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Yorewerd

tne ot the bacig defrets in the impiemontaticon of historic preservatisn
Pograms todiy 1s th: absence of crmprehensive plans which proviae
francuc.ks for decisionmaking and confiict resolution Relatively frow
efrcrts have been made to develop prototypes of such frameworks but thevs
ate e<sential becadse they offer the orly real so.ution to the reemingly
cndlzss argurents cver significance, iaventory pricrities anl selections
nf preservation and mitigation cptions.  The Interiagency Arcaeological
fervices Division has been contwibuting to the cevelopment of such
brototypes through the funding of feasibility studies on various aspects
of historic preservation planning issues; some of these studies have
previously been publisaed in this ssries.

In 1974, +he Tivicion began to Jeal with the very specialized prohlems of
protection of cultural resources on the outer con-inental shelf
conjunctian with the oil anc gas icasiag activities of the Buareau of land
Management nad the U.S. Geological Survey. fGiven the fu.t that levsess
were required by the conditious of their leases to r~onduct «*cheological
surveys, should these be dune everwhere on the shelf? Our conclusion was
that sureys were not alwiys necessary, especially in consideration of the
practical problems of subnerged site identification, provided & large-scale
review of site occurence probabilities was undertaken. Because the basic
problem was identical, aithough somewhat less complex, to that existing

o1 land, we launched the pilot study reported in this three-volume study
prepiared by Dr. Sherwood M. Cagliano and his associates at Coastal
Envircuments, Incorporated of Baton Rouge, Louisicsna,

The basic premise was that submerged archeological sites were not randomly
scattered about the sea bottom. Instead, the prchistoric sites could be
expected to occur in a manner related to the paleogeography of the
continental shelf and shipwrecks could be expected to occur in relation

to present and past ports, sea voutes, and hazards to navigation. Dr,
Gayliana's ftirst task was to reconstruct the structure of this larger
setting and to block out the majsr regions in which archeolvgical sites
could be expected to occur. He then considered the types cf sites likely
to be found and their discoverability.
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This report gees far towsrd defiaing regims in which there is corcern for
site presence and toward defining the ah’ccts of search. There shonld be
no illusions however, that this report represents the last word. A great
deal must still be accomplished in farther refining our knowledye about
which areas Pave rreheciogical potential and which should be tne focus »
attrntions for roesource management. WNe also need much reseavch and
devclopment far site discovery mrthods. Tolerable techniques exist for
firdine shipwieecks, nrovided they ave used nroperly, but the availakle
techniques ror tinding aboriginal sites are primitive.

Nev-~theless, we have in Dr. Grgliana's report a first generation
decisiormaking framework useful for tiiggering the implemanration of
minera] lease archeological survey stipulations in those a.eas where this
ceeus to be needed and deleting this requi:ement from other areas vesulting
in subctantial survev cost savings to the oil and gas industry. It also

i> potentislly useful when cther types of land managem=nt decisions and
setting of priorities are made. Many of these concepts are transferable to
the terrestrial setting and studies funded by Intevagency Archeclogical
Serv.ces are presently exnloring such applications, Because the conduct

of these studies is truly an investment in & significantly more cost-
effective future historic preservation program we encourage any comments ot
suggestions on our efforts.

Rex L. ®wilson

Lepartmental Con.ulting Archeologist
and Thief, Interagency Archeological
Services Divizinn,
Otrice »f Archeology ani Historic
Praser.ation
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ABSTEACT FOR VOLIMES T, TI, AND 111

Mis evaluation of the cuitiral resource potential of the outer conti-
rnratal sheif Northemn Gulf of Mexico, was generated in response to a afpn{t-
i.ant  inctease in mineral extracti{cn activities in the Gul{ and to a growing
awareness of the nonrenewable nature of these cultural resources.

The strategy developed for the study basically involved literary research
and avnchesi{s of the archeological, higtarical, geological, and + ~hnical
parametets related to the ldentification and management of these resources.

The study and interpretation of Quaterngry sed level fluctuations relating
to the geomorphology "<a% a central concept utilized in making recom-:ndatiyns
for improved accuracy in i1dentifying submerged archeological sites. Thie
concept generated a testable model which helped to decrease the randomness
involved in predictiag stite uccurrences on the conttinental ahelf.

Archeological files of coastal states and knowledgeable amateurs in the
northern Guif area were consulted in order to assesas the nature and diatribu-
tion of kne'm sites in the present day coastal zone and to relate them.to
formerly actiye processes. This resulted in a graphic representation of these
siéus by culture period and physiographic context.

A literary search was also conducced to document all known historic
shipping lanes, shipwrecks, and ship losses in the study area, Shipping
lanes wvere mapped on four separate plates, reflecting cthe division of historic
shipping in the Gulf into four time pericds,

Further formulation of recommendatious for underwater site detecticn came
from an evaluation of the present level of developmant of geophyaical survey-
ing techniques, and the effectiveness of these techniques in locating various

types of sites.

i1f
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A symmary product of the study was manifest in the developwmeat cf
a zwmation map, dividing the 2CS into five dreas rankec in priority for

probatrility of occurrence of shipwrecks end drowned terrestrtal sites.
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ABSTRACT FOR VOLUME 1

Ttis 1{s a study of the prediczenility of drownmed prehistoric habitationm
sitee {n the continental shelf area, northern Gulf of Mexico, from the kio
Grande River to the Florida Keys. Because of the difficultien of obtaining
dita concerning the location of a submerged site, an indirect approach was
formulated incorporuiing the limitations of the detection devices that ave
available,

Geometiic models fur frequently occurring coastal physiographic festures
are developed ia order that forms on the Outer Comtinental Shelf (OCS) can
be identified and classified am relicts of specific, once-active phyaio-
graphic units. The OC5 is explored area by area, west to east, using the
publisked descriptions and maps that are available, in order to map the
shelf and to identify important relict forms with the past-active aystems
that formed them before they were submerged. Sea level in the Late
Quaternary Period i3 traced, considering the eustatic, isoacatic, and
tectonic changes that make more land available for habication at some
times thay others. The sea level daterminez the coastline - the sea-
ward limi{t of our atudy area for any given perfod of prehistoric time.

A geological history is developed of this fluctuating study area,

A metliod is preseated «f forming hypotheses about the nature of the
archeological possibilities of the OCS - hypotheses that can be teated with
the limited sort of data that can presently be gachered from the 0C5. The
method 1s this: the OCS will be divided inteo Eastern, Certral, and Western
Gulf areaw, corresponding to the adjacent aress on lapd. The archeological

litecatures of the land areas will be raviewed to identify major cultural

L Y f SR PV

- o r—

¢ —————— -y .

B

P Gt



—anifestaticns, by time and by type.  These ran be preuictgd te have ocrurred
girdlarly on the CCS in the tine perinds when and where it was exposed ~on=
currently. These cultural manifestations are examincd for the purpose of
making tables of index artifacts, environmental-use models, and particularly
landforms {avored forc habltation sites. Then, addressing the oreblem of
increasing one's chances in site propeciing on the OCS: the landforms
(detectable, as relicts) that are mosf frequently favored at any perio:
are assigned a list of "gimatures” - discrote site indicators that are
capable of being detected by the limited sen9ing tools and technigu2s
availabie for OCS survey. An inventory is made of the known sites in the
Northern Gulf area that were occupied from 55,000 B.P. to 3,500 B.P.
~ypical sites from thr.e regions, Eagstern, Central, and Western Gulf Coast,
are sele~trd for Pre-projectile Point, Paleo-Indian, Archalc, end Poverty
Point Periods. Age, ecofacts, artifacts, and associated landforms of these
typical s“tzs are discussed. The methodology developed in this study 1is
{1lustrated with a case study of the Mississippi Delta area.

Latt, lists of signatures are presented for the types of freguently
pccurring sites, the effectiveness of remote-sensing in identifying types
of sites s discusmed, &nd the most effective sequential approach to pre-

historic site discovery is ocutlined,
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INTRODUCTION

Flzhtees thoucand vears ago, Juring the time of the Woecdfordi.n
flacial atage, sea level in the Gulf was 121 meters lower than it is today,
making the coastline of the Northern Gulf of Mexicu as much as 100
kilometers farther out in some placem. Atthat time, sea level had been
making a long and uwmeven decline frﬂﬁ the period of the Inglesida
Shoreline, 55,000 B.P., when it was a little higher than its present
stand, Turing every period, oblivious to eustatic change, rive-s and
gtrrams wound their way to the Gulf, delivered rheir sediment loads and
built their deltas. Cut-bank and swale formed, as did point bars and natural
levees, terraces and lagoons. These gecmor~hic features gradually appeared
and gradually disintegrated, sometimes leavirg, relicts, sometimes not.

Sometime during this 55,000 years, prehistoric man and woman entered
"&e coastal zone. From the landforms available to them, these people chose
the places where they liv. i ani workad. Skills gradsally evoived. They
moved abouc will the <!~nging ccastal zone. Like the geomorphic fearures,
somer imes iLhey left a record of their existence, and sometimes they did ﬁot.
If they 1ived on the i~n5 of the shelf that is outside the preseat coastline,
the rising water slowly drownedjtheir habitation aites. Sea level reached
a stillacand at its present level at about 3,500 B.P. The pogsibilities for
drowned habitation sites on the Gulf shelf, then, is from 55,000 to 3,500 B.P.

When the Europeans arrived 1in shipa in the 1500's, sea level was

approximately at ite present ataud, The Qulf was quickly criss-~crossed with

shipping lanes as the Spantsh, French, Enzlish, and then the young United States
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and other countries useo the Gulf as an area of tranwportation, The shipwrecks

that inevitably occurred are a kind of archeological byproduct of all thias

commerce. Shipwrecks litter the bhottom of fhe Gulf, some of them bur.ed by
sediment. by a historical and geological coincidence caused by the rising

of sea wrrer, the shipsrecks may overlie the buried and drowned habitarion

sites,

In the wake of the recent energy crisis has come accelerated explora-
ticn and development of the mircral resources of the outer continental shelf
(0CS) in the Gulf of Mexico, as has been true along the Californfa coa.t,
Atlantic coast, and the Alaskan coast. Thig increased extraction of the
mineral resources has raised the specter of irreversible damage and lrus to
the cultural resources of the 0CS, tle drowned habitation sites of indigenous
pecplea and shipwrecks from the historical period.

In recognition of possible damage "o environmental and cultursl re-
sources resulting from the activities of the mineral extraction industries,
the U.5. Department of the Intericr has initiated several study efforts to
inventory and evaluate the OCS environment, and in 1974 it implemented a re-
quirement for marine archeological survrevs of all leased drilling sites. The
requirement stipulated that all drilling sites and pipeline rights—of-way
be surveyed to determine absence or presence of submerged habitation sites
and/or shipwrecks. Minimum requirements called for a geophysical survey
usiig a total field intensity magnetometer towed above the sea bed, dual
side-scan eonar coverage of the sea flsor at & range width of about 500
feet per side, along with depth sounder and aub-bottom profiler rumd, It
was recommended that the profiler be capable cf tesolving the upper 50 feet
of sediment. WNavigatilon accuracy of + 30 feet at 200 miles was also re-

quired. Recommended optional tools iacluded cameras, divers, and cores.



It was advisad that engireering soil borings be availahle for archeolo-
gists' inapection, Survey line spacing was to follow a prescribed 1line
grid. Although these requirerwents represented an important initial step
in the protection of cultural resources, the aurveys proved to be coatly
and often resuleted {in delays in drilling and pipeline conatruction atarts,
Furthermore, it was not clear whether the surveys would fulfill the de-
sired nbjective of identifying endangared cultural resaources,

It soon becawe apparent that a broad study was ni.eded to more clearly
define the nature and extent of cultural resources on the continental shelf
and to outline approaches to their management. Thus, the present study
evolved. Ita purpose was to determine the archeological potential, to
extablish guidelires for survey priorities and level of effort, and to
develop a rational framework for continental shelf archeology, The area
of intereat included the entire continental shelf{ of the northern Gulf
(Figure 1-1), from the Rio Grande to the Florida Keys, and from the mean
water line (MGL) on the Gulf beaches to -150 zeters, with some preliminary
evaluation of bottom conditions and sedimentatiﬁn patterms affecting dis-
ccverabllity of shipwreck sites for the zone between water depths of -160
and -600 m MGL.

This order of study was followed: firat, in geology, a synthesia was
made of the literature and data pertaining to Late Quatemnary geology of the
shelf and coastal zone. The morphology ¢f each coastal system, shelf sedi-
meatation, tectonics, and sea level fluctuations were considered. Second,
a8 study of prehistoric archeolegy was undertaken. A synthesis was essential

of the literature and data pertaining to coastal zone prehistory by culture

period for each culture area. Emphasis was placed on asite morphology and content,

Rieim
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Index artifacts, and characteriastic artifact a: semblages. Some
consid:ration has been given to the "Pleistocene megafauna"” since (.-
remains of these large vertebrates are o“ten agvoclated with early man
aad provide important environmental indicatora.

Trtird came a study of shipwrecks. A review was made of the
literature describing typea of ships used in the Gulf from colonial
exploratior and settlement througin World War TI (1500 - 1945). Types
and characteriscics of ships weve determined by period as they relste
to discoverability. A review was aade of charts and maps, literature
and archival records, and other data pertaining to sailing routes,
along with a avstematic analysis of historical reports of shipw_ecks
for the entire period of interest.

