar bed flow
may be pebbly or streaming lineation (1. and u. flow regime)
Si " sand. fine low angle (<10°) crossbeds ~scour fills, crevasse splays, antidunes
Se . erosional scours with intraclasts crude crossbedding ‘scour fills
Ss sand. fine to coarse. broad. shallow scours including  scour fills
may be pebbly eta cross-stratification
Sb - sand, silt animal burrows overbank deposits - (crevasse splay; -
lacustrine delta) '
Sse. She,  sand analogous to Ss. Sh, Sp eolian deposits - .
Spe . v .
sand, silt. mud fine lamination. overbank or waning flood deposits
very small -ripples
Fsc silt. mud ‘laminated to massive backswamb,deposité
Fcf -mud massive,. with backswamp pond deposits
freshwater mollusks :
Fm mud, silt massive, desiccation cracks overbank or drape deposit-
Fb silt, clay animal burrows floodplain swamp. Iaéustrine
Fr “silt, mud rootlets seatearth
C coal, ca_rbbnaceods mud ‘plants. mud films swamp deposits-
P carbonate pedogenic features soil
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Location of wells is given on figure 4.
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Figure 32: Representative spontaneous potential and resistivity curves for
lithostratigraphic unit 4. Location of wells is given on figure 4.
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Braided- to Mreandering-FIuvial Facies

"Braided. and to a lesser degree. meandering-fluvial deposits form the bdlk of the
TraQis Pee;k section included in this study. In the proximal reaches of the,stud‘y :
area.’ﬂuvial de’bosits form a séquence nearly 2.000 ft thick that unconformably overlies
the thton rValIey F‘orma»tibn. ‘Downdip. f“luvial.depOSits overlie and interfinger with
- the delta‘ic. ;V)aralic.k énd shelf facies (figs. 5-7). Based on their sedimentary character.
: ﬁ_‘lé Iithofadesv are in‘terpr‘eted‘ vas, rep‘re'sentin‘g bdisbcrete Braided-fluvial depositionval
ényironments. VNote‘ that each main 'faéies (boyl,d type) may consist of sever'al:, minor
facies (Miall, 1978). Briefly. the méin'and minor lithofacies (environmental
intérpr‘et“a>tions are given‘ in parenthesés) "observed are (1) Sp. Sr. Se - -cross-bédded
and rippled mediﬁm-to ﬁhe—grained sandstone with. thin clay-clast conglomerate Iay‘ers
‘(<‘:hyannel‘), (2)~‘Sr. Sb, Fb - in‘terbe'dded rippled very fine- to fine—grarined sandstone
and  burrowed vsiltyv sandstone (abandoned channel), (3) FI. Fb - laminated to
. burrbwgd sandy m_udstones: (lacustrine), (4) Sb, Fb, P - rooted and burrowed silty
sandstones and sandy mudstones v(floodplain, swamp). and (5) Sr. Sp. Sb - rippled to-
burrowed silty sandstones (overbank sandston‘es). The floodplain Sequenées contain
sandstones and silty'sands‘tones that are interpreted to be crevasse-splay o‘r Iacustrine-b ‘
delta deposits. Due to limited data and uncertainties in discriminating between‘,

crevasse-splay and lacustrine-delta deposits in ancient fluvial sequences, these

sediments are referred to as overbank sandstones.
Channel and Abandoned Channel (Sp. Sr. Se. Fb)

Channel sandstones are generally fine- to very fine-grained. although grain size
can reach mediUm to coarse, and channel thickness fanges from 10 to 50 ft. Most

have scoured bases, and commonly exhibit internal scour contacts (Se). All channel
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sandstones may include clay-clast conglomerates with clast size ranging up to pebbles
(1.0 in). The p_riméry beddihg type in the basal portion of the channels is pIan}ar
‘cross—bedding (Sp)- Above the scoured bése. planar cross-bed sets form beds 0.5 to
1.0 ft thick and are .interbedded with gently inclined paréllel—lami‘nated beds (thickness

1.0 to 2.0 ft). The thickness of the parallel-laminated beds decreases upward, and in

the middle to upper portions of the channel sandstones, they are replaced by beds

(< 1.5 ft thick) of current-ripple laminations (Sr). Near the top of the channel

sandstones, planar cross-bedding (sets 0.3 to 2.0 ft thick) grades upward into thinly -

interbedded (1.0 to 3.0 in) sets of planar cross-beds and current-rippled beds that
commonly display Type A climbing ripplé lamination (Allen, 1984). Mudstone is
present |n the sand‘s‘tone‘interval as thin mud drapes on planar-crosé beds, on ripples
(ﬂalser beds). and as rip-up clasts. Other features of channel saﬁdstones,include
massive-appearing beds, soft-sediment ‘deformation. detrital organicsbconcentrated on
bedding surfaces, pyrite, coal streaks, and root traces. |

Channels are best-developed in the middle and Iowermdst poftion of the Travis
Peak (fig. 11). Vertical thickness of channel deposits is often increased by the
stacking of separate channel bodies. On GR logs. channel sandstones appear blocky
to irregular or serrate in form. Channel bases are generally sharp, but the log
underestimates the actual channel thickness because clay-clast lags (clast size up to
1.0 in) oﬁ the channel bases. are seen as “shales.” Many "shaley” breaks noted by
GR 'logs are actually channel lag deposits, and stacking of these channel deposits
‘gives the sandstones a “dirty” appearance (fig. 29 wells 1. 2, 4, ‘& 5 and fig. 30
wells 2, 3. 4.5 & 7). |

