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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
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—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.

10



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

34



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

45




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.

32

— e e



- ag— .

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.
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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

e A
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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 to fall. Suppose that the fall initially would be gradual.
The lagoons and baya would hecome ghoaled. Rivers would prograde forward
over the fromer b»ava and lagoona. As these bodies of water became shoaled
from falling eea level, the growth rete of delitas would increase because the
same volume of added sediment woulid spread over progresaively wider areas.
tven a moderate fall could possible occasion a rapid progradacioﬁ of deltzic
deposits across the present lagoons and out to the barrier.

Another condition favorable for progradation of deltaic deposirs would
be ample amount of time for progradation, such as during a prolonged still-
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stand. However, the prolonged relative stillatand o recent millenfa has not

beern ample encuzh for algnificant progradation of deltas by coaatsl streams,

despite the fact that deltaic sedimentation is taking place in the shelter of

a large barrler island sysrem. The largest of the cosstal rivers in this area,

the Guadalupe, has been slowly and steadily building a small, sheltered delta

within the bay, which a8 been detulled by the investigation of Donaldsom
£ al. (1975).

These authors predict thau given an fndefinite cuntinuation
of the current :onditions {nto the future, the Guadalupe River will build
#¢ru88 the lagoon and barrier island to discharge into the open Gulf, but add
that, at that time, “the low load of the Guadalupe River piobably would be
sufficiently dispersed by longshore currents to prevent appreciable delta
developient in the open Gulf™ (Donaldson et al., 1970: 130).

Imagine the situation that must have occurred if the diagram of Figure
3-5 1s a corvect one. The progradati.n of a delta maas directly against the
vpposing forced of the Gulf of Mexico, with no sheltering barrier, would mean
that a much larger supply of deltaic sediment was reaching that area than is
at prevent. There are various ways to account for a greater amount of sedi-
ment reaching the coast, such as changes 1a vegetation cover in the watershed
or increage in the size of the catchment basin area; but a very large magnitude

change in the amount of sedimeant is difffcult to visualize. Let us suppose, -

for the sake of discussion, that auch of the modern Cclorado River catchment

basin wasa connected to a basin wtich flowed to central Texas at the time of the

delta progradation. This would ha.ve meant a greater sediment input, favoring

delta projradation, but it is doubtful that even this would be as strong a pro—
gradation as required in the hypothesis of Wilkinson et al. (1975). Within

the last century, the modern Colorado River has finally prograded to the barrier
shoreline (Kanes, 1970) with the assistance of artificial channel clearance.
This progradation occurred after a prolonged period of deposition into a shel~
tered lagoonal situation. Sediment from oa1ly a single large catchment ia
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possibly insdequate for any significant amount of daelras progradation at the
open shoreline of the Gnlf. Climatic differences might have added scmevhat
more sediment yield, but doubling of the amount might sti.i have led to only
moderate progradation and thea only locally. High-energy Gulf shoreline con-
ditions would have prevented much sedimentation, considering how slow it has
been in recent millenla under sheltered conditiens.

For these reasons, the delta progradation must have occurred either in
a sheltered situation or under conditions of slowly falling sea levei. The
shelter may have been a barrier, possibly the Ingleside shoreline. The delta
way have prograded at the open Gulf shoreline while sesz level was falling. In
this case, the Ingleside shorelines may represent merely pauses in the fall of
sea level.

Perhaps there was a prolonged stage of river-mouth discharge at the Gulf
shoreline. At such times, river-transported sands would have reached the coast
and may have contiituted to the final staces of beach-ridee development, which
are the forms that we observe today. In this special case, delta progradation
and beach-plain progradation may have been essentially the same thing for some
span of time. During such a stage, the subtlety ¢ the distinction berween such
terms as barrier and strandplain reminds us of the arbitrariness of the terms
by wvhich coastal features are described.

Pri.e's interpretation of the Ingleside barrier was no doubt influenced by
his well-known concern for the concept that coastal forms are products of equil-
ibrium relationships of particular sets of coastal conditions. The large-scale
similarity of .Le Ingleside shoreline forms and the modern barrier forms clearly
suggests & sinllar equilibrium existed during the { rmation of both shorelines.
Not only 1is this suggested by the forms, but 1f we try to suggest that coastal
conditions were in some way markedly different in Ingleside times, then 1t 1s
difficult todemonstrate that any such differences could have been large emough to

matter. This was showvi earlier im our consideration of how difficult it is to
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conce{ve nf the small rivers of this central Texas area ar*fvely precrading
inta the open Gulf. Yet, the shjection to the period of progradation s
diminished if we imagine that it could have taken place oehind a sheltering
barvier or during a falling sea level period. 1in elther case, the delta masas
ar-l the Ingleside shorelines could well represent essentially time-coincident
units,

In the final analyasis of the thesis of Wilkinson et al. (1975) it is
apparent that the crux of the matter lies in their interpretation of a distinct
801l zone beneath the Ingleside strandplain sand. In their article, the soil
zone ia gpecificaliy stated to exist only beneath thelr mors northern profile
(Figure 3-5) while in the southern profile, the corresponding horizoa is not
described explicitly as a soil zone, but only as oxidized mud and sand. They
also recognize evidence of oxidation and calichification of the Ingleside
strandplain sand its:lf: therefore, it is apparent that either two moil zones
exist or that there 18 reu..v only one soll zone affecting both units. Since
their Ingleside strandplain sand as shown in their profiles is rarely more than
7 m in thickness, these soill zones are necessarily so close together in most
places that it could well be argued that they are one and the same. If that
were the case, the argument that the Ingleside strandplain sand is significantly
younger than the urderlying deposits would be queationable. Unfortunately,
neither of thesa soil jrufiles has been described adequately to judge {
the tessible relatisnships of these units.

With this problem in soll zones, we must let mattars rest until further

clarification of stracigraphic evidence is made in the literature.

We chcose, hovever, to interpret all of the evidences examined above con-

cerning the Ingleside shorelines in tha following manner. At some time in the
pas., sea level stood higher that its present level, perhasps as high as 16 -

18 n above its present level or perhaps less than half of that. The Irgleside
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shoreline existed as an active littoral form at this time. It was a prograda-
tional feature and may have had pattly the character of a barrier island and
partly the form of a prograding strand;lain, even though no definite estuarine
ot shoreface deposits have been described from the c-ntral Texas arer.

Parhaps the forw was developed in & cycle of c<volition of the following
kind: 1) As sea level was rising to a peak level, river mouths were drowned,
and erosion of interfluve areas led to barvier-island foruaiion thrcugh long-
shore drift of sand from interfluve heaadlands scross drowned river mouthe. 2) A
continued, gradually diminishing transgreasion led tco greater develcpment of
barriers with greater continuity of lagoon segments, which were still fil.ing
too slowly to keep pace with rising sea level. 3) A period of atillstand or
near atillstand followed, and some filling of lagoons by bcth smallcoastal rivers
and some aeclian- and storm-wvashed sande, which were transported over the bar-
riers, occurred. In mary places, the lagoons and bays may have become virtusally
entirely filled, as in the Laguna Madre Flats of today. &) A period of slight
fall of sea level,during which progradation and bay filling iﬁcre&sed wunidly,

and progradation te the barrier shorelins probably occurred. 5) A period of

'occupancy of the barrier-strandplain shoreline followed, with continued accumu-~

lation of deltaic deposits In former bay and lagoon lowland areas behind the
barrier which wae terminated by 6) a period of continuing sea level fall,
sbanionment of the barrier, exposure of the shoreface, and entrenchment of the
coastal atreams across the former shoreline.

The Ingleside shoreline features probably began to take on their character
as we pee them today during a time like that of Stage 5 in the discuseion above.
If the situation at that time was anything like the present, then this prograda-
tion must have been a slow process, possibly accelerated by a falliag sea level.
The Ingleside features that we see could well be interfingernd with deltaic and/
or estuarine heds. Their relative prevalence would be a matter of the phase of

the transgressive-regressive cycle in which features that we see took gheir shape.
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The streams may have prograded bteyond the Ingleside shoreline as sea level fell.

This progradation would mainly have been from recession of the shoreline of the
falling sea, with advance occcasioned by sedimentary progradation somewhat ac-
celerated by falling sea level.

Deltaic progradation during a falling ses level may have led to s re-
gressive sandy deposit, easentially of b“each-ridge forws. 4s the fall of sea
level reached the stage at which all coastal rivers began to deliver sands to
the mouth, beaches may have slowly accreted forward at progressively lower and
lower levels. At some point during such a fall, rivers may have incressed in
sand trasported to the coast as they began to scour and erode that sand pre-
viously stored in more inland deltaic and floodplain units.

The falling sea level may have been interruptad by relative stillstand
periods, as suggested by the slope breaks of Figures 33 and 3-4, One or more
progradational beach-ridge forms at lower levels than the Ingleside features
outcropplng today could have furmed during such pauses. The cross-section
could indficate two such separate pauses at perhaps abiu:l 17 m and 20 a below
present sea level., The approximate 10 m below present sea level stand was
recorded by progradation of sand in the scuthern profile, but was an interval
of perhapr non-progradation, sr even coastal erosion, in the area of the north-
ern crozs section. The approximate 20 m below present sea level stand is
possible evidenced by progradational sands in the cross section to the north
(Figure 3-4), but these would lie offshore of the southern cross-section, if
they existed at all.

Just to -he north of Corpus Christi Bay, near the town of Ingleside,
an interesting occurrence of vertebrate fossils has been unearthed. Lundelius

(1972), in a mounograph on the Ingleside fauna, drew several important
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conclusiouns: 1) the fauna wereprese.ved in frertwater pond warl and cal-
careous sand facies which must postdate the barrier-strandplain ridge; 2) "a
post-Sangamon age fits the faunal picture bettar than a Sangamon one™ (p. 6);
3) the presence of two large tortoleee ''probably rules ocut a late Wisccasin
age {p. 6); and 4) certain elements of the fauna suggested that ecuioglcal
conditivns at the time the fauna wereliving could have been thcae of a for-
ested area perhaps morz? humid &nd with wirmer or less extreme winters than at
present. Lundelius was careful to stress the somewhat tentative nature of
some of these conclusions.

The pond marls of this site bring to mind the similar pond marls of the
seclian plain and the submerged occcurrence at 7-1/2 Faihom Bank. As we have
citec Fisk (1359) reported a radiocarbon date of 11,490 + 240 years B.P. on
a cepoait of this kind in the aeclian plain.

These various pleces of information give credenrcs fo an interpretation
that prrthaps a warmer and more humid climatic period develcped at some time
aftrr aeolian processes affecting the Ingleside ridge znd adjoining terrains
began to diminish. Stabilization of the aeclian sand terrains could have re-
silted from a more humid local climate. As Lundelius has suprested, the pond
marls may have accumulated in a pre-existing blowout depression formed at a
time of lower water table. The rise of the water table to form the pond may
nave been partly due to sea level change and partly due to climatic change.
Following this, warl deposition began, accompanied by the accumulation of re-
mains of faunal more diverse than the present.

Lundelius describes fauna with 17 kinds of wedium- to large~sized
herbivorea, as compared to only four inm this category today. These include
extinct species of camels, horses, elephants, bisen, and other animals not so
readily analogous to living types, such as other rreovoscideans, the tapir, aad
glyptodonts. There were also canids, felids, and other smaller mammals., A

small camel or llama-type animal, Tanupclama mirifica, which was very well
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Eist Trxas Area

The Vuter Continental Shelf off the east Texas coast shows & remarkable
group of banks, scme of which have reefal carbonate deposits. Studies by
tivards (1971), Foag (1971}, Rezak and Bryant (1973), and several others nave
revealed many interesting features and Jetails of these banks which are of the
greatest laportance in the overall interpretation of the contlaental shelt.

Meny of the banks are known tu result from {ntrusion of diapiric salt
into the subsurtace High-resclution, sub-bottom profiles show the structural
disturba~ce ¢{ atrata {n and around the banks. Profiles illustrated by Poag
(1973) and kdwards (1971) Indicate that structural deformation is episodic in
time and shifting in space due to the intrusive salt rising in epine-iike pro-
Jecticns from the underlying sait plugs.

Because of these chara~teriazics. it has many times been pointed out that
structural deformation may be so active tha. ic may cause appreciable change

in the elevation of the banks even on a short-term scale. Nevertheless, msany

workers, even afier noiing these precblems, have spparentl: regarded this as not
a particularly serious lmpediment for interpretation of features of the banks
produced during “ower sea level stands. Although Poag (1973) acknowledper this
potential instability as a problem, he neverthelcss identifies varicus levels
and features on the banks, relates them to forre: sea level poaltions, and sug-
gests correlacions with festures ot similar depths from bank to bank and else-

wheve. All other wor“ers on the banks in the esast Texas area have dons 'ne

sa»e thing.
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Parker and Curray (1956) mummarized tne bathymetry of shelf banks {n
s histegram which showa modes of thelr cresta at about-3,-10, and-88 m.

Curray (1960) has pointed out thac the modes in the bark tops which lie at

-1, 40, and RS @ would seem to deny that a long etilistand at-76 = (as sug-

geated by McFarlan, 1361) could have occurred. This ignores, however, the
fact that net all of the banks repre 'wted in the histogram are surround-1 by
shelf terrain lower than-88 w. Thus, it is not veasonable to argue that &
large propertion of banks should lie at this level vhen many nf the banks in
the population described were actually hills rising from the coastal plain
rather than islande vhen rea level was that low.

The idea expressed by Curray (1960) that a very prolong:d stillstand
(greater than 15,000 years, sccording to Curray) would lead to widespread
and pronounced truncetion of banks at the level of the stillatand is not
necessarily sound. Islands may persist for long periods of time, depending
on the relative balance of destructionsl and comstructional processes that are
operative in the parilcular cosstal setting in which they occur.

Edwards (1971) felt that reef-build.ng constructional procesaes on the
Weat Flower Garden Bank (WFGB) were a late feature In the bank's history, with
nc important Toef facles below-30 m. Further investigations by Rezak and
Pryant (1973} have shown that this is incorrect, and that drowned reefs are
known to exist at three lowetr levels: -55 to -58 m, -88 to -89 m, and
=128 to -131 m, This ia direct evidence of constructional processes at
work, wiiich muat have compensated for destruction from wave attack.

The recognition of the three levels of drowned reefs in the WFGB leads
to many intersstiang questions about the internal structure of the bank.
Edwarde' view that the bank has a core of fertiary rock 18 sowewhat quertion-
able in this light, ana the poasibllity arises that {ts cir~ is mainly reefal
ruterial (coralline and algal). This cannot be substantiated from published

descriptions, which are overly vague. Edwards preseuted photographs of
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presumed Tertiary rock outcrops at -79 to =82 m, but gave no description of chelir
charreter, He described li.hoclasts, which were a winor component of »~durn
cediment facles, from -50 to -113 m. These wera described as 'dark in color” and
usually with 'numerous silt-sized ._hell fragments surrounded by a tuddy ma-

trix." The lithoclasts were said to be derived from bicdcgradation and ero-

slon of cateropping Cenozoic sediments, such ag ware 1llustrated by the phota~
graphs. Without additional evidence, it is no: possible to decide 1f the

bank 1s primarily reefal throughout or 1if {t has an older rock core. In either
case, reefs have existed in the past at four different lavels, at leasat on the
WFGB.

Edwards (1971) concluded in a study of the WFGB that his evidence indi-
cated former shoreline positions at several levels: 1) below-182 a, as indi-
cated by "buried, seaward-dipping erosicnal surfaces" which extend to thia
depth, as seen in the sub-bottom profiles; 2) slope breaks and r small terrace
at <121 to ~-1* m; 3) an~89% to -90 m terrace and sub=horizontal, stratificd re-
flectora in the sub-bottem, +ith some small-scale channel forms; 4) a -73 to
-82 m level marked by one wide terrace area and some smaller "erosion surfaces";
and 5) a -46 to -51 m level with terraces on the two main pinnacles.

The argument that Edwards (1971) used to hypcthesize that deltaic sediments
were deposited in the area of WFGB at the time of his -89 to ~90 m sea stand is
intriguing. It :; based on the sub-bottoa profiles which show stratification
suggestive to him of topset, bottomset, and foreset structure, such as that
agsoclated with deltaic masses. From these structural properties, he infers
that a delta existed to the north and east of the bank during the -89 to -50 =
shoreline ozcupancy. This is & plausible argument. Yet an alternative ex-
planation may be that this structural configuration ia part of the local tec-
tonic effect of the salt dome. Specifically, it could well be evidence of a

rim syncline zone of deformation around the dome, which i3 an apparent ferture
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in the deeper sub-bottom as shown also by Edwards' cme~cubic-inch, air-gun
profile (1eproduced here as Figure 3-v,.

Resolution or chese problems will require both samples and, possibly,
cores to learn the character of the sediments and a better thiree-dimersionsl
concept of the structure of the dome from more reflection profiles. With
samplea and cores, tte age and zuvironment of deposition of the sediments can
be eatablirhed, and our paleogeographic information will increase. This, added
to increasing structural knowledge from more sub-bottow, structural data ac-
quisition (and increasing skills in storapge, retrieval, and display of these
data), fhould permit more definite interpretation of paleogeography in the
near future.

Poag (1373) stated that "wave cut terraces, ercsicnal uncunformities,
ad relict reefal amsemblages" on the east Texas banks indicated eight past
sea level stands at depths of 60, 78, 82, 100, 126, -135, 194, ana 223 meters.
Poag states that featu'es at these levels are present "at equivalent depths
on several banks,” but actually presents evidence only in the form of four
sub-bottom profiles over four banks. Some of the features shown on these
profiles are relatively minor and are not particularly convincing (such as
the=2231 m feature), but others (such as a shelf at -78 to -85 m) seem real
and signiricant.

Clearly, detailed interpiciaiiccs of this group of hanks, where tectoni:s
effects are probably significant, will require highly detailed investigatiom
of each separate bank. For our purposes in this report, however, the banks
¢learly show evidences (as cited Iin the works review:d above) of having existed
at various times anddifferemt positions of sea level as submerged barks, reefs,
islands, headlande, und hille rising from the cocetal plain. For all cases of
subaerial exposure, their sujtability as hablitat for early people was likely

to have been excellent.
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Edwards has presented an illustration of this interpretstion f the ap-
pearaice of the WFGCB at the time sea level was about 121 to 134 m “elow the
present level (with which we concur in genera'} (Figure 3-7). The {lluatratiom
is an oblique aerfal view looking landward {nirthward) of the WFGE dome struc-
ture, rising as a hill at the coast much as oth:r salt domes (such as High
1sland) do today. The various potential habitats can be readily visualized.
Barrier froms are interpreted to have existed flanking the dome in the fore-
ground.

Besides the banlks, there are other indications of relict forms on the
Outer Continental Sheli. Minor excarpments or slope breaks are indicated on
Volume 3, Plate 2, in water depths of -130 to ~140 m and -80 to -90 m. These
compare with similar fesatures on the banks.

One of the mwos: prominent features of the east Texas shelf sector 'les

on the far western side, where the -80 to -100 m contour reveals a large, urcuate

bulge which we interpret here as a submerged delta, There is a steepening of
the slope associated with this bulge ar about 84 m. At present, this is still
an area of limited bathymetric detail, but generally it seems taat contours
are rather regular, without indications of complax topography. The regularity
of the contours probably reflrcts the smoothing over of relief features by
Holocene marine sedimentation which, by obecuring the details, makes interpre-
tations difficule at this time. Curray (i960) referred to this form as the
Colorado delta, but did not elaborate on this interpretation. He did show that
surface sediments in the area of the bulge were of a subarkosic nature similar
to theose of the present Colorado-Brazos and Ric Grande deltaic sediments.

In the eastern half of the east Texaa sector of *he shelf, there are two
ridge-1like forms which both trend into the ares of Stetson Bank. On the land-
ward side of each, there is 2 depression of channel-ltke configuration. Curray

(1960) termed the channel on "he western side the Zuter Brazos-Colorado channel,
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which he believed %o have formed as an actusl alluvial channel of thege rivars.
The ridge south of the channel he Tegarded as a barrier spit, which develaped

ar the mouth of tﬁis river durinz a falling stage of sea level. Thias interpre-
tation reflects the fact that the ridge is not a sub-horizontal terrain element,
but slopes across the shelr from depths of 53 m to 64 m.

The more eastern ridze form and associated channel was interpreted in an
analogous manner. In this case, the channel was termed by Curray the "Loulsi-
ana Channel,”" and the "barrier spit"-shaped ridge slopes from about -57 m
te 65 m.

These Interpretatious seem plausible, but are not comple:zely acceptable.
The geometrv certainly does suggest coastal barriers or strandplain forms. Their
sloping across the shelf conceivably does represent a regression, but can also
be a tectonic product or partly a product of erosion. When the two are
viewed together, they define an arcuate outline which may well represent a
delta lobe with which the forms are contemporaneous.