Laat in the order of study was the establishment of survey
priorities and the identification of pliot study aveas. Through
evaluation and ranking procedures, a map waa developed showing culture
resource zones for the continental shelf within the study area. These
Zrnes are based on the probability of discoverability and recoverability
of shipwrecks and submerged habitatfon sites, Potential pilot study areas
for detailed archeclogical exploration have been identified, and a review
of present survey techniques has been made to provide the basis for
recommendations for modification of search and recoverv techniques,

This report is presented in three volumes. The first concerna the
geologic setring and prehiatoric cultural resources. The second deals

with historical cultyral resources, which consiast mainly of shipwrecks,

'The third volume is an atlas of waps, figures, and tables. The third

volume 13 designed to be used with the text, and in fact 18 neceasary

to a reading of the first two volumes.
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After the irtroduction, the first volume proceeds as follows:
in Chapter 11, "The Relstionship of Process to Form in thke Coastal Zome,"
we attempt to develop geometric models for frequently occurring coastal
physiographic features so that forms on the OCS can be identified and
clagsified a3 relicts of specific, once-active physiographic uniés. In
Chapter III, "Late Quaternary Relict Forms,™ the OCS is explored area
by area, west to east, using the published descriptions and maps that are
available, in order to map the shelf and to identify important relict
forms with the past-active systems that formed them before they were
submerged. In Chapter IV, "Sea Level in the Late Quaternary Period,”
we ccnalder the eustatic, isostatic, and tectunic changes that make
more land available for habitation at some times than others. The sea
level determines the coastline--the seawsard limit of our study area for
any given period of ,rehistoric time. A geologicel history is developed
of this fluctuating study area.

Chapter V, "Archeological Method and Thecry," presents a method of
forming hypothes»s about the nature of the archeological possibilicies of the OCS,
hypotheses that can be tested with the limited sort of data that can
presently be gathered from the OCS. The method is this: the 0CS will
he divided into Eastern, Central, and Western Gulf areas, correspouding to
the adjacent areag on land. The archeological literature of che land
areas will be reviewed to identify major cultural manifestations, by time
and by type. These can be predicted to have occurred similarly on the OCS
in the time periods when and where it was exposed concurrently, These
cultural manifeatations will te examined for the purpose of developing
tables of index artifacts, envirommental-use patterns, and particularly

landforms favored for habitation sites. Then to the problem of increasing



cne's chances in aite prospecting on the OCS. The landforms
(ceiectable, as relicts) that are w8t fraquently fav. red at any period
can now he assigned i1 1is- of “signatures'--discrote gite indicators
that are capadble of veing detected by the (imited sensing tools and
techniques wailable for OCS zurvey,

Chapter VI, "Selected Typical Archeological Sites of the Northern
Gulf," ia an inventory of the known sites in the Northern Gulf area that
were occupled from 55,000 B.P, to 3,500 B.P, Typical sites from three
regions, Eastern, Central, and Western Culf Coast are selected for
Pre-projectile Point, Paleo~Indian, Archaic, and Poverty Point Periods,
Age, ecofacts, artifacts, and asaociated landforme of these sites are
discussed. Chapter VIII {s "An [1lustration of Methodology: the Mississippi
Delta Area." Ideally at this Point we should summarize the relationsahip
between the prehistoric occupation sequence and the relict landforms
on the OCS. But rhere have proved to be too many unknowns for this to be
possible ac the present time. The rathodology developed in this atudy is
illustraced, however, with a case study of the Mississippi Delta area.
The last chapter, Chaprer VIII, "Conclusions and Recommendation for
Future Study," presents the lists of signatures for the types of
frequently occurring sites, discusses the effectiveness of remote sensing
that is available in identifying types of sites, and recommends the

most effective sequential approach to prehistoric gt*e discovery.




CHAPTER TI

THF. RELATIONSHIP OF PROCESS TO T'ORM IN THE COASTAL ZONE

A major objecti-: ol the present study 1s to evaluate the potential
for occurrence of drowned habi.ation sites on the continental she.f. Since
only a handful of sites have been identified, 21l of which are in shallow
water, an indirect approach must be taken. The approach followed iz based
on the assumption that in the coastal srea there is a strong correlation be-
tween physiographic units, settlemeat patterns, and rescurce use. Purther-
more, the distinctive geomorphic form and character of sediment or material
of physiographic units may be preserved after the units themselves are no
longer active. These relict forms may remain as evidence of past landacapes.

The physiographic unit is the product of the intensity and kinda of
processes ective In coastal systems, Process is reflected in such measur~
able variables as sediment characteristics, geomorphic form, vegetation,
soil, and humar utilizaiion. The simple truth that the form of the feature
mirrors the process is the key to interpretation, and prediction depencs
largely on our unierstanding of form-process relationghips and our effective
use of natural analogs.

The physiographic unit, therefore, is the basic element in coastal
landscape analysis, While each unit may have a wide distribution through~
out the coastal zore, it can be demonatrated that certain assemblages serve
to identify major natural systems and subsystems, TFigures 2-1 and 2-2
illustrate typical distribution and surface relatiomships of a deltaic and
a coastal bay and barrier system, regpectively.

First inspecticn suggests that coascal systems are hopelessly com
pléx mazes of waterways, bays, sand spits, and swamps; however, there is

an orderly arrangement of component parts. Certain major components of
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Figure 2-1.

Typlcal diatribution and surface relationships of deltaic
and rzlated physiographic or eaviroomental units. Scale
approximate (ifter Coleman and Gagliano, 1965).
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Figure 2-2.

Idealized barrier spit and bay system showing typical
arrangement of physiographic units,.
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most ayscoms are repeated so frequently that it i{s useful to conetruct
simple models showing typical relationshipe of one part or component to
another, A model showing major components of a deita aystem 1a shown

in Figure 2-3. Such models are not meant to imply that each type of
coastal system has the same components or the same proportion of com-
ponanta. To the contrary, while many systems are superficially similar
in gross form, they may differ considerably in detail. 5till, the models

are useful in the interpretation of relict syctems.

—ACTIVE CHANNEL
oo - ABANDOMED CHANNEL

ALLUYIAL VALLE

UPPER

CLDER
DELTAIC PLAIN

SURFACE

LOWER

LIMIT OF EFFECTIVE
DELYAIC PLAIN

TIDAL INUMNDATION

(. suBAQUEOUS DELTA

MARGINAL "“"'-‘--...._______ /s
DELTAIC PLAIN DOMINANT e R
“MJ‘....IIIII

CSHORE curmeNT

Figure 2-3. Telta model indicating typical arrangement
of major components.

An acrive physiographic unit 1is one which 1is presently being acted
upon by the processes which shape it and result in its characteristic feg-
tures. Examples are active sand pits, point bars, and dunes. Relict forms
(or features) are nn longer being acted upon by the same processas which
gave them their distinctive features, but they retain some of the dis-

tinguishing characteriatics of the phyvsiographic unit.
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in the same sense, a distinctica can be made between active coastal
8ystems and relict coastal Systemsa. An active dysten is analogous to a
living organism, each physiographic unit ¢onstituring a distinctive part
cf the whole. While active, there are flows of energy aud material through
the syatem; the energy flows take the form of woving water, wind, chemical
cycles, and food chains. The materials are sand, silt, clay, shells, peat,
and oticrs. Such Syatems may collapse (cease to function), move (ahift
poaiiion), or evolve inte other types of Systems in response to changes
in process rogimes. Any of these changes may result {n relice asgemblages
of features which will identify the relics ayatem.

Assemblages of relict features may be thought of am the skeletons
of formerly active dystema. When found, they t211 us that the system
functioned in a certain place at some past time. Following the approach
of the vertebrate paleontologist, it ia not necessary to find all of the
bones in order to reconstruct what the body of the dead system was like
and how it functioned. Drawing on conceptual models of coastal systems
and assemblages of phyaiographic units, the landscape of a relict system

can often be reconstructed from one or two diatinctive features.

Distribution of Coastal Systems in the Shore Zone of the

Norihern Gulf of Mexico
The shore zone can ha defined ag the band arcun- the perimeter of a
large water body in which coastal gystems operate. The active shove Zone
of the northern Gulf of Mexico varies in width from approximately 10 to 40
kilometers. It reaches waximum development {n the vicinity of the Misgis-
8ippl River delra area and narrows along those segments of the coast where

long, straight, barrier beaches are developed,
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Ags 1llustrated in Figure 1-1, the shore zone of the northern Gulf
can he divided into 13 segments based on the distribution of sctive systems
and subsvstems. Since the northern Gulf area extends over almost 18 degrees
of longitude. great variations in pricesa parameters occur. Variatiecns in
climate, wave wmergy, vegetatica, tectonics, and sediment type are readily
spparent. Figwe 2-4 illustrates variation in climate and wave energy.

Landward of the shore zone is the coastal plain. This 1is a breoad
area of sedimentary deposits iccreted to the continental margin over a
long interval of geologic time. The presen: study includes consideration
of the youngest part of the coastal plain, which is made up of Late Quater=
nary coastal and tiverine terraces. These terraces formed initially as
lagoons, depositional and erosional features in the siiore zone, and adja-~
cent baya, lagoona, and river valleys. Thelir surfaces are characterized
by relict forms which provide clues to their origin.

The continental shelf lies seaward of the present shore zove. ex—
tending from approximately 30 to 220 km and to water depths of abcur 140
meters. Like the Late Quaternary <c¢ocastal plain terraces, many areas of
the continental shelf contain relict terrestrial forms which are believed
to indicate positions of formerly active shore zZone systems.

The present shorz zone, then, can be depicted as a chain of inter-
locking coastal systems forming a band around the Guil margin (Figure 2-5).
Geological data suggest that the present systems have been active more or
lesa in their same positions for about 3500 years, since sea level reached
its preseut stand. The pregent shore =one is the lategt in a sequence of
constantly changing positions that have occurred through geologic time aince

the origin ~f the Gulf,
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Figure 2-5. Diagrammatic representation of shore zone environments.

This study is interested primarily in the former positions of the
shore zone on the continental shelf during late Quaternary times. How-—
ever, in otder to interpret the forms on the shelf, it is also necessary
to consider the later Quaternary coastal and alluvial terraces.

Figure 2-6 is a simple wodel of the shore zome in the northern
Gulf area. The present shore zone is in a quisi-equilibirum conditic:a
resuiting from the relat.vely 3table sea level and climatic conditions
that have persisted for approximately 3500 years. Geological data
indicate that in the past, the position of the shore zone has shifted
in response t> changes ia ses level, tectoanlc wovements, changes in
sedimentation rates, and/cr changes in marine energy conditiona, The geo-—
logical data suggest further that rhe shore zone has marched back and forth
acress the coastal plain and the continental shelf {n the not-too-distant
past.

In many instances, the shifts in position of the shore zone have been

parallel (Figure 2-6 B,b and C* . It is clear, however, that this has not
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Figure 2-6. Ideali:ed relationships between active and pagt systems and shore

zones, A. “he present shore zone congists of a baud of inter-
locking voastal systems around the Gulf margin. B. The present,
or active, anore zone is the last in a sequence of conatantly
changing pisitions thut nhave occurred through geologic time since
the origin cf the Gulf of Mexirs. C. Only remmants of past shore
zones, represented by relict features, are preserved.
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always been the cane, In aome i{nstsaur~s, parts of past rhore zones lie sen-
ward of the present shore zonz; other parts lie landward and now atand raised
and drained as terraces on the coastal plain (Figure 2-6 B,a and C, a). In
still other inetances, the present active shore zone ir coincidental with

segments of psst shore zonea (Figure 2-6 B, a and c; C, a and c).

Mappable Geological Features

While each coastal system may consist of an assemblage of physiographic
units, the relict forme of these units may be so subtle or modified that they
cannot be veadi.y identified. Identification or interpretation i1s also based
to .+ large extent on the scale of maps, charts, or aerial photographs avajil-
able for study and on aveilability of supplemental data, such asbottom sedi-
ment types.

Primary data in the form of maps, bathymetric charts, and aerial photo-~
graphs were used at a variety of scales. Maps at a scale of 1:250,000 were
found to he particularly suitable for the regional aynthesis. Featuree were
reduced ts base maps at a scale of 1:500,000 or 1:1,000,000. Final presen-
tations were preparad at a reduced scale of 1:1,9Q4,762.

Secondary sources coansisted of published geological, paleontological,
and archeclogical reports. These often contained detailed descriptiona,
borings, section radiocarbon dates, and interpretatioms.

Because of the great size of the area under consideration, only
prominent forms could be diaplayed on the summary maps. Mappable forms

are shown in Volume III, Plate 2, and are described below.

Uplands
This is & catch-all category that includes all surfaces inland from

and above the lowest well-defined coastal and alluvial terraces. The semiard
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boundary of the upland surfaces is often marked by well-defined scarps and
abrupt changes in lithology. A distinctive belt of Late Pleiastocene and/or
Early Pleistocene deposits makes up the seaward end of the uplands through
much of the region from southwest Texas to southern Alabama. The forma-
tivns in this belz, known as Goliad, Williama, and Citronelle formations in
various areas, are characterized by sand and gravel depcsits which appareat-
ly represent alluvial valley and upper deltaic plain facies of larze river
eyscems. In Florida, these depesits grade into sandy, lime, and chert facies,
the surfaces of which often exhibit well-developed karat topograchy. Inland
from thia sand and gravel belt, clder Tertiary sedimentary deposits outcrop.
In centrage to the lower coaacal and alluvial terraces, relief in the up-
lands is relatively high (up to several hundred feet), and the surfaces are

deeply weathered and indurated.

Coastal and Riverine Terraces

A8 the name implies, coastal and riverine terraces consist of raised
surfaces that were formerly flood plains and coastal zones aciive from Late
Pleistocene through Middle Holocene times {(see Chrenology, Volume III, Plate
1). These surfaces are characterized by relict features related to formerly
active systems. Subsequent to theiyr abandonment by these systems, the sur-
faces have been tilted and atand as raised terraces. They are often separat-
ed from the uplands above and the active coastal zone systems below by dias-

tinctive scarpa.

Beaches and Beach Barrier Complexes - This category comprises some of ths most

prominent znd important mappable forms of the study aresa and consista generally

of linear sand bodies and complexes of sand bodies. Ag the name implies, thesa

17




featurea formed along the Gulf shore and were previously shaped by wave and
longshore dritt actions, producing well-sorted sand deposits. In plan, the

geometry is dominated by long, straipght ridges which may occur singular-

1y or in parallel to sub-parallel groups (Figure 2-7). The ridge systems
may break into fans and combs, marking former "ends™ uf the islands. Ridge
geomecry may be accentuated by aligned depressioms, Secondary features as~
soclated with the complexes may be aeoclian (dunee) or tidal (tidal deltas)

in origin. Dune features often accentuate the helght of the ridges.