Abandoned-channel deposits abruptly to gradationally overlie the channel
sandstones and are represented on the GR log by an overall upward-fining serryate
pattern (fig. 31, wells 2, 6, & 7; fi‘g. 32, well 4; fig. 33, wells 1-4). In core, these

deposits consist of thin- to medium-bedded (0.04 to 1.0 ft), fine- to very fine-grained
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san‘ds»tone. silty-s‘andstone, and mudstone (Sr. Fb). The prevailing conditions of low
sedfment input and weak dvepositional energies in the abandoned channels are reflected
in _the i‘ncreased mud cehtent of th'efsediment”s and evidence of greater activity by
bu'r’rowing organisms. Trough ‘and planar ripple cross-lamination is cemmon. and
ripple fofesets are often accentuated b"y flaser beds and organic drapes. Pyrite
associated with the detrital organics is abundaﬁf. Contorted. soft-sediment deformed
beds up to 1.5 ft thick ‘oecu,r within the {abandoned-ch‘annel deposits.i Burrows ‘and
occasional rooting structu‘reS have obliterated'.primary structures in the uppermost

portion of t»he abandoned-channel sequences.
Floodplain (P, Sb, Fb)

Densely rooted and burrowed _red to greenish-gray and black sandy mudstones
represent the floodpiain environment. ~The thickness of cored floodplain sequences
ranges from 2 to 15 ft. Intense biogenic ‘Le\:/vorkinggives these deposits a mottled
appearance, but ‘some sedimentary structures such as laminations or ripples rhay be
presefved. Dfagenetic carbonate nqdules ‘and disseminated organic matfer (" coffee
grounds'j) are. common in the floodplain sediments. Pyrite is absent, suggesting thet
fleodplains were well drained. |

| Floodplain  deposits exhibit serrate to uniform “shaley” patterns en the G.R-Iog."
iT'he sandstone content of these deposits determined form core analyses is high.
therefore. “shaley” log patterns are not indicative of true mudstones or shales. More
thickly developed floodplain deposits appear serrate on the lithologic Iog; due to the

inclusion of thin, mud-rich sandstones (fig. 33, well 5).
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Lacustrine (FL. Fb)

Lacustrine sequences are thin (<6.0 ft), and not readily abundant in the cored
intervals. They consist of intensely burrowed to laminated and rippled mudstones to
silty sandstones. Burrowing is by far the dominant feature (Fb) but lacustrine
sediments may also be rooted. Some organic material is preserved.

Lacustrine deposits overlie floodplain sediments and are usually overlain by a
coarsening- or fining-upward muddy, lacustrine-delta sandstone. This association
imparts an upward-fining, shaly character to the lacustrine deposits on the GR log
(transition from floodplain to lacustrine). but because the lacustrine deposits are

overlain by sandstones, a sharp upper contact is often noted.
Overbank (Sp. Sr. Sb)

Thin (4 to 12 ft thick). muddy. fine- to very fine-grained sandstones deposited
in crevasse-splay or lacustrine delta environments commonly overlie or are interbedded
with floodplain and lacustrine deposits. These sandstones can form both upward-
coarsening and upward-fining sequences. As these sandstones are interpreted to have
been deposited by traction processes during flood events, but later reworked by bio-
genic processes on the floodplain, their internal stratification can be extremely complex.

Planar cross-beds (Sp). planar- and trough-ripple laminations (Sr). and distorted
beds (slumps and dewatering structures) are the most abundant physical structures.
Normal-graded and reverse-graded beds 0.5 to 3.0 ft-thick are common. Depending on
the intensity of the physical processes and the rate of burial. organisms can burrow
through the entire sequence and destroy primary stratification (Sb). Rooting occurs
at the top of some floodplain sandstones. Overbank sandstones commonly appear as

sharp-based and sharp-topped beds on the GR-log.
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Deltaic Facies

~Deltaic deposits are recognized in the Travis Peak Formation based on ;he exis-
tence of:»progradation’al (upWard-coarsening) Wellflog profile,s‘ (fig. 31 wells 8 & 9 and
figr.‘ 32 well 8). 'Additionally.. éross sections and the isopach -and percent-sandstoner
map patterns ‘re\re‘al that the braided-fluvial fzrciés grades basinward into lobate
de’pocenters’(ﬁgs. 5-7. 12-16. 22—2'6).‘ These depocenters are primarily located to the
“south and east of thé study area.'l |
Upward coarsenmg deltaic cycles consist of vertlca||y stacked shales, mudstones
and sandstones deposited in prodelta through distributary-mouth bar enwronments
Well-deve‘loped cycles reach thicknesses between 100 and 200 ft, indicating that rivers
deposited sediments onto é fairly 'shallow. stable shelf. Through seaflevel fluctuations.
slow basin‘subsiderlc'e, or both. multiple deltaié cycles were stacked. Overlying many
of the .prograd_ationa‘l deltaic sequences are intertonguing mudstones and sandstones
that‘impart blocky, spikey, u‘pward-coarsening, and: upward-fining responses >on the SP
log (fig. 31 wells 8 & 9). As noted by Galloway and Hobday (1983). these intervals
correspond to the aggradatibﬁ of delta—plaih deposits ‘(channels with blocky to u_pward-
fining curves; crevasse splays may exhibit both upward-fining and upward-coarsening
curves; ‘interdistributary bays exhibit shaley to spikey curves). |
During the initial phases of Travis Peak deposition. deltas built ouf over ‘the
pre-Travis Pea‘k shallow shelf formed_ by’ the Kriowle’s Limestone.. Through subSequent
depositibn.=»thé deltas extended to fhe south and east as they progr’aded over, and
interfingered with, laterally equivalent shale and sandstone deposited on the Travis
Péak shelf (figs. 5-7). In the later st.ages of Travis Peak deposition, the locations of
delta‘ic depocenters  shifted progreSSively updip (qbrth -and northwest):‘ transgressed del-

taic deposits are overlain by the paralic facies (figs. 5-7).
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Paralic Facies