This arcuate lobe is of large scale, even larger than the present Brazos-
Colorado del:ta area. The meaning of this scale difference is intriguing. It
can be interpreted many different ways. The delta perhaps represents the in-
tegrated discharge of a much greater catchment a.ea than that of the Brazos-
Colorado catchment arca of today. Since the ccastal rivers and streams which
formed the delta bulge flowed across 100 to 150 km of aaditional exposed terrain
at the time when sea level was-6( m or so below its present level, many of the
streams which now flow separately to the sea may have then been integrated into
one or more major yrunk streams, Thus, conceivabliy, the delra bulge represents
the combined flow and sedimentation not just of the Brazos~Coloraao, as Curray's

name would imply, but also of the Trinity, Sabine, Calcasieu, and several other,
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The size of the delta lobe could partly represent either an abundant
supply of sediment or a long duration of sediment accumulation. Sedimeut
supply duting a falling stage could well have been higher because of rivers
adjusting to a decreasing base level and may have been higher at other times
for orher reasons.

The Stetson Bank, which is in the area of the forms just described, 1s
a salt-dome structure which reportedly (Edwards, 1977) haa Tertiary 1ock out-
crops at the surface. It is also the area from which one of the most inter-
esting radiccarbon dates reported from the entire Sulf continental shelf comes.

This is the articulated Rangia cuneata sample, first reported by Neuman (1958),

vhich gave close age results om replicated samples. The sample elevation was

48 m, and the mean of the age determinations was =sbout 12,300 years B.F.

This date is perbaps the best estimate of the age of any of the shoreline

features submerged on the shelf that exists. The delta may very well be of

that age. On the other hand, it cannot be denied that the estuarine Rangia-

bearing deposits are posaibly not contemporaneous with the delta bdulge.
Similar forms sloping across the shelf exist inland from the form as-

goclation just described. One of these, shown on Volume 3, Plate 2, was also

described by Curray as a relict barrier spit, flanked on the landward side by

a channel which he termed the "inner Colorado-Brazos channel.' This feature

extends fiom about -26 to =40 m. Smaller, less-extended forms exist in the

same denth range in the eastern part of the east Texas sector. :
Again, Curray's interpretations of the nature of the larger of these

forms 1s regarded here as plausible. The smaller ones are also interpreted

as barrier-strandplain features. Poor bathymetric control and lack of other

detail do not permit further interpretation. ‘
The areas known ag the Freeport Bank and the Preeport Rocks just off-

shore of the Brazos—Colorade Delta ara part of one of the most interesting 4

assoclations known on the Outer Continental Shelf. The maps presented
91
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by Curray (1960) and Winchester (1971) show that indurated roch outcrops occu:
at numerous localities which form linear trends.

Winchester has described the rocks which outcrop off of Freeport, Texus,
in a depth range of -14 to -20 m. These rocks form a linear trend over a distance
of 31 km (Figure 3-8). Four litholegies pridominate in samples: 1) ortho-
quartzite, 2} fiye- to medium-grained calcarenite, 3) coarse calcarenite, and
4) caliche nodulea. All four rock types are cemeted by low-magnesium, calcite
cement. Shell materials are affected by Lecrystallizatior. Much of the shell
materfal may have been derived from the Beaumont formationm, which is said to

underly the rocks.

- L -

. L 3 "y Ay

Figure 3-8. Rock outcrops off of Frzeport, Texas, at depths ranging
from -14 to ~20 m below sea level. (After Winchester, 1971).

Winchester makes a comparison of the environment of accumulation of
the beds forming the Freepert Rocks with the present-day beach near High

Island, Texas. At the High Ialand beach, much of the coarse, shell fraction
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{a rewirked older shell with Rangia cunesta and Crassostrea virginica as common

occurrences. Wincheater obtained dates ranging frow 3300 to 28,000
years 3.P. on shells of these forms from High Taland beach. He feels that
puch cf this shell is reworked from the Beaumont formation, which outcrops
at a8 shallow depth near High Island beach. For the older speciwens, this
seems quite probable, although szome which give younger ages may be reworked
from Holocen: deposits as well, Caliche nodules are also aoundant at
High Tsland beach, and the stratified beach depoaits show the same major
lithographic types as at Freepor* Rocks.

The preponderance of rewotked shells in such deposits makes shell
dates suspect. The recrystallization of the shell also casts doubt on
the weaning of radioscarbon dates of such shells. Winchester points out,

therefore, that the actual age of the Crassostrea virginica shell which

Curray (1961) dated from the Freeport Rocks arca is possibly older than
30,000 years B.P., although the indicated date was 16,900 + 1800 years B.P.,
which may reflect contaminating "new"” carbon added at the time of recrystal-

ilzation.

Winchester goes on to argue that a date of 22,886 + 431 years B.P.
obtained by him on th> low-magnesium,calcite cement of the arthoquartzice
rack type is probably older than the time of formation of the Fr-vp:ct Rocka
sin<e¢ the source of the cement carbonate must have been shells, ainvy of which
weve much older. Winchester also dates a caliche nodule and argues that since
it formed originally as low-magnesium calcite, it has possibly undergone lictle
or no subsequent recrystallization or uptake of contaminating carhon. Petro-
graphic stw'y of the noduie also revealed no recrystailization. The nodule
wes dated at 15,857 + 268 years B.P. Winchester states that "because the caliche
formed on the Pleistocene Beaumont surface prior to its incorporation into the
sediments of the Freeport Rocks, the age of the Freeport Rocka must be leas

than 15,857 + 268 years B.P." (p. 220).
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Nelson and Bray (1970} have described and interpreted the sediments of
the Sabine and Heald Banks offshore from the easternmost part cf the Ter s
cnast. They interpret a history of sea-level rise over an area previously
entrenched by the Sabine and Calcésieu Riveras. Cores and marine sonoprcbe
records allowed reconstriction of paleotopography and palecenvironmenta.

Twe Ingleside shoreline features which were discussed at length in the
central Texas sector are believed by many to correlate with similar, old,
stranded beach ridges which exist in ths east Texas sector. This correlation
is not accepted by all, however (Wilkinson et ai., 1975,. The Ingieside
features of central Texas terminate in outcrop at the western side of Matagorda
Bay. From this point, there is no evidence of such stranded beach ridges for
a discance of about 130 km along the coast. The first occurrence of ridges
in the east Texas area is near the Hoskins Mound, a salt dome just northwest
of the southwestern tip of Galveston Island. From chis point, there are inter-
mittent areas of outcrop of the old littoral features extending all the way
into Louisiana. -

it 13 of interest to note that while in the central Texas sector tae
1gleside trend is concave seaward and nearly parallel to the present shore-
line, in east Texas and Louisiana it departs from this pattefn. Near Hoskins
Mound the trend diverges in orientation from the present shoreline and
actually shows a slightly convex seaward curvature. This partly reflects :the
effect of the Brazos-Colorado niver system, which has influenced this area
throughout the later Quatermary. Following the old stranded shorelines to

the northeast, the concave seaward curvature again becomes apparent.
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Graf (1966) has presented boringa and a general Interpretation of these
relict shoreline features. In general, he ccncludes that they were developed
during & phase of deposition of the Beaumont formation. His borings and
analysls reveal Intense weathering and post~depositional alteration of the
shoreline sediments. This and other evidenca led him to suppose that an

interval of relative aridity followed the period of their formatiom.

West Loulsiana Arca

A zone of banks, shoals, and knolls extending acrosa the shelf edge of
this area (Volume 111, Plate 2) is a continuation of the trend previously dis-
cussed in cthe East Texas area. The moat promirnent of these features lie at
deptha of -80 to -200 meters. A smaller group, including Phleger and Sweet
Banks, lies seaward of the -200 meter contour. Another cluste. occurs in the
central part of the West Louisiana shelf at shallower depths, between the =50
and -70 meter contours., 5Still a fourth group is found around the margirs of
the Missiasippi Trough, between the =50 and -150 meter contours.

Submerged banks in this area have been studied by oceanographers and marine
geologists from Texas A&M University. They found that the banks, like their
counterparts in the East Texas shelf area, exhibit features interpreted as sub-
merged, wave-cut terraces and eacarpments. Filgure 3-9 (After Poag, 1973} il-
lustrates 3.5kHz sub~bottom profiles of Sweet Bank and Back 7. (3¢e Volume III,
Plate 2. Bank 3 lies betwesn the -80 and -100 mete: contours iumedlately east
of the East Texas- West Louisiana boundary 1line), Several well-defined terraces
can be distinguished on the profiles. While they may be cupped with reef-like
deposits wost if not all of the knolls had their origin as shale or salt

diapirs.
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The Mississippl Trough, a major feature of ti.is area, is believed to have

formed during intervals of low sea stand and, as the name implies, was cut by the
Misaeissippi “Wiver. When formed, the river was not building a suvaerial delta,
but rather was discharging directly in.o the head of the trough and a grest
supmarine fan formed in the deep waters of the continental rise. This in-
terpretation was developed by Fisk (1956) and has been generally accented by
later researchers. The situation at the mouth of the Mississippi during these
low ses stand intervals was comparable to that found at the mouth of the

present-day Congo River.
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Figure 3-9, 3.5kHz sub-bottom profiles of Sweet Bank and Bank 3, Major
and minor terrace levels can be distinguished. Gas s~eps along
the flanks are believed to be associated with structvial activicy.
{(After Poag, 1973.)
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Mere f2 some aviience that tae trough functionsd during the {nterval from

Syt te 15000 vears BUTL Supporting data come from deep borings in tne
vieloity nf the melern birdfoat delta. Radiocarbon Jdates from these horings
fodt, 4te that during tie lriervil ¢lay alner-1s charvacteristic of the
Micatsalpnl, #labama, Weat Florida shelf areasawvere sweeping to the west
{(Morgan, Colewan, and Gaglisoo, 1963). The best explanation for this condi-
tion is that issiasippl River sediment was h:ing funneled into the deep Guif.

The middle and inner dreas of Lhe very broad West Louisiana shelf are
Jomirazed by aix large delta bulges or lobes. One of the lobes is located
south of Cameron, Louisiana, and lies lar,ely landward of the -20 meter
cantour, At least three promirent, transgressive sand complexes help to
distinguish this lobe.

A patr of smaller, but very well defined delta lobes lies inside of Lhe
-20 meter contour south of Vermilion and Cote Blanche Bays. They are ~apped
by tranagressive sand complexes, the most distinctive of which is Trinity
Shoal., Tiger Stoal, which is also part of this lobe, is a curious "Y"-shaped
feature which may reptesent the bifurcated, relict natural levee ridges nf &
major distriburary channel.

Two overlapping lotes lie south of houma, Louisiana. They are landward
of the <20 meter contour and are capped by multiple transgressive complexes.
The trans;ressive complexes on the inner lobe are known collectively as Ship

Shoal.

The atxth lobe is found between the ~20 and —-40 meter concour south of

Grand lake and White Lake. Not only does it occur in deeper wacer than the
other five, but it also lacks the trwsgressive complcxes. Numerous reports

of "rocks" from this area of the shelf may be calcium carbonats nodules, ferrcus

nodules, ot poasibly slabs of cemented beach sand. The first twe instances
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could {ndicate a subaerially weathered surface; the third, erosion of trans-
preasive sands.

1t {m interestirg to ncte that relict delza lobes on the low roastal
terraces of Texas and Loulsiana formed by the Brazos, Trimity, Sabine, and
other rcoastal plain rivers also lack transgressivesand complexea, Such lobes
may be characteristic of intervals of falling ses level, while those with
traiagressive sand complexes form during stillstands or periods of rising
ses level, Thus, we may speculate that the firs- five deltas discussed above
formed during relative stillstands or periods of slow rise, while the sixth
formed under falling sea level conditiones.

Even though this srea of the shelf has been extensively .iuvestigated by
coring, geophysical, and remote-sensing techniques, the lobes are not well
described in the litera-ure. Fisk (1955) showed in illustrations how deltas
formed south nof Hruma, Louisisna, after the Mississippi River abandoned the
trough (following the Wisconsin glacial maximum). Currsy (1960) snd others
have followed this interpretation. Curray (1960) shows the lower of this
pair of icbes forming around 12,000 years B P. and remafning active until at
least 9,000 years B.P. According to Curray, the inner delta, the ship siocal
delta, became active around B,000 years B.P.

The lcbes south of Vermilion and Cote Blanche Bays have been referred
to as the Maringouin Delta Complex. Dates for this complex are given as
8,000 to 6,000 years B.P. (Coleman, 1966; Saucier, 1974; Fraztier, 1974).

Several authors (Jones gf al.. 1974; Saucier, 1377} have shown tnat relict
Migsissippi River chanrels are associated with the Prairie Terrace of south-
western Louislana. Jones interprets Mississippl River scars as ‘ar west as
Mud Lake (weat of Camervn, Louisiana). At least by inference then, the two
western lobes may be related to the Mississippi River and their age equivalent

to the onahore Prairie Tertaue.
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The West Loulsiana shelf area has been subiected *o both rapld sutsidence
and estensive diapiric movements as a result of sediment leoading. Major
fault zones occur, in predominately eaat-west trends. The boundary between
this uait and the East Texas unlt, marked by an alignment of large diapiric
structures, may also be a major zone of structural weakness, Uplifted diapiric
structures have forwed both true islands and Prominent relief features in the
otherwise flat coastal terrain. Unthore salt-dome prominences are known to
have important archecloglcal sites, We can assume that the same {3 true for

at least nome of those on the continental shelf.

East Louilsiana Area

This area encompasses the Late Holocene deltaic plain and subaqueous
deltaic area of the Missirsippli River system (Figure 3-10). J3urface features
and surficial sedimcnts are generally lesa than 4,000 years old.

The Holocene history is very complex but has been well descridbed in che
literature. For summaries the reader is referred to the works of Fisk and
McFarlan, 1955; Kolb and van Lopik, 1958; Bernard and leBlanc, 1965; Gould,
1970; and Frazier, 1967, 1974 . Deltaic processes and the earlier cequence
of delta lobes are discussed in Chapter 7 of this volume.

As shown in Figure 3-10, the landmass of southeastern Loulsiana 1is c¢om—
posed of overlapping delta lobes: The distal ends of the older lobes h2va
eroded and subsided, sc that former land ateas now lie below the shallew in-
shore waters of the continental shelf. For example, the landmass of the
St. Bernard delta (Figure 3-10) nnce extended beyond the present position of
the Chandeleur Island. Marksville Period archeological sites (circa 2,000
vears B.P.) are known to have existed slong distributaries of this former
delta (McIntire, 1959: Saucler, 19631). Occupation continued through historice

times. Thus, prehistoric terrcstrial sites inhabited during active buildout
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of the old deltas and during carly stages ¢{ their deterioration can be antici-
pated in shallow shelf areas,

The Modern Birdfoot Delta (Figure 1-10) hp< been constructed by sedimen-
tation in the vicinity of the active outlets of the Mississippd largely duriag
historic times. Old light houses, port towns, and »ther historic buillings
and archeological sites are kncwn in the Modern delta area. A number of
these, such as the port town of Balize (1734-1888 A.D.) have subsided and been
vovered with silts and clays, to be incorporated within the sedimentary deposics
of the delta mass,

We can reasonably anticipate that a large number of prchistoric terrestrial
sites have also been encapsulated in the alluvial depoaits of older delta lobes.
Figure 3-11 illustrates a geological section through southeastern Louisiana and
shows the great thicknesses of sedimeut that has accumulated during late
Quaternary times. Because of the combination of high subsidence rates and
rapid deposition, surface features of older delta are :yplcally buried. This
situation contrasts with conditions found in more stable shelf areas, where
relict terrestrial features may retain their form on the bottom or be reworked

by marine processes after they have been drowned.

) TSRRQCEB% DELTAICPLAIN —————ro GULF OF MEXICQ A
NEW ORLEANS ~BIRDFQOT DELTA
FSEA LEVEL - ——— i
=100 ..
300 — — E]
—_— -
DOWNWARPED WEA THERED SURFACE 7 TN— — [0 ¢
(TOP OF PRAIRIE FM ) B -
1000 - = e

50 106G 180 MiLES

—_-'-}DEU'MCSAND_ SILT, DELTAIC & MARIME SIL.T FLUVIAL ss*mauo-’-\.am
- L CLAY & CLAY WITH LOCAL SAND & GRAVEL
SAND LENSES

Figure 3-11. Generalized cross-section through Late Holocene deltaic plain of
the Mississippl River. Note thick wedge of deltaic sedimeuts
and buricd svrface of the Praivie Formation. Location of section
shown in Figure 3-10 (Aftev Fisk and McFarlam, 19535).
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Figure 3-12 shows downwarping of the Prairie Terrace surface vhich has
resulted primarily from rapid Holocene sediment depositica in this area. It
ghould be noted that the map datum is a buriedweathered surface of soil zone
that has been traced through innumerable borings in the deltaic plain and
continental shelf areas. Until recently most geologists have correlated the
upper buried soil horizon with the suriace of the Prairie Terrace and con-
sidered it to be the top of the Pleistocene. As illustrated in the section
shown in Figure 3-13, this simple model is no longer valid. Boring data In-
dicate that there are several distinctive buried soil zooes within the Late
Pleistocene-Middle Holocene section. Theae are related to the complex inter-
play of depositional events and sea level fluctuations {aee Frazler, 1974;
Saucler, 1977}.

Another feature of special interest in the section shown in Figure 3-13
1s the filled and buried trench of the Pearl River. The section suggests that
the trench was cut sone consaiderable time after 32,000 years ago a.! was in
the procesa of being fill. d 17,000 years ago. By about 9,000 years B.P. the
tropeh had been completely filled and was no longer an active feature at the
place where it is crossed by the line of section, In fact, Frazier (1974)
indicates that there is a significant hiatal surfuce across the top of the
trench surface and at the bage of theRecent (1.e., post 8,400 years B.P.).

Part of this same section has been encountered in boriugs at South Pass
in the Birdfoot Delta area. The modern delta has extended seawa~d beyond the
former edge of the continental shelf and provides a natural platform for
drilling into now=buried shell deposits. Detailed studies of samples from
borings at South Pass have been made (Morgan, Coleman, and Gagliano, 1968).
Figure 3-14 {llustrates the reconstructed section. Sediments associated with

the modern delta extend to deptha of -76 to -107 meters. These are directly
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ORGANIC MUCK
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WEATHERED & ERQDED [] RADIOCARBON AGE, YEARS  wewm==w, SIGNIFICANT HIATAL SUTESCE
PLEISTOCEME SURFACE BEFORE PRESENT AT BASE OF RECENT DEPOSITS

Flgure 3-13. Sectlon through southeastern Loulsiana i1llustrating offlapping

pools of coastal and deltaic sediment, Note mulriple weathered

zones and hlatal surfaces. Location of section showa in Filgure
3-10. {After Frazier, 1974.)
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Figure 3=14.

Depositional sequence shown by borings at South Pass. Shallow

continental shelf deposits dated at approximately 15,000-15,500
years B.P. are overlain byLate Holocene Mississippl River delraic

deposaits.

Location showm

in Figure 3-10,

and Gagliano, .968a and 1968b).

(After Morgan, Coleman,

underlain by older shelf deposits Introduced by the St. Bernard delta system.

At depths of approximately -119 to -127 meters 1s a very distinctive shell

horlzon representing a hiatus at the top of the Pleistocene.

This shell

horizon, dated at 15,175 + 5375 and 15,575 + 500 years B.P., has been encountered

in numerous other borings throughout the Birdfoot Delta area.

Within the shell

horizon, and below toa depth of approximately -14l1 meters, is a distinctive

clay mineral suite.

The clays in this part of the section (Clay Unit II) are

higher in kaclonite than the wontmoro'onite-illite-prich Missisaippl River

clays of the sections above {Clay Unit I) and below (Clay Unlt

II1). These

kaolmita rich clays represent an eastern. Gulf suite and are believed to have

accumulated during a time when Mississippi sediments were beinpy diverted inro

deep waters through the trough.
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A minor nlatus is represented by a thin shell bed and a change in clay
mincralogy at a depth of approximately -145 meters. Radlocarbon dater from
this ehell Sed are 25,250 + 1,450 and > 37,000 yeara B.F.

Stili lower in the seciion (-177 meters) is a third hiatus represented
by an algae recf zone cunsisting largely of the genus Lithotha. Ion overlying
sandplain sanda. Radiocarbon dates from this zone are 26,500 # 1,350 and
> 37,000 years B.P.

The three hiatal aurfaces in the lower part of this section are the
most significant to the present stuvdy.