" - Cotatyr marsh

jﬁﬁrﬁf\

Sod Hows

e AP ]

CRGSS SELTION

Figure 2-7. Pleistocene barrier island and assoclated strardplain sarnds,

Smith Point area, Chambers County, southeast Texas (after
Fisher et al., 1973).

Meander Plains - The familiar scrolls o bar and swale meander topography serve
to distinguish relict meander plains on the surfaces of coastal and riverine
terraces (Figure 2-8). While the original rejief may be greatly subdued as

a result ~f sediment veneering, colliuviation, and erosion, the patterns
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are readily mappable on aerial photographs and remote-sensing imagery,

Point bar complexes with accrecion ridges, swales, and cutoff channels are

particularly characteristic.

" 1 \LJE[ i;%;}g-(\l;%
Df\@;)&uvm svsrgmﬁ.%&
2ng B

DISTRIRLTARY
CHANNE L

Figure 2-8. Pleistocene meander plain landscape in the vicinity of Devers,
Beaumont-Port Arthur area, Texas (after Figher et al,, 1973),

Deltaic Flains - Because initial relief ias usually very low and the range of
sediment sizes 1z alao restrictad, the distinguishing charactgristics of reliet
deltaic plains on coastal and riverine erraces are subtle. Deltaic plains may
be distinguisted by relict stream scars aud natural levees thst brench to-

ward the coait. Modern drainage is usually incised into former interdistri-

butary basin areas, snd the abandoned distributary-channel levee systems
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stand as straight ridges in the interfluves of the modern drainage deltaic
plains.

In some instances, old beach ridges, lake shores, and lacustrine
deltas can be identified on the terrace surfaces, Notably absent from the

deltaic plain of the coastal terraces are transgressed features.

Undifferentiated -~ As the name implies, this i{s a catch-all category. It may

include nondescript, relict coastal terrain, or features that have been so

greatly modified that their forms defy interpretatiom.

Active Cosstal Systenms

While we make reference to features in the active cozetal zone systems,
the mapping of these features in beyond the scope of this report. The reader

is referred to such standard wurks as Shepard and Wanless (1971;.

fontinental Shelf Featuras

The area of primary consideration in this study 1s defined as the

gently sloping. shallow-water platform that extends from the coasi to the

shelf "break," or that point where a steep slope to deep ocean floor begins.
As emphasized in this report, the continental shelf of the norithern Gulf
of Mexico 1s highly variable. The shelf ranges in width from about 30
kilometers in the Misaissippi-Alabama-west Florida area to more than 120
kilometers in the sourh Florida, cast Texas, and west Loulsiana areas.

While the shelf break generally occurs at about 100 meters, features of
interest in this study extend to about 200-meter depths in some areas of

the Gulf.

Barrier Spit Complexes ~ Price (1968: 51) defjues a barrier as "... . a partly

emergent barlike ridge of sand or coarser sedimen: lying off a shore or sheal and
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usually gub-parailel to the shore, projecting from the flank of a headland
or connecting two headlande~, A barrier {s usuallv cut bv one or more tidal
inlets [(Figure 2-9) ], forming a barrier chain — a successaion of barrier pen-—
insulas and barrier islands of aimple narrow beaches," Further, "barriers
are commonly connected below water by tidal deltas. While inlets migrate,
the makeup of a chain 1s changeable, The barrier (coastal) lagoon is a
succession of shallow troughs or barriers set oft by widening of the islands.
There are bay-mouth, wfdbay, and bashead barriers."

Barrier and spit complexes tend to be narrow near headlands. The
downdrift ends, where they enter bays or migratory inlecs, typically bde-
come complicated by the formation of recurved spit complexes. While barriers
and spits begl. as single, water-laid beach ridges, commonly vegetated, they
are usually eievated by aeolian sand and become beach—dune ridges. Beach
ridges may be aided to the seaward side if a gand surplus exists to form a
beach plain (F{jur= 2-10). Washover fans may form on the lagoonal side and
are assoclated vrith washover flood channels, which often develop during storma

These may be vegetated to become part of the wmarsh apron on the lagoon side
of the barrier.

Dune development may also become complex. Blowout fans form downwind
from blowout areas in the foredunes, Dunes may migrate across rthe island
and eventually enter the lagoon over tidal flats. Freshwater pends are
common featurea in complicated darrier dune areas.

Barrier and apit complexes are among the most common relict features
on the continental shelf. This should not be surprising since they are prn-
minent around the Gulf margin in the present active coastal zome and possess

a verv distinctive geometry,
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Figure 2-10. Modern
; barrier island environ-
| nents and facies, Gal-
i wveston TIsland (Cross-
”ﬂ gection after Bernard
et al., 1970; after
Fisher et al., 1972).
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Beach Ridge Trends - These features appear to be similar to barriers except
that they lack *he bulbous ends, or nosea, that are believed to cepresent spit
crzplexes. They may best b2 considered as poorly defined barriers. Their

scale suggests multiple, sub-parallel, accretion beach and dune ridges rather

than single ridges.

Barrier Accretion Forms - These forms consist of accretion beach-dume ridges

developed on the downdrift side of a headland. In plan, the feature i{s fan-

shaped, with the apex of the form on the headland side of the complex and in-
dividual ridges pointing dewndrift. This type of feature shculd not be con-
fused with a distributary mouth accretion fan. Alchough similar in plan
geometry, the origin is quite different. Only one barrier accretion fan has
been identified on the northern Gulf of Mexico continental shelf, and it ia

in the Mississppi-Alabama-weat Florida area.
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Shelf-Edge Bulges - This rame “as been given to s series of very prominent

protuberances along the wesi~central Florida shelf. They a~e believed to be

relict cuspate forelanda, but this it.terpretation remains to be tested.

Shore Trends - This is another catch-all category of linear features that have
been interpreted as relict shoveline :rends. In some places, the features are
interpreted as relict shor:line trends, and in some places, the features are
clearly beach~dune ridges (usually single ridges as opposed to barrier spit
complexes and beach ridge tremds). On the south Florida shelf, some of the
trends are delineated by alignments of relatively small depreﬁsiona. Zones

of branching channels transverse to the shore trends are characteristic in

a number of areas.

Escarpments - Escarpments are indicated on the continentai shelf by closely
spaced contours. Although escarpments may be as much as 11 metera in height,
3.7 meters is nearer to the average. Some of them are remarkably continous.
In several instances, they can be traced 10T mor= than 100 kilometers, and
on the south Florida shelf, one continues for more than 200 kilometera. The
most prominent escarpments occur on the outer shelf., Most occur on rocky
shelves thinly veneered by unconsolidated sediments,

While some escarpments may be the surface expression of faults, the
trends and relationships with other features suggest rhat moat are relict
shorelines.

Minor escarpmenta associated with "seacliffs" are not entirely unknown
along the northern Gulf. Modern examples are usually found along the shores

of bays rather than on the open Gulf shore. The Silver Bluff shoreline (Late
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Plelstocene) of sou:h Florida is characterized by an escarpment and its re-
lated features., Figure 2-11 {llustrates the cross-section of a low-cliff
coast typically developed in limestone cocasts. The limestone may be marine
or freshwater limestone, agolian calcarenite or ocher calcium-cemented
sediment. Thzse types of rocks are particularly common around the margin
of the northeastern and northwestern Gulf. Associated features lnclude
wave-cut notches. 1In gome cases, particularly where tides are developed,

a low-tide platform may develop and be bounded by a second escarpment. En-
crustations of algae (chiefly Lithothamnfon gp,) may be characteristic of

the rim of the low-tide platform (Bird, 1967),

Low tide

Plattorm Rim MH W

.
* .
B

BEDROCK OR CONSOL!DATED SEDIME

Figure 2-11. Features associated with low~cliff coast developed in lime-

atone,

Tidal Scour Features - Thia is a group of features whose trend is transversge

to related relict shorelines.
scour and related deposition in tidal inlets and at the mouths of baya.
colke, or scour holes, in inlets between barrier islands in the active

shore zone, may attain depths of 50 meters aud have a distinctive bottom
topography (Figure 2-9), Tidal deltas are often assoclated with auch fea-

tures and may retain their form after the inlets no longer functiem, While

They are believed to have been formed by tidal

Tidal
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a numher of these features have been interpreted froew bathymetric maps, it
is not certain that they all formed when the associated relict shorelines
were active., That 1s, some may represent submarine erosion and deposition
on the continental shelf. W. Armstrong Price (personal communication) re-
ports active bar and trough features in the south and central Texas shelf
areas. It is also conceivable that while some of these features were ini-
tially associated with active shore zones, submarine ercsion and deposition
may have continued even after the shore zones became inundated or submerged

because of the strong influence of the bottom topography on bottom currents.

Banks, Shoals, and Shelf-Edse Knolla - This categery includes: 1) low, shallow,

nearshore features of five-meters relief, in water depths of 15-30 meters, 20-40
kilometers offshore; 2) features of moderate re'ief commonly less than about
70-80 meters in height, but in places as much as 150-200 peters, in water 55-270
meters deep, 200-240 kilometers offshore; 3) those which grade into a2 class of
even larger features, wany of which are hundreds of meters in neight, in water
depths of more than 270 meters, and more than 240 kilometers offshore on the

continental slope.

The features have probably originated in a oumber of different ways.
The shallow, nearshore banks may overlie relict coastal forms or salt domes.
The larger hills, particularly those near the shelf edge, were probably
initiated as diapiric salt and shale structures., The possibility alsoc
exists that some of the Jeeper features may be of igneous origin.

Most prominences on the shelf are distinguished by concentratioas of
calcareous deposits in the form of shells, coral, algae, etc. Thus, bottom
prominences, regardless of their mode of origin, become foundations for

bioherms. The remains of the organisms in these reesfs and banks depend on
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specific environmental paraseters vontrolling the growth of marine organisms
(depth, temperature, salinity, current, etc,) and the environmental changes
which have occurred through time. Thus, the faunal rvemains from these banka
and reefs ray record a complex sequence of changea.

The forms of shelf-edge knolls may range from low mounds to steeper
hills to alender pinnaclea. Hewever, as Ludwick and Walton {1957) have
noted, it is the pinnacle tﬁat gives the varied topography found along the
shelf edge in many areas its distinctive character. The knulls have been
of interest to a number of workers, Important publicacione include those of
Edwards (1971), Neumann (1958), Parker and Curray (1956), Poag (1972}, Poag
and Sweet (1572), Ludwick and Walton (1957), Rezak and Bryant (1973), and
Bryant et al. (1969),.

These factors are of interest to the present study for several reg-
gone, The most important is that some apparently have been exposed as
islands o. .ere shallow reefs during intervals of lower sea stand, Poag
(1973), for exumple, suggests that a series of wave-cut terraces, ercsional
unconformicies, and relict reefal asgembloges indicates eight earlier sea
levels on banks near the edge o the east Texas and west Louisiana shelf
areas. Changes in fauqal aggemblages also indicate changes in water desth

and environmental conditions,

Terraces - Drowned terrestrial terraces are probab. y very widespread on the con-~
tinental shelf. They are characterized by relatively low relief and gentle
slopes. They are bounded by other relict, shore-zone forms vhich tend to identify

them as former terrace surfaces.
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Karst Areag - These are areas on the shelf where limestone either crops out
or is covered oniy by a thin vaneer of sediment. The bottom topography is
characterized by relatively dense patterns of sinkholes. The limeston-
itself was probably originally deposited in bays and sounds, but was
later expcsed to subaerial weathering. It was during thals subserial ex-

posure th:t the sinkholes were formed.

Rocks - ihere are individusl rock occurrences reported on bottom charte.
They may be caliche, beechrock, aeolian calcarenite, or freshwater lime-
stone, Rock occurrence has ooly been noted on the east Texas and west
Louisiara shelf areas where distribucion seems to be related to a major

relict delta lobe and relict barrier-spit complexes.

Chanuels - There are systems of channels thac are sub-pavallel to the shelf
slupe. Many have a dendri:ric habit, suggesting ctributary networks in a
shoreward direction. Also they characteriatically occur in zones and are

often associated with escarpments or shore trends.

Entrenched River Axes ~ These featires have been identified by borings and

have beer reported in the geological literature. They are believed to repre-

seut former entrrnched river valleys that have been filled by alluvium. The

Miesissippi River trench may be the best known of these features (Fisk, 1956;

Kolb and van Lopik, 1958; Frazier, 1974). The Pearl River trench (Frazier,
1974), the Sabine (Nelson and Bray, 1970), Galveston (Rehkemper, 1969), and
Apalachicola (Schnable and Goodell, 1968) trenches are also reasonably well

kaown,
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Delta Lobes - Lirge, low-rvlief bulges with arcuate fronts mark the position
of relict delta lobes in the south Texas, eae* Texas, and wvest Louisiana shelf
arcas. Iinear shoal areas are cutting scross a number of these lobes and,
sub-parallel to the acrike of the present shore zone, are believed to re-
present transgressive phases of the deitas: the last traces of celta barrier
islands that formed during the deterioration stage of the delta cycle. While
tranagressive features arc well developed on some delta lobes, they are ap-
parently absent on others. Perhaps those lobes without transgressaive features

were forme! during periods of falling sea level.

Surface Sediments of the Shelf

Clearly, depesition of marine sediment is presently ozcurring in many,
{f not mos~, ateas of the shelf. 1In order to evaluate the dlscoverability
and recoverability of cultural resources, the kinds and rates of accumula-
tion of these surficial marine sediments must be considered. Although the
data in this area is considerabie, much of it iz in the unpublished files
of the petroleum and geophysical service companies. As one might expect,
there are presently both ercsional areas, where Pleistocene and Tertiary
deposits are either exposed or covered by very thin, modern sediment
venears, and depositional areas {centra! Taxas, west-central, central,
and south Florida shelf areas}. In depositional areas, such as the ac:iive
delta lobes of the M{ississippi River delta, rates of uccumulation >f hun-
dreds of feet per century have been documented (Frazier, 1%74). Rapid and
deep burial of either a habitation site or a shipwreck in such areas would
affect nct enly the discoverability and recoverability, but also the pre-
servation. TFor example, wooden artifacts, cordage, and other perishable

materials have recently been recovered from alluvially buried Tchefuncte
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and Coles Creek Perind sites fcirca 500 B.C. to 1000 A.D.) in the now yban-
doned 5t. Bernurd lobe of the Missisaippl Nelta.