Interbedded sandstones and mudstones in the uppermost portion of the Travis
Peak Formation are characterized by thin spikey and upward-fining or upward-coarsen-
ing well-log responses (fig. 11 and fig. 33, wells 4-7). These sediments are
interpreted to have been deposited in a paralic depositional setting that consisted of
coastal-plain (fluvial meanderbelt, floodplain) and marginal-marine (estuarine, bay.
marsh, tidal-channel, shoal) environments. In the proximal regions of the study area,
paralic facies gradationally overlie and interfinger with the fluvial facies. Further
downdip. they overlie deltaic deposits and grade into the shelf facies (figs. 5-7).

Cores of paralic deposits reveal the most diverse assemblage of lithofacies in the
Travis Peak. and their diversity is strongly apparent along depositional dip (figs. 5
and 6). Coastal plain environments dominate in the updip regions (N/NE) of the
study area and grade downdip (S/SE) into estuarine and marine deposits. The sedi-

mentary character of each is discussed separately.
Coastal Plain

Fluvial channel (Sr. Sp. St. Sb): Sandstones in coastal-plain fluvial channels are
fine- to very fine-grained and vary from 5 to 15 ft thick. They exhibit sharp to
scoured bases that may be overlain by thin (< 0.5 ft) normally graded beds of sand
and mud. Mud rip-up clasts (clast size may exceed 1.0 in) may be present at their
base. Lithofacies Sr (planar, trough. and Type A climbing ripples) is most common
in the sandstones; Sp is present but not as abundant as in the braided-fluvial

sandstones. A prominent stratification style is the alternation of low-amplitude current
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| rrpples (0.6 mch sets form beds < 0.5 ft thlck) with massive-appearing beds. Flaser»
' bedding and wavy beds are also present. Rlpples near the tops of sandstones tend

to be symmetrical in form (wave-deposited or -reworked ripples). thhofaues Sp and

St occur as thin beds (0.5 to 1.0 ft) near channel bases or as sandstone beds:

mtercalated W|th mudstone ~ Soft- sedlment deformation (faults, slumps, load and

water- escape structures) is a pronOunced feature'in the channel sandstones.‘ Bed

thickness decreases and soft-sediment deformation structures increase |n abundance

approaching the tops of sandstones. where they grade upward into abandoned-channel

deposits.

Abandoned channel (Sr. Sb. Fsc. Fl. ‘Fb)' Thin (ave thickness 5.0 ft), stratiﬁed‘
to unstratified sandstone and mudstone intervals overlie the channel sandstones
These fine-grained deposits accumulated in channels abandoned through avuIsron or
meander cut-off, and their sedimentary character attests to the diverse processes.
active during deposition..  Trough-cross laminated. wave-rippled..to burrowed sandstone
beds less than 1.0 ft thick are interbedded with laminated. burrowed. and rooted
mudston’es. Flaser beds, wavy beds, and starved ripples are common in these litho-
logically variable deposits. Due to‘the‘ initially high water content of ‘the unstable
sediments, soft-Sediment deformation features (Ioad casts. slumps, faults) are abun-
dant. ‘ | | |

Floodplain and Overbank (Fr, Fb, Fsc. Fm, Sr): Interbedded sequences of
rooted and burrowed mudstone and thin beds of rippled to cross-laminated sandstone
separate the coastal- plam channel dep05|ts and represent deposmon in floodplains adja—

cent to the meanderbelts. Sandstone beds denote episodic perlods of overbank deposn-

tion in" natural-levee, crevasse-splay. or lacustrine environments.

Floodplain and overbank»deposits are thicker (2 to 25 ft thick) and more lateral-
ly continuous than comparable deposits in the braided-fluvial facies of the Travis

Peak. Biogenic structures (Fb) dominate, with burrows of multiple sizes and
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orientations more abundant than root traces. Preserved physical sedimentary
structures include ripple and flaser bedding in the sandstone beds and parallel
laminations, wave ripples, and starved ripples in the sandy mudstones. Soft-sediment‘
deformation is common in the sandstones and mudstones. Pedogenic features,
diagenetic rhineralization (carbonate) kassociz‘ated with soil formation, burrows and root

traces, and evidence of alternating oxidizing and reducing conditions are characteristic

of floodplain deposits.
Marginal Marine

bMany sandstones and mudstones of the paralic facies (especially in the .distal
parts of the study area) are interpreted to have been deposited in marginal-marine de-
positional environments. These sediments are finer grained and relatively mud-rich as
compared to the rest of the Travis Peak section, therefore their log response is highly
variable (fig. 33. wells 7-9). Sedimentary evidence of increased biogenic activity.
indications of wave and tidal processes., and a greater confent of fine-grained sand-
stone and mudstone indicate a depositional transition from coastal;plain to estuarine
conditions. Estuaries occupy zones of gradation containing continental and marine
facies. The lithologic. sedimentologic, and biogenic attributes of the flu‘v‘ial—channel.
tidal-flat, tidal-channel, and estuarine-shoal environments record the contrasting and
dynamic depositional processes in estuaries.