Figure 3-15 shows a section through the St. Bernmard delta complex. The
slope of the weathered surface of the Pleistocene has been mappe! in thia
area, as has the trench of the Pearl River. Of particular interest is a sand
body associated with a relict shoreline at a depth of approximately -76 meters.

Saucier (3977) and Kolb et al. (1975)have identiflied two weatuered zomes
within the upper Pleistocene of the Lake Pontchartrain area(Figufe 3-16 }.Saucler
indicates that radiocarbon assays of marine deposits between the two
veathered horizons include dates of 27,000 + 1,200 and 29,300 + 2,000 years
B.P., plus at least nne date > 30,000 years B.P. While conceding that dates
in this time range a’e questionable because of possible contamination, Saucler
believes that designition of the deposir~ between the two weathered horizons as
Farmdalian iz justif .able on the basis of stratigraphic position. Kolb suggests
the same interpretat’on but 1is acre cautious and concludes that many more
radiocarbon dates arc needed and much more boring data must be analyzed before
the matter 1s resolved, The two weathered Pleistocene horizons from the Lake
Pontchartrain area seem consistent with Frazier's section illustratad in
Flgure 3-13,

Figure 1-17 shows a section through an area on the south side of Lake

Pontchartrain. Here a Late Holocene barrier-island complex rests on a weathered
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and eroded surface. The barrier island is believed to have been active circa
5,000 years B.P. This feature was suhsequently covered by sediment as the

early St. Bermard Delta built »ut into the area.

Mississippl - Alabama - West Florida Ar:a

This shelf area dispiays remarkably well-preserved relict topography.
There are several factors relafed to its nccurrence. The area 1a one of
relatdvely high wave energr. Through much of Late Quaternary history it h»s
been chavacterized by sandy coasts with relatively low inpur of fine-grained
sediment. The combinat'on of high energy and a good sand supply has resulted
in the development of prominent barrier beach complexes. Another distlnctive
feature is a major re-entrant in the shelf. In the vicinity of Choctawhairhe:.
Bay the shelf break lies only 40 kilometers from the present shore.

During the course of the prescnr study, newiy compiled bathymetric maps
(Cuter Continental Shelf Resource Management Maps) at a scale of 1:125,000
were published by the National Oceanic and Atmospheric Administration, National
Ocean Survey. Using these maps, an interpretation of the large-scale relict
topography of the shelf was made. The interpretative map along with profiles
is presented in Figures 3-18 and 3-19.

Ttere are several prominent deep-water features. The most importanc of
these iy the DeSoto Canyon, which 1s evident from the bowing of contours from
depths of approximately -1,070 m to the canyon head at approximately -450 m.
Immediate!y west of the DeSoto, three other canyon-like features occur in
water deptis from =1,250 to approximateiy -300 r, Of more immediate interest
to the present atudy 1s a trough, or canyon-like feature, in shallover water
depths near the edge of the continenial shelf extending from approximately
-250 » to =80 m. Lying due south of the present city of Pensaccla, it is

{ntimately rel:.ed to a pronounced zone of carbonats knolls, relict shelf=
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edge channels, and escarpments. W'thin this broad zone there are at least
three distinctive sub-zonea. Thn seavard terminug o° 'he deepest channels
lie i{n depths of approximately =120 to -130 m. Some of these channels tend
to be hranched or dendritic, thelr upper ends extending to about -80 m.

In between the channels are carbonate knolls,or pinnacles. These features
have been previocusly described by Ludwick (1364) and Ludwick and Waltem (1957}.
The reefs are clustered i{n zones approximately 1.5 km wide with an average
relict of 9 m, Ludwick and Walton stidied the pinnacles in the area from 85°
to 88" west longitude. They found that where the pinnacles were present they
were found usually at one or both of two depth zones, -68 © to -84 m, and -97

to -110 = (Figure »20). In the esastern part of the study area pinnacles vere
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Figure 3-20, Bathymetric chart of lower pinnacle zone south of
Mobile Bay, Alabama. Depth rontours in fathoms.
Supplemental notations in acters. {After Ludwick
and Walton, 14Y57.)
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found to be well developed and almnst continuous. To the east, pinnacle de-
velopment was found to bhe poor, replaced by humps and domes. <Samples taken
from the reef were found to be composed predominantly of calcareous organic
structures such as worm tubes, encrusting Bryczos and calcareous algae, soll-
tary corals and Foraminifera, Among the most common constituents were cal-
careous algae of the genus Lithathamnion,

The reefs were found to be neither thriving or living reefs, nor wholly
fossil, but rather an intermediate stage. They are believed to have become
established as reefs during a period of lowered sea level, Ludwick and Walton
(1957:2097) state that the ‘epth of the water at the living reefs probably
did not exceed -46 m and the shoreline was near the presert day -~535 m contour
or about 15 km north of the reef. Reef growth in this area occurred simul-
raneously with reef development at similar depths found elsewhere in the Gulf
of Mexice. The nou-living "West Indian" foraminiferszl fauna that occur in
rignificant concentrations In the reef area are believed to represent condi-
tions not unlike those existing at present in shallow areas off the coast
of south Florida or in the Florida reefs.

The second sub-zone of escarpments, dendritic channels, <nd reef-like
structures occurs in depths from -80 m to approximately -60 m. The escarpment
is at approximately -80 m, and the dendritic channels extend inland from this.
There are fewer knolls in this zone; thelr tops are at approximately -60 m.

A third sub-zo.e of branching, dendritic channels extends inland from
about the -50 mw contour to approximately the -40 m contour. South of Destin,
barrier-spit complexes appear to be associated with this sub-zone and occur
at depths of -46 to ~-48 m.

At depths between =30 and =36 m is the first in a series of continuous
and very well defined barrier complexes. Traced laterally, this has the

configuration of a double barrier. There is a barrier with a dune complex on
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the landward side thuit rises to elevations of approximatery -27 m, giving the
overall feature from 6 to 10 m of reliet, falling off to Jdepressions which
prabably represent an old bay, It then rises again to a second barrier and
dune vomplex behind which Ls » second depression suggesting a former lagoon.
Along strike, the rmooth, well-defined form of the barrier 18 broken periodi-
cr.ly by what are believed to be tidal scour features representing old tidal
passes or inlets. Here the trend of the ridge and trough topography is
transverse to that of the general shoreline. Ne doubt, submarine erosion hac
continued in these depressions ov tidal scour areas even after {nundation ot
the barrier lagoon shoreline.

Perhaps the most remarkable feature in this area, and among the moat
striking on the shelf of the northern Gulf, is a very large relict, barrier
complex lying south of Bonsecour Bay. The barrier is more than 50 km long,
crescent or barchan shaped. The distance between the horns of the crescent
is some 45 km. Bathymetri: concours indicate a more or less continuous ridge
extending around the crescent with a crest at depths of =30 to -38 m. These
are probably remnants of coastal dunes that were formed when the feature wam
active and that have been subsequently modified by submarine erosion. Lying
landward of this "dune ridge" is an area of highly irregular bottom topography
characterized by hiils and troughs. Some enclosed depressions have depths
ranging from -42 to -36 m. This may have once been an extensive ccastal dune
fia1d.

Connected to the southwestern horn of the crescent-shaped barrier is an
accretion fan of relict beach ridges. The ridges and bars of the fan branch
out tovard the west.

Inland from the double barrier, at depths from -26 to -36 m, is another
barrier-lagoon complex at Jdepths between -25 and =27 m. Another set of es:arp-

ments and barrlers occurs at a depth of approximately -22 a. A final set lies
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at adapthof approximately -18 m. The -18, =22, and ~-27 m shorelines trend
into the present shereline and intersect the present short.‘ine at an acute
angle,

It appears that the shcreline area east of Destin has been colacident or
reoccupled at several times during the Late Quaternary. A oumber of high-prob-
ability areas for site occurrence should be found in this area of the conti-
nental shelf related to the relict features just discussed.

Hyne and Goodell (1967) have previously described the innermcst submerged
bar.ier complex off ChoctawhatcheeBay. 1In their paper, they noted tie trends
of submerged barrier complexes at -i8 m and =27 m.

Still another feature that should be noted in this area ia the reported
occurrence of a submerged pine forest west of Panama City. Here, divers have
found in situ tree stumps at a depth of -18 . Radio-arbon dates of 36,520
and > 35,700 vrears B.P. have been obtained from wood samples, while & peat
sanple after thorough leaching of humic acide yielded a date of > 40,000
years B.P. (Shumway et al., 1962).

Relict shorelines trend at an angle across Mi{ssissi)pi Sound and are
truncated and reworked by the prasent active barriers forming the outer margin
of Mississippi Sound. The sands of these modern barriers have been derived
from the reworking of older, now—drowned trends. A remmant of one such trend
can be seen on Ship Island. This reworking of barrier trends of different age
also accounts for the notable difference in heavy mineral suites found on each
of the Mississippi islands as reported by Foxworth_et al,, 1962. In the omshore
area of Mississippl Sound the present coast is characterized by a major relict
barrier-island and lagsnr system. These have been described in some detail
by Otvos (1972) who believes that they are Sangamon in age (Figures 3-21 and
3-22).  Similar barrier lagoon features extend along the eastern Alabama and

west Florida coasts. A series of pronounced hooks or recurve spit complexes
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Figure 3-22. Generalized cross-section through the central Missiesippi Gulf
Coast area. Location of section shown in Figure 3-20, (Modified
from Otvos, 1972.)

on these old barriers in Choctawhatchee Bay sugges:ts that this water level has

been at this shoreline at least three times.

To the east of the present floodplain of the Pascagoula River i1a a well
defined relict flondplain of the came river. As shown in Figure 3-22, the area
is morphologically well defined., From oldest to youngest they consist of the
Prairie Terrace, a slightly lower surface distinguished by relict floodplain
features called the Pamlico Terrace (Harvey and Nichols, 1960), the Deweyville
Terrace, distinguished by relict meander and scars of large radius; and the
Holocene floodplain and coastal marshes. Saucler (1977) suggests that the
relict Pascagoula floodplain ig a Farmdalian feature (Figure 3-23). Wwnile
there are no radiocarbon dates from the terrace depcsits of this area, the
morphologic relationships of the various terraces identify it as a key for

unraveling the Late Quaternary sequence.
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Hest-Central Florida Area

Beginning at water depths of -145 and -135 m 1is the Iirst of a serica of
bulges that characterize tre ghelf edge in west-cent:il Tlorida. At le st
six of these shelf-edge bulges oceur; the uppermcat lies at a depth of
about -70 m. Jnrdan deacriiea these features in a 1951 article and i{llustrates
fathometer profiles showing surface form, From the configuration of the con-
tour lines and ;he fathometer profiles it is not too difficult to interpret
these features as a speclal type of barrier-spit complex. They are interpreted
here as relict cuspate-foreland islands similar tu the present-day complex
which exists In the vizinity of the Apalachicela Delta (St. Joseph Spit, Cape
San Blas, St, Vincent Island, Cape S5t. George, St. George Island, and Dog
Island - sée Figure 3-24. Figure 3-25 is a location map for Figures 3-26
and 3-27. Profiles A and B of Figure 3-26 provide examples of barrier islands
separated from an inner shove by a shallow rellct bay or sound. On Profilea A
the ridge and swale topography above -95 m probably represents an accretion
ridge set on the shore side of the former bay.

Profiles C and D of Figure 3-26 appear to represent a beach or barrier
ridge directly againgt the shore (bay-sound absent). Examples of barriers,
accretion topography and pronounced escarpments cén also be seen in Profiles
E-G of Figure 3-27. Depths of sea levels suggested by the profiles are as
followa: Profile A, ~95 to -105 m; Profile B, -117; Profiles C and D, ~-120 m;
Profile E, -134 m; Profiles F and H, -75 m; and Profile G, -70 m.

Schnable and Goodell (1968) have interpreted the Late (uaternary history
of the area in the vicinity of the Apalachicola River (Figure 3-24). Deltaic
sedimentation has resulted in pulses of progradation. Berause of an abundant
supply of sand and relatively high wave-energy conditions, major cuspate bar-
rier complexes have formed in the vicinity of the river. The deltalc sedi-
mentation has created the fortunate situation where the sandy deposits of

alder Pleistocene beach complexes are preserved and separated by fine-grained
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Figure 3-25. Bathymetric chart of shelf-edge bulge and related
features south of Panama City, Florida. Depth
contours in fathoms. Supplemental notations in
meters, (After Jordan, 1951).
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Figure 3-26. Bathymetric profiles of shelf-edge bulges =nd related
features. For locations see Figure 3-24. (After
Jordan, 1951.)
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EXAGGERATED 60-70 x -CEPTH IN FATHOMS

VERTICAL SCALE
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Bathymetvic profiles of shelf-edge bulges and related

features. For locations see Figure 3-24.
Jordan, 1951.)
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desoaita. As showa In Figure 31-14 at least three sequences of deach coe-
n*oxes have heen {dentified. Numerous undisturbed cores have been taken
throuwh the sequence, Radiocarbon dates, astratigra, hiec relat{onships, and
env.renmental Interpretation suggest that the larke '"middle” complex nf
bearhes was formed during a relatively high atand of the s¢a tual was near,
ot 3lightly higher than, the prerent s=a level hetween 24,000 and 40,000
years B.P. Schnable and CGoodell believe that the middle beaches correspond
to the Silver Bluff shoreline of Florida and Georgia. Saucier (1977) cites
the<e featumr s in sunrart of & relatively high sea level stand during the
aju-Wisconain Farmialian substage. However, cas Jiscuased in Chapter 4 of
this voiume radlocarbon dates fiom this time iaterval liave been yuestioned

by other tresearchets.

The borings also reveal the position of a rfilled trench of the Apalachicola
River. As shown in Figure 3-28, the base of the trench is cut into lithified

14: »stone of Miocene age. Rangia cuneata shell sermples collected just above

the Hiocene—Recenf unconforuity at the base of the beach (=22 m) yielded a
raliocarbou date of 9,950 + 180 years B.P.

Landward of thé Farmdalian beach complex are remnants of cone or more
older cumpl._xes of beach ridges (Figure 3-24). These are considered to be

Pleistocene by Schnable and Goodell.

Central Florida Area

Tais ares forms the northern part of the Florida Plateau, a broad,flat
arca underlain by relatively atable limeatone, The ocuter shelf consists of
what Price (1954) has termed the downwarped shelf (Tigure 3-29). This is a
terrace-like feature lying between the -I00 and -100 m contours. According
te Gould and Stewvart {1955), the landward margin of this outer shelf is marked
by & met of terraces at -100 to -120 m. Lecal relief on the terrace ia 2 to

6 m. Apparently the =120 m terrace is wave-cut and marks the lowest Pleistocene
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sea level (Bergantinc, 1971). In the central Florida area, the outer shelf is
t latively narrow, but {t broadens and has more complex surface topography to
the south.

Tight epacing between the -100 and -85 m contours defines a malor escarp-
ment which separates the downwarped shelf {rom a zrnne characterized by hilly
bottom topography (Price, 1954), This zone lies between the -80 and -40 m
contours. There is at lesst one nose-like protuberance at approximately -6) m,
vhich may represent a relict barrier-spit complex. Gould and Stewart {(1955)
have alco described a set of terraces at the -65 to -85 m level.

The -40 w contour approxjuates the outer edge of the Middle Ground Uplift
area (Brooks, 1973). On the edge of this uplift ares is the Florids Middle
Ground, an 800-square km reef with local relief up to 10 m. This feature is
believed to be a relict reef from Pleistocene time upon which two or more
meters of worm algal and coral growth has developed during the past 7,000
years {Brooks, 1974:102). Recefs have been described by Jordan (1953) amnd
others in the Florida Middle Ground area, Many isolated reefs rise from general
bottom depthas of -37 to -44 m to a common depth of -26 m.

Shoreward of the -40 m contour, the shelf can be described as a gentliy
sloping, submerged young karst plain. This part of the shelf, for the most
part, is smooth with relief of as little as 5 to 6 m being rare. Karat
topography characterizes the bottom within 50 km of shore, and it is here
that maxigum local relief occurs.

The coast in the vicinity of Homosaasa Bay, about 80 km north of Tarpon
Springs, Florida, consists of flat limestone, extensively pitted with sinkholes
and lacking sandy barriers. The sinkhcles apparently developed during intervala
of iower sea level (Shepard and Wanless, 1971),

To the nerthwest the Suwanee River and the Fenholloway River also pass

‘through flat limestone terrain and discharge onto a very gently sloping lime-

stone shelf with exceptionally low wave-energy corditions. Tannmer (1960) has
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classified this as a zero energy coast. This general area has well-developed
oystar reefs. The streams are all entrenched into the carbonate rocks; some
can be traced for about 5.5 km, where it 18 about % m deap. At this distance
o7 fstore, water Jdepths on either side of the channel are only about 1.2 m deep.
Erosion of the shall-. marine bottom is so negligihle that even micro-scale
‘1dal current channels {n the more shallow {lesa than 2 m) embayﬁents have
been maintaired as enduring features of the bottom (Shepard and Wanleaa, 19%70).
There are no areas in the marine environment of the karst where sedi-
mentation has occurred during Late Holocene times, Thie of course is the re-

sult of the sediment starvatioun of the srea. First, there is a lack of

quartzoee rock or claysy deposits within the drainage basina which empty into
the area. Second, although there is a relatively high level of precipitation,
the gradient »f the streams is very slight, minimizing flow velocities and
erosion capacity. Finaliy, the predominant rock formations, composed of lime-
stone, are soleble in water.

Erosion of the shoreline itself is also negligible. The limestone forma-
tion presents a hard surface to any physical effects, and there ia an absgence
of sand and sediment to be transported. The shoreline is eroded, however,during
drastic changes such as a hurricane storm surge which both raises the water
level in tha Guli and creates higher-energy waves to lmpinge upon the shore.
This increised level of wave energy can cross the shelf and be focused upon
a level oi the shoreline seldom exposed to wave energy.

The coastal terraces in this area are simply an onshore continuation of
che ofishore, low-—relief young karst plain. These terraces are virtually flat
with innumerable sinkholes. A few hummocks represent inactive dunes. On
the eaat silde of the area there is a distinctiva boundary between the low
coastal ter-ace and clder uplands (some of which are undifferentiated

Pleistocene coartal terraces). The boundary is marked by the Pamlico Sand
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Belt, interpreted to be . bea:h-dune shoreline feature posieibly equiva.ent
to the Trleside shoreline.

In the central part of the ares, between the Waccassa and Fenioll way

tvers, this old shoreline losea definition where it merges into a rivorine
¢oast. In this segment a relict delta of the Suwannee River has been {denti-
fied by previous researchers.

The Uplands aurface ia also characterized by numerous well developed
sinkholes.

Sinkholes are of three general typesa: the collapse s.nkhole, the solution
sinkhole, and the aquifer sinkhole. The collapse sinkhole (Jon et al., 1971)
cccurs where the limestone roff has caved into a voild created by the solvtion
of limestone. A solution sinkhole {(or doline} oeccurs where a soil mantle set-
tles into the sinkhole at the same rate that the limestone is dissolved away at
the bo*tem. The most prevalent in Florida is the aquifer sinkhole where the
water table is high and ercdes the overlying sediment and surrounding soil
into the sinkhole. This results in sediment becomirg trapped in the aquifer
system, and none being supplied to the Gulf for mirine depesitiom.

Paleo-Indian projectile points and bones of extinct Pleistocene verte-
brates have been found in many of the sinkholes and at numerous locales within
the bottoms of rivers and from river margins both within the uplands and
coastal terrace of this area (Neil, 1964).

North of Tampa there are many sand dunes which occur as 1solated features,
in groups, and as extensive dune fields, The more isclated forms are usually
clant U-gshaped or parabolir dunes, which reach widths of as much as 3 km and
for the mest part lie gseaward of the Pamlico scarp {approximately 8 m). Some
ave partlally drowned, being wholly or partially surroumded by sea water.
Examples of drowned duncs are the Cedar Keys in lLevy County and Horseshoe

Beach in Dixie County.
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The dunes are now largely {nactive. .\ill seem to have been nourished by
bearh-derived ::.4s. Beaches are gencrally absent from thiz part of the
Flortda coist at pregent. wmnd it 1s characterized by a marshy, poorly defined
shoreline develrped over shaliow carbonate rocks. The submerged dunes were
prebacly supnlied by a pre-moderm beach built at a lower sea level.

Trese drowned parabolic dunes must have formed after the Silver Bluff
shotreline, Had they bean present during Silver Bluff times, they would have
becn destroy>d by marine erosion or covered by marine sediment during that
period.

Dunes on the coastal terrace obsecure the Pam’ico scarp north of Tarpon
Springs and are believed to have formed during the time of a shore lower
and later than the Pamlico. Orientation of the dunes muggesats that they

were formed by a southwest wind.