In addition to variation in rates of accuzulaticn, differences in
depositional processes and composition are also aignificant. A map complled
by Holmes (1973) represents a recent atiempt to summarize sediment distri-
bution on the continental shelf and dlope of the northern Gulf, This map
shows the distribution of five major sediment categories: 1) sand, 2) al-
ternating sand, silt, and clay, 3) silt and clay, 4) veneer of sand, silt,
and clay over limestone, and 5) carbonate sand and clay. Several important
sub-regional studies of sediment distribution patterns have been done based
primarily on aize and sorting characteristica and mineral content, Impor=-
tant among these are Curray's work in the northwestern Gulf (1960),
Frazier's recent paper on the Quaternary etratigraphic framework of the
northweetern Gulf (1974), 6riffin's studies of clay wmineral distributiocas
in the easterns Gulf (1962), and Ludwick's work on calcareous prominences
(1964).

A summary mwap compiled by Curray showing the distribution of surface

sediment of the continental shelf in the astudy area f{a shown in Figure 2-12,

Changes in Levels of Land and Sea

As our previous discussion has indicated, relict coastal forms marking
former shorelines are distributed both above and below the present lavel
of the sea. Clearly, the ¢merged features owe their present poeition either
to an uplift of the laud or a fall in } level of the mea, while submerged
coastal features indicate that in former times the sea atood at a lower level
relative to the land. Thus, submerged relict rhorelines have resulted from
either subaildence of the land, a risc of sea level, or a combination of the

two. A part of our problem relates to the great difficulty in distinguishing
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between tectonic uplift or depression of the land, and eustatic movements
related to the rising and lowering of the level of the sea.

The general low reliet of the northerm Gulf area and the absence of
igneous rocks or other indications of violent earth movements might lead
to the conclusion that the area is tectonically atable., This 1s far from
the case. The subsurface structure is very complex, and the region was
subjected to significant vertical movement during Quaternary times,

The study area lies within a great sedimentary basin that includes
the entire Gulf and Atlantic coastal provinces of North America (Figure
2-13), Sedimentary deposits in the central and vestern part of this basin
{(Louisiana - Texas coastal areas) have been accumulating since Jurassic or
Triassic times and are thousands of feet in thiclness. In some ilaces, the
Tertiary and Quatermary section is over 30,000 feet in thickness (Figure
2-14}., 1In the Louisiana and Texas areas, the axis of this great sedimen-
tary tasin (Gulf Coast Geosyncline) 1s sub-parallel to the prasent coast
extending throuvgh southeastern Louisiana,

In this area, there are great systems of growth faulta, with down-
thrown blocks to the scuth. The strike of these faults is alsc sub-parallel
to the present coaat (Figure 2-13). Many of the nsjor growth faulta are
related to discrete episodes of rapid sediment deposirion that occurred at
variocus times in the geologic past, These epimsodes are generally represented
by great ladle-shaped yndr of clastic sediment (depocenters) that represent
former deltaic aress. Complicating the pattern even further are great
diapiric structures of salt and shale, These are spines of relatively
light-density plastic material that have been squeezed upward in response
to sediment loading. There 18 a clear relationship between depocenters and
zones of diapiric structures; spines occur in arcs around the seaward mar-

gins of the depocenters.
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Figrre 2-14. Geologic cross-section showiny major sedimentary units and
effects of normal faulting, southeastern Louisiana (after
Jones, 1969),

The parent beds from which the salt diapirs are derived gre buried at
great depths in the central and western Gulf and are believed to have been
deposited in Jurassic or Triassic inland seas. The salt structures are
common from central Texas to southeastern Louisiana, and a swmall cluster
has been identified on the Mississippi-Alabama shelf, but they do not oecur
in the eastein Gulf (see Tigure 2-13), Thus; as shown in Figure 2-15,
vertical movements within the gecsynclinal area may have a number of com-
ponents and may be very difficult to interpret,

The structural character of the province changes along the coast and
shelf areas of Mississippi and Alabama, Here, there is a northwest—-southeast
trend of major structural elements marking the easterm margin of the Gulf
Coast Geosyncline. ETast of the De Soto Canyon = Florida Escarpunent, the

character of the province is different, both from the standpoint
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of strusture and the character of the rocks that have filled the sedimen-

tary basin.
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Figure 2-15, Generalized crosa-gection of Gulf Coast
components of apparent sea level rise (a

Lopik, 1958).
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In the Florida area,

centers with agsociated growth fgults and diapiric structures are absent,
From the standpoint of sediment deposition and tectonics, the Florida area
1s notably "quieter" than the Louisiana - Texas area. It can best be
characterized as an area of slow, gentle uyplift, However, local areas of

subasidence or uplift do occur.
These genersl patterns have persisted into Late Quaternary times,
While indications of some of these movements are gubtle, it is neverthe-

less pogaible to deiineate areas of uplift, aubsidence, or relative sta-

bility. Data for the map presented in Figure 2-16 is derived in part from

the literature and in part from results of the present study,
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Eustatic changes in sea level are even more fundamental to our study

than tectonic movements, They will be discussed at length in a later section,
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CHAPTER 1II

LATE QUATERNARY RELICT FORMS

Many Late Quaternary relict forms have been ifuentified on the Gulf

of Mexico Outer Continental Shelf.

While it is beyond the scope of this work to interpret the history of
every relict form, every form should be related to its presumed mode of ori-
gin. From this, a framework can be built upon which an interpretive history
can be constructed, In order to achleve th’s, many of the form interpretacions
made in this study will require some Jocal historical considerations. In the
geologiral history section of this report (Chapter 6}, a Gulf-wide synthesis
of these local historical iIndicators (i.&,, the forms themselves) will be made.

We freely admit that there are many pcssibilicies which could make the
interpretation of submerged relict forms erroneocus. For example, the interpre-
tation of channela as the renult of terrestrial processes, vhen they may have
been formed by submarine processes, could negave many of the interpretations
to be presented.

However, our goal 18 the identification of areas which possibly were
favorable habitats for early indigenous people. To accomplish this as ex~
hauystively as possible, we should not exclude any area for which s reasonably
plausible interpretation can be given to indicate that such habitat existed.
That some interpretations may later pe disproved by new information im in-
evitable, but in the pregsent state of knowledge, it would be unwise to dis-
count any area simply because the interpretations on which it 1ia judged
suitable habitat for people are not definitive or completely documented.

There are simply veryfew, if any, places on the continental shelf, aa the
following discussion will amply illustrate, for which sufficiently detailed

knowledge exists to make such definitive arguments.
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The Late Quatermary relict forms will be discussed by area from west to
east, beginning in south Texas. A summary of thisx discussion ia on 4 map in

Volume III, Plate 2,

South Texas Ares

The aingle most counspicuocus form of the entire south Texas area is the
bulge in the shelf, It is the product of long-term Rio Grande River deltaic
sedimentation (Vol. III, Plate 2). On the northern aide of the deltaic bulge,
out near the edge of the shelf, a series of channels of dendritic form is well
defined on recent bathymetric charts. These channels terminate at depths no
greater than 130 metera. If the <120 m contour is traced southward from thia
area, it is seen to merge into the face of a marked bresk in slope in the cen-
tral area of the delta bulge, For this reason, Plate 2 indicates an escarp-
ment running along this slope break and extending around the distal.ends of
the dendritic channels on the northern side of the bulge. This escarpment is
more or leas well defined by the -120wm contour, but is not distinctive enough
to be exactly determined, Perhaps 120 to 135 m i{s a resasonable estimate
for its depth., This escarpment is the deepest form that has been identified
in the south Texas area.

The deep feature at =120 m to -135 m 1a interpreted to be a shoreline.

It is basically a low escarpment, which suggesta a short duration or short
period of standatill. The dendritic channels which terminate at this level
further suggest that the standstill was preceded by an interval of falling
levels., The charnels probably remained active as sea level stabilized at
the ~120 m to =135 m level. Since there are no discernible features at
greater depth, we may infer that soon after this atandstill, sea level began
to rise. That the dendritic channels were not fillled or erased by wave
planation during this rise suggests that sea level may have risem rapidly by

a large amount, submerging these forms to a gsufficient degree that they have
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been lass intensively modified by marine procssses. 4As we shall describe
later, this rapid submergence may have been of great importance in preservation
of archeclogical areas that may have existed. The channel forms in the southern

part of the area may have been covered by later deltaic sediments. A

shoreline at the =120 to =135 m level would more than likely exhibit a markedly
different set of coastal process conditione than the present shoreline.

While the present shoreline is exposed to a sea that overlaps a broad,

flat, shelf expanse, the paleo-shoreline at this low level pust have directly
fronted a rapidly deepening ocean with a consequently greater impingement

of wave and tidal energy on the littoral zone. Perhaps this shoreline had

the character of a low, cliffed coast with a fronting beach.

The low cliffs way have been cut into relatively unconsolidated,
regreasive deposits of the falling stage preceding the stillstand and/or
inte older deposits, These same deposits may have been intenmely gullied
and channeled inland from the shoreline by emall, dendritic stream chan-
nela, some of which may have been integrated into the drainage net of the
major river systcm {the Rio Grande), but many of which may have been smaller
1rcal basina reaching the coastline independently. The Ri{o Grande mouth
position at this time was probably to the south in waters off of the north-
ert Mexiceo coast; it was probably of small extent and influence since it
was building its delta into much more steeply deepening waters than those
into which the deltaic deposits of the present, broad Rio Grande delta are
deposited. Sediments from this delta may have ccutributed to the bulge in
contours on the upper slope at about latitude 264.5°N.

The most suitable habitat afforded people who may have existed at the
time this shoreline was active was probably the ahoreline, especially where
drainage systems intersected the coast. (Possibly the area of the Rio

Grande delta wes most favorable of all.}) The chammels traversing the
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coastal vplande may have also been suitable. 1In the phase uf sea level
rise over this landscape, the channel valleys must have become ria-type
embayments and afforded other valualle habitar locales. [t {s possiblec
that rising sea level stage could have preserved any dwelling sites through
protective burial below bay depcsits. If the rise were rapid, wave expos-
ure duration may have been brief, which would be favorable for preserva-
tion. It seems quite possible that occupation sites may be discovered in
the vicinity of this shoreline or arcund th: associated channels, eape-
clally where bay fill deposits thinly cover channel side areas. Shallow
cores would be of great importance in such areas in order to determine the
auitability of any particular place for early people,

Just inland from this form association is another form which is well
outlined by a relatively prominent bulge irn the contours at approximately
B0 m. This is interpreted as a posaible lobe of the Rio Grande daelta
formed during a stillatand of the sea at approximately that level. This
form may be related to what seems to be a minor escarpment which is be-
lieved to exist in the northern part of this sector at a similar depth.

This feature will be more fully discussed in the following section, which
deals with the central Texas sheif.

The delta lobe expressed by the 80 m contour is crusaed by a few
channels between about -76 m to -86 m. These are posaibly equivalent to the
dendritic channels that extend to the~130 m depth just to the north, which
we described in connection with the -120 u to -135 m paleo-shoreline. If
they are equivalent, then there is a poezible arjutent that the delta bulge
1s older than the eacarpment below it.

Next inland from this form is a bulge in the contours at =54 m to -60 o,
which 1a interpreted as another delta bulge. One long channel trends north-
ward across this area. Just to the south 18 a slightly higher bathymetric

feature, which is a bar form expressed prominently by the-5¢ m contour,
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This bar trends NNW io an alignment which is the same as that of the sourhern
flank of the delta bulge. The bar form is interproted as a beach barrier
ridge which represents a stillstand of significant duration following a ris -
ing stage. Whether or not it can be regarded &as contemporaneous with the
somewhat lower delta bulge with which it is aligned 1s conjectursl.

Since this ie the first beach barrier ridge form we have described,
we will consider briefly the suitability of habitata that may have existed
for people at the time of its formation. The beach itself, the dune areas,
and older, stranded ridges may have been werirable occupation sites. The
lagoon shores behind the ridges and especially any areas of marsny character
were probably especially favorable for food gathering. ‘inere higher ad-
joining grounds bordered lagoon or marsh areas, the probability of occupa-
tion sites may be high, In the area of the delta bulge, conditions for
occupation must also have been very good. Sites may be related to beach
ridges or alluvial ridges if any can be identified in this area. The long,
northward-trending channel might be a favorable location for expleration
for auch sites.

A close depression is outlined below the 50U m contour in the area
beiiind the barrier form. This area +way have bay and deltaic sedimentary
deposits, Enviroumental conditions for early people may have been espe-

cially favorsble in this area.

Procseding further irland, there are suggestive closures of the=i4 m
contonr which are here interpreted as beach barrizr forms, although the
intzrpretation of another deltaic bulge is equally tenable. If these
features outlined by the 44 m contour are connected, they form an arcuate
outline. It 13 pessible that each of these delta bulges showed such arcu-
ate form, as does the modern Rio Grande delta, and that each had barriler

forma fringing the arcuate sherellne.
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Shorewaid of this form, there {s a flatten.ng of the slope of the
shelf betwoen the - 44 moang =38 m contour, sugpesting a terrace tiat may
partiy have been a deltatc plain, contemporary with the beach harrier and/or
deltaic bulge form that we suzgest 18 outlined by the -44 m contour closures.
Two channel features exist that cross this terrace extending from -38 to
-48 m. Othev evidence of channels {s ceen at about this same depth {n
the northermn part of the sout Texas shelf, where channel megments are seen
extending from =40 to -44 w depths.