Blocky to upWard-ﬁning sandstones 10 to 25 ft thick are composed of medium
bedded (1.0 to 2.0 ft) trough- and planar-ripple cr‘o.s's—laminated beds. Except m
thicker, sharp-based sandstones in which trough and planar cross-stratification prevail,
current- and symmetrical-ripple Iaminatibns (0.2 to 1.2 inch set-s: 2.0 to 4.0 inch

beds). as well as horizontal laminations, are the most common physical sedimentary
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structures. Soft-sediment deformation, flaser beds, mud drapes. and rip-up clasts oc-
cur throughout all marginal-marine sandstones. Planar-cross stratification in several
sandstone beds hints at the existence of bidirectional cross-stratification induced by
opposing tidal currents, and mud drapes that separate foreset laminae into tidal
bundles (Visser, 1980: Reineék and Singh, 1986) were observed.

All sandstones in this facies exhibit burrowing, and most are densely burrowed
at their tops. Burrow traces are predominantly vertically to obliquely oriented (escape
burrows). but many traces are horizontally oriented (grazing burrows). Coal streaks,
organic debris, and rare shell material (gastropod and bivalve fragments) are present.

Mudstones and thin sandstones (0.5 to 2.5 ft thick) intercalated in intervals that
average 5.0 ft thick (maximufn thickness of 10 to 15 ft). These intervals dd not
exhibit upward-coarsening or upward-fining tendencies. Sandstone beds may have
scoured bases, but many of the bedding contacts are burrowed. Shell debris
(gastropod and bivalve) and clay clasts are concentrated in the coarser-grained beds.
Howard and Frey (1973) described Georgia estuaries as having only a small amount of
shelll material, but they observed some local concentrations.

Owing to less energetic depositional conditions, biogeﬁic sedimentary structures
dominate in the mudstones and poorly sorted sandstones. Rooting and burrowing ac-
tivity destroyed most physical sedimentary structures; those preserved include
horizontal laminations, ripple-cross lamination, lenticular beds, and soft-sediment defor-
mation (convoluted beds). Symmetrical ripples and starved ripples are evident.
Burrow traces are primarily vertically oriented, and some mudstones contain
disseminated organic debris and possible algal laminations.

Howard and Frey (1973). Howard and others (1973). Greer (1975). Freeman
(1982). and McCants (1982) have described modern estuarine depositional sequences

and assemblages of physical and biogenic sedimentary structures from Georgia and
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South 'Caroliha ‘.th,at comparé favorably with the Travis Peak paralic cores. Because
estuaries are stratigraphically and sedimentologically complex. ‘interpretat'ions of the
Travis Peak deposits are admittedly generél. However, thick. sharp-based sandstones
in the T‘ravis Peak paralic faciesvare interpreted as deposits of tidal channels and flu-
vial channels that drained inté large estuaries.  Other thick sandstones that have
sharp to,gradatiénal bases are believed to be tidal-flat and estuarine-shoal deposits.
’Thinner ‘sandstones accumulated in small tidal channels and in tidal flats. ,Mudstones
in this sequence represent deposition in swamp. marsh, tidal-flat. and lagoon or bay

environments.

Shelf Facies

The shelf is the most basinal of the depositional environments examined in this
study, and it forms the distal equivalent to the deltaic and par‘alic facies i(ﬁgs.' 5-7).
Shelf deposits are interpreted to occur at the base of the Travis Peak and onlap
paralic deposits at the top of the formation. Based on logs. shale is the main sedi-
ment type found in the shelf facies, and it exhibits a hig’h gamma-ray and high SP

response (fig. 29 and fig. 33. wells 8 and 9). | |

| | Somé sandstone beds of highly variable thickness (< 2.0 to 60.0 ft; figs. 29 and
30. wells 8 and 9) occur in the shelf facies, and the sandstone t;eds appear blocky,
spikey. or upward-fining on the SP logs. Thus, they do not imply deposition under
progradational conditions. Shelf sandstones generally thin upward and are confined to
thg lower and middle portions of the Travis Peak section in the area of northwestern
‘Sabine Parish (figs. 6 12, 13, 17, 18, 22, and 23). Stratigraphic correlations indicate

that most of the sandstones are not continuous with the updip deltaic deposits. but

instead are separated by an expanse of mudstone 8 to 10 miles wide (fig. 6).
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TRAVIS PEAK PALEOGEOGRAPHIC EVOLUTION

Two prominent Early Cretaceous depocenters (regions of high sedimentation;
Roberts, 1982) are present in the vicinity of the Sabine Arch and the Monroe Uplift
along the Gulf Basin arc that ext‘ended eastward from East Texas through Arkansas.
Louisiana, and into Mississippi (Cullom and others. 1962; McFarlan, 1977: Saucier,
1985). These depocenters were formed by alluvial systems that were confined within
elonga"te basins oriented parallel to regional structural dip and perpendicular to the
margins of the East Texas Basin. McFarlan (1977) attributed the Lower Cretaceous
Travis Peak regression to uplift of the Appalachian and Ouachita Mountains. Saucier
(1985) defined the fluvial system that fed the northwestern corner of the East Texas
Basin as the ancestral Red River. It was localized in a structural break or downwarp
between Dallas., Texas and the Arbuckle Mountains in southern Oklahoma (fig. 34).