South Florida Area

The outer shelf of South Florida comsiats of an extensive terrace-like
area, which 13 believed to be a downwaiped part of the continental shelf
(Figure 3-30). The downwarped shelf lies between the =200 and -100 m
contours,

Beginning at about -120 m, {t has a series of intcrmittent ridges along
ita outermoat edge, Thege ridges may have a relief of as much as 18 m. Per-
haps the best known of the ridgus is Howell Hook, which has beer described
by Jordan and Stewart (1959) as a residual barrier-spit complex formed when
Pleistucene sea level was at its lowest stand (Figurc 3-31). The other ridges
have been interpreted as barriers and bars from approximately this s.me time
(Berzantino, 1971).

Jordan and Stewart (1959:980-1)} describe Howell Hook a3 ™. . . an arcuate
ridge 65 miles (105 km) long impounding a 'lagoon' with a pronounced 'lagoon

channel’. . . The ridge crest and the bottom of the 'lagoon’ are generally
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smioth, but ther: are some isolasted rises. The deepest marti.,, o1 the

r

'lagoon channel' 1ia 30 feet {“ m) deep . . . a channel is also indicated
by an emba;ment {n the 100-fathom (183 m) contour .,

East of Howell Hook i3 an elongate 130 sq. km area of reef patches
(Jordan snd Stewart, 195%9)., Trere are also isclated pat-hes near the
"lagoon” feature. The large reef area lies in water depths of ~137 to -156 m.
Local relief of the reefs 18 3 to 5 m. A similar patch-reef zone occurs
160 km to the north at -110 to -128 m.

As In the Central Florida area, the outer continental shelf is separated
from the middle modified karst shelf by a zone of very well-Jefined escarp-~
ments and tevraces. Cae of the most continuous and best-defined egcarpments
on the sholf occurs at about ~35 m in this area, It can be trazed continuously
for some 240 km. A second,but less continuous, escarpment occurs between -75
and -70 m. Lying between the two escarpments is a flat, terrace-like feature.

At about ~80 m are several noge-like protuberances at the northern end
of the area. Toward the south at the same depth is & pronounced ridge-like
feature. Both the nose-like features and the ridge are interpreted as barrier-
beach complexes. Two additional nose-shaped features occur at about -70 m,

The northernmost of these Mclimbs" contours to -60 m. North of this contour-
cliwbing feature are two additional noze-~shaped features associated with the
=60 m contour. it will be recalled that Curray (1960) noted similar contour~
climbing features in the Texas area. All of thesge nose-shaped features are
interpreted as barriar-spit complexes. The configuration of these features
indicates a dominant longshore drife pattern from north to south,

The middle shelf,letween about =55 and =70 m, is characterized by what
Price (1954) has called modified karst topography. Areas of most distinctive
ka-st are Iindicated in Figure 3-30., These areas may correspond to the
cf [ormer bays where coquinas and other lime sediments particularly susceptible

to differential solution may have been deposited.
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Between -40 and -18 m are a number of features which suggest barrier-apit
cemplexes  and shore trends.

Sirkheles are known to exist in the middle and irner shelf, thonph they
are not thought to be extensively developed. Fvidence suggests that minkholes
and caverns become more frequent closer to the shore {Drooks, 1974:302).

There 18 a submarine spring located off Fort Meyers Beach. This
feature, known as the Mud Hole, is reported to be saline (chlorinates of
19-20 o/co), hot (97° F), and apparently rich in trace metalg. Pyle, Bryant,
and Antoine (1974:298) note that the Mud Hole and several “deep holes" reported
by fishermen all lie within a Selt 16 to 65 im offshore.

A number cof onshere aprings in this area have produced Paleo-Indian arti-
facts and bones of extinct Pleistocene animals (Neil, 1964). Among the most
important of these are Warm Mineral Springs and Little Salt Spring, where
systematic underwater excavations have been conducted (se= Chapter §).

In the Venice-Naples area prehistoric sites have been reported in shallow
offshore areas. Local collectors have found chert debitage, scrapers and
projectile points in shoala near Naples, Florida. Ruppe (persomnal commmi-
cation) ham conducted systematic excavations in a submerged site in 2 to 3 &
of water offshors from Venice, Florida. The site is a ghell midden and, among
other things, has produced pottery from the early ceramic Orange Period,

Numerous artifacts and fossil bones have been dredged up in Tampa Bay.
The artifacts range from Paleo-Indian projectile points to ceramics. Bones
of extinct animals have also been reported from the dredge spoils.

The southwestern part of penisular Florida between the Florida Keys and
Cape Romano is one of the most complex coastal areas in the United States.
This ia an ares of tidal channels and msngrove swamps, but there are open
lagoous.

In the western porticm, a series of quartz and islands and shoals pro-

tected by vermetid reefs (Shier, 1969) has developed seaward of the f
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mingroves. The most unusdual feature of the area is a seriea of large 1islands
composed of oyster shellr that lie more or leas in a straight line within the
mangroves from Goodland Island to Chokcloskee Islard. These islands are the

only habitable land. Their relief is the product of Indian midden accumulia-

tions upon cvater bars subsequent to 1,200 A.D.

The record of the Late Holecene transgression is particularly good in
the western margiﬁ of the Everglades. According to Scholl (1964) tha sedi-
wmentary successdion from the mangrove cwamps of mouthwestern FPlorida attests
to a 3 meter rise in sea level during the laat 4,000 years. The sequence
of transgressive sediments (Figure 3-32) consists of calcitic mud and fresh-

vater peat deposited on bedrock. Om top of this layer is a unit of basal
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Figure 3~32. 1Idealized cross-section of coastal maAngrove swamps
in the Ten Thousand Island area of the south Florida
coast. The transgressive sequence consists of fresh-
water deposits overlying bedrock which, in turn, are
overlain by paralic swamps and marine deposits. Man-
grove peat beginse to form over freshwater calcite mud

essentially at mean sea level. (After Shell and Stuvier,

1967},
fibrous peat, largely derived from mangrove and other rooted plants, and an
overlying marine unit of peaty and calcareous shell debris (Whitewater Bay) or

shelly, quartz-rich sand and silt {Ten Thousand Ialands area). Judging from
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rad{ocarbon dates (Scholl, 1964a), the mangrove peat unit began to form 3,000-
3,400 years ag after cessation of calcitic mud formation. Within a period of
a few tundred to a thousand years, {ormatlcn of mangrove fibrous peat in areas
wvhich are now waterways and intra-forest bays gave way to the dencaition of
shellv brackish-water ard marine sediments of the upper member of the trans-
gressive sequence. The envirom: mtal shift from freshwater to brackish-water
and marine milieus came abnout in response to a more or less ateady rise in

sea level and marine inundation of former mainland swamps. Because a con-
siderable body of evidence points to the probable tectonic stability of
southern Florida in Recent time, the recorded submergence 1s regarded as a
measure of an eustatic change in sea level (Scholl and Stuiver, 19€7). Based
on the age and elevation of fibrous peat overlying bedrock and freshwater
calcitic sediment, the rise in sea level across southwestern Florida 4,400 -
3,500 B.P. was 30 ca /100 years. About 3,500 B,P,, when sea level stood

1.6 m below its contemporary position, the rate of rise diminished by a

factor of five; since 1,700 B.P,, the rate of rise has averaged only about

3 cn /100 years.

Figur- 3-33 1illustrates the positions of relict shorelines on
Cape Sabie. Note that Shoreline Z has been dated at 4,950 + 120 years B.P,.
The shoreline has apparently prograded seaward since that time and the three
capes have developed on the island. The ages of relict Shorelines W, X and
Y remain to be established.

The Florida peninsula represents just part of 3 much larger geological
feature known as the Floridian Plateau. The southeastérn part of this plateau
has long been an area of deposition which shows evidence of subsidence.

Between Mfami and Key West, bottom contours indicate the existence of a
crescent-shaped plateau, the Pourtales Plateau, the surface of which aloper
gently fron a depth of about =180 m to =550 m. Off Key West, at the outer

edge of the plateau, large sinkholes )ave been discovered at a depth of-250 m.
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Figure 3-33. Cape Sable beach and relict shoreline fea-
turea. A. Relict sherelines with radio-
carbon dates in vears B.P. associated wirl,
features. Shorelines W-Z are low-carbonuate
mud ridges, Shorelines of individual capes
are shell beach ridges. (After Smith, 1968).
B. Typlcal cross-section showing modern and
buried peat deposits, (ifter Spackman et
al., 1964).
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These Nelewn, avetaging 1 hm ‘2 diametér and 140 to 170 m in depth, are evi-

ot Lt Temrtates Flatean wig once subaerially exposed and that thsre-
Pote the platean {e more likelv due to suhsidence «nd downfaulting than to
ervaloen by tre Flortda Currest wvhich runs along the plateau (Hoffmelater
YUoa., o ha dor fan et :_1_1_., 19447},

The Flortda Kevs form an arcuate, dlf\cr'nflnuou.s band wnich follows the
shape o( the Pourtales Platesu (Figure 3-34). They are composed of two
di=tinc: lithelogic unfts, tle Key lorgo Limestone and tha Miami Odlite
\Heffmedster and Mo 1ter, 1964). At the northern end of Miami the two diverge.
The more inland feature, the Miani O8lite ridge,vas a marine limestone bank
¥ lch wes '{thitied during the laat intcrglacirl about 100,000 years B.P,
The ridge curves to the scuthweet for 50 km #-d then westward to Capae Sable,
the southwest point of the Florida msinland. It then overlies the Lower
Keys from Big PFine Key to Key West.

The Key Largo Limestone is an elevated, fosailized Plaistocene coral
reef of about the tame age as the O5lite, being esstward and in slightly
deeper vater. At Mlami Beach, it is found 3 a below ses level. The ridge
extends 25 km south from Miami as a shoal which separates Biscayne Bay from
the Atlantic Ocean. It then surfaces at Soldier Kevy and is exposed in the
Florids Keys for 200 km to Big Pine Key. From Big Pina Key to Key West,
the limestone is submerged below the Miami OSlite. The Key Largo formation
{» also fourd in shallow vater along the eastern shore of the Florida main-
land extending southward from Miami for about 6% km,

At the southwestern extremity of the Keys are ring-shaped reefs calledt
the Marquesas and Dry Tortugas. These are coral reefs which have Seen in-
correctly called atolls. They are formed on shallow sediment banks and un-
like atolls, are not associated with subsidence, nor are they fringed by

deep water (Saith, 1971).
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While quartz {s by far the major constitvent of the heaches of Florida,
it represents only a small per-entage of the beach material on the Keys. On
both the east and west coasta of the astate, the percentage of quartz decreases
until jrst scuth of Miami Beach it comprises much less than 50% of the mater-
1al. On Key Biscayne, quartz ceaseas to be an important beasch conatituent.
Sti1ll farther south, as well as at Cape Sable c¢n the mainland, the beach is
almost entirely calcium carbonate in the form of coral, shell fragment, and
remaina of foraminifera. As an axample, Martens (1936) cites a figure of
97.52X calcium carbonate for Upper Matecumbe Key.

The Florida Keys and the modern reefs represent a special case of fringing
reef (Smith, 1971). Fringing reefs are formed by corals close to land and
in shallow water. Their growth 1s directed toward the water's surface and
outward toward the open ocean. This is & direct result of favorable condi-
tions seaward and upward and unfavorable conditions of increamed temperatures,
salinity changes, and sediment deposition landward. The result is the con-
figuration shown in Figure 3-35. A broad platform of coral rock im formed
extending horizontally in a seaward direction. The platform continues to

grow until its base reaches a depth of about -27 m (Smith, 1971), the depth
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Figure 3-35. Dovelopment of a fringing reef. Broken lines
indicate stages of growth. Rubble at tha edge
of the reef forms a base for farther extension
in deeper watersx. (From Smith, 1971)
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bevond which corals can no longer flourish. Farther sesward extension may
take plac= as a result of broken coral forwing a base of dead rock upon which
more ccral may grow. In addition, large-scale movement of land or sea level
can create conditions for farther extension of the platform.

The reefs of Florida, both the Keys and the modern reefs, are bank reefs
which differ somewhat from the usual fringing variety in that they were formed
farther from the shore (Swich, 1971). This area lies within a marginal belt
between lower and higher latitudes which, as a result, was greatly affected
by the glacial ages. During the glacial ages, the low latitudes remained
relatively warm ard were able to support coral growth. In the marginal areas,
however, corals died, leaving the shore unprotected. Waves vore away the
coast, creating a platform just below sea level and adding debris to the
offshore regiom.

Both the Keys and the living reefs are located upon a platform which was
once covered by a shallow sea. During the past million years, the platform
has been subjected to periodic exposure ani flooding as a result of with-
drawal of water during glacial periods and its release during interglacial
times. Pleistocene reefs which grew over extensive parts of this platform
formed a thick layer of rock. During the last glacial age, when sea level
was low, a platform was cut into the land. When the ice caps melted for the
last time, the platform was flooded. It now forms the base for the modern
reels growing off the Keys.

A north-south section from the Florida mainland reveals the environment
described below (Figure 3-36)% The southern coast of Florida is a curving
tidge rising 3 to 5 m above sea level. This ridge encloses the Everglades,

a freshwater swamp the surface of which is about 1 m above sea level. Be-
yond t.e southem border of the Florida coast are the Keys, ranging 8 to 50 km

from tte shore and extending westward teyond the western shore of the mainland
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Figure 3-36. (A) Map of Florida. a - southern coasat,
a' - Keys, a" - 1i7ing reef; d-d4' - bryo-
zoan and odélitic facies; e - Everglades,
e' - shoal water, e" - ship channel:

G55 = Gulf Stream and Florida Current.

(B) Cross-section of Florida along the
north~-socuth line of (A). Lattering is
the same as in (A). Dotted lines in-
dicate hypothetical former conditions.
(Modified from Grabau, 1960.)
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(Ginsburg, 1964). The bay is dotted with saall, lo# nangrove islande. The
roots of the mangtove trees trap large amounts of sediment carried by cur-
Tents. OSedimentation has progressed to such an extent that a large portion
of Florida Bay forms mud flats at low tide.

Seavard of the Keys, at a distance ranging from 5 to 25 km, lies a
line of living coral reefs consisting largely of the branching coral Porites
and the calcareous red algs Lithothamnion. These reefs are submerged, rising
out of the water in a few places. Between them and the Keys is & narrow
channel 9 to 10 m deep. The channel represents an area of sedimentation of
coral debris, shells, and other calcarecus material, Seaward of this livirg
reef, the bottom slopes rapidly into the abyssal depths of the Florida Straits.

The Pleistocens coral reef called the Key Largo Limestone shows a large
variation in thickness, At Key West, 1t isabout 55 m thick; at Grassy Key,
32 m; at middle Key Largo, 21 a; and at the northern tip of Koy Larg~, «4 m.

The composition of the Key Largo Limcstone is typical of coral reefs
(Hoffoeiaster and Multer, 1%6uw). 1t is made up of massive coral heads many
of which are surrounded by smaller coral colonies, shells and ghell fragments.
Reef-tuilding corals are found in the formation from top to bottom but are
most prolific Iin the upper two-thirds of the structure.

Although the Key Largo Limestone represents an elevated coral reef,
probably less than one-fourth of ita total mass ia derived from coral {Cooke
and Mossom, 1929). A large contribution to {ts aructure was wade by cal-
careocus algse, The great bulk of the material was derived from sea water
by a variety of organisms. |

Since the solidification of the rock, sclution and redeposition has
taken place. In some places, the rock contains heads of coral replaced by
calcite that shows the structure of tie original head. 1In other places, the

rock is a breccia composed of angular fragments in a lipe cement, The breccias
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represent loose material that has fallen into soiution cavities and has been

recemented.

The surface of the Rey lLargo Limestone (and the Miami 0Slite as well)
1s protected by a laminated crust averaging 3 cm in thickneas and in places,
up to 13 ca. It is beileved to have been formed largely in the intertidal
zone, but the same condition has been reproduced in the laboratory under
subaerial conditicas {Hoffraister and Multer, 1964). In general, the lime-
stone {s found to be harder within 50 tc 60 cm of the surface than below
(Cooke and Mossom, 192%).

Changes in salinity and other ecologic conditlions were at times re-
sponsible for the encroachmeat of corals westward upon the bryozoan community.
wWhen conditions were reversnd, the bryozoans dominated again and forced the
corals to retreat sastward. This process is evident in several intrusions
of Key Largo Limestone into the bryozoan facies (ibid).

As the bryozocan facies increased in thickness, o« .ites formed in ever-
increasing anountn.in the area which is now the Atlantic Coasral Ridge, a
ridge extending in a northesst-southwest direction. While this mound vas
being formed, bryozoans flourished to the west where they laid dowm thick
deposaita.

During a subsequent glacial period, sea level was lowvered and these
deposits were exposed to the atmosphere. Rain water flowing through the
interstice. of rock precipitated calcite around the grains and formed in-
durated rock seen thare today. During this periocd, the castern side of the
oflitic mound wvas conaiderably ercded by wave actiom.

The Lower Xsys from Big Pine Kay to Key West show some features strikingly
different from the Upper Keys. The Upper Kays form essentislly an arcuate thin
line and are oriented in a northeast-souchwest direction. Thae Lower Keys, on

the other hand, form roughly a triangle with Key West at the apex and Big Pine
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Fey at the base (Figure 3~37). Their orientation is in & northwest dircction
and they lie parallel to each other, increasing in length from west to east.

The Upper and Lower Keys also differ in composition., The Upper Keyes are
composed of Kev Largo coral reef limestone while Big Pine Key and those west-
ward are made up of otilite, However, all of thesa Lower Keys with surface
deposits of Miami O8li*: are believec tc be underlain by Key Largo Limestone
(Hoffme*ster et al., 1967). The relationship in stratigraphy of the two
formations is seen at a contact at the southeastern end of Big Pine Key
(ibid). Here the oolite overlaps the old coral reef to the south. The oflite
cover is a relatively thin layer. For example, at the southern end of Boca
Chica Key it is 2 m thick, and 2-1/2 kam to the north it becomes 10 m thick
(Hoffmeisater et al., 1967).

An explanation for the northwest orientation and the shallow channels of
the Lower Keys ia offered by Hoffmeistzr et al. 1967 The Upper Keys, which
ate m:de up of coral reef limeastone, parallel the edge of a reef platform.

The Lower Keys, which are made up of differect rocks, have g different orienta-
tion. Oolites probably formed on a platform just north of the coral reefs
which are now overlain by oSlite. An east-west mound of unstable oSlite at
least 10 m thick was formed behind the reof and extending the entire length

of the Lower Keya. As the layer became higher than the reefs, the oslite
tended to encroach over them and to eventually cover them. Tidal currents

then cut channels in the oflite normal to the orientation of the mound. During
the subsequent glacial period, the mound was exposed and the rock became in-
durated. When sea level rose again, the ollite was exposed to waves and cur-
rents. The erosional effects of the waves and currents were concentrated on

channels so as to create the geomorphologic product which exists today.
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CHAPTER IV

SEA LEVEL IN THE LATE QUATERNARY PERIOD

Introduction

The rige and fall of sea level durirg the Quatermary has fascinated
geclogiatgs for decades. Tris ia an areaa of investigation which 1is very
poofly understood due to the numerous difficulties and problems that re-
main unsolved and also due to the comparatively small amount of study
given to the problem., The thousands of wells that have been drilied on
the Outer Continental Shelf have contributed virtually no information on
surficial depcsits, and investigations pursued for purely theoretical
science are rare.

Nevertheless, a generalized view of the latest cycle of glacial low-
ering and subsequent rising of sea level has begun to emerge. In thia study,
we have attempted to syntheaize from all the available extant information a
history of sea level ~hange which we can relate to observed relict features
now submerged on the shelf., In recognition of the importance of glacial con-
trol on sea level changes, ve have also attempted to velate the sea level

changes to well-documented episcdes of glacial advance or retreat,

Fluctuations of Sea Level

A chronology table and a correlation map treating fluctuatioms of
sea level are given in Volume ITI, Plates 1 and 3. Plate 1 is a
chronology of Late Quaternary Events and presenta an interpretative
history of the relative fluctuations of the land-sea boundary (with
respect to present-day sea level as a datum). A curve of the relarive
change of land-sea level is correlated with the Intervals A-K discussed
later in this chapter, with glacial periods, with physiographic umits,
and with corresponding events in faunal evolution, artifact traditions,

and cul:ural sequences. Plate 3 iz a ma) correlating the sea level
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charges vith some of the relict features discussed in Chapter 3. It is
important to streca the relativity of the sea level to lard fluctuation,
since it 1¢ compounded of changes in sea level and changes in land level
(both with respect to some arbitrary datum, e.g., present sea level as
used here) and must therefore be expressed as a algebraic sum.