Inland from this feature, there are at least two more barriers out-
lined by ptolongated bulges in rfie contours at -2€ to -30 m and =18 to -20 m,
The outermosat of these two forms extends into the vicinity of the Sebree
Bank, where rocks of unknown type occur that are at ieast partially a resule
of encrusting orgaalsms (Mattison, 1948). This relief barrfer and the Sebree
Bank are not necessarily related, but it is possible that the bank repre-
sents an outcrop of shelly estuarine facies associated with this shoreline.
Scme support ia given this by a radiocarbon date reported by Curray (1960),
taken on sampies of oyster shells from a depth of 30.5 m lyinz batween the
barrier and the Sebree Bank. The date obtained on this material was 9,530 +
270 radio carbon years before present (B.P.). As the shoreline was submerged,
the shell was exposed and eroded partially by wave planation and became
wulconized by encrusting organisms that have capped the outcrop of hard
substrate. Likewise, the barrier was extensively eroded as it became sub-
merged in the wave zone.

The barrier outlined by the -18 to -20 m contour {93 a more distinct
feature. 1If the -20 m contour 1a traced northward from this featura, {iv
Indicates an area of rather irregular bottom topography about -15 to -20 km to
the rerth-northeast. The irregular forms at this depth tend to be aligned
with siztlar, gshallower features which trend scuth-southwestwardly in a
cinvex seaward arc toward the present shoreline. This pattern of alignment has
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led to the sugges.ion that they were active bottom features of materisl

being moved along the inner shelf floor, Many workers (Swifr gt al., 1971}
consider this to be the dominant bottom topography over wide areas of conti-
nental shelves (such as the Atlantic coctinental shelf off of the U.S.), which
are subject to more intense energy regimes than the Gulf of Mexico. An area
of such forms is refsrred to ss a shosl retreat massif, This area of irreg-
ular bottom topography, with aligned elements aloping ov~< the inner shelf,
may indeed be a shoal retreat massif. Even so, since it begins with the -20 m

contour, it may originate with materials which outcrop at this depth and pro—

vide a source bed for the materials moving in over the shelf ‘n a south-southwest

direction {(and arising gently to the left to converge with the present shore-
line). These reworked materials could be derived from a facies equivalent to
the - 18 to ~20 m barrier., This might have been & contimuacjon of the form
itaelf or a shelly estuarine deposit., Since the barrier diverges in angle with
respect tc the present shoreline, our interpretation is that an earlier Rio
Grande delts lay to the nurthward at the time that the barrier was active.

A minor form, lying still farther towaid shore and suggested by a north-

northwest oriented prolongation of the ~16 m contour, is shown on Plate 2 as

. a relief barrier, This {nterpretation is readily subject to question since it

lies within, and has a common alignment with, the zonu of aligned bottom topog-
vaphy dis~ussed just above as a possible shoal retreat massif.

We rucognize also that if this smali feature is actually part of a shoal
retreat massif, then it is also possible to interpret the pearby, similarly
oriented bar forms at -18 to -20 m and at -28 to -30 m in the same way. If

they originated es shoal retreat massifs under submarine processes, then
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their potential for archeological resoirces (shipwrecks aside) is nil or is
17aited to acattered occurvences of revorkad materials which may have become
incorporated inte the shoal relreat maswif,

Rususk (1960) also recognized these last two types of features, He
differentiated them into Type I, which were "low ridges approximately
parallel to the present cnast line" aad which resemble low barrier islands."
Je further .leacribed the Type I ridge of -~18 to ~20 m as having "a narrow
shallow depreseion shoreward of this ridge (which) suggests a barrier lagoon
remnant” (p. 159, parenthesis ours). Rusnak also atates that the slight
seaward deflection of this ridge is "attributed to the building of the
ridge on the flanlk of the Rio Grande delta." This feature then, was inter-
preted by him in euvsentially the same manner that we have interpreted 1i:,
including the notion that the deflection of the ridge iudicated an adjacent
delta.

Type 1I was des:ribed by Rusnak as "parallel ridges" extending out-
wvard from Padrﬁ Island at & high angle (approximately 60 degrees).” He
states that the r:idgea hsv? a2 teliel of about 1 to 3 m, and that samples
from "limited outcrcp surpling along-shore” indicate that they are made up
of "partially indurated sinds or clayey sands.” Rusnak interprets these
features as "distributary ridges of an earlier, more nostherly extension
of the Rio Grande.”

This information is interesting. Partially indurated sands or clayey
sands do not sowmd like facies of shoal retreat massif, They cculd, however,
be outcrops of scour areas within an overall shoal retreat massif. Regardless
of that possibility, such cutcrop areas of clayey facies may well fndicate
some form predating the drift of the shoal retreat massif and assoctated

scourT areas. This could well have been a delta, as Rusnak believed., We
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feel these may be deltaic and/or estuarine beds, but that a delta is
nevertheless possibly expressed, if solely by the daflection of the ridges.

Rusnak also regards these deltaic deposits as present in outcrop
along the beach of South Padre Island, where he describea them as "in part,
of memi-consolidated, weathered, fluvigl and fluvial marine clayey sands".
He regards their age as uncertain, but feels that Ytheir altitude and
character indicate, however, that they are not Holocene snd should be
tentatively assigned to the Beaumont,"

Rusnak also presents a cross-section of Padre Island showing its
relationship to onshore strata logged in a water well boring at Fort
Mansfield (Figure 3-1). The Beaumont formation is shown to underlie the
present beach at Padre Island at a depth of little more than =10 m and to
outcrop offshore at about -7 m. From the mainland to the outcrop in the
shoreface, the Beaumont formation ia shown to have a brown clay upper unit,
vhich all borings on the cross-sectiom reached. Two deeper borings pene-
trated this brown clay, showing it to be thin (-2 to -3 m) and overlying a
thicker unit (-7 to -10) of sand with silty clay. Ar a denth ot -11 to ~13 m,
the two deeper borings encounter=d "hard shaly clay with shell”. Thus,
as the cross-section shows, these units extend very nearly horizontally
beneath the Laguna Madre and Padre Island, and perhaps all three outcrop
within the -0 w contour.

While recognizing this alternative possiblity, we feel that in light
of present limited knowledge, it is best to not reject the plausible ex-
planation that these bars are littoral barrier forms, and as such, affordad
potentially highly suitable habitat for people before they were flnoded by

change of sea level. Thus, all three relict bars, as well as potential estuarine
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Fig. 31. Transverse cross-section from the scuthern Luguna Madre

near Port Mansfield illustrating the pre-Holocene surface

as evidenced by shallow borings (From Rusnak, 1$60).
or deltaic areas that may be associated with them, may well be excellent
potential areas of search for remains of early people.

Having transected the shelf off south Texas up to the pre :ent

shoreline, let ua briefly coisider the shaverf the present coast. There
may be some important differences between the morphology of the present shore
zone and many of those that existed at differing levels in the past. HMany of
the earlier shorelines must have developed during relatively brief still-
stands of the sea, while it is clear froa numevous lines of evidence dis-
cussed elsewhere in this report (seeCugpter 4), ruat the present shoreline
has evclved during a very prolovged stillstand. For this rearon alone, it

may be expected that present coastal forms may diffar greatly in saale and
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geometry vhen compared with most earlier features. As an sxample, coneider
the modern Rio Grande deltaic plain, which is & wide expanse as shown in

Plate 2, W¥hen it is understood that this plain has been developed over ap-
proximately 5,000 years, then it may be realized that a delts plain evolved
in only 1,000 years of relatively conatant sea level might differ consider-
ably in overall geometry.

The Padre Island barrier likewise may be expected to differ in many ways
from earlier barriers for the same reason. Even though it has accumulated over
several millenia of relatively constant sea level, its present width of subserisl
exposur: (which is important in consideration of habitat availability) s gen-
erally lesa than four kilometers and often ia only a few hundred met-rs; but,
the overall form, including ite subaqueous parts, is more than 4 km» wide. Tiuis
is probebly much larger than previous barriers developed during shorter sea
level atillstands, although in some cases, barriers may have attained great
size in short periods. Rapid barrier formation may have been favore: by such
factors asl} quantity of sand and other coarse fraction material available
for varrier growth, 2) relation of factors such as slope of the transgressed
surface to varying rates of sea level change, and 3) differences in offshore
hydrographic characteristics at the time of formation, which can lead to widely
different wave and tidal energy regimcs, sowe sets of which may be sdualiy
favorable for barrier development.

The modern Padre Island has dunes that occasionally rise more than
10 » above present sea level. Older barriers may eertiinly have differed
in respect to dune forms by wide magnitudes, depending on a complex suite
of factors such as past climatic characteristics or quantity and type of
sedlment aupply.

The wide Laguna Madre may also be atypical of lagoons of eariler

times. The prolonged, relative constancy of sea level may be partly re-
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sponsible for the great expanse of che present lagoon. The long stillstand
may alsc be reflected by the shallow nature of the lagoon due to filling

by local streams and other sediment supplies over a long expanse of time.
The wide lagoon grades into the mairland transitionally, in many areas,
over wide, saline, barren, wind/tidal flats. Such flats when dry are
sources of wind-blown, ~lay-silt flakes, which aggregate to form the
resmarkable clay dunes described by Price (1933). At other points, the
lagoon abuts the mainland more abruptly, making low, wave-cut bluffs across
deltaic and clay dunes.

Much of the older Pleistocene te:rain of the south Texas ares is man-
tled by or is part of a terrain of asclian sand dunes. This terrain shows
both presently active, as well as essentially stadilized, dune forms.

This sand dune terrain and its relation to other coastal terrains is very
pourly underatood. In the southern par: of the area, the sand features
may overlie old, weathared, alluvial selimants of a Pleistocene Ric CGrande
Delta, which Price (1933) states is evident in the area of Raymardville,

Texas,

Central Texis Area

The deepest indentations which cen be identified on the central Taxas
continental shelf are a small number of channels which reach =120 w, with
cne possible channel fragment reachirg -130 m. Above =110 m, channel cuts
are more mumerous. These extend for the most part to sbout the -80 m contour,
A dendritic pattern ia evident fu scme,and a zone of discontinuity seeas to
exist between -70 and -80 w across which few of the channels are coatinuous.

Theae channels are interpreted as having come into existence at a
time when sea level wag at ~120 m 0. below, through downcutting of stream

valleys. Their present, scattered distribution reflects the fact that
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this area has subsequently been wmantled by marine clay and silt facies
which may locally exceed 10 m in thickness (Curray, 1960; FPrazier, 1974).
The channel segments thot are seen are Aruezs Yheic CD18 sedimentary mantle
is thin or absent. If the ¢uts exrended to a shoreline at or somewhat
below~120 m, then most of the lower parts of thisg drainage system were
pagked by later sedimentation.

Many of these stream segments head in the vicinity of calcarecus
banka at about =70 or—80 m depths, which may have as such as 10 m of relief
above the surrounding bottom, The nature of most of these banks ig poorly
known. They may be simflar in somge respects to banks at comparable depths
that have been described elsewhere, such as the West Flower Garden Bank,
(Edwards, 1971) and the shelf knolls of the northeastern Gulf described by
Ludsick uod Walton (1957). Suych banks derive their carbonate sediment
cover from a number of reef-building organisms. Calcareous algae of the
genus Lithothamion may be especially important along with a variety of
other calcareous algae, encrusting foraminifera, and corals of numercus
kinds. While many such calcarecus banks in the east Texas and west Louisi-
ana shelf areas are known to be cappings of subsurf;ce salt fnirusives,

this ie no necessarily the case for all such banks.

The positions of the calcareous banks of the central Texar shelf are
in part determined by what was possibly an earlier shoreline or an earlier
generation of similar banks. The present banks are developed wherever pre-

exiscing substrates were suitable for reef building organisms.

The earlier feature may be evidenced by the suggestive patcern of
the stream channels, which frequently gppear to have their origin fn the
area of the banka. Perhaps such topography resulted from a fall in sea
level from somewhere above-70 m or 80, giving rise to many local dendritic

channel patterns originating at about this elevation. I.ward from thias
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area, the aslope may have been less steep and unfavorable to wideapread develop-

ment of such a channel pattern. The zone of the caliarcous premimcace

1]

may then liave been an escarpment formed by a resistaot wit s¢parating an
inland terrace segment frow a more steeply sloping and relatively intensely
channeled terrain element which extended to the depth at which the fall of
sea level reversed. If the conditions during the higher sea level stand
(at or above 70 m) were right, this eacarpment might have come about in one
of two waye: 1) it may be related to a shoreline form not entirely re-
moved by subsequent ercsion, as evilenced by the dendritie chapnels; or
Z) alternatively it could have been & group of algal-coralline barkas.,

If a shoreline form is considered, what type might it have been?
There 1a no clear way to judge this. It could have been a barrier
of high-carbonate type which may have been subject to cementation follow
ing the fall of sea level which formed it. Resistant calcarenites of
dune and beach origin may be the foundation of hard substrate on
which the present calcareous banks developed when the ses later trans—
gressed this area. It could just as well have been some other kind of
gshoreline, which may well no longer exist, but which left some other
hard substrate areas, auch as lags of sandy and gravelly units, caliche,

or estuarine shell units which developed along the arcding stranded

shoreline zone as gea level stood wuch lower. With later tranagression,
these lag deposits may have provided hard, curreni-swept prowminences
which were favorable to calcarecous reef development.

Such ideas can only be speculations without hard evidence from ]
the field concerping the nature of these banks and their stratigraphic

re.ationship to forme which may have Preceded them. If they did develop !

as 1} lag units of gravel, caliche, sand, or shell; 2) older beach or 1

dunes (possibly cemsnted), or 3) as an earlier gemeration of algal banks
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that existed la the same positions s= the present ones, then, for all of
these cases, they may have constituted relatively permeable prominences
at the tiase vhen the dendritic channel patterns were evolving, These
coarser, permeable units very likely would have springs at their basge,
which might explain the tendency of the dendritic channels to head near
the banka, If any of the banks on the central Texas ahelf are over
shallow salt dome prominences, then there may have been salt springes as
well. Any type of spring may have provided attractive habitat for early
pecple.