Thinning of the Travis Peak to the northwest (fig. 8) suggests that the
Ouachita, Arbuckle. and Wichita highlands were among the sources of Travis Peak
sediments (McGowen and Harris, 1984; Saucier, 1985). The large volume of sediment
in the Travis Peak Formation indicates that these areas were not the only source of
sediments. Contemporary highlands in the Rocky Mountains and Triassic and Jurassic
sedimentary terranes to the southwest may have been additional sources of Travis
Peak sediments (Saucier, 1985: fig. 34). Moreover. textural and mineralogical maturity
of Travis Peak sandstones (Dutton, 1987) imply a reworked sedimentary (multi-
generation) source.

Despite rising sea-level conditions, rivers debouching into the bas'in initially had
sufficient discharge and an ample supply of sediment to construct the Travis Peak

depocenters. A series of maps (fig. 35) schematically illustrates the evolution of the
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EXPLANATION
FLUVIAL SYSTEMS

Braided

Braided /meandering

Floodplain/ marsh
W Lacustrine
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Figure 35. Hypothetlcal paleogeographlc reconstructions for five time periods during
Travis' Peak deposition..  Note initial development and progradation of fluvial-deltaic
systems, followed by shoreline transgression. Interpretations are based on sedimentary
patterns observed in figures 12-26 and core from: wells shown on flgure 4. Actual
time span represented by each period is variable and unknown. '
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East Texas depo;ehter d\uring its 15 my existence. ‘Each map depicts the occurrence
and distribution of sedimentary facies during a particular time of Traﬁs Peak deposi-
tion. The time interval that each map represents is variable and cannot be
ascertained., as no dated stratigraphic markers divide the Travis Peak. Refer to figure

35 for the following discussion of Travis Peak evolution.
Paleogéography: Time_l

Initial Travis Peak development is marked by the progradation of north-south to
norbthwest-sou‘the‘ast oriented braided channelbelts. Channelbelts were separated by
elongate interfluves that ranged from 10 to 20 mi wide. Floodplain (swamp). lacus-
trine and lacustrine delta, and overbank (levee, crevasse splay) envirdnments occupied
the interfluves. Large. elongate delta lobes fed by the braided channelbelts covéred
100's of square miles in a band that extended from southern Cherokee through
Nacogdoches and into northwest Shelby Counties. An additional delta formed to the
northeast in Caddo. Bossier, and DeSoto Parishes. ‘S'hallow estuaries and bays
separated delta lobes and extended seaward of the deltas and marshes to the
southeast. A prominent northward extension of a Iarge estuary is evcdent in Caddo
Parish near the Texas border. To the east. a muddy shelf e‘xtended basinward. but
in north-central Sabine Parish. shelf-sand ridges. perhaps representing reworked deltaic

deposits, were present. Processes responsible for their deposition are discugsed later.
Paleogeography:' Time 2
Increased dev‘elopment and progradation of the braided-fluvial system is evident
during Time 2 (fig. 35). Floodplains decreased in size, perhaps by channel migration

and reworking. but also through overbank deposition and filling of swampy areas.
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Concurrently, estuaries were drained and filled (partiCuIarIy in Marion and Harrison
Counties and Caddo Parish), thus creating floodplains and marshes between delta
lobes.

Deltas increased in size and extended further basinward during Time 2. Existing
deltaic deposits at the end of Time 1 were partially cannibalized during this phase of
fluvial progradation and delta enlargement. Additional deltas developed in}’ Panola and
Shelby Counties near the Louisiana border. As in Time 1, a marine shelf was present
eastward of Shelby County and DeSoto Parish, and shelf-sandstone deposits (derived
from marine-reworked deltas and delta-front sediment-gravity processes) accumulated in

north-central Sabine Parish.
Paleogeography: Time 3

The distribution of sedimentary facies during Time 3 illustrates the farthest
basinward advance of the Travis Peak Formation. Continued development of braided
channelbelts from Time 1 through Time 3 resulted in much fluvial reworking (erosion
and redeposition) and a sharp reduction of floodplain deposits. At some point during
Time 3, most of the western portion of the study area was occupied by a braided
channelbelt (fig. 35). Previously deposited deltas in southern Cherokee, Nacogdoches.
and San Angelo Counties were abandoned (they subsided and/or were reworked). and
the braided-fluvial and deltaic systems extended south of the study area. Delta
progradation extended the shoreline basinward in Shelby and Panola Counties and
DeSoto, Caddo. and Bossier Parishes.

Estuarine, nearshore. and shelf environments were present in a very small portion
of the study area at this time, although a large estuary did exist between two delta
lobes in northern DeSoto Parish. If sand ridges were present on the shelf as in

Times 1 and 2. they would likely have been deposited to the south in Trinity, Sabine,
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and Angelina Counties, and to the east in Natchitoches, Vernon, and Rapides

Parishes.
Paleogeography: Time 4

Time 4 récords a marked change in the geomorphology of the Travis Peak that
was induced by the rising Cretaceous sea (figs. 2 and 35). Dominantly north-south
and northwest-sbutheast oriented fluvial systems were present as braided to meander-
ing channelbelts that were smaIIer‘in size than the previously deposited braided
channelbelts. Floodplains, lakes, and marsh occupied interfluves between channelbelts.