Ag Bloom (1967) has stressed, change in ses level may in fact lead
to opposing changes in land level due to isostatic effects. Therefore,
the record of fluctuation we see at the present time may indicate a
somewhat amplified curve with respect to a curve of true or ahsolute
change of sea level.

Besides being amplified, the curve of relative land-sea level must
be in various ways distorted (again, with respect to a true or absolute curve
of sea level fluctuation). Such distortion may result partly from a'Tag in
isoatatic response to sea level change. Other distortions are tectonic sub-
sidence or uplifr snd subsidence frow compactin. Tectonic effects may be
of regional scale or of local scale (as seen ar>und aalt domes). Changes
in the configuration of the geoid as & result of a sudden shift in
position of theearth's axis or in variations in the rate of rotatiom have
also been offered as explanations for sea level change (Newman, 1968),

The latest part of the curve is taken from a published version by Scheli
et al., (1969), which in turn is based on numerous datos of various coastal de-
poaits of southern Florida. The earlier, partly overlapping segment (about
4000 - 9000 radiocarbon years ago) is constructed in part from published dates
of Rehkemper (1969) from Galveston Bay and Coleman and Smith {1964) from

the Chenier Plain of Louisiana. The displacement of this :urve with Teapect

to the curve of Scholl et al. (1969) may partially represent a distorticn

such as described abové. perhaps a regionmal tectonic dietortiom, or geoid
chanzes. The dip in the curve at about 8,000 years is based on geomorphic

evidence discussed later.
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The curve from about 9000 years to about 10,000 years is based on two
dates from the porthweat Florida area, one from Jervey (1974) and one from
Schnable and Goodell (1968). Again, the shift in geographic ares is asso-
clated with a discontinuity which may well reprzsenc a distortion, possibly
from regional tectonic effects,

Beyond this time, only one posaibly useful radiocarbon date is known.
This was reported by Curray (1960). The sample is an excellent one, but 1t
was collected from near the Stetson Bank which, according to Pdwards (1971),
is underlain by a salt dome structure; therefore, the possibility of some
local tectonic effect exists.

The remainder of the curve is largely inferred from the forms idenci-
fied on the shelf, Chapter 3, and from knowledge developed elsewhere which

indicates the history of glacial conditions (Geological History, below).

Paleoclimatology and the Deep-Ssa Period

Some general considerations on Late Quaternary paleoclimatology are
important in a study of this kind, but in this area we are faced with the
fact that little attention has been paid to paleoclimate in past works. Con-
sequently, there is little available evidence from which inferences can be
made, o

Perhape the mos* authoritative work of concern here is that of Watts
(1975). Watts® pollen studies of cores from a lake basin in south-central
Florida showed a dry climate characterized by dune vegetation appearucd, which,
in turn, was replaced about 4700 yeare ago by vegetation similar to that
of the present.

Graf (1966) has made some interesting paleoclimatic speculations re-

garding the northwestern Gulf coast area. He considers the soil zones 1in
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the Beaumont formation, which are associated with the Ingleside shoreline
features with their characteristic caliche zones, to be evidence of a former,
relatively rore arid time. He further believes the characteristic micro-
relief featurea {lLhe pimple rounds} of the leaumont and older surfaces in

the area to be aeolian forma developed du.ing a time of aridity post-dating
the Beaumont surface (and the Tngleside shoreliae teatures).

Lundelius (1972), in his faunal analyais of the pit at Iagleside, con-
siders the pslecenvironment to have been warmer and more bumid than thae of
the present, His treatment of the age of thim unit {s noncommital, but “e sug-
gests the possibility that it is younger than Late wiscousin. This fauna,
in our opinion, may well represent an early Holocene deposit In the order
of 8500 - 12,000 years in age, The faunal material asasoclated with fresh-
water dune ponds may have originated at this time when warming, posaibly
induced by a surface layer of meltwater which covered much of the Gulf of
Mexico in a time of rapid glacial waning, brought to an end a cycle of ’
relative aridity that existed through mich of the period of glaciation.

The dune pond formed unde:r LLese wetter conditions.

At about this same time, there may have been partial stabilization of
the south Texas sand sheet and deposition of pond marls i: the stavilized
dune areas as diacussed earlier,

In Louisiana, Otvos (1975b) has provided some paleoclimatic interpre-
tations in his recent review of loess stratigraphy and distribution. He states
that "the fact of loess accumulation in ttself indicates a drier climate.’ He
alac notes that caliche is well-developed far to the south and east of the
loess localities in the Prairie formatien, indica:ing even more widespread
Jdrynesa. He states, "calcareous concretione do not accumulate in soils under
the present humid-subtropical climate of scuth Louisiana." However, it should

ba noted that calcareous concretions do develep in marsh and swamp deposits,
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raising some questions as to an arid interpretation of their origin.* While
probably Late Pleistocecne or Early Holocene, the specific date of theze fea-
tures has not been established. n

Part of the aridity of the Gulf coast may have been due to a reduced
frequency of tropical storms because of lower ocea temperature (Moran, 1975;
Adams, 1975a}.

Hammond (1976) has presented in preliminary fashion some conclusiona of
the Climap project, a major inter-institutiovnal study of sea~-floor sediments,
the results of which will shortly be published (McIntyre et al., 1976, and
GCater, 1976). Some conclusions are that at about 18,000 yeare B.P.:

1) the Culf Stream may have followed a southerly course toward Spain rather
than England; 2) equatorial oceans were as much as 6°C lower in surface
temperature, and the world ocean average was about 2.39C lower; 3) sea level
was at least 85 m lower than prement; 4} July surface temperatures om land
wvere as much as 1560 lower than present in are‘s close te rhe ice sheeta and,
on the average, about 59 lower over the continents; and 5).c11mate was gen-
erally drier than now, especislly ;n the northern hemisphere.

Emiliani et al. (1975) have recently presented results of an analyais of
the two deep~sea cores marginal to the DeSoto Canyon that are of the greatest
importance in interpretation of the Late Quaternmary hiatory of the Gulf of
Mexico, The cores were investigated in several ways, including foraminiferal
atudies, radiccarbon dating, aid determination of oxygen isotocpe ratios.

The foraminiferal studles showed several interesting trends: 1) warm-

water forms {Spaeroidinella dehiscens, Pulleniatina obliquiloculata, GCleboro-

talia menardii and G. tumida) were very scarce or abgsent throughout the cores

but increased in the uppermost core layers; 2} "._emperate-warm" species

* Otves (1975b) cites zeolian dune trends associated with the Prairie
formation in southeastern Louisiana &s further indications of drier conditions.
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vib ontgertoe ten aacinlifera=tril R and Glohequadrina eggeri) were present

RN At s oa thronghaut tee coren, arl 1) ths  temperate-ceold” ape-
Stew o oraralia §atTarta {e rare {n the uppermost tones but (omrmn in moat
1 the Voower fonces nf the reoree,

Sait.oarten Jating, ~f the corea wan done on bulk carbeonate srmples and

for thia reixecn pr.obhsbh’y overeatimated thelr ages since clastic carbonate
cont*tbution *hat i reworked ‘ruz Llder deposits {s inevitable. Familisnt
et al. (197%) es-{sated that dates in their core on Lhe northwest flank of
Pesote Canyon were about 5000 vears older than Jdates on equivalent horizoms
in the core from the southwest flank. They considered this to be due to
greatsr amounts of reworked carbonate in the forwmer. They judged the mcre
basinrward core ro give accurate radiocarbon ages even though bulk ssmples
were used through a presumed correlation with the y/z boundary of Ericson
et al. (1964},

Tte difficulty of interpreting the msny oxygen isctope and planktounic
foraminiferal studies is that there may be regional varisticos that lead to
cnnfused cotrelation., Few such studies preseat adequately cunsidered abso-
Tute age detertinations, and too often bulk samples of sediment have been
the taxis ol dating. Samples may also be irtegrated councentrates of calcium
carbonate skeletal materiale sccumulated over so broad a time interval that
the resulting sqe is suspect. It 1s gquite apparent that a generalized
review of this entire methodology, clarifying both its weak and strong
points, is badly needed, but beycnd the scope of the present study,

The !nraniniferal studies {n particular seen tc present many methodn-
logtcal difficulties. The uvnderlying assumption thst ssaeablage variations
can be interpreted to yield temperatyre variations through time is only
weakly suhs*antiated b7 studiew of modern ansemblages. The variation of fac-

tors other than temperaturc and the potential effect of these on the nature
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of the ssnemblages deserve more eaghasis. Sea level chengrs of the wagni-
tude described herein could well have impact on the brosd -scule structure
and function of marine eronyatewn, cauning conaiderable ahifte In the rela-
tive halance of populations of many marine species., The wvays that this might
be exprensed in the planktonic foraminiferal populations {(which collertively
are merely me component of the larger msrine ecoaystem) are by no means
alaple. Lacking knowledge of such ecoeystem response, it L{s clear that
relating variations of planktoaic populstions solely to temperature change
is csrtainly an oversimplification.

Vergnaud Grazzini (1975) has published one of the more intarcating

examples of the nxygen isotope methci of study of deep-mes cores. His cores
from the Nediterranean Ses show particulaerly prenounced fluctuations, probably
due to the restricted nature of this sea and its location with respect to
the glacier. Briefly, his interpretation of the cores is that they show
veaks indicative of cold water and a large glacial mass about 17,000 years
aga and warm vater and & smaller glacial mams at about 55,000 years ago.
By wvay of explanation of the significance of oxygen isntope variations,
Grarzini states that they "are caused both by changes in the ocean
surface temperature and by glaclally-controlied changes in the lsotope com-
position of the ocean water." He further points out that "most workers be-
lieve now that the last is the dominant factor and have even suggested that
the existence ot any residual temperature effect remains to be demomstisted.”
Grazzini postulates that the magnitude of isotope fluctuations
in the Mediterranean fs exaggerated (with respec:t *~ the ocean gener-

ally} to a degree by "a 'dry effect' resulting frow lower precipitation or

higher evaporation, or both"” which may have fncreased isotore and salinity
concentrations i the water. He obsecrves that In cold winter wpather this
occurs presently in the Mediterranean, and "one may observe a sinking to tha

bottom of the denser surface waters that have undergone extreme svaporaticn.”
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This tu Interssting because in the Gulf of Mexico, sometimes called
the “Amarlcan Medtterranean,” fmiltani et al. (1973 have noted that isotope
varlations arv preater than in Caribbean cores and that this "may represent
an rxceas of evaparat:om in the 1Tulf of Mex{co (which was loser to the

lLautentide Ice Sheat}.”

Geological History

We have chosen the inner barrier features, which are comparable to and
pechaps correlative wii1 the Ingleside shoreline forms, a3 the oldest forms
of concern in this studv. It is believed that their antiquity is perhaps of
a2 alailar cagnitude *o that of known evidences of the prenence of peopla in
North America.

Our carrels*lone cf the forms identified on the shelf with time inter-
vils in which they may have been created is presented in Volume III, Plate ].
The correlstionn are admittedly provisional due to the raritr of any abso-
lute basis for the chromology. For the most part, the correlatiocns are based
on the sea level curve, but the forms have obviously influenced the construc-
tion of the curve and the two are not independent.

11 a fes cases, absolute dating adds to the information used. Jetvey
(1974) has provided a date which is possibly relsted to a barrier form which
trends into the nearshora zone just east of Destin, Florida. The indicaced

age is 9070 + 320 years L.P. The date was on Chione cancellats shells from

a facles interpreted by Jervey as estuarine, Since this speciles has a char-
acteristic shell sculpture of crosa-hatched ridgas (forming a cancellate
pattern frem which ita name is derived), it is possible to recognizsevidence
of abrasion readily. Jervey states that the shells used for dating wers
“well presecved,” indicating that abrasion vas elight and that the shells

were not transp~rted from eleevhers. Without such valuable observations, this
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dated sample would be of 1ittle worth, but since Jervey i» patrticularly con-
cerned with tiansport, disperssl, and abrasion of such biogenic materfals in
his work, we regard this sample to be of primary importance.

Another potentially usef{ul but less credible date is that of Curray
(1960), which comes from between = submerged ridge form and the Seoree Bank
off of the Rie Grand2 delta. This is the ridge assigned to the Hj interval
on Plate 3. In this case, the sample was dredged oyster shell. As we have
discussed previcasly, there ia much possibility of contamisation in such sam-
ples from inclusion of transported older sheil. The date obtained was 9530
+ 270 years B.P. The sample wvas dredged from 30 & of water, and while this
sample was not used in constructing the sea level curve, it does not plot
off the curve too L~dly, especlally {f some allowance is made for depth of
water in whnich the oysters initilally lived.

The orly other radiocarbon dute assoclated with a submerged shoreline
is that of Winchester (1971) on a caliche nodule which was believed to have
formed in & scil zone developed in the Besumont formation through subaerisl
wveathering at a time of lower sea level. The dat.:, then, indicates age of
the nodule, rot of the beach, and implies that the beach is younger than the

nodule. The age cbtaivned from analysis of the nodule was 15,857 + 263 years

B.P.

Interval A - There is by no means any general agreement about the early
history of the Wisconsin glaciation and even lesa concerning the inter-
glacial preceding it. Barry et al. (1975) have recently reviewed the
thought expressed by some researchers that the initiation of the last glaci-~
ation was pusribly quite rapid. The various authors cited have reported
=udden cooling trends at 115,000 - 120,000, 90,000 and 70,000 years B.P.
Attempts by Barry et al. (1973) to model physical proceases rthat might

produce such rapid changes have so far been unsuccessful, although a
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degree of cooling of the .ight orde~ can be achieved after 10,U00 yeoars
if some assumptiona (which thn authors admit are dublious assumptions)
are made concerning clrcwlation regimes and energy requiremants,

As the ievel of the sea declined from its maximum high stand during the
Sangamon interglacial, there may have been one or more prolonged sctillstands
or secondary maxima. Thise is an srea that remains very unclear due .o prob-
lems {n absolute age determinatiovn, particulac’y radiocarbon dating, that
have produced much visinformation in ihe literature. Nevertheless, there
exists some probabi ity that proposed interstadials, such as the St. Plerre
internatadial {ca. 60,000 years ago), may yet prove to have validity as sig-
nificant post-Sangamon interstadials which may have been related to sea levels
equal to or higher than the present. Given this possibility, its relevance
to the Ingleside shoreline features is covious.

The Sangamon features of the Gulf coast area are best understood om
the peninsula of Florida. Perhaps the mest interesting and wvell-known ex-
ample of these features is seen in the landa:ape of south Florida. The
paleogecgraphic and stratigraphic interpretations of Hofimeister et al.

(1967) and Brooks (1968) inJicate a shallov sea bank over much of present
scuth Florida, with dolita-character.zed shoals, an extenuive bryozoal
limestone-forming environment, and algal and coralline reefs. Th/y dates
indicat~ such a landscape existed approximately 125,000 years ago. Strong
supporting evidence of similar shoreline festures at this time exists in
the Bahanas (Neursrn and Moore, 1975) and i{n Barbados, wvhere evidence alsc
exis*s of even higher levels, earlier in the Sangamon.

The inner beach ridges of the Cape Kennedy littoral accumulative form

are apparently of comparable age to the south Florida features just de-

scribed (Osmond et al., 1970)
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These features csuse us to wonder if thers may not be Sangamon-aged
feratures ateu.d the entire Gulf rim, Inderd, wany have correlated fnner
relict mhorelins forms elsevhere on the Gulf wita the forms in Florida
and others have supgested langamon ages for such forms for othei reasona
{o.p..utveos, 1972a).

It Sangamon forme de¢ exist in Florida and if we sssime thelr absence
elsewhere, then certain probless of interpretation arise. One is that thalr

absence elsevhere moat probably would indicate a tectonic 2l{ferential, par-

ticularly & downward subsidence of the northern Culf rim since Sangamon times,

with respect to peninsular Florida. The other is that 1if the inner beach
ridge forms of che northern Gulf ares (such as the Ingleside features) are

truly younger than Sangamon, then why did the later high stand of ijea level

which produced them leave no important record of forms or deposite in the area

of the old Sangamon terrace of south Florida’ Some workers believe that the
Silver Bluff shoreline forms of that srea possibly represeat a meakly
developed, later, brief period of shoreline occupancy alightly above the
present level and are tiae correlates of the features of the northern Gulf.

howover, other workeis believe that the S5ilver Bluff shoreline is consider-

ahly older. Brooks (i973), for example, has stctaed that:

There .8 tonographic evidence of a § to 8 foot
stand of son level in moat coastal areas of peninsu-
lar Florida 2nd the Gulf Coast, but for the most
part, fossiliferous beach and lagoonal deposits are
lacking. This stand of sea level ia not Holocene
a8 many have thought MacNeil, 1949). In the area
ot Marinaland south of St. Augustine, Florida, ex-
cellent lagoonal deposits are associated with a co-
quina barrfer. This highkly {nssiliferous deposit
is too old to date b} the carbon-14 method. It is
herein suggested that tae deposit is alout 90,000
years nold and correlates with a late Sangamon eveat
(p. 11 E=7).

To sey that Sangamon features which aeenm to exist in south Florida

are absent along the northern Gulf rim through a net downward subsidence of
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that area with 1sspec’ tv (lorida is In conflict with much published opinion
concerning the tectonfc characier of the northern Gulf. Filak (1919;, Bernard
(13%0), Graf (196m), and many othera have held that the wedtern part of the
northern rim of the G+ f =a» actually be aubject to tectonic uplift, which

{s gererally belle A to be the response of more landward loca es to subal-
Jdence occurring on the shelf.

Since 4 sariety of [orms wmuggesting older Sangamon and Pre-Sangamon
shorelines erlsts in Florida (Alt and Brooks, 1965) and along the Atlantic
~nast: 1 plain, thelr absence in the northwestern Gul{ has been far tno gen-
erully ignored. Upwarping inland from a hinge line should have elevated
Lhese shorrlines, but if this has occurtred, they have heen totally eroded
awvay, which seems improbable. An alternative fs that the shorelines are

covered by younger deposits as a result of subsidence or downfaultring.

Consider for instance a hypothetical casa. Suppose a sea level stund
of 10 m above present sea level occurred about 125,000 years ago. Relict
shoreline forma of this stand could have subsided tc the modern saa javel
bv 62,500 years ago If they were subject merely to & rate of subsidencs of
0.32 a/century, which is less than many other estimater of subsidence rates
along the Gulf cnast,

If we then consider a hypothesia that at about that time (62,500 vears
ago)} the Ingleside shorsline came into existence at a time wvhen seas level
again stood at about 15 m above its present level, then it is probable that
the older (125,000 years} shoreline was already either subnerged, buried,
or possibly washed away by marine erosion.

These are, of course, only hypotheses, and there is no particula: evi-
dence for them, Howaver, they are lmportant in order tc show that thera
could have been such a sequence of eveats. The careful reader will note,

however, another dilemms in this hypothetical argument. If the same rate
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of rubsidence we postulate for the first 62,50C years :lll continued through
the mecond 62,500 yesrs, then the Ingleside shoreline should also have sub-
siced to below present sea level. This is, of course, not the case, 11though
as Graf (1966) shows, this shoreline ip virtually at prasent ses level in the
segments near tie Brazos-Colorado delta and perhaps is below »=esent mea
level in the Freeport Rocks ares, as we have described in tha sect’eon on
forme. This dilemma, however, may result from the simplistic assux:cion that
subsidence proceeds at rome coutinuous, linear rate, vhen actually it 1is
more likely to be episodic and quite variable in time and space. Thus, the
high-etanding Houston ridge segment of western Louisisns has expecienced
little subsidence, and the segments near the Braros-Colorado delita have sub-
sided approximately at the rates sasumed above.

Such speculatiou may seem idle but it does serve to point out an
area of truly basic importance where there is great ignorance in consideration
of Gulf coast geoworphic problems. This is the subject of active deforms-
tional processes (or neotectonics, as some term it). It is clear that wuch

can be gaincd from wore intensive study in this field.

Irterval B ~ The remainder of the falling stage accompanying the early
wisconsin glacial increase is assigned to Interval B. This was an interval
of rapidly falling sea level, Coastal streams and larger rivers continued

to entrench during this interval. Older fluvial and marine deposits were
exposed to weathering and erosion over greater and grester areas as the shore-

ine receded., This regressive unit was composed of reworked carlier materials
and materials in tranaport over the shelf and along shore. Much of these
may have been quickly removed as they became stranded.