The observation that few of the channel segmenis show continuity
berween the 70 and 80 m isobath i possibly an indication of a later
shoreline which may have occupied this position for an interval that was
80 brief that its major effect was merely the crasure or masking of the
earlier topography. This supposition will require much greater knowl-
edge to detect mny evidence of auch a shoreline, Perhsps there are other
features associated with the banks or buried by later sediments which
may confirm or deny such a apeculation.

Toward shore from the calcareous bank and dendritic channel forms,
the central Texas shel!f ig remarkably featureless, presumably due to sedi-
ment cover, A few channel segments exist between-28 and-42 m depths.

As mentioned earlier, these channels are comparable to those at similar
depthe on the scuth Texas shelf.

Close to shore, a remasrkable bottom feature has been described in
some detail by Tunnell and Causey (1965). Thig feature is known as the
7-1/2 Pathom Bank, which consiats of two small ouicrops of indurated lime
warl with numerous freshwater snaila that indicare it was formed in a
fréshuater enviromment. Remains of extinct megafauns have been found in
agsociation with the rock of the bank, although these have been surficial

finds or finds within rock crevices rather than true in situ finda.
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Tunnell and Causey compare this feature with the marl deposits which
are known to occur over the aeolian sand plair onshure, These accumulations
collect in depressions in the sand plain, which may have the character of

ephemeral lakes, Presumably, the rocks of the 7-1/2 Pathow Bank accumulated

in such a lake and became hardened. Later, the old lake bed was transgresaed

by the sea, and active martne erosion has now expused the rocks as a

bank on the sea floor. Such an outcrop wuat have considerable potential
for occurreace of remains of early people, and conditions for bone preser-
vation are especially good 1a the calcarecus marla, There miy be numercus
other such features in this and the south Texas continental shelf area.

The present shoreline is similar in character to that described in
south Texas, but without a deltaic area of any substantial size. In the
central Texas area, there are five published cross-sections which detail
the geometry of the moders barriers (Fisk, 1959; Hunter and Dickinson, 1970;
and Wilkinsom et al., 1975). These provide an idea of the nature of
barrier deposits and may be ugeful as analogies in interprating o submerged
barrier. In the cross-—section of Hunter and Dickinson (1970) the sand
mass of the barrier exceeds 3 km in width and ig generally about 16 m thick,
As d'scussed previously, however, it is by no mears clear if any of the
submerged bq;riers on the shkelf may have become this large since thig
modern barrier has developed during a stand of the sea of long duration.

An intriguing feature of the cross-section (Figure 3~2) is the Late
Pleistocene shell bed which underlies the barrier island sand. A radio-
carbon date of this material has yielded an apparent age of 26,000 radio-
carbon years B.P. The validity of dates in this range 1is subject to

question aince even minoracecounts of younger, carbon-bearing materials
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mixed with materials much older could result in an apparent age of
this magnitude,

The two c~oss~gections described by Fisk (1959) are a little mcre
than 30 km to the south of that just descri :d. Here, the barrier sand
body iz somewhat wider (about 5 km) but thinner (about 1! m). Fisk re-
ports dates which suggest that the barrie: sands have accumulated over
a perlod of at least 5000 years and that the associated lagoonal deposits
have accumulated over approximately 4000 years. A boring made from the
modern beach penetrated beach and shoreface sands to about 11 m below
present sea level and then penetrated about 2 m of & lighter-colored
unfossiliferous sand which Fisk interpreted as comparable to the aecl-
ian plain, Below this were estuarine deposits which rested on a pre-
suped Pleistocene so0il surface at -16 m. Mulinia shells from -15 m in
this borinp were dated at 23,400 + 1800 years B.?. This sample was re-
garded as "anomalous with respect to regional information concerning the
level of the ses at that time" (Fisk, 1959, p. 123). The apparent age
and the depth of this sample suggest that it may be related to the Late
Pleigtocene shell bed of the profile shown in Figure 3-2, which lies at
about =15 to -17 m. (The faunal composition has not been described in
the literature.} It is posaible that these occcurrences ace equivalent
and that a bed of estuarine shelle underlies a large part of this srea.
The old, apparent radiocarbon ages are suggestive that it is a Plelsto-
cene unit. If this is the case, then there is nothing to preclude the
posalbility that the lighter-colored, unfoseiliferous sands (above the
estuarine bed) described by Fisk 18 also a Plelstocene unit of beach
or dune origin.

The ¢stuarine bed could be regarded as something of the nature of

a4 Mulinja-Anomalocardia biczone, which is perhaps a facies of the Beaucont
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Figure 3-2. Cross-section of Padre Island, South Bird Island, 7.5 Minute
Quadrangle (From Hunter and Dickinson, 1970).

formatioa. 1In other areas, estuarine and shallow nearshore faciez are

known in the Seaumont formation (see Pampe, 1971), and its presumed cor-

relatives elsewhere, such as the Prairie formation of Louisiana (Jones gE_gl:

1354) and the Biloxi formation in Mississippl as described to Otvos (1975a).
This unit i# not described as indurated or weathered where encountered

in borings on Padre Island., The minerulogy of the ghells has not been

investigated in connection with the reported radiocarbon age dates, so it

is not clear to what extent recrystallization may have occuried. Apart

from recrystallization, ccnta;iuacion could have occurred by admixture of

young and old shell during a time of redeposition by reworking of older

unitg. The shell bed of Figure 3-2, for instance, may have resulted from

redeposition of older Mulinia and anomalocardia during erosion of older

deposits fronting a lagoon shoreline. In this way, a mixture of old and
new shell may have occurred. Rusnak (1960) described "layered beds up

to 1 foot thick along the shoreline of Baffin Bay and the mainland side

of the northern lagoon" (p. 166) and observed that "some of these shells
appear to be eroded from pre-existing deposits, but the bulk are wave con-
centrations of dead shell accumulating from living forms.™ Perhaps in

similar facies in the stage of the incipient Laguna Madre, the reworked
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shell formed a greater percentage of the lagional coquina sediment conpogi-
tion, perhaps predominating over the fraction contributed froa new produc-
tion by liviag moliuscs.

A third posdibility is that contamination may have occurred during the
sampling process. Fisk (1959) was explicit in pointing out that the estuar-
ine Mulinia sample was taken from bit cuttinge. If even a few specimens
of the Mu _inia shells used in the C1¢4 assay were derived from the younger
beda above, the resulting age could be far lower than the true age of the
horizon from which the greater part of the shells were derived.

In thz central Texas sector, the Laguna Madre area is similar to the
south Texas arez, the descript’on of which is given above, The major dif-
ference 18 the exisrence on the waiﬁland side of several large, ria-tvpe
estuaries of hypersaline character due to the limited rainfall and runoff of
this area. The lLaguna Madre in the -entral sector is extrewmely shallow and
consists of extensive exposed tlats across which sand =nd clay-gilt flake
sediments can be moved by wind during times of exposure.

Fish {1959) interpreted the history of development of the central
ares of this part of Laguna Madre to follow this sequence: 1) a "clayey-
sand estusrine facies' of greenish-gray, sandy clay with "locally abundant
shallow water fossils" filled a pre-existing entrenched valley system;

2) at least part of this estuarine unit was covered by the awolian plain
sediment type; 3) gradually, conditions changed in the estuary with ac-
cumulation of bay deposits grading laterally into sands with a shallow
marine fauna, which were -uggested as being analogous to conditions in and
around the present-day Mississippi Sound; 4) more general, open lagoon
conditions characcerized by clay-free sands with shallow marine shells at
the base grading to more restricted fauna upward; and 5) closed lagoon

conditions comparable to the present.
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The interpretation given for this sequence is oper, to certain criticisa,
The entrenched valley system which Flsk centoured may be overly exaggerated, as
sugpested by the sparse distributinn of hie control horingas, particulérly within
the supposed valley axes (see Fiak 1959, Plgure 11, p. 147). The clayey-
sand.estuarine lacies," which supposedly filled the entrcnched valley
gystem, wasq dated (anowmalously, according to Fisk) at 23,400 + 1809 years
B.P. by the Mulinia shell samvle discussed above. It would secem possible,
based on this date, that the entire clayey-sand eswtuarine facles ia perhaps
a part of the Beaumont formation. This would imply that where this unit
1s present, the soil zone which typically marks the Pleistocene contact
is perhaps weakly develop~d or absent. The greenfsh-gray coloer of this
unit accords well with similar descriptions given by Rusnak (1960) and
Shepard and Moore (1955) of atiff, gqreenish sands, clayey sands, and clays }
vhich were thought to represent pre-Holocene nearshore beds due to cccur-
rences of poorly preserved shell. Absence of the soil zone could be

due to later removal and exposure of relatively uaweathered astuarine

facies of the Beaumont formation perhaps at a time Just prior to tha

transgression represented by the latter part of the saquence., Likewise,

the lighter-colored, unfossilifercus sands, which are interpreted as
aeolian plain deposits that in places overlie the “clayey-sand eatuarine
facies,” also could be & facies of the Beaumont formation. Following
clarification of some relaied features and stratigraphy of the main-
land, this problem will be considered further in a discussion of the cross—
sections of Wilkinson et al. (2975).

Onshore from the Laguna Madre, there are important elementa of the
present coastal landscape: 1) in the south, the lagoon adjoins the aecvlian
sand plaia, and 2) in the north, the lagoon adjoins a strande! beact or

barrier complex.

57



The arolilan wand >lafin of the southera part 1s described by Fisk

(1959: 107) in this way!
Active and fixed dune fields of the aeolian plain givg evi-
Jence of long-continued winu activity. The dune filelas in-
tiude both sand deposits aud wind-scoured features ard have
been termed banner cowmplexea by Price (1958). Some dunes
in the active complexes rise 30 to 40 feet above wind-
scoured blowouts. In fixed dune areas, the blowout de-
pressions form extensive lowlands underlain by sandy claye
and by calcareous pond marls. The fact that these deposits
attain thicknesses of approximately 10 feet shows how long
the local surface has been stable.

On the mainland side of one of his profiles across the Laguna Madre
and Padre Island, Fisk shows : boring which penetrates about 6 m of the
aeolian sund plain deposits. At about 3 m within this unit (or approxi-
mately 1 m Lclow present s2a level),pond marl oaterial was daced at 11,490
+ 240 years B.P. Adiacent borings indicated that a weathered soll horizom
lay beneath the aeolian sand plain deposits at about 5 m below present sea
level. From this information, we might gueas that a:i about 11,500 radio-
carbon years B.P., the sea had not yet reached an elevation of -1 m with
Tespect to the present level. Such guesses sre cbviously subject to a number
of difficulties. The rensoning involves certain assumptions, such as that
the pond marls did not accumulate below gea level and that the date is not
somehow erronenus. We 2laborate on this here because 1t reveals the way
that many such isolated facts and similar lines of reascning provide frag-
ments of Iinformation which, after compilation, give insight into past sea
level changes.

From the description by Figk cited earlier, the marl-forming ponds
are characterlstic of the fixed duae areus of the aeolian plain. 1If this
were true in the past, then fixed dune areas musat have ex'sted at che time
indicated by the date. The appearance of fixed dunes could be comstrued
te be of importance in palecclimatic interpretations, as could alsc the

onset of marl-forming conditioms; this area, however, remains far too poorly

known to make any cor lusive Judgments.
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Inland from the Laguna Madre, to the north of Baffin Bay, there is a
remarkable coastal sand ridge of arcuate form which extends discontinuously
to the south side of Matagorda Bay. This f.ature has been termed the
Ingleside Barrier by Price (1933). As we shall see, this is che firat ap-
pearance of an {inner barrier form that we have seen in ocur progression
around the Gulf margin, but by no means the last. Suchbarriers are cormon
around the Galf, hut have been little investigated. Indeed, the extent of

our ignorance about these coastal features, which outerop on dry land where

they are readily accessible for geological study, makes it overvhelmingly
apparent how difficult geological interpretation of the submerged forms
can be.

Just north of the Baffin Bay mouth, the situation described by Rusnak
(1960) well illustrates the uncertainties of interpretation that exisat.
A denee, brown "'Pleistocene beach rock" is described eropping in front
of the Ingleside barrier (which is known as the Flour Ridge in this
local area). Ruana’t 19 vague about composition of the coquina as well as
its relationship to the Flour Ridge. He atates (pg. 190) that "the
attitude of the exposed marin: beach rock whtich flarks the barrier suggests
that tha nearshore ar:a nad a shallow gulf profile very aimilar to that uf
the modern barrier."” ¥rom this, it is apparent that he regarda the uni: as
4 nearchorea depor.it, presumably a beach deposit since he describes it also
a8 a marine beach rock. Elaeviere, he describes the rock as a "coquina
beach rock" and a “dense Pleistocene limestone.”" Limestone gravels derived
from this unic are said to consist of “well-ceasented shell fragments commonly
50 completely recrystallized to calcite that individual shellr are unrecog-
nizable." Without any additional info=mation, it is impossible to be specif-
ic about environmeat of deposition. While coquinas are characteristic beach
deposits, the judgment that thia outcrop is a beach rock nevertheless de-

serves qualification. In the same area today (in fact, in the exact area
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of the old "beach rock" outcrop), deponit:lon of a coquina {s presently oc-
curring in a lagoonal beach environment. This modern coquins is aleo loomely
cemented in places, forming what may truly be described am besach rock,

Beach rock occurrences similar to the above are also kncwn, in asso-
clation with features hat are similar in setting and general character totho
Ingleside forms, some 400 km to the south on the Tamaulipas coast of the
Laguna Ma're near the small village of La Carbajal (Pearsom et al., 1965).
Two dated samples of this material gave ages of roughiy 25,000 and 35,000
years B.P. The samples are deactibed as recrystallizod, so the results
are no doubt only minimal ages,

If we recall the profile of Padre Island by Hunter and Dickinson
(1970}, vhich was diecussed earlier, the atratigraphic relationship of the

barrier to a Mulinia-Anomalocardia bed is striking. The bed, however,

yields an old radiccarbon age and might have been exposed near the surface
for a prolonged time, then transgresgsed by the modern Padre Island s-diments;
but it is no. described as weathered, cemented, o obviously recrystallized.
It could be sssumed that the bed was covered by protective overlying atrata,
which were removed just prior to the bed being overridden by the traca-
gressing barrier, so that no prolonged period of conditions favorable

for weathering or other alte: ationa ever exlgted. However, no such pro-
tective strata are known shove the bed, unless thay are sands, such as

Fiak (1959) considered to be buried cccurrences of the aeclian plain sedi-
ments. Ferhaps the most reasonable interpretation of the lagoonal shell bed
ia that {t is part of the transgressing sequeice. That is, 1t formed in

a lagoonal environment behind the early barrier form which evolved into the
modern Padre Ialand. This early lagoon contained a living population of

Mulinia and Anomalocardia, but, in addition, was supplied with a great abund-

ance of fossil shella of these same types which were derived frown the Besumont
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formation, thus giving the apparent old radiorabon age. The fosmil sh:,la
wore derived peraapa {n part from equivalents >/ the old engrina outcropping
at the Baffin Bay moutu.