The extent of deltaic deposition decreased drastically during Time 4. Braided-
meandering fluvial systems were still feeding deltas to the south of Cherokee and
Nacogdoches /Counties. but only two small deltas were present in Paﬁola and Shelby
Counties. As river valleys were drowned. estuaries covering 10's to 100's of square
miles developed between the delta lobes. Shelf envir‘onmernts became more
widespread, but because of decreased sediment input and rising sea-level conditions,

no sand-size sediment was transported to the shelf.
‘Paleogeography: Time 5

Maximum flooding of abandoned deltas and river courses. and formation of large
estuaries characterizes the final stages of Travis Peak deposition. Fluvial systems
that were present during early Time 5 deposition appear to have been |Varger than
those present in Time 4. Théy fed a series of small deltas in southeast Henderson.
northwest and southeast Panola, northwest Shelby, and southeast Nacogdoches

Counties and were separated laterally by floodplain and lacustrine environments.
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In"figure 35, the estuaries are shown to ektend as far no}th and West Vasb
, N‘acog‘doohe‘s.v Rusk. and Gregg Counties. However, c‘ores near the ‘top of the Tra\‘/isb ,
Poak Formation in Smith (Dutton and"Fi’nley.>1988). Panola, and Sheloy Counties
described as tldal flat and estuarine deposits, imply that at the end of Travis Peak =

deposition, the entire study area conS|sted of marglnal marine to marine environments.

- DISCUSSION

Major components of Travus Peak paIeogeography consisted of an alluwal plain
that developed in front of a foldbelt (Ouachlta‘FoIdb‘eIrt ﬁg. 34) and extended mt_o_ the
- Cretaceous Sea. : .Ruver morphology and its termination character were deterﬁuined by
'stream gradlent sedlment load dlscharge and marine processes (Miall 1981) As ‘the
type and mtenSIty of fluwal and marine processes changed during the 15 my penod of
" Travis Peak deposition and sea-level rise, the morphology of the alluvial plain adjusted

accordingly.
Early Travis Peak Deposition

Early stages of Travis Peak deposition aré characterized by high-gradient, braided
streams possessing high competency and capacity. that prograded into the East Texasrr
Basin and doposited a series of elongate to' lobate deltas on a shallow stable shelf
- (fig. 35: Boshaw. 1968: ‘McFarlan, 1977; Saucier, 19‘85). Map and core data indicate
that during early Travis Peak deposition wave- and tidal-depositional processes were
suoordinate to fluvial orocesses.

Stratigraphic and core data from sandstones near the baoe of the Travis‘ Peak

Formation in Nacogdoches County (fig. 36-38) indicate that the thickest and most
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Figure 36: Location of North Appleby Field in northern Nacogdoches County. Texas.
Thirty-six wells are included in the study of this field, and a total of 584 ft of core
was recovered from the Prairie Production Mast No. 1-A (11-497) a cooperative well,
and the S. A. Holditch & Assoc. SFE No. 2 well. Well SFE No. 2 occurs in the
northeast quarter of the J. P. Collins survey. Line A-A’ denotes the location of
field-wide stratigraphic cross sections shown in figures 38 and 39.
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Figure 37: ~ Gamma-ray and resistivity (SFL) logs for the Travis Peak Formation in
the SFE No. 2 well. Zones 1 through 4 refer to cored stratigraphic intervals that
were studied in detail. Three sandstones separated by mudstones are present in Zone
1, and these sediments are interpreted as poorly developed braided-channel sandstones.
levee, splay, and lacustrine sandstones, and floodplain (swamp) mudstones. The three

sandstones separated by mudstones in Zone 4 are interpreted as well-developed
braided-channel sandstones. levee, splay, and lacustrine sandstones, and floodplain
(swamp) mudstones. '
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continuous sandstones represent 3- to 5-mile wide channelbelts deposited by laterally
migrating braided streams. On SP and gamma-ray logs. channelbelt sandstones ap-
pear as sharp-based and sharp-tdpped packages. Gradational contacts (upward-coars-
ening or upward—ﬁning) on the logs can be caused by basal clay-clast lags and aban-
doned channel deposits. respectively, that cause high SP and high gémma responses.

Within a 150 ft thick interval located just 150 ft above the Cotton» Valley For-
mation (correlates to Time 1), approximately eight channelbelts that range in thickness
from 4 to 44 ft are present. Figures 36 and 38 illustrate their multilateral configura-
tion and association with floodplain mudstones and overbank sandstones (muddy to
serrate log response). Sediment grain size, textural and mineralogical maturity, and
the preserved sequence of sedimentary structures suggest a distal braided-stream depo-
sitional setting for these channelbelts. Rivers had low sinuosity 'channels with poorly
defined active and inactive regions that were dominated by linguoid (transverse) bars.
Early Travis Peak channels in this part of Nacogdoches County probably resembled
the Platte River, Nebraska (Smith, 1971; Miall, 1985a, model 9: 1985b).