The exposed terrain may have responded rather quickly to iscscatir

compensation leading tc relative uplift. Thie adjustment was probably slight

and may not have occurred instantaneously. Other things also happened to
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affect the relative level of the exposed terrain with respect to the sea,
The expnsuie of fluvial and marine beds during an interval of low sea level
muat have had some rather important effects, eapecially if that exposure per-
sisted over a proloanged interval of time. Among some of the effects are:

1) volumetric change effects resulting from dewaterinp, consolidation, oxi-
dation of organic matter, leaching of soluble constituents, etc., all of
which are changes which may lead to varying degrees of local deformation
(mainly subsidence); 2) erosive effecta which were highly variable - where
these were most intense, there may have been further iscstatic comnrensation;
and 3) other effects such as masns movement, colluviation, cementation and
calichification.

As sea level was falling, streams extended directly to the shorelipe
and contributed the bulk of their sediment loads directly to the shelf.
Inland from the shore, entrenchment led to remobilization of sediment de-
posited as valley filla in previoua periodas of valley aggradation. For
these reasons, sediment reaching the shelf possibly increased in amount
during at least part of such a falling stage, even if streams were possibly
dininished in volume due to net addition to glacial snow and ice storage.
Much of this remobilized sediment was of coarser-grad: size which was re-
deposited, for the most part, in the nearshore zone after a period of en-
trainment by coastal current and drift systems. After depoaition in the
nearshore zone, continued fall of sea level led to re-exposure of the beds.
In this way, a tain, probably discontinuous, regressive unit of nearshore
deposits came into existence. Wherever this peraiasted, its importance,
as we will see, pust have heen great at a later time when the sea again rose
acrogs thias terrain, and tiese materials were again incorporated into the

nearshore zone and into transgressive deposits.
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interval C ~ A prolonged period of relative constancy of sea level at 60

to 90 o below its present level 15 believed to have existed throughout the
interval of 28 - 46 thourand years before the present. During this period,
rivers and streams centinued in their profile adjustments to the great base
level change of the previous falling sea level interval.

Sediment delivery to the coast was probably still rapid, at least in
~ha earlier part of this period, 4nd coastal progradation may have conmtinued
as se2a level stabilirzed, especielly in the deltaic areas. Some isostatic
compensation muy have continued iInto thie time, leading to slizht coastal
rise.

Avay from deltas, slower coastal progradation or even long-term net
erogion by nearshore processen may have prevailed. Both would lead, over a
long period, to a coastal terrace at or about the sea level of the time.

A prolonged interval of relatively stable sea levei a4y mean that no
net glaciai snow and ilce buildup was occurring and that world climate patterns
apparently existed in a more or less stable state of this kind for some tine,
We are aware of no particular explanation for such an event. In the view of
Adam (1975b), an ice sheet once initiated will grow until the heat stored
in the surface waters of the ocean is used up and the energy gresdient to
transfer water from the oceans to glaciera thereby diminishes. Perhaps a
steady-atate situation existed for some time thereafter in which each yearly
increment of solar energy led to sufficient transfer of moisture fo the ice
sheets to more or less compensate for melting, but ' ut to produce net growth.

In Adam's (1975b) view, after the heat stored above the thermocline in
the world ocean has declined in amount (and surface zone temperatures decline
correspondingly), less energy transfer as latent heat and more as genslible
heat occurs. This would perhaps eignify somewhat drier climates in many con-
tinental areas aince further warming of the air as it flowed from the sea

over the land would cause more water uptaxe.
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Adem thought that a glacial episode would involve rapid growth of
glaciers while "heat of glaciation" derived from ocean atorage was great,
then a sudden reversal and decline as this store declined and triggered » de-
cline in latent heat transfer. The sul'enness of the decline he felt was
also a result of a tendency of the glac .ers to over-develop or over-—extend.
Because of the over-extension, rapid nmelting ensued. 1In an extremely in-
teresting argument, Adam shows that rapid melting creates a surface water
layer which lesds to high heat loss with no potential for storage to drive
winter latent heat transfers. This also contributes to glacial digintegra-
tion by further cutting off nourishment.

However, it could be argued that other factors may operate that could
perpetuate a steady-state glacial condition for a long period. While less
water i1s available from the cooler ocean, perhaps some compensation occurs
from evaporation over land areas. An incressed aridity over most ungla-
clated land areas might then be seen, leading to still further reduction of
albedo over the unglaciated areas, which might also act to maintain the
glaciers.

Eriliani et al. (1975) have recently elaborated a hypothesis of con-
ditions during Stage 3 of the Emiliani interpretation of deep-sea core
stratigraphy. They state that all micropaleontological evidence presently
available “... indicates that Stage 3 vas 'cool' with temperatures closer
to those of a glacial age than those of an interglacial one" (Emiliani et al.,
1545, p. 1087), Thay also state, withouc offering evidence or cited work,
that "sea level during Stage 3 apparently Qtood not much below the present"
(ibid). This comment perhaps is influenced by published curves such as
Milliman and Emery (1968) presented, but these curves have few data points
in the interval of Stage 3 (and even these few are highly suspect according

te Thom, 1971).
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With their unsupported statemert that ses level during “tage 3 was not
much below the present combined with their evidence that the Gulf was com-
paratively cool at the surface, Emiliani et al. (1973) go on to an inter-
esting interpretation. They suggest these tendencies "can be explained
concutrently if a large bui thin ice cap had rersisted over northern North
America during Stage 3, with an unusually rapid rate of accumulation and
ablation." They further state that "... continued rapid ablation under
equilibrium conditions would supply the Gulf of Mexico with a continued abum-—
dant influx of ice meltwater while low temperatures would be malntained.”

As Adam (1975b) has emphasized, the lower temperature of the Gulf and
an abundant influx of ice wmeltwater are somewhat mutuslly exclusive situa-
tions, or at least would not likely be stablie over the leong term. Adam says
that fall of temperature of the sea surface leads to reduced glacial
nourishment, then to surface layer formation by incressed runoff, which
further reduces glacial nourishment.

Lindsay et al. (1975) have reported a large (15 km-wide) form which
they regard as & submerged barrier reef at 100 - 110 m depth on tie Cam “che
Shelf. Thie form 1s illustrated well byits profile which is reproduced
here as Figure 4-1, This form possibly began to develop in Interval ¢ and
continued its growth in Interval D.

In the southernm part of the west Plorida uﬂclf. there is a parrov ter-
race at about B0 - 9C m which breoadens at both its northern and southern
ends, where there 1s som= suggestion of barrier forme. There is little or
no published information on the nature of the bottom in this area. and the
bathyretry 18 alsoc poorly known. The terrace ia broaieat in an area about
169 km due west of Charlotte Harbor and in an area lbouf 100 o west by

northwest from the Dry Tortugsaae.
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Figure %-1. 100 - 110 m terrace and drowned barrier reef on Campeche -

Shelf (From Lindsay et al., 1975).

We tentatively identify this feature as evidence of a prolonged low
stand of sea level and suggest that it correlates with the similar terrace
of the Campeche Shelf.

Legan et al. (1969) also suggested that there was a “prolonged

stillstand" at about %1 m. They felt this occcurred nrior te 17,710 + 59

e

years B.P. from a dated sample of "prlagiz shells" from & formation related
to thia level, but there ia little reason to accept this date except pos- z' ;é
sibly as giving a minimal age,. .
T
o
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Intervai D - The time of the Farmdalian interstade has often been sug~
gested as an Interval in which a significant rise of sea lovel occurred.
Many workers feel that the level reached at that time may have nearly
equalled or exceeded the yresent level,

Tk 7 (1971) has extensively recviewed the radiometric evidence of the
numerous Mid-Wisconsin high sea level stands that have been proposed and
finds that none of the dates are gatisfactory. Since this review, the situ-
ation has changed very little with the possible exception of a date reported
by Neumann and Moore (1975) from 4 cavern in the Bahamaa. This date mcets
some of Thom's criteria for satisfactory 4+tes, but since it is not a marine
sample, the other criteria he proposes are not applicable.

The date was on a sample of a ntalagmife. and bota the radiocarbon and
Th/U mothods were applied. The radiocarbon age was 21,900 + 900 years B.P.
and the Th/U age was 22,000 + 350 v:ars B.P. The close agreement tends to
support a viewpoint that there has been no recrystallizat{on of the sample.
"his date indicates that at about 22,000 years ago, sea .evel was at
least 11 m beiow its present level’., There is no way of knowing from thig
limited information how much low.r it may have been, but this work suggests
a methodrlogy which may eventually suvk: ntially add to our knowledge of past
sea leve.s.

We suggest herein that the Farmdalian Interval did not lead to subclautial
rise of sea level and is represented in the Gulf of Mexico by a prominent
barrier-strandplain form at a depth of 72 - 80 m. This form is evident only

in the area of slow deposition off of southern Plorida.

Intervals E and F - These two intervals of time represant the resurgence and

maximum growth of the Late Wisconsin glacier, un the shelf, sea level fell
-t 1 relat.vely rapid rate. The forms recording this are the dendritic chan-

el forms seen in the areas of more detailed bathymetric coverage in the
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acuth and central Texas sectors and ou the shelf off of weat Florida, some
slope breaks in the south Texas aud east Texas sectors, and the Mississ'ppi
trough, The banks of 'he cast Texas and west Louisiana sectors also show

rlatforma, notches, and submerged reefs which appeared at ~bout the time of

maximum low sea stand.

Interval G - The rapid rise of sea level in the latter part of Interval F, re-
flecting rapid glacial decline, continued in the early part of Interval G,

Sea level rose rapidly by about 70 m frem its maximum low stand, which Jed to
generation of shoreline forms at approximately the same level as forms which
had been created earlier in Interval D. Algal and coralline banks which had
been exposed to weathering during the lower sea level became newly active.
Many previous forms were obliterated by coastal erosion and new depositiom.
The size of some of the G-Interval forms may reflect their having been laid
over a base of prior forms and the contributicn of materials reworked from

these prior forms.

Interval H - The onset of Interval H was marked by whet perhaps was the most

rapid rise of sea level and the most rapid pericd of deglaciation of the entire
poricd under investigation. Thia occurred roughly 12,000 years aigo and

makes a convenlent boundary for dividing the Pleistocens from the Holocene,

as has been done in this report.

Fmiliani et al. (1975) find the lowest 180 concentration in their core
near the DeSoto Canyon to occur in an inteival bracketed by dates of about
12,000 and 11,000 years. This, then, indicates in their view the time of
maximm return of 180 concentrated wataer from the glaciers. They estimate
from the bracketing dates that this occurred about 1i,600 years ago and point
out that this closely coincides with Platu's eatimate of the time of the

legendary Atlantean deluge. The coincidence is indeed striking, but perhaps

167



ST R T e

more than 1t should be since the dates are probably in error (threw.gl pre-
seace of detrital carbonate as we have discussed elsewhere) and also since
it ia not clear whether these ages are cited in radiocarbon years or actual
historical years. The effect of detrital carbonate would moat likely be
that the apparent ages would be older than the tru. age. The effect of not
correcting radiocarbon years te actual historic years is that the ages are
too old, thus it is possible that the estimate of Emiliani ec al (1973)
closely coincides with Plato's flood storics only by chance.

We make no reference hers to the problematic Valders glacial episode
since Mickelson and Evenson (1975) have queatiomed its existence and main-
tained that the tills from which this interval was named are actually older
than the Two Creeks forest bed. They point out that the till above the for-
est bed at Two Creeks may be evidence of a glacial episode after the warm
interval, and ther: is some possibility that some decline of sea level ac-
companied this renewed glaciacion.

Geomorphic and archeological data from the coastazl zone suggest &
relative stillstand during subintervals H, and H3, terminating about 8500
years ago. Extensive swamp development in the west Louisiana area suggests
that conditions may have been somewhat wetter than those which prevail at
present. The extinction of the Pleistocene megafauna had not yet occurred,
and mastodon, mammoth, horse, and other forms were abundant.

There are several lines of evidence which suggest that subinterval H
wasy have been a time of catastrophic events. Geomorphic evidence suggests
a reversal of the trend of gradual rise or even rzlative stillstand of sea
level that had occurred for sevefal thougand years prior to this period.
Gagliano and Thom (1967) tentatively place the Deweyville alluvial terrace
in this time interval. It was also during this period that the extinction

of the Pleistocene megafauna probably occurred. It 1s also noteworthy that
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saring this period of climatic wnd epvironmental loatabiliey, Archaic culture

emerged Iin the northern Gulf area.

Intervals 1, J, ard K - These intervals repreient a period of about 7000
vearn of more or less continuous rise of sea level from about -15 m at the
beginning of the period to the present level ut the present time. This {8
the best documented interval of time with respect to useful radiocarbon
dates. Nevertheless, there is still a wide raage »f controversy concerning
the nature of this last phase of history. Pai*lcularly, there is much argu-
ment concerning whether the sea formerly may have been higher than at present
in the last few thousand years, as Fairbridge (1961, 1974) has repeatedly
maintained.

Fortunately, this argument has lirtle importance in the present study
since it appears amply evident that regardless of when the sca reached 1its
present level or whether it ever stcod higher than present, there still re-
main many possibilities of cultural resources over most reglons of the shelf

from earlier times of lower sea level.
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CHAPTER V

ARCHEJLCGICAL METHOD AND THEORY

Culture Areas

The archeclogtas] 1(eatityre relaced to the coastal zone of the
northein Gulf is considerable. Important sources of unpublished data
exist, in additior, primarily within the anthropalogy departments and
museuss of universities and in the riles of amateur archeclogists in the
coastal states bordering the Gulf. Although there are numerous impcrtant
summaries of the archeclogy both at tie continental and regional levels, no
single work satisfies the requirements of the present atudy.

As a point of departure, the broad cultural areas and subareas defined
by Willey (1966) can be used (Figure 5-1,. For the purposes of the present
study, the northern Gulf will be divided into western, central, and eastern
areas. As shown in Figure 3~1, the Western Gulf area corresponds to the
Northeaa: Mexico - Texaa culture area of Willey. The Central culf is
equivalent to Willey's Lower Missigsippl Valley Subarea, and thg Eastern
Gulf area emhracer both the Southeast Subarea and the Ciades Subarea.

Alchough 1t 1is beyond the acope of the present report, it should
be noted that the subareas have also been segmented. Willey (1949) de-
fined three segments of the Florida Gulf Coast within the Southeastern Sub-
area as the Manatee Region, Central Coast, aad Northwest Coast. The work
of Trickey (1958) would suggest that Mobile Bay deserves special treatment,
In Louigiana, Gagliano {1967) and Phillips (197Q) have both defined small~
er cultural units. The Texas coast has likewise been segmented { Suhm,
Krieger, and Jelks, 1954), Summary treatments exist for a nimber of tnese
archeological units as well as for 38 few of the subareas. For example,
Phillips' (1970} work on the Lower Mississippi Valley contains a compre-~

hengive summary of coastal Louisiana archeology.
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Although the archeclogical literature of the coastal ron: is gen-
erally voluminous, those intervals beyond the Late Archaic (old:r than
about 2 000 B.C.) are poorly kncwm (see Volumc Iil, Plate 1), The explana-
tion probably lies in the fact that .nch of the record is contuined fa
drowned sites,

When the reglon is viewed through time, a waxing and wening of dia-
tiactive cultural manifestations ac various places becomes apparent. Al-
though the complete picture is a complex mosaic of moving pecples and cui-
ture traits, certain patterns and clusters of distinctive triits proviae the
basis for systematic study. From the standpoint of this stidy, importan~
traits to be considered include patterns of settlement and rmvironmental
use, site morphology and content, and index artifacts and characteristic
assemblages.

Thus for each cultural manifestation we should strive to develop_set«
tlement pattern - environmental use models, The models should indicate the
relationship between site location and envirommental setting (with emphasis
on geomorphic features). Such mudels increase predictab:.lity of high
probabili.y areas for site occurrence in reference to landforms. [he
models become useful when relict features are identified on the continental
shelf. They provide an important basis for the pradiction of igh proba-
bility areas for occurrence of drowned sites.

The size and shape of the site (geometry), protable content (shells,
animal beones, black earth, burned rock, etc.), and the kinds and abundance of
artifacts that ure likely to be found, serve to iden:1fy archeological sites

and to diatinguish them from natural deposits or fe:itures. The search for

drowned terrestrial efites involves testing for these dictinguishing features of

archeological sites. These distinguishing feitures can ke thought of as

"cultural signatures" (in analogy to electronic signatures) in the
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of Alabama, and certain artffacta from sinkholes in Florida alsc have "pre-
projectile point” implications. Radiocarbon dates ard geological associa-
tiona at scme of these locales suggest a minimum of 20,000 te 25,000 vears
B.P. for man's entry into the Gulf coast region.

While some researchers have presented evidence to demonstrate that
man has been in the New World for 50,000 to 100,000 years or more,othef
scholars are highly criticol of the validity of the evidence. Although
this controversy cannot be resclved by the proposed study, the possibility
of these early occupations should at least be considered, and the kinds
of sites and artifacts that might be associated with them should be iden-
tified.

Richard S. MacNeish in two recent articles (1972, 1976) has ef-
fectively summarized the evidence for early man in the New World. Citing
evidence from South, Middle, and North America, he defines four prehistoric
stages and traditiong. As shown in Figure 5-2, the three earliest tradi-
tions are attributed to 0ld World sources. The fourth and most recent
tradition, marked by the appearance of well- made projectile points ‘or
big-game hunting, seems to be indigenous to the New World. The following

is a surmary of the four stages described by MacNeisgh.

Scage I: Core Tool Tradition. This is the most tentative stage dating
to more than 20,000 years ago in South America and possibly to more than
40,000 years ago in Rerth America. The difference in ages is atrributed to
slow scutherly disrersal of the tradition. It is proposed that migrating bands
crossed the Bering Strait land bridge some 70,000 + 30,000 years ago and mi-
grated slowly southward. These early people were unapecialized hunters and
gatherers. They utilized a wide range of plants and animals including big gume
when the opportunity presented itself. The artifact assemblage includes crude,
large, bifacial and slab choppers, cleavers, hammers, scraping planes, and

crude concave~ and coavex-sided, unifacial scrapers or spokeshave-1ike objects.
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Flgure 5-2, Chronology of carly man nites and traditioms. Note the time lag

between major continental areas and the implied 0ld World origin

for the

three earliest tradicions.

The speclalized point traditiom

is thought to be indigenous to the New World (After MacNeish, 1972;

1976).
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Pointed flaies may have served as simple projectile pointe, Burned bone in

hearths and simple pebble tools may also be included.

Stage T1: Flake/Bone Tool Tradition. Dated mites in South America
range from 12,000 to as wmuch as 16,000 years old. In Central America, the
dates are from 15,000 to 25,000 years, and in North America from 25.000
to 40,000 years. People of this stage could either have entered the New World
via the land bridge from Asia some 40,000 + 10,000 years ago or developed in
northern North America, New concepts appear in the technology which em-
phasize stone flake tools, produced by percussion and pressure, as well as
the manufacure and use of brne tools, Although meager, the faunal and
artifact evidence indicatera relatively unspecialized hunting subsistence.

The artifact assesblage includes flake protectile points or knives,

bone projectile points, pebble choppers, plano-convex denticulate BCTapers,

burina, and rib-bone fleshers.

Stage II1: Blade, Burin, and Leaf~Point Tradition. This stage ig

fepresented by complexes in the 11,000 to 15,000 year range in South America
and Middle America. In North America, they do not appear to be greatly
older, falling into the 13,000 to 25,000 year range. Although data srve
sketchy, these people are believed to have been specialized huntera of

big game or herd animals in a wide variety of environments. There is a
marked advance in tool technology over the previous stage. TFine, leaf-
shaped, bifacial projectile points, bladea, and skillfully male flint
burine appear in the assemblage. The burins suggest a comparable advance

in the bone tool technelogy.

Stage TV¥: Speclalized Point Tradition. This stage covers the period

from 13,000 to 8,500 years ago throughout the New World, It is believed

to be characterized by highly specialized hunting techniques. Tiese neople

not only had a number of different hunting techniques, but the wide variety of
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chipped artifacts and foodstuffs found at the aites suggests that they had
begin to collect a numher of kinds ~f plants and to hunt and trap smaller
animels, In soxme areas, there 1s evidence of systematic collection of nuts,
seeds, fruits, and other plant materials. Evidence for occupations Juring
this interval is wideapread throughout the New Warld, Many different kinds
of environmental settiags were utilfzed, with a corresponding diversity of
subsistencepatterns, It should be noted that present concepts of Stages
1V as well as II1 come from inland or Interior site exploration. Coastal
sites from these intervala in the Northern Gulf area remain vistually unexplored.
Characterfstic artifact assemblages show much greater diversity than
in earlier stages. Projectile point types include, but are not limited
to, Lind Coulee, Lerma, Hardaway, Plainview, Folsom, Clovis, Fell's Cave,
Lauricocha, and atemmed points. Unifacial end scrapers, denticulates,
spokeshaves, knives, burins, and many other cpecialized tools occur.

Basic tools include pins, projectile points, and shaft straighteneers.