If the shell b=: cncountered beueath Padr Tu'and 1s conaideind t 1 ve
a part of the fransgressive sequence and if wa thea use the profile rpomm In
Flgure 3-2 as a model possibly ansiogrus to Fleyr kidge, sowe fur.esting
suggeationg result. The »1d coquina rutcroppirg in “ront of Flour Riige could
well be analoguus to the cenjuina bencati Padre (sland rather than a marine
veach rock. ‘that la, they could octh repre-ent the -ame prase in the je-
quence of development of the two dif erent barriers. Thie world suggest
(but not necessarily tequire) thar che old coquina may exrond ‘uland lee

neath the Plour Ridge. But we have no knowledge of :he valid}:yfgf thia

possibility. L

Perhapa the following sequence cf cvents is 4 riausible {.*erpretation,
althcugh we by no meana suggest ~ conclusiv: rpne. At some “imc in the pasr,
a trausgressisn of the sea led to the formation of the Tlour Ridge {[ngi.side)
barrier. The geometry of this varrier, we have aseum-d, was arulogous to rir
Padre Island profile of Tigure 3-2. The sequenr.e recorded >y boch rrans-
gregsions 13 egtuarine Aepcsits overlain bv sandy besa.n, Jdur:, and clorefar-
depoaits. Since the older coquinz wmit {s approximecelr at present ses level,
end 1f it were covered by sand as thick os that formiug Pad:~ Islrﬂd,.thcn it
would seem poasible that sea level at the time that the Flour Ridz: featyre
was active could have teen as much as 15 to 18 m above rreger: ses level
(assuming thera has baen no tectonic uplift or subsiden-e). But, che present
elevation of the ridge is seldom greater than 9 o, The original reliect of the
feature may have bex partially reduced by post-depositional changes. The
sandg of the barrier may have shrunk in volume due to loss of carborate con-

stituteuts and other readily weatherable mineral grains; sand may have been lost by
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seolian and other ercsd.c1l processes; wnd the sand mass of the beach ridge
svstem may have settled by Internsl compaction and compaction of underlying
layers.

Following a long history of exposure in an ares of active aeclian
processes that apparuatly have pereisted over a leug period continuing to
the present, the Flour Ridge stands no’ a- a subdued Temnant of its original
configuration. A few ridge treuds of the relict barrier-tirandplain can be
differ..tisted. Thesc may vepresent late siage depositional topcgruphy just

pr.or to the time thz compiex becams stranded, or they may be etched out re-

flectizg inteinal structure. During the long period of exiosure to erusive and

weatheriny processes, carbonate and cther unstabla ninersls were lesncned.
aome of this carbonate wmay have precipitated out within the form to give the
talzateons sandstone concretioms which Rusnak (1960) decribes.

The reccssion of sea level which led to arosion and veathering of F:our
Ridge led to dowmcutting by the strrams which enter B3affin Bay. Tha scuthemn
end of the ridge was exposed to strong erosive conditions due to the steeper
slope adjacent to the Incised va’ley, which 1s now drowned beneath the bay.
At this point, the coquing became extomed, and ity induration may be related
to a long period of exposure rather thar to formation as beach rock. The
large sand Lody of Flour Ridge can then be envisioned at some indefinite time
periad in the past as perhaps lying well gbove present Lase level on the
intarfluvea between coastal streams. At such timeg, it probably acted as a
reservorr of local ground water with springs around its margin. It was prom~
inently exposed to aeolian forces, perhaps for a significant part of this
period of exposure. At this southern end, Flour Ridge {s pe-ticularly modi-
fied by aeolian processes and aeo.ian depooition. Some resistance to ercsion
may have initially been offered by cementation effects Jue to carbonate con-

stituents. In time, however, much uf the early cementation may have been
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lost from prolonged exposure, bringing about diseolution of most carbonate
constituents.

However, we need look no further than the northern end of Tlour Ridge
to find a very diffcrent interpretntion of 1its davelopment. Wilkinaon
et 21.(1975) have presented a crose~section of this area {known regionally

also oy the name of the Encinal Peninaula) which is substantially diffevent

from tha~ of Hunter and Dickinson (1970), which lies only 29 km to the south.

Thia section is reproduced here as Figure 3}~3. The gection is based
on the outcrop where the Ingleside trend ia exposed along the shore of Oso
Bay and on 15 borings on a traverse extending to southern Mustang Island,
although only five of these borings ire represented on the published crose-
section. The exposed section at Osc Bay ig described as "up to 10 fr. of
aeclian sand overlying i2 ft. of very fine, yellowish-gray sand, which is
very muddy snd slightly calichified in the lower 6 ft." This
sand overlies a "bright-yellcw oxidized mud of unknowm t%ickness."

Wilkinson et al. (1975) interpret that the Ingleside sand unit extends
beneach the Laguna Madre and Mustang Island. In their own words (p. 349):

In the subaurface, Ingleside sand thickens from

12 ft. on the mainland to a maximm of 22 ft. un-

der southern Mustang Isiand. This interval is

fairly homogeneous consisvting of very fine, firm,

auddy, well-aorted sand. These sanda overlie a

complex sequence of oxidized sand, greenish-gray

micacecus sand, and stiff plastic grayish mud.
These descriptione of the exposad and huried Ingleside sands differ in some
impoitant respects: 1) on outcrop, the Ingleside is termed yellowish-gray,
vhile in the subsurface, uc color rerm is applied; 2) on cuterop, the sand
is "very muddy”; encountered in the subsurface, it is simply "muddy; and

3) on outcrop, the lower zone is observed to be calichified, vhils no men-

tion of caliche is made in subsurface occcurrences.
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SECTION T

Mustong halang

PLEISTOCENE

Loguing Madre / G of Me vco

E] Undifferentiated Pleistrcang ::::_’3 Bay- estuarine mud

Sand and mug

Ingleside strondplain sgnd [:J Borrier iana sand

ﬁﬂﬂﬂ! Soil zor.e

Asolian sang

igure 3-3. Section acros. Ingleside atrandplain sand, Northern La-
guoa Madre and Southern Mustang Island (From Wilkinson

et al., 1975).

If these differences reflect the real situation rather than werely lack

of dessriptive detaii, then it follows that the presumed correlation of

the surface and subsurface sand units is questionable. Fisk (1959) encountered

& sand beneath Padre Island
interpreted this sand to be

Note that a woil zone

‘Ingleside strandplain sand.

figure was taken (Wilkinson

and the Laguna Madre, as described previcusly, and

of aeclian origin.
1s indicated in Figure 3-3 at the trp of the
t

A close tesding of the text from which the

et al.,1975) dces not, however, menrion any

801l zone in this position, so it is poasible chat the figure as publighed

containe a drafting error.

A snril zone which is frequently mentioned in

the text is not shown in Figure 3-3 and Presudably belcugs there ingtead of
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the one that {s shown. This soll zone cccurs at the top of tha presused

Plelstocene sande and mude vhich underlie the sand units. However, this
érror may adoif a partial truth. Since the Ingleside sand at outcrop is
described as yellowish-grey muddy wand. which 1is calichified in its lower
part, then it can alsc be said to show # 80ll zoma. The sand at outcrop
overlies & "bright yellow oxidized mud,"” which apparently Tepresents

3 widespread soll zone described in the article. Numeroua questions arige

conceruing these bits of evidence, such as: 1) Are there twe 801l rones

or one that perhaps resulted from prolenged or intenge soil-forming pro-
cesses and affected both the sand and the underlying clay? 2) Does the soil
affecting the Ingleside sand at outcrop exist in che sand benesth tie
lagoen and barrier?

As se shall see, these questions will Iecur as we examine snothe-
profile from the Wilkinsoo et al. (1975) article in the srea of San Antonio
Bay. Other problems relating to soil zomea will racur as we continue our
inspection of the evidence concerning tha evolution of tha Culf continental
shelf. Generally speaking, soil zones are inferred wherever oxidired and
somevhat compacted higher Strength units are encountered. Caliche and
ferrupinous nodules may also be features of such soil zonea, Ag persuns wlo
are familiar with soils are well awvare, they mgy vary widely in character om
a local scale, depending on a wide range of circumatances,such as telief,
aicrorelief, parent materials, climata, ete, PFor this reason, among others,
they are particularly untrustworthy for scratigraphic correlation purposes,
A8 was discussed -arlier, Fisk's (1959) profiles, 60 ku to the south of this
one, pessibly illustrate how a discontinuous 801l zone can be stratigraph-
ically misleading,

Wilkinson et al. (1775) also present a profile from the San Antonio
Biy area which extends from the Ingleaide shore. ine festure across the lagoon

to Matagorda Island. This profile is reproduced herc am Pigure 3—4, The
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sands outcropping on the mainland 20 - 40 km north of this profile line are
described as light-brown, tan, and brownish-gray sands of very fine size
which are regarded as 2 m or less in thickness and overlie an oxidized to
highly oxidized paleosoll which az least in part is presumed to have

developed on the surface of deltailc interdistributary muds. The paleosoil

is referred to as u-asicated and calichified.

STLTON 1

Matagorda {sland

Mesquite Bay ) e

Guif of Mexca

— e —

PLEISTOCENE HOLOCENE

] —= ] interdistrbulary mad Fluvigi - deltoic sand
5ol z0ne ——1 Boy estuarine mud
Ingleside strandpian sond Lower shoreface mud

, Barrier nucieus sand
o L+l 1 2 3 . 5 MiILES
Jd

Flood deita sond

Figure 3-4. Section acress Ingleside strandplain sand, Mesquite Bav
and Southern Matagorda Island (From Wilkinson et al.,
1975).
Tn subsurface occurrences along the profile of Figure 3-4, the sands

wi.ch are considered to be equivalent of the outcropping Ingleside sands

are described as light-brown to corange and are stated to be homogeueous,
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Again, {t seems poasible to view these descriptions aw indicative of
there heing a paleasoil wi. hin the Ingles!de sands at sutcrop. Otiher de-
tails suggest that the soil {s somewhat different here than fn tha section
a. Oso Bay. In partiruler, trhe soil colors are described in darker hues and
the 87/{9 to the morth we -v noted to be strongly bloturbated. Tre
thin cover of sand (1to 2 @) also would not preclude the possibility that
the oxidized, dessicated, fira, and somet imes calichified unit beneath is
not a distinct paleocsoil, but 1is part of the mame profile »f weathering.

The gresumed Ingleside sand equivulents beneath the Matagorda lsland
are deacribed as light-brown to orange in color. In this p.ofile, then, {t
may well be that a soll-forming episode has affected the sand unit, which
may be regarded as supportive of the hypothesis that 1t could be correlative
with the Ingleside sand at outcrop. This sand unit beneath Matagorda Ialand
waa gaid to have been encountered in five boringa at elevations of 3 - 16 m.
The published section only shows two borings through Matagorda Island, and
one of these did ncr encountar the "Ingleside scrandplain sand." Neither ot
the indicaced borings 1s shown to have encountered the soil zone presumably
beneath the sand, nor i3 it irdicated in the text of the report how many of
the otlier boriugs did eacounter this 801l zone, although it is stated that
the soil was encountered as much as 17 m below sea level. The scn's aras
reported to be up to 5 ®  tiick beneath Matagorda Island. However, tie
reportad occurrence of this sand at -8 m somewhere beneath the island would
suggest that, at least locally, it may be more than twice this thickness.

This profi.e again brings to mind the profiles of Fis. (1959) south
of Eaifin Bay. The tan sands Figk encountered beneath Padre Island at
depths of -1l to -14 m were regarded as aeolian. These differed from modern
barrier-island complex sediments, from Fisk's descriptions, solely in lacking

shell fragments. Hunter and Dickinson {1970) did not differentiate sandas
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above the lagoonal shell bed which they encountered st 15 - 18 m benzath
Padre Island, but considered them to be bavrier-island sands of Holocene age

throughout, 1f the "Inglesid» strandplain sand" 1s pressnt here, it vas

either not recognized by these aurhors or it lies below the lagoonal shell bded.

That it may lie below is notr precluded since the unit underlying the estuarine
w¢ll bed ig at leant described partially as clayey sand (Figure 3-2). It

it is truly absent, then poasibly it was remowed 1: a cycle of valley down-
cutting and widening as the sea witixlirew from its level at the time the
"Ingleside strandplain sand" was daposited.

Ry this point, it should be obvious that interpretation of the Ingleside
shoreline features and their stratigraphic relation to adjoining coastal
features 1a by no means a clear-cutand settled matter, Before attempting a
preliminary interpretation of these features, let us consider a f>w more iso-

lated bits of evidence known from the central Texas area.

Price (1958) reported the occurrence of lagoonal mud beneath the Ingleside

sand In a pit near the town of Ingleside, just to the north of Corpus Christi
day. Although Wilkinson et al. (1975) deny that ruch a sequence is typical
of the area, they do not show that the sequence at this pit is not as de-
gcribed by Price. 1t is not to be expected that indicators of estuarine con-
ditions (estuarine shells and microfossils, in this case) would everywhere
survive the prolonged exposure above sea level which the Ineleside sands and

the underlying clayey units have both upparently endured. Conditions for

preservation of these materials may have existed only rarely, and Price's

* locale way well have been one of these rare sites. Wilkinson et al. (1975)

argue that the sediments beneath the Ingleside aand represent "older delta-
plain sediments" rather than lagoonal fill; however, in common usage at least,
"delta-plain sediments' may include lagoonal fill faclee with which they may

be intergracatiounal in space. After all, the Mayarit littoral accumulative
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form described b+ Curray (1961), which these authors regard as 3 form anal-
o8 to the In;teside strandplain sand (at least in th. senge that trey are
both viewed as progradational}, does itself contain intercalated estiarine

facies, as acknowledge.d by Wilkinaon and his co-authors. They also counsider

the Chenier Plain ares of ecuthwestern Louisfana to be an analozous prograda-
tional form, but oue with considerable admixture of muddy estuarine sediments.