Thin, laterally persistent deltas were formed on the stable, slowly subsiding shelf
by braided stfeams that prograded directly into the basin. McPherson and others
(1987) describe braid deltas as being 10's to 100's of mi% in extent. as consisting of
braided-fluvial distributaries that lack muddy matrix and a subaerial delta plain com-
posed of braided-stream or braidplain facies. McPherson and others (1987) offer no
stratigraphic i_nformation, but it can be inferred that with delta abandonment and
subsequent reworking and burial by regressive-fluvial systems, braided-stream deposits
would be the most preservable and recognizable facies.

Unlike the present rapidly subsiding Gulf of Mexico basin, which is filled with
many completely preserved deltaic dépocenters (Woodbury and others, 1973: Roberts,

1982), the East Texas Basin was relatively stable. Therefore, many of the early
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Travis Peak deltaic depocenters were destroyed by subsequent fluvial erosion. lIdentifi-
cation of their remnants is dependent on facies associations and sediment distribution
maps. McPherson and others (1987) also note that sediment-gravity processes are
important in braid deltas due to the rapid deposition of large sediment loads: similar
processes may have transported sand onto the early Travis Peak shelf (fig. 35, Times
1 and 2). Moreover, subaqueous-transport processes on the Brahmaputra delta front,
East Pakistan, have transported a volume of material to the shelf that greatly exceeds

the sediment volume of the subaerial delta (Coleman, 1969).
Late Travis Peak Deposition

Upon transgression of the Travis Peak, fluvial gradients and very likely sediment
load decreased. thus producing a change in fluvial style from braided towards mean-
dering streams (Miall, 1985a. models 9 to 6). Near the top of the Travis Peak. five
channelbelts and the lateral extremities of four others were correlated in a 100 ft thick
interval (figs. 36, 37 and 39‘). These channels are arranged in multistory fashion as
are the lower channelbelts, but the upper channelbelt sandstones are thinner (8 to
29 ft thick). and vertically separated by thicker accumulations of floodplain and
overbank (vertical accretion) deposits. Overbank deposition was a more commonly oc-
curring process in this upper interval, and an increased content of trough—croés beds,
mudstone, organic debris, and indications of point-bar deposition implies that these
channels carried a mixed-sediment load and had a braided to meandering morphology
(Miall. 1985a, model 6). Appropriate modern analogies might” be the Amite River,
Louisiana and the Colorado River, Texas (McGowen and Garner, 1970). = McGowen

and Garner (1970) state that without vegetation-stabilized banks. both of these rivers

would assume a braided-channel morphology.

68



“umoys aie saAind 30| Aes-ewwes -uonesdiw |duueyd [erje| 0} NP 1OeIU0D
|eluoziioy ul aq Kew sasud| auolspues 331a13si]  A1BUagoa1ay  2130|0Y1I| |eUIIIUI BWOS
ul 3nsas spsodap [puueyd 3yl yum SuuaBuipiaiul ssuoispnw pue ‘sysodap uiejdpooyy Aq
K||ed1119n 19y10 yoea wolj pajesedds aie sauolspueg  ‘sa|i g O} [ woiy adues Sypim
119Y] pue ‘199) (Qp 01 GZ JO SIssauydiyl wnuwixew yoeas Aay] ‘sasud| 3uik|-jejy ‘peoiq
Ul INJ20 SIUOISPUES [duuRYD  |BIAN|) |eldle|-1}N|\] | dUOZ ul Sauolspues 1jaq-jduueyd
Jo A132W0938 pue 3duUdLNII0 Y} SAJRNISN||I /-y UOII3s ssoud dlydesdneng :gg 2insi4

U000} Jad m |DAI3|UI P30T E

NOILVNV1dX3

£096 'v0 : . 3UOISPUDS |3UUDYD |DIAN] 4

(w) | ?,._ | .._; €S0 | 21 - 60°1 |

i

60 920 « 80

-

9ouoysiq |

00¥8

— 00!

Lo WNIV

(W)
uideq

v69 -2l - 16G-2l

4 , . e 1M 311
: fauoreq @ Ir VIoH MN 961 -2| , €6 -2 S 66g-1l
‘09 301A¥3S SINLID 00 NOILONGOYd 0J0WY BT o aae an g oS
_ 969-2). oWo._mN Jm usppOJ oW ‘BY  "DOSSV ONY HILIGTOH V'S - 09 3DIAY3S S3AILID
: /N 3,887 ; . ‘02 NOILONAOY¥d OJOWY. -~ S6b -2 . 16611
00 30IAY3S SIILID 02 NOILINGOY¥d 0JONY , AR + o swo

uappo4 N gy ) NOI12NQ0¥d 3idlvyd
, 09 NOILINA0Y¥d OJIOWY
iso3 SHEEES : : , 1S9M

69



During Times 4 and 5 (fig. 35). Travis Peak paleogeography very Iikely evolved
in a fashion similar to, and thus resembled. the post-Pleistocene evqution of the
~ present southeast U.~S. coast. Small river systems and associated swamps' traversed
a coastal piain (10's to 160'5 of mi wide) that was similar to ‘the coastal plain of
Georgia and South Carolina (Hoyt and others, 1964; Colquhoun and Pierce, 1971:
Colquhoun ‘and others, 1972; Staub and Cohen, 1979). The coastal-plain rivers
drained into large estuaries that formed as their valleys were drowned by the rising
sea level (Russell, 1967). A shallow shelf extended several 10's of kilometers seaward
-~ of the estu‘ariesvand attenuated wave energy along the Travis Peak shoreline.