Landform Associations

The principlea of stratigraphy are well known to the archeolaﬁist. A i
leas-formilized and lees-used set of concepts is the relationghip betwzen
site distribution and geomorphic features,

Coastal zone sites {n favorable locales that are geologically 3t#b1e
or where there is appreciable relief may bSe continuously occupied, or peri-
odically re-occuried, for long periods of time. For example, certain cave
sites along the South African coast were occupled for many thoumands of years.

Sites agsociated with ephemeral featurea of low-gradient coasts are mor=

e,

often characterized by sccupations of shorter duration. Such conditions

obtained throughout much of the Northern Culf area. Further, the periods

of occupation are likely to be associated with favorable ecological condi-

tions in the vicinity of the site.

et sl ey e
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In dynamic ccaatal situations,where changes in the positions of shore-
lines and streams are accompanied by shifts in settlement pattern and land
use, the occupation pattern is dictated by active and relict lindforms,
such as stream banrks, beaches, margins of estuaries, and Important ecotones.

Studies of the distriburion of sites by age or culture period in
coastal areashave also demonstrated the relationships between occupation
patterns and the evolution of the coastal landscape. 5imple but effective
demonsirations of this are found in places where progradation has occurred
over a conaiderable period of time and a series of reiict shiorelines has
developed.

The basic relationships of thia frequently occurring situation are
shown dlagrammatically in Figure 5-3. HNote in the figure that the mouth
of the stream has bzen a favored habitation piace through time, and sites
are found not only at the present mouth of the stream, but also at former
stream mouth locations. In this kind of situation, some of the site oc-
cupations may have continued even after the position of the stream mouth

anifted as a result of ahoreline progradation. However, ir such instances,

it i3 the inirfial occupation that most closely approximates the age of the
feature upon which the site is located. For this feason; sequentiz]l maps
showing initial occupations of siées are very useful in the interpre-

tation of the geological history. Another example of this principle

can be found in lobate delta areas, where areas of delta building have
shifted periodically as a result of upstream diversion. Figure 5-4
illustrates diagrammatically the relationships which may exist in such a
cage. Sites are lccated primarily aleng the natural levee ridges of trunl
channels and distributaries. While the period of initial occupation ¢ the
sites associazted with an abandoned river course or delta lobe wmay approximate

the time when it was active, habitation may have continued after the system
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Figure 5-3. Distribution of initial occupation sites in a prograding
beach sequence. A - oldest; E - youngest.
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RIVER CHANNELS

ABANDONED DELTA LOBES

ACTIVE DELTA GULF SHORE

Flpure 5-4. Distribution of initial occupation sites in a lobate delta,

A - oldest; C - youngest.

ceased to function as an active delta lobe. In some instances the La%fta-

tion sequerce may be out of phase with the delta sequence. An explanation
for these relationships 1s found in the cyclic nature of delta building
and the environmental succession which unfolds as the cycla progresses.

Upstream diversions of the river result in an influx of fresh water

and sediment along the coast in the vicinity of active distributaries.
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Sediment deposition results {n delta bullding and shoreline progradatiom,
Natural upcrream closure of a major distributary cuts off the freshwater
and sedimen® influx, marine processes gradualiy become domlnant, and the
delta lobe may retreat or deteriorate, Thus, the delta lobe evolves
through a cycle., The stages of an idealized deita cycle and associated
environmental changes are shown in Figure 5-3. g indicated in the figure,
initial human occupation is often ussociated with the early stagea of sub-
aerial development. However, it should be noted that biological productivity
is nighesi during the early stagas of deterioration. It 1s during these
srages that utiiization of delta lobes by hunting-gathering peoples is
usually the greatesl.

Another kind of altuation is fcund in places where smaller, coastal
plain streams enter the Gulf. Many favorable nabiration sites are associlated
with such streams. As shown in Figure 3-& (occupation "C'" sites), sites can
ve danticipated along the banks of the stream itself, along the margins of
the floodplain or valley wall, in the deltafc area of the stream syatem,
and along the margin of the estuary near the mouth of the stream.

The morphology of such systems may be complicated by fluctuations in
the base level of the stream, resulting {n alluvial and cuastal terraces.
Reiict stream courses are associated with the alluvial terraces, while rel-
ict beaches and other shoreline features are found on the coastal terrace.
Figure 5-6 ghows a characteristic pattern of initial occupation that might
occur In a typilcal system of thia type.

Figure 5-7 {llustrates atill another pattern of initial occupation
sites that might be found in assoclation with sequentially developed, re-
curved spit complexes and beach acrretion on a major barrier—spit complex.
Note that the apit builds in a downdrift direction with a minor seaward

growth component. The distribution of initial occupation sites reflects
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HUMAN HABITATION AND BIOLOGICAL PRODUCTIVITY
AS A FURCTIOM OF YHE DELTA CYCLE

HIGH ; —
LI
wr
& A
AN =
b 4
E =
-1 -t
L ")
z
<
-
» T,
o7 .
\ow I :

RARD SuBallis) GADWTm

I!Ih! Sham >

WBAQUEDUY CEOWTH OITERAQR - 10 W

natural environments

opan bay

4 — e

subsqusous Mvess ——

mustiate -

froah marsh -

brpckinh marsh

sabing marek

laken

CYRLIE (NS e e e e

*
]

e

margingt basches

batrier iniande |

humun habitation

initia) occupation —i—

conlinued occupation {

Fi

ure 5-5. Environmental suecession of an idealized delta cycle. The time
required for completion of & eycle varies from decades to thou-
sands of years, dependirg on the size and complexity of the lobe.
Assoclated with the cyclic character of delta buillding is a
sequence of environmental chaanges. These changes in turn iaflu-
ence the character of human utilization and explodtaticn,
(tiedified from Gagliano and van Beek, 1975.)
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Figure 5-7. 1Initial occupation sites associated with sequentlally developed,
recurved spit complexes. This pattern could be produced either
by downdrift migration of the tidal inlet or re-occupation of the
sawe shoreline position following a fall and rise of sea level.
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A - oldest: C - youngest.
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ECOFACTS, OCCUPATIONS A-D

PRESENT SHORELINE

Figure 5-g. Initial occupntion sites and reworked materilal on truncated
shorelines. A - oldest; D - youngest.
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this growth pattern. This type of spit pattern may develop in two ways,
During periocds of relative stillstand, inlet nigraticn in a downdrift
direction may result in this gecmetry. In su:zh Iastances, the time in-
tervals inveolved may be a few hundred to a maximum of a few thousand
years. The pattern can also result from re-cccupacfon of the same shore-
line after aa interval of sea Level fall and vise. In this ingtance, the
time interval between occupations may be tho:sands or tens of thousands
of years.

Fignre 53-8 depicts a situation where a set of progreaded relict shore-
lines (A-C) has been truncated at an angle by a later shoreline (D}.
Artifacts and ecofacts from sites associated with the initial relict shore-
lines may be winnowed out of eroded sites and redistribnted along the later
shoreline. In such an instance, a considerable hiatus may occur between
occupations C and D.

When shore sites are eroded by waves or wind action along a shoreline
or in a dune field,the coarse lag deposits left behind uasually concain many
valvable data. Artifacts of durable materials (bone, stone, pottery, etc.)
m2y be worn and rounded by abrasion and reposited along with shell and
other coarse inclusions, Although the geometry of the site {s destroyed,
the lag deposits contain identifiable artifacts and ecofacts and are of
archeological value. They ind{cate the presence of a site, They contain
artifacts which may be datable and indicative of site activities., Ecofacts
give clues to environmental conditiona at the time of site occupation.

Eroded and reworked sites may bec found in the distal end of delta
lobes (Figure 5-9). Artifacts and ecofacts from eroded aites that were

once cn natural levee ridges of distributaries may be redistributed along
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the fronts of, and incorporated within the sands of, the transgressive

barrier islands that develop during the deteriorstion .tage of the deita

cycle.

ABANDONED DISTRIBUTARIES

GULF SHORE

TRANSGRESSIVE DELTA
BARRIER ISLANDS

REWORKED ARTIFACTS AND
ECOFACTS, OCCUPATION A

Figure 3-9. Initial occupation sites and reworked material in a
transgressive delta. A -~ ovidest; B - youngest,

Ecofacts
The remains of plants and animals occur commonly in archeological
sites and wmay be particularly abundant and weil preserved in coastal
sites. They 1include shells of pelecypuds, gastrupods, and other marine
ecrganisms, bones, seeds, wood, peat, foramiuifer:, nollen, spores, etc,
They may constitute the bulk of the archeologica. deposit, which

may be hundreds of meters in length and ten or more meters
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thick. They nay be confined to individual strata, such as bane heds or
organically rich depecsits. They may also occur as iunclusions within a gite
matrix of sand, silt, clay, or cther sedimentary deposits.

I. the ecofacts i1epregent remaing of fauna or flora that constituted
a part of the diet or were otherwise utilized by the site fnhabitants,
they may contribute significantly to an understanding of past economic
activities. Calculations of pcpulaticn size have been made for coastal
shell middens, and seasonality of occupation has been determined from
studies of annual growth rings of shellfish, deer antler, and seed re-
maina. Ecofacts are alse of primary importance in providing samples for
radiometric dating.

In addition to their use in dating and cultural interpretation, eco—
facts are also of exceptional value in establiahing the environmental con-
ditions in the vicinity of.the site during its occupation. Archeoclogical
sites often contain concentrated samﬁles of ecofacts gleaned f{..om neighbor-
ing environemtns by inhabitants of the site. 35hellfish remains from coastal
sites provide an excellent {llustration of the_use nf faunal remains and en-
vironmental interpretation. Shellfish are sensitive indicators of salinity,
water temperature, turbidity, and other process factors that define emriron-
wets and subenvironments. (For an example illustrating characteristic shellfish
asgemblages from the westernm and central Gulf, see Parker, 1960.) Consider
three meolluscs commonly found in archeclogical sites of the northern Gulf

and their environmental implications:

*Molluscs* *Salinity*
Unio sp. Fresh
Rangla cuneata - Brackish
Craagostrea virginicﬁ Saline

Figure 5-10 depicts a hypothetical coasta]l estuary which has become fresher
through time as a result of blockage of its mouth by barrier spits and
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outgrowth of streams emptying into the embayment. Middens located around
the estuary reflect this environmental change through changes in shell con-
tent. Shell middens located on prograding beaches may be composed of dif-
ferent shell types while 5 site nn a bluff with a long sequence of occupa=-
tion shcws a vertical change in shell types.

Because of the dynamic processes associated with shore rone snviron-
menta, archeclogical materiala frequently bocome incorporated into sedimen-
tary envircnmenta. Common examples are gites on the banks or on point bars
of meiundering streams, on actively prograding beaches, on coastal dunes,
and around oonds, bogs, or sinkholes.

In subsiding areas or in certain situations during intervala of rising
sea level, entire sitzs may be slowly covered with sediment. Gradual sedi-
ment burial of eutire wound groups, presesving the entire geometry of the

sites, is a rather common occurrence in the Mississipp_ delta avea (Fipgure

3=11).

Archeological Sequence and Sea Level Fluctuation: The Ria Cycle
Clearly, a major fluctuation of sea level will bring about great
changes in coastal environments, lanuiorms, and settlemen: nu:terns,
which will be veflected in the archeological record. An oiian-repeated
sequence of events in the Late Quaternary history of the northern Gulf
area i3 related o a fall and subsequent rise of sea levei. Such a Se-
quence can be called a "ria cycle,” since it produces drowned river val-
leys, or rias.
The ria cycle has been chosen to illustrate archeological relation-
ships related to sea level fluctuations because ria ¢ycles have occurred on

several scalss during the past 55,000 years and left a distinctive record
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NATURAL LEVEE SILTY
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Figure 5-11. Shell round on u subsided natural levee risge enveloped by marsh
mud {Afcer Russell, i9%:7).

within the study area. Figures 5-12 and 5-13 illustrate a hypothetical ria

cycle and its effects on coustal landforms and the archeological recor ..

The ria cycle is especially important in the interpretation of conti-
nental shelf archeology. As indicated in Chapter 2 a number of ria cycles

have unfolded within the time interval under consideration in this study.

As illustrate” inVolume I1I,Plate 3, one major, and three minor ria cycles

have occurred during the past 25,000 yYears. Each of these cycles presumably

had 3 major influence on the distribution of landform and associlated

habitation sites within the study area.
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CHAPTER VI

SELECTED TYPICAL ARCHEOLOCGICAY. SITES OF THE NORTHERN GULF

Stire Tnventory and Dating

An attempt waz made to coupile an 1irventory of known sites i{n the
northern Gulf area that may have been occvpied from the tine of formation
of the Ingleside shoreline (A, interval circa 55,000 yeirs B.P.) until =.a
level was stabilized at approximately ‘:s present stand (the end of interval
J, 3,500 vears B.P.;.

Site data was obtained from vurioucr socurces, such as the Texas
Archeological Research Laboratory, at The “miversity of Texas at Austin,
the Decpartment of Ceography and Anthropelogy at louisiana State University
in Baton Ronge, and the Department of Seciology and Anthropeology at the Unj-
verziry of Southwestzinm Louisziana in Lafayette. The Louisiana Archeological
Survevy and Antiquities Commisiion, the Department of Archives, History, and
Records Management of the Florida Department of State, and the Temple Mound
Museux, Fort Waltoo Beach, Florida, added aignificant site inforration. In
addition to the instit-:rional sources, site informetion came from selected
amateur archeclogists throughout Texas, Louilsiana, Mississippi, Alabama, and
Florida.

A review of the literature on northern Gulf archeology also yielded a
long 1ist of sites. The use of such a literature search has its inherent
problems, however. We are forced to base our site locations and occupation
dates on information which, at times, is fragmentary, poorly reparted, poorly
analyzed, and sometimes entirely erroneous. PRolying v secondary sources
is always risky, especially when data is poorly described and 11lustrated,
making a critical review of the interpretations wost difficult. In scme
cases, published remorts are so vague that it is impossible to locate sites,

even by county.
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In cealing with unpublished site reports, another problem was frequently
encountered. The file carde often contain very cryptic descriptions, such
as "Archaic (?) flint chips found.” Such locations were considered on the
asrFumption that wost were, indeed, Archaic Period, initial occupation sites.

The site lucaticons resulting from the inventory are presented on the map
in Volume III, Plate &4, entitled "Archeological Sites, Initial ficcupation.”
As Indicoted by the title of the plate, an sttempt was also made to establish
the time of initial site occupation. The locations of the sites are indicated
on a map of the area by a symbol which denotes the initial occupation period,
Tabular listings of initial and subsequent site occupations are given in
Volume [II, Plate 5, "Projectile Points and Site Chromologies." These tables
are divided by area, Western Gulf, Central Gulf, and Eastern Gulf. For each
area there is a listing of the time span of the projectile ~oints found there,
and also a liating of the time period of the site discovered there.

Although it was deemed important to present the occupational sequence
to the greatest exteni possible, there are many pitfalls in establishing abso-
lute and even relative dates. The shortcomings of radiometric dating are
well-known and will not be discussed at length in this section other than to
note that the problems increase as the age of the material Ini¢reases.

The value of utilizing artifact assemblages and "{index" artifacts for
establighing relative chronology is a well-established tool. The technique
becomes shaky, however, when correlations are made far from the place where
the chromelogical position of the artifacts has been established through con-
trolled excavation and absolute dating techniques. Other limitations in the
methodology are time lags related to diffusion, the possibility of independent
invention of the same-fnrm in widely separated areas or a. different times,
and the many other difficulties related to using artifacts as indicators of

culture.
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In spite of all these difficulties, the validity of the methodolugy as
applied to a regtonal problem can be demonstrated, For example, radiocarbon
assays of organic samples assocfated with fluted projectile point forms at
sites widely dispersed acroass the contineni indicate thae they were in vogue
during a relatively narrow time interval, and thus are valuable index forms.

For the period from 11,500 to 3,000 vears B.P., chipped stone projectile
points are the most universal and distinctive artifact type and are the basis
for estimating the chronological poaition of sites. The term projectile point
is sowething cf a misnomer, as many were clearly uvilized as knives or other
special~purpose hafred toolg, Nevertheless, each artifact included in this
broad category is usually distinguished by a particular set of attributes
which is the basis for classification. In some cages, such as the Clovis
points in the Plaina area, the age of the peints has been established. When
points with similar attributes are found in Florida, 1t is generally assumed
that they are the same age as those from the Plains, but at this time they
have not been securel& dated. Depending upon the area of origin of the fluted
point tradition, of which the Clovis point is an early form, and the routes of
dispersal from the area of origin, the fluted points of Florida could be slder
or younger than those of the Plains area. “Culture lag" plays an important
role in such instances.

For the period from 11,500 to 3,000 years B.P,, chipped-stone projectile
points are the moat universal and distinctive artifact type for estimating the
chronological position . aites. In sous cases, such aahthe Clovis and Folsom
points in the Pleins area, the age nf the points is well established. HKowever,
in many instances, either the absolute age of the point has been poorly estab-
1ished or it may very greatly azross the study area, ' The projectile point
chronologies listed in Volumes III, Plate 5, reflect these problems,

For inatance, the San Patrice point in Texas (see Volume ITI, Flate 5)
is seen as beginning a~proximately 5,000 B.P, and lasting well into the first
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millenium A.D. In Louialana, the time estimares are conslderably ditteremr .
Data from that tcate suggest that the San Patrice point has a time range of
10,000 B.T'. to 8,000 B.P., a difference in initial dates of 5,000 yearsz!
"Culture lag" can play an important part in Quch instances, Clovis points,
for example, which have been dated quite accurately in west Texas, may have
tak. i longer to disperse eastward to Florfda, where such precise dates are
lacking. Thus, one cannot reliably fix the initinl,_and even terminal, dates
on the point ae being the same for the different areas.

That certain points are thought to have lenger time spans in cne place
than another is illust-ated by the Lerma pcint, which in Texas has an estimated
range of 10,000 to 2,000 B.P., and in Loulslana of 9,500 B.P. to 6,500 B.P., &
difference of 5,000 years. Since the charts shown in Plate S are compilationsa
of data listed in various publications dealing with regional chronologies, and
are subject to marging of error and assumptions in each publication, the
charts should be viewed, in most cases, oaly as a compromise among several
publicationa, When a proiectile point’s time apan is the same for two or

even a.i threc of the Gulf regions, thea a more trustworthy

chronnlogy can be based upeon it. The reader should be warned, though, that
ir a few cases, the publications dealizg with point chronolegies copy dates
from each other, so that it can appear as if the point has the same exact age
and time span in two separate areas.

Point typology ia another factor in regional projectile point compari-
sons. Similar, if not identical, points are given different appellstious in
different regions throughout the Gulf, although technologically they have the
same characteristics. Big Sandy points from Alabazma and Belen points from
Florida are an example of this problem.

Certain point namea, like Gary, have been used as catch-all terms to
include several varieties of points which have no really common attribute

except being crudely chipped and having a contracting stem. Garys can be
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shoullered or non-shouldered, range from 1} cm to 3 cm in iength, acd can
have been either knives, projectile points, or lance tips.

If the data base for projectile pcint tradition sites appoars ty be
thin, thea that for earlier sices can be described as very meager indeed.
We are limited to a mere half-dozen sites In the entii« region that are re-
ported to have preprojectile point characteristica and descriptions and 1l1-
lustrations of cultural mrterials from these few sites are virtually nor-
existent, The chronolagical position of these earlier sites {3 bamed on a
few radiocarbon dai=s and stone tool assemblage;,

One finai word should be mentioned about Plates 4 and 5. All sites
were listed by number rather than by name, since it was a less cumbersome
method. GHowever, in many caseg, the respﬁnsible atate agenciles have mnot
assigned rumbers to all sites, even when the name and exact lccation of the
site is knowm. In such instances, letters have been temporarily substituted
in the hope_that eventually a numher will be agsigned. 16 EV "A" for the
Tate Cove Site is a good example. Its leocation, artifacts, and age are
known, but a number has not yet been assigned.

In retroapect, the task of compiling an inventory of all known sites
in the Gulf coastal area dating older than 3,500 B.P. {s not an impossible
one. As one might expect, relatively few sites are knuwn from the early

time intervals.

Selected Sites

From the published and unpublished data reviewed during the course of
this study, summaries of selected sites are presented. For each of the three
regions into which this report is divided, a significant site, or aitea, {a
described in relztion to its age, ecofacts, artifact, assoclated landforms,
and other pertinent data. Each of the three reglons ig subdivided into Pre-

projectile Point, Paleo-Indian, Archaic, and Poverty Point Periods. Except
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for Texas, where no Poverty Point site has been reported, all three regions

contain descriptions of sites of each period.

Although this section presents only a svmmary of existent terrestrial
site data, it does point out the great diversity of site geometry, landform
assoclation, and cultyra®l content, and is believed to be representative of +the

prehistoric cultural rescurces of the continental shelf.

HAeustern Gulf Pre--projectile Point

In the western sector Culf area, as in most places in North America,
the evidence for buasn occupation beyond approximately 12,000 years B.P. Is
fragmentary and scattered. Accumulating evidence gathered over the years,
hovever, cannot be 4igrored, and Pre-projectile Point sites certainly warrant
strong attenticn. Two sites in particular have played important roles in
the establishment of Pre-projectile Point or “chopper-scraper " complex
traits in the northern Gulf area. These are Lewisville and Priesenhahn Cave.

Lewisville, except for a problematical Clovis Point discovored in
Hearth No. 1, has for wmany years been one of the pillars on which the whole
Pre-projectile Point theory rests. The site was located in a large borrow
pit excavated bty draglines of the U.S. Army Corps of Engineers in 1949-51
(Crook and Harris, 1958:233). It was situated on the west bank of Elm Fork
of the Trinity River, tust north of Lewisville, Texas. Subsequent inundation

by water backing up behind the dam for which the borrow pit was originally
éxcavated has since sealed off the asite.

Before this medern inundation, a series of 21 heatths was discovered
in the lower levels of the Upper Shuler geological formation (Wormington,
1957:58; Crook and Harris, 1958:234)., This formation of yellow, sandy clay
is belizved to be of Lake Wisconsin age, and the range of fauna present at
the ~ite would seem to bear this out.

T+so radiocarbon dates, derived from burned vegetable fiber and solid

wood charcoal recovered form two of the hearths, measured in excess of 138,000
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years., Aside from the controversial Clovis Point, three other manmade arti-
facts were located in close proximity to the hearths., These were a crude
pebble chopper, a scraper, and a hammerstone. The possibility that these
three other artifacts were introduced onto the site in the same minner as the

L1}

Clovis Point (possibly a "plant,” or by mixture of later material caused by
the dragline), and that the hearths are really natural burned areas or wood-
rat nests ind are nut manmade has caused skeptical reactions among some
archeologist-. According to the excavators, however, no such poasibilities
occurred and the site was not affected by an over-zealous artifact "planter."
If one accepts the age and authenticity of the artifacts (excluding
the Clovis point), then a picture of an ancient Pleistocene campsite emerges.
From analvsis of both the flora and fauna, Crook and Harris (1958) detailed
a climate that was warmer and wetter than present. The evidence of pond~
deposited clavs also argues for this c¢limate difference. Creook and Harris
also hypothesized a repeated, seasonal occupation of :he site by small groups
or tands of migratory peoples. Thecse peoples were "hunters of opportunity,”
not relying on one specific animal as the basis of their economy, but rather on
whatever they could catch. The remains of larger fauna (mammoth, horse,
bison) found at Lewisville are Lelieved to be animals killed and butchered
away ‘rom the site, with only selected portions of the carcass brought back
to camp. There were no complete skeletons of rhese large herbivores found
at Lewiaville. In any event, the site may well serve to illustrate an open
campsite, siwilar to possible aites of the same vintage locaced out on the
continental shelf.
The other Pre-projectile Point site that has received considerable
attention is Friegenhahn Cave, located on the Friesenhahn Ranch, 21 miles
- north of San Antonio, Texaw. Evana (1961), in his summary article on the
cave, states that Sellards (1919 was the first to mentfon the wealth of

Pleistocene fossils being founa by local collectors. It was not until 1949
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however, that systematic excavation of the cave revesled its true importance.
Over thirty genera of mammals, birds, reptilea, and amphibians were dis-
covered (Evans, 19591:7). However, the most striking find was that of over
foriy "flints that show a crude but nonetheless definite pattern of chip-
ping, resulting in steep, clmost vertical edges with small, pfotruding
‘beaks.’ These artifacts are planc—onvex and cannot be acéidental..."
(Krieger, 1964:45-6). One such artifact, discovered beneath the articulated

skeleton of a large saber-tooth cat (Dinobastias serus) is illustrated in

Figure 6-1,

Figure 6-1. OCteep, erd-
retouched artifact found
bLeneath saber-tooth cat at
Friesenhahn Cave (After
Sellards, 1952).

hdside from these artifacts, a series of small bones was recovered
which showed cut and polished ends. It is possible that these cuts were mada
by a carnivorous animsl, and the polishing resulted from the bones passing
through the creature's intestinal tract. Whatever their true nature, the
bunes, 1f taken under consideration with the artifacts, would seem to mark
Friesenhahn as a significant aice.

ahe cave itself (Figure 6-2) was formed as a solution cavern in the
limestone bed underlying the southeastern part of Edwards Plateau {Fvans,
1961:7). The original entrance, through which the fauna traveled, opened

towards the northwest, but was eventually filled with debris so that all
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Figure 6-2. Floor plan of Friesenhahn Cave, chowing trencher and articulated
skeletons (After Evens, 1961).
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outside traces of it vaniskad. Present entrance to the cavern ias cbtained
by a vertical shaft approximately nine meters deep, through which the exca-
vators had 10 descend.

Four main trenches (Figure 6-2) were dug through the floor of the

cave, exposing four distinct zones of fill (Figure 6-3). Zone 1, the

_ deepest, was composed of limestone blocks, gravels, and red clay. Only a

few small mammal bones and some turtle ghell fragments were recovered.

Zone 2 consisted of water~deposited clays in which were found carbon-~
aceous vegetable remains, limestone grit, and coarse rock debris. The zone
also contained the articulated remains of an adult and an infant saber-

toothed cat, and a skeleton of a peccary (Mvlophus masutrus). Under the

adult cat was found the ecraper in Figure 6-1.

Zore 3 consisted of '"banded, concordally-fractured, gritty clay with
inter-bedded thin layers of small liwestone and flint gravels" (Evans, 1961:
15). The clays were depbsited in ponds, and carbonaceous material was pre-
sent in the entire zone. This zone also possessed the greatest quantity of
fossil vertebrates. Included were Dincbast s and another saber-toothed cat
(Smilodan sp.), a large number of juvenile e’ e.nant bones (Elephas sp.),

young American mastodon (Maumut americanum), a relatively large number of

turtle carapace fragments, bison bones (Bison sp.), and the bones of horse
(Equus sp.), camels (Camelops sp.), deer (Odocoileus sp.}, dire wolf (Canis
dirus}, bear, and coyote. The diversity of fauna suggests that extinctions

had net begun to be evident.

Zone 4 i3 fill of a once-flowing stream channel on the cave's floor.
The channel fill is a mixture of older deposits reworked from below, frag-
mentary fossll finds, and rocks and clay. Also occurring in this channel was
a lirge freshwater clam snell that could only have come from a stream several

kilometers awa:. Either it was washed in from that distance or carried into

202



EXCAVATION -

1
HHH s
Hrle
—i |
IME
ZJ0
18
2]
ik 3f
|2 :
:
i 5
- 15D ul:
<t Qs
"‘I"'E g.
ﬁ"_ £l
il
tstull

__l___ e =
T
[ J

| L u.g
alia P~ -
Rl °:
w
nz M
D
—~ W

C‘E"'.ZI:_
1=
[ ]

203

SCALE

Croag-section along south wall of Trench 1, Friesenhahn Cave, showing atraLigraphic relation

of the several units of fill

Figure 6-3.

(After Evans, 1961),




the cave by man. Although this i slim evidence for the occurrence of man,
it becomes more signifi~ant if one considers the scrapers and the porssibility
ef the polished bones as man's work.

According to Evana, the faunal analysis leads one to conclude that the
cats were ca*ching the juvenile elephants and mastodons and d:ragging them
back to the cav:. The adults of the other species were probably brought to
the cavern in a similar manner,

This ralses the posaibiliry that if man were present at the cave during
the Late Fleistocene, as evidenced by the choppers and scrapers, then he may

have likewise played a part in accumulating the bones of the faipa.

Western Gulf Paleo-Indian
In a 1940 paper, E.H. Sellards Jdescribed artifacts and vertebrate
fossils from a serles of sites in the Mission River drzinage of Bee and
Goliad Counties, Texas. The sitea (41 BE 2, 3, 4, 5, and 41 GD 5, &) were
assoclated with the Berclair terrace, interpreted by Sellards as a riverinc

equivalent of the coastal Beaumont (Figure 6-4).

Haterial was recovered along Blanco and Medicine Creeks, and controlled
excavations at the Buckner locality {41 BE 2) yielded both artifacts and

fossilized faunal remains. Artifact finds at the other sites, although never

excavated to any major degree as at the Buckner Site, serve to illustrate that
this whole drainage area is a prime location for early man sites,

At the Buckner Site, the Berclair terrace is the surface of a sequence
of alluvial fi)l deposited ir a siream valley cut into the Goliad formation
(Pliocene) (Figure 6-5). Since deposition of the Berclair sediments, a second
iaterval of entrecchment has occurred, and a sequence of fill is in progress.
Ia the lower reaches of this younger valley, which is entrenched into the

Beaumont formation, the stream is now aggrading its channels.
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Figure 6-4,

Relationship of Berclair Terrace to slder Tertiary
Goaliad Formation, Pleistocene Lissie Formation,
Beaumont Formation and the Late Holocene floodplain
deposits. The upper section of B is through the
confined valley, not the upper reaches of the stream.
The lower section 1is in the vicinity of the Lissie
Formation. The "f111" and "low terrace” deposits

are considered to be Late Holocene (After Sellards,
1940} . .

Deposits of the Berclair formation range from light-gray to dark-gray

s4a0d, gravel, silt, and alluvial clay derived from Tertiary rocks of the re-

glon, particularly the Goliad formation.

A typical section consiats of cross-

bedded gravels at the base, poorly stratified sanda in the middle, and silits

and cleys at the top (Figure 6-5).

The percentage of gravel and coarse sand

decreases in the lower reaches of the valley, and secondary calcivm carbonate

in the form of caliche, in varying concentratioms, is everywhere present.
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The éxeavatinns at 41 BE 2 were carried out in massive degrees along
the edge of the Lerrace. Two distinct horizons came to light. The silty
upper horizon{Q.6 - 2.3 m) yleided about 200 flint chips, burrt rocks, and
hearchs (Figure 6-5). Among the artifacts were a Cleer Fork gouge, 1 leaf-
shaped knife, crude, leaf-shaped blades, a hand axe, and a Morhiss, or Peder-
nales pelnt. Also in this upper Lorizon were areas where mud -dauber nests
had been hardened by fire. No fossils occurred in this horizon.

Below the upper horizon was a sand atratum vold of artifactual content.
This extended from 2.3 to 3 m beiow the surface.

The lowar horizon of gravel was found to underlie this sterile, sandy
leval and extended down from & - 5.8 m in depth. In this horizon, Sellarda
discovered points which appear to be (from published photographs} a Folsom,

a Yuma, two unfluted Clovis bases, and a posegible Big Sandy type. Associated
with these were Clear Fork gouges, oval knives and blades, circular scrapers,
scrapetrs with denticulate spokeshaves, an axe or adz, fire-hardened mud-dauber
nests, and assorted Pleistocene vertabrate fossils. 1t is this lower hori-
z.0 which shows clear Paleo-Indian traits, and its separation by sterile sand
from the upper Archaic horizon which helps support the telief in the antiquicy
cf the site.

This series of sites ia significant for several reasouns. First, it
provides a model for sites assoclated with alluvial terraces along small,
coastal plain rive: systems. Similar relict features appear to be quite com—
mon on the continentsl shelf.

The second reason for their importance relates to the relative dating
of the late Quaternary features in the study area. Fer sowe reason, this {m-
portant work by Sellards has beeﬁ lost in the literacure, and its implications
have escaped the attention of recent investigators of tha region's Quaternary
geolugy. Putting Sellard's well-described findings in the terminology used

in this study, we arrive at the following iInterpretations:
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Culture
Formation Period Interval Pariod
Low terrace and [ill - Late Holocene I-K
Upper Berclair Archaic Middle Holocene H
Lower Berclair Paleo-Indian Early Holocene Hl- H3
Lianie - - Pleistocene (7}
Golitad - - Plioccene (?)

Since Sellard correlates the Berclair terrace with the Beaumont ter~-

race, these data present a serious challenge to the generally accepted age

estimates of the Beaumont terrace and its equivalent across the Gulf coast.

Moat geologists would estimate the Beaumont to be 25,000 ro 120,000 vears old.

Two additional locales should be mantioned in ocur consideration of

possible relationships between Paleo-Indlan occupations and the Beaumont

terrace in the western Gulf area.

Both are beach deposits where the presen:

shore 1s eroding into delta’c facies of the Beaumont Formation., At both

places artifacts and bounes of extinct Pleistocene vertebrates have been

collected along the beach.

The first of these locales, the Sargent Beach Site (41 MG 4), 1s lo-

cated berween the mouth of the Brazos River and Maragrrda Bay. In 1757

James Searcy reported that the site concisted of a low,black clay bank

approximately 45 cm high, fronting on the Gulf

(Files of the Texas

Archeological Research Laboratory, University of Texas at Austin). Searcy

reported finding bison bones, fossil shells, "eleptant™ bone fragments and

tuskg, slivers of mastodon teeth and several flint crtifacts.
Neylind reported that the locus of the black clay bank had completely eroded

away, but that mastodon teeth were still found along the beach,
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is significant because it {s situated upon relict natural levees assoclated

with a late Pleistocene or Early Holocene delta of the Colorado River.

A similar situatior is found at Mc addin Reah (41 JF "A") located
between the mouth of the Sabine River and the High Island salt dome (Figure
6=6). Here the modern beach is being nourished by material derived from the
Beaumont formation, which i3 eroding offshore. Relict distributary channels
and natural levees of an old Trinity River delta exposed on the surface of
the Beaumont terrace juat north of a narrow belt of Late Holocene marash
presumabliy extend to the offshore area beyond the beach.

It is from the surface of, or within these, Beaumout deposits that
artifacts and bones are being eroded. Projectile points from the beach In-
clude Eden, San Patrics and Clovis-like fluted forms. Bones of nammoth
(Mammut ep.), glant tortoise (Geochelone sp.), camel (Camlops sp.)}, and
horse (Equus sp.) have also been found.

A neighboring Rangia shell midden, the Willow Lake Site (41 JF 28), also
associated with a relict distributary levee of the Trinity River, has produced

a gingle Scottsbluff Point along with pottery sherds and other artifacea.

Western Sulf Archaic

Oue major preblem which confronts archeclogists studying the Texas
coastal region is-the fact that the Archajc of this area is believed to be
an extremely long-lived tradition. The Aransas Culture of the south and
central Texas coast, for example, has an estimated time-span ranging from
5,000 yeara B.C. to 1,000 A.D. It is very difficult to place a site of the
Aransas Cuiture in an accurate time frame without absoluta dating controls,
such as C-14 dates. The Joinson Site (41 AS 1; Campbell, 1947), the type-
site of the Aransas Culture, is a case in point. The site was sxcavated and
reported on before the advent of radiocarbon dating. Thus, its positiom in
the 6,000 year history of the Aransas Culture ig difficult to determine from

the published data.
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For that reasou, we have chosen an Archaic site from the northern Texas
coaat snd have avoided the problem of exactly how old an Aransas Culture Site
really 1a.

The introdvction of pottery into the Galveston Bay area has been securely
dared through the efforts of a numter of workers at about 100 A.D. {Ambler,
1967; 1973:; Aten and Bollich, 1969; Aten, 1971; and others). The early ceramic
periuvds of this erea are gemerally thought of as "ceramic Archaic,” that 1is,
the continuation of the coastal Archaic tradition with the aadition of
ceramics to the artifact assemblage. Thus an Archaic site (i.e., pre-
pottery) of this northern coast area would be at least 1800 years old, and
probably older. It would then have been occupied during a perind of slightly
lower sea level, and sites of similar nature may be expected to be located
on the continental shelf.

The Jamison Site (41 LB 2} in Liberty County, Texas (Aten, 1967), 1s
just such a site. Although the upper levels are rich in pottery, the lowr
stratigraphic levels of the site contain artifacts, which are probably
Late /rchailc.

The site itself is located on an outcrop of the Deweyville terrace st
the western margin of the Trinity River floodplain (Figure 6-7). This luca-
tion would have afforded the occupants of the site both the uplands cf the
terrace and the lowlunls of the floodplain in which to carry on food procure-
ment activities (Aten, 1967: 1}.

Excavations carried out by members of the Houaton Archeological
Society from 1959 to 1961 revealed the site to be an earth middan. Four
analysis units were therefore established. Aren concluded that these lower
two units represenf a preceramic cccupation of the site. Included in these
units were dart points of the Rllis, Gary, Neches River, Palmillas, and
Willisms types. Williams prints have a time range beginning approximately
at 4,000 B.C. and lasting well into the time of potter. Palmillas, Garv,
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and Ellis points have dates assumed to range from about 2,000 or 1,000 B.C.
into pottery times. It can then be inferred, if we disregard the earliest
dates for Williams points, that th:se two units would have heen cccvplea
gometime between 2,000 B.C. and 100 A.D.
Similar Late Archaic tool and point assemblages have been found at
sites in Texas and Loulsiana, although no detailed comparisons have been

attempted a3 yet. These sites could concelivably be conterporaneous with the
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lowest levela at the Jamison Site. It can also be assumed that some sites
having such lLate Archaic manifestations at one time existed at locales which
are now heneath the surface of the Gulf of Mexico., Although wave action
would have sltered :hem in some instances, it is poenible that they would
exhibltc features similar to the Jamison site.

The exact relaciopship between the site and the Deweyville scar has
not been established, but it ia not unlikely that the Deweyville scar
was active during the period of Initial occupation. In any case, the aite
is located at an important ecotone -— the escarpment between the Beaumont
gurface and the Trinity River floodplain. Such valley wall escarpments
are likely locales for Archaic sites, Similar drowned locales on the conti-

nental shelf represent high-probability areas for site occurrenca.

Central Gulf Pre-projectile Peoint

We will be concerned here with two important discoverias believed to
be of Pre-projectile Point age: the Natchez Pelvis find in Mississippl and
the 5alt Mine Vailev Site cn Avery Island, Louisiana.

In 1846, a Natchez physician by the name of M.W. Dickeson published a
short account of some fossilized bohes he had collected during the period
from 1837 to 1844 (Dickeson, 1846). He described the remaing as coming from
a gulley overlain by 9.1 meters of sediment. In addfition, these remains were
sald to have been located some 60 cm to 90 cm below the skeletons of three
Megalonyx in a strarum of blue clay. Among these fossils was a black-stained
human pelvias. The pelvis has since been lost, but its stratigraphic position
and relation to extinct Pleistocene fauna have made it one of the most famous
of all early man finds in the New World,

In 1889, Joseph Leidy presented a lfsating 5f the fauna found by

Dickesnn to he associated with the polvis. These were Megalonyx }effersoni,
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Megalonyx dissimi)is, Ereptodon priscus, Mylodon harlani, Magtodon americanus,

Fquns major, and Bison latifrona (Leidy, 1889:9; cited in Quimby, 1956:77).

In 1895, Dr. M. T. Wilson reported the bones of a Mylodon and the
Natchez Pelvis to be of the same age after analyzing them by the flucrine
dating method {(Wilson, 1895:725). The Natchez Pelvis data then lay dormant
and practically unknown until 1951 when T.D. Stewart rediscovered the sig-
nificance of the find (Stewart, 1951).

Pinally, in 1956, George I, Quimby, Jr., pursued the Natchez Pelvis
problem all the way to the actual creek bhottom from which the bone had
emerged over 100 years before. His concise summary of the situation
surrounding the find and the exact creek location of the pelvis are
adequately reported, and thers 13 no need to review all of hip find-
ings here. Suffice it to say that acy attempt to locate more portions
of the skeleton of which the pelvis was a part would prove futile due to the
intense eroding of Mammoth Bayou, the creek in which the pelvis was originally
discovered. However, the loess bluffs surrounding Natchez are prime loca-
tions for more finda of this nature.

These loess bluffs are deposits of wind-blown silts derived from ex—
posed channels aud bars of the Mi.sissippi Valley, located imwadiately to the
west (Figure 6-8, 6-9, and 6-10). The fossiliferous blue clay at the bottom
of the loess deposits has been interpreted as an eroded surface of the Mont-
gomery terrace {Quimby, 1956:78).

The geolagy of the Lower Miassissippl Valley loess deposits has been
studied by a number of recent workers. Awong the most important recent
work is that of %nowden and Priddy (1968) and Otvos (1975). Theg:s authors
have described the distribution and atratigraphy and cite radiocarbun dates
frow two locales. Dates from a roadcut along U.S. Highway 61 near Vicksburg,
Missisgippl, are shown in Table 