The brown. Pleistocene coquina exposed to the north of the Baffin Bay
mouth may posaibly be zssociated with the Ingleside shoreclipe feature, as
discussed earlier, but no relevant stratigraphic or palece-ologic information
to define the relationship has been published. Rusnak (1960) was of the
opinion that it was a marine besch rock and part of the Flour Ridge featurs,
This is implied in Rusnak's statement that "the attitude of the exposed marine
beach rock which flanks the {Flour Ridge ] barrier suggests that the nearshore
area had a shallow gulf profile very similar to that of the modern barrier"
(p. 190). Rusnak apparentlv regards the beach rock &s a nearshore or shore-
face deposit. Modern shorefgce deposits have attitudes in the order of 20 fe,
per mile of slope, which, it is important to note, ia steeper than the base
of the Ingleside strandplatin sand as projected by Wilkineon et al. (1979.
Fisk (1959) describes the shoreface sands of this area as gray sands with
abundant fosails and woaod fragmeuts.

These considerations couid be taien to indicate thnat older sands under-
lying the lagoon and modern barrier could be at least partiully shereface
sand facles of the Ingleside beach deposits. When the sea level fell and the
Ingleside shoreline pecame atranded, these shoreface depesits may have been
reworked and modified in form by shoreline processes, and then affectad by
prolonged weathering and erosion 3o that they presently resemble the Ingle-

side sands ¢f the mainland. So far, no fossiliferous evidence of the exigt-

eace of such a nearshore facies has been Teported in this area. Although
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Rusnak (1960) believed the induratad coquina to be such a nesarshore

{facive, this 18 no” asupported by paleo-environmental evidence. The attitude
of the rock 1tsclf, which suggested to Rusnak a typical nearshore orofile,
could possible be otherwise interpreted.

Wilkinson et al. (1875) emphasize that the soil zone, or zone of weather-
ing which lies at the top of the deltaic interdistributary muds, slopes quite
steeply (10 fe./nd.), as does their Ingleside strandplain sand. In both of
their prefiles, the alope is by no means uniform. In Figure 3-4, a break in
slope of the wecathered surface (the "s0il zone") cccurs at about 15 m {50 ftr.)
below sea level; in Figure 3-3, a break exists at about 12 m (40 ft.) baiow.
The corresponding slope-break elevations of the tope surface of the unit, called
the Ingleside strandplain sand, are at about 12 m and 6 m below sea level, re-
spectively. Seaward of these slope breaks, the Ingleside strandplain sand
unit slopes more gently. The slopes beyond the shoreline shown in the cross-
sections are presumably prcjected since no mention is made of borings or other
information utilized beyond the beach. According to Figure 3-3, the earlier
formed Ingleaide strandplain sands underlie the modern beach at Mustang Island
at a depth of only about -7 m. At this point, then, it would clearly meen
poasible that this sand might outcrop only a suort distance cffshore. No avi-
dence exists that this is the case, although there are some slightly anomalous
irregularities in the -12 to =14 m contours offshore from this area. If these
represent the outcropping ssnd unit, then the projection in Figure 3-3 is
more OT leas accurate.

While considering such a projection, t us recall for a moment tho
profiles of Fisk south of Baffin Bay. If the Pleistocene soil :ome F sk
recognized (or the nearly coircident surface of the buried "seolian plain”
deposits) 18 prejected seaward [rom the beach, it also would outcrop at about

the -14 m certour. In thie case, we have a remarkable confirmation to this in
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the ~hapeof the 7Yy Fathom Mank pond-marl bed which lies caly about l4 @ south
frem these jroftles. Flak constdered pond marla to be tvpical aeolfan pl-in

facles, but as shown by the pund deposits near I[nglcoeide, these may have de-

veloped over litteral £ oros as well.

Fisk's sand, then, (ould be a Littoral sand deposit, and the 7% Fathom
Bank could be related to this deposit as at Inuleside. Y1is Interpreration
would agree well with that of Wilkinson et al. (973). On the other hand,
Fisk's interpretation could be applied to the rata of Wilkineon and coworkers.
“hat is, the sands thev encountered in the subsurface could ha aeolian plain
deposits as Fisk envisioned to have been the case south of Baifin Bay. How
ever, these more northern locales lie outside of the area of reatest devel-
cpment of aeolian fcrms, Yet, we must confront the posasibility that aeclian
foras may once have been wore widely distributed. After all, there are ata-
bilized dunes on the seclian plain which indicate that thers was formerly
perhaps more intense activity. But, if any acolian features did exist, they
did not extend significantly acrosa the present subaerial outcrop of the
Ingleside shoreline trend in Lhis area to the north of Baffin Bay.

Rocall that in souch rexas,Ruénak (1960) described "partially indurated"
sands and clayey asands outcropping in areas of irregular bottom topogvaphy
of narrow, ridge-like form, trending at a sharp angle to the coast. MYe
thouzht that these ridge-like forms were deltaic distributaries, but it is
clear from current batavmetric charts chat they ma, just au well be the result
of scour and drift creating what has been called a shoal retreat
massif. If that were true, thea the indurated gsands and clayey sands
could possibly be beds of the kind described by Wilkinson et al. (1975).
These ridzes exist in a depth zone of <12 to -20 m, which is not unlike
the zones of outcrop projected to the north.

There are choices biyond these alternatives. The diagrams of Figures

3-3 and 3+4 could also be viewed as two differently aged, littoral accumula-
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ticos, which weuld explain the slope breaks. The Ingleside shoreline feature
of the mafnland mav represent one shoreline, and ths ».ried sands may o
apnother, taid down after a significant tire interval, The zone of steeper mlope
could trepresent shoreface sands. Since {t apreais frow the descriptions of
the northetnmest profile (Matagordi Island) that the bSuried sand is almo
significantly westhered {(orange colors are mentioneu), then parhaps its age
1z nevertheless an old one, yet younger than the Ingleside., PFisk's buried
sand could be equally old, but also could be Holocene, as he believed, since
these localities gre far removed and may, not surprisingly, show different
sequencea., If it is Holocene, it very likely im an aeclian deposit, a+ Fisk
beiieved, aince the bed contains no shell: if f{t is older, the lack of shell
does not preclude that 1t may be a littoral accumulative form.

At this point, this review has encompassed the important bits of in-
formation known to us relative to the Ingleside shareline and reluted strati-
graphic units, and the published interpretations have besn examined and re-
examined. While this is not a large amount of information. it is far larger
than exista for almost all of the feature submerged on the continental shelf.

It 1s by no means & sufficient amount to yleld a clear interpretaticn, as we

have seen. Central Texas is only the first area in which presumed Ingleside

shoreline equivalents occur, rowever, and perhaps clarilving information will

yet be found to resolve some of these interpretative difficulties in other areas.
Before concluding this discussion of the Ingleside shoreline features,

it ma> be useful to attempt a larger view. First, let us briefly ocutline the

history implied by Wilkinscn EE.EL-flg?S)' Figure 3-5 was presented by these

authors as a diagrammatic representation of this histary. A mud-rich lobate

delta prograded across the area (Stage A) and was then left exposed by a low-

ering of sea level. A s0il zone formed over the deita mass (Stage B). Sea
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level rose back acrozs the deita ~aes {Stage C) and sgain fell, leaving a

samd sheet of progadtational, beach-rldse pands esdentially drared over the

Figure 3-5. Pleistrcrne sed imenta-
tion 1a Matagorda Isl:nd
area {After Wilkinson,
1975). A - Depusition

s of mud-tich lobate Jelta
at sea level near present
sea-level position, prob-
ably during Sangamon In-
terglacial. B - Lowering
of sea ievel Juring re-
newed glaciation, with
subsequent oxidation of
interdeltiac ouds.

An important element of this interprectation is that the slope of the
soil zone and the slope and configuration ofathe Ingleside sand itself are
essentially considered to be inherited from the slope of the pro-delta facles
of the original deltz mass. Such a prograding delta may have produced a con-
vex seawvard bulge (it 1s described as lobate). If the Ingleside shoreline
werenerely draped over a large delta lobe, .ts ridge forms would alsc be lobate
or convex seaward. However, they are concave seaward forms which paerallel
rather closely the modern barrier-island trend.

Are the convex seaward, sub-parallel trends of the Ingleside shorelines

and the modern barrier significant? They may possibly indicate
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somevhat simtlar sets of processes and componente in the cosstal dynamic
sett .ng that existed when the two different shorelines were active, As dia-
~usied previngcliv, the coanve scawars a.c of the Ingleside shoreline features
weuld at least seem to denv that the supposed delta progradation produced a
convex eeaward delta front, or even what we normally might refer to ag a
lobate form. If such a convex seaward lan.-sea interface ever existed, by
the time the Ingleside shireline came into being, a curvature reversal

had taken place to produce a concave seaward shape. Thus, if the delta fromt
were lobate, convex seaward, or even {f {t formed a straight shnreline cri-
ginally, at some tima before or during Ingleside shoreline formation, & con-
cave scaward arc was cut into §t.

In this ceatral Texas area, the condition today, briefly, consists of a
rather large (9 - 20 m thick by 4 = 6 kn wide) body of barrier island sand
forming the ~oncave seaward, outer coastline; a sub-parallel, 4 — 10 km—wide
bacl.-barrier lagoon; and embayed river mouths with deltasa well inland from the
barrier coastline which, consequently, deliver very ltttle sand to th: cnast.
This situation exists despite the fact that the record of £11l in the lagoon
and construcrion of the barrier described by Fisk (1959) indicate that a sim-
ilar situvation has existed for perhaps 4000 years,with a gradual shealing of
the lagoen going on.

If it is assumed that conditions at the time of the Ingleside shoreline
were very much like those described for the present, then what facies disrri-
butlon might be seen? Just as exist today, they would he shoreface, beach and
dune, estuarine, fluvial, deltaic, and aeclian facies. W.llkinson et al. (197%)
imply in their work that in the Ingleside time there was basically only a
single facies of a thin sand sheet Jeposited in a time of falling sea level
over an old deli» mass that had previously been exposad and weathered. As
shown In Figure 3-5, he lower extensions of this supposed thin sand sheet

would be overlying old pro-deltalec beds. Although borings are shown In the



CTORB~S€Ct ,cPR tn Presumably renetrate these 0ld marine units, it is pot re-
Prrted that apy palevechlogical evidence wag trcountered to [ndicate support
for dts ‘nrerprotat fon a8 4 pro-deltaic marine deposit. If gych evidence did
Mt oexiet, {t wou'd not he fFarprising considering that these beds muge have
been ovposed to weathering for 4 considerable time, Tha lack of evidence for
one ralecenvironmental 1nterpretation. however, is no different than the lark
2f evidence for another,

Thus, 1t would aprear that Price's (1933, 1958) concept must still he
tenable,of the Ingleside snoreline a5 a form analogous to the present barrier,
The lack of <stuarine fossils ig no more of 3 serioug oblection than the lack
of nearshore marine fossils., If etther exist anywhere in this aAtTea, they aay
be rare. Thas fact that the Ingleside sand extends into the subsurface as a
thin unit could casily be due to later eroeion, so this does not particularly
favor the concept of strandplain progradation during a falling gea level,

-8 Wilkinson et al. (1975) Suggert. Their argument was that 4 prograding
strandplain in a time of stable sea level would necessarily thicken seawvard.
Since the Ingleside sand of their profi’es nrither markedly thickened aeawvard
nor overlaid estuarine deposits, they argued that it must have developed in

2 Tegressive or Pragradational manner lafluenced by a falling sca level,

The presence of distinct ridges 1in the Ingleside shoreline features is,
of course, evidence of progradation just as it {a evidence of progradation {n
the modern barrier {or®. The irrk or rarity of estuarina fossiis 1a, as we
have shewn, not particularly dtrong evidence. What, then, about the marier

of the thickness of the Ingleside sand? First of all, we should note that a

field trip guidebnok (Corpus Chriset Geological Soctety, 1958) cites two pro-

files by ¢, E. Johnson which indicate that the Ingleside sand 1n the area of '

Reckport, Texas, 1s up to 20 o in thickneas. Graf (1966) has also cited that

the Ingleside gands in segments of the old shoreline between St. Charles Bay
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nd Aransas Bay are 1B m thick, although he descrihes no borings or other
souv;ces 0! this informatiorn, Perhaps these vepcorts nf thicker wauds represen:
inlet fiilings of greater original thickneass. Terhars the thinner areas have
been substantially eroded in addition te undergoing some volume shrinkage

from loss of unstible mineral components.

The pregrading of delta sedinents in this scrtion of the Texas coant
deserves further consideration. Wilkinson et al. {1975) believe this sccurred
before the Ingleside shoreline features were focrmed. The rivers of this
section of the coast (the Sfn Antonioc, Nueces, and Guadalupe) presently are
unt large rivers and have not prograded subatartialiy deltaic areas, fo: the
most part, even intoc the shallow bays. Was {t thess same small rivers that
made the prograded delts mass? Wilkinson 2t al. (1975} state that with the
fall of seal level following the delta progradation, there was nn further delta
building in the area of their study. Perhaps then, the drainag: basins of
the coastal streams entering this central Texas area underwent some change by
stream capture, or perhaps there has been no further delta building because
the right conditions for it have not since recurred.

A condition favorabhl~ lur a periocd of delta progradation could be that
cf a falling sea level. Consider, for inatance, the situation existing at
present in central Texas, and then imagine the changes that night occur 1if
sea level began