Estuaries present along the Travis Peak shoreline contained channel, tidal-flat,
and shoal (estuarine-sandbar and tidal-delta) environments. They existed throughout
Travis Peak evolution, but reached their zenith in Times 4 and 5 (fig. 35). Small
estuaries and lagoons located between delta lobes were ephemeral, and they formed
and filled in response to delta-lobe fluctuations. However, a large estuary that formed
early in Travis Peak evolution in Caddo and DeSoto Parishes and Harrison and
Panola Counties, maintained itsllocation during Travis Peak deposition, and evolved
subject to changes in fluvial and marine (sea-level) conditions (fig. 35). This north-
south to northwest-southeast oriented embayment cIos‘ely' follows a structural depres-
sion that is noticeable on the Cotton Valley surface despite movement of the Sabine
Arch. Additionally,»'the Travis Peak section thins in this region (figs.. 8 and 12-16).

Where sediment supply was sufficient, small deltas prograded into the sea
(fig. 35. Times 4 and 5). but they were destined to be transgressed by the sea. The
rapidly ereding mixed-energy Santee delta and Cape Remain shoreline in S‘outh
Carolina (Hayes and Kana, 1976: Ruby. 1981) is a good example of such a
retrogradational depositional setting. Hall (1976) discerned the presence of a coastal-
barrier or strandplain facies that formed adjacent to "high-destructive” ‘deltas he

_interpreted. in the upper Travis Peak in north-central Texas. Coastal-barrier
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sahds’tohes reaéhed a maximum thickness of 50 ft; a‘nr'aggrebgate thickness of stacked
‘,"ba‘rriers equalled 200 ft. . Sharp-based sahdstonés,not'ed on SP - res’istivity blogs indi-
‘cate a possirble ‘transgressive origin .fof, the barriers.. Although a coéétal-barrier fécies
would be a Iik'ély' component of a transgressive 'fluvial—deltaic systems tract (Fisher,
1969:‘ Ruby; 1981:‘ Penland and others. 1981), Hall (1976) offers only one cross
“'section to support his interpretation. and to date. no maps of sufficient detail or
cores of Travis Peak deposits have been de_scribed that indicate the pre'senc‘.e of
barrief—island sand§tones. . |

) A late Travis Peak shoreline regression is noticeable in comparison of the maps"
from Time 4 to Time 5 (fig. 35). This regression may represent a brief pause or de-
crease in the rate of sea-level rise. the rejuvenation of a sediment source, or both. If
such a drop did occur. a Type 2 unconformity. an unconformity formed in résponse to
a sea-level drop that does not fall below the shelf edge (Vail and S‘angree. 1988;
Posamentier and others, in press). occurred between Times 4 and 5. and ,t_hé lowered
base level profnptedthe final Travis.Peak fluvial-deltaic advancement. ' Throughout the
remainder of T»ravi.;‘ ‘Peak deposition however, sea-level rise continued to be greater
than  sedimentation, and uitimétel'y estuarine, then marine, conditions prevailed across

the East Texas Basin.

CONCLUSIONS

1 The L’owe"r Cretaceoﬁs Travis ‘;Pe'ak Formation in the East Texas Basin is a 1,400 j
td 3.200 ft-thick sequenceb of fine- to mediumfgrained séndstone, siltstone, and’» mud-
stone. ,This'sedimgntary'-wedge deposited "during_ an _E’arly{Cretaceous rise in sea Iévél
records the ‘se_cond phase of terrigenous-clastic progradation following formatidn_of the
East Texas Basin during the Triassic and Later' Juras"sic deposition of the Cotton Val;
ley Group, | |

1



2. Stratigraphic cross sections, isopach, net-sandstone, and percent-sandstone maps
depict the northwest-southeast trend of the Travis Peak Formation in the East Texas

Basin and development of a large depocenter in the vicinity of the Sabine Arch.

3. Five lithostratigraphic units, each representing a time-stratigraphic unit, were
defined in the Travis Peak. Analyses of thickness, net-sandstone, and percent-sand-
stone values for each lithostratigraphic unit were combined with well-log and core data
to determine that the Travis Peak consists o% braided- to meandering-fluvial, deltaic,

paralic, and shelf facies.

4. During early Travis Peak deposition, large north-south to northwest-southeast
oriented braided streams emptied into the basin and constructed a series of braid
deltas that developed and were abandoned within a southwest-northeast trending belt
from southern Cherokee County through Nacogdoches, Shelby, and Panola Counties
and into DeSoto Parish. Seaward of the deltas, isolated shelf sand-ridge deposits

accumulated in north-central Sabine Parish.

5. Maximum basinward advancement of the fluvial-deltaic system occurred during
middle Travis Peak deposition. Deltas extended south of Nacogdoches and Shelby
Counties and into eastern DeSoto Parish. Because the East Texas Basin shelf was
stable to slowly subsiding during Travis Peak deposition, previously deposited
sediments were eroded and reworked by subsequent periods of fluvial-deltaic

progradation.

6. Final phases of Travis Peak evolution are characterized by a change from braided

to braided-meandering fluvial deposition, shoreline transgression, and development of
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expansive coastal-plain and estuarine environments. - Upper Travis Peak sandstones

were depdsited in coastal-plain, fluvial-deltaic, estuarine-tidal flat, tidal-channel. and

. estuarine-shoal environments.

A

7. Ultimate transgression of the Travis Peak resulted in 6nlap of the overlying

marine Sligo Formation.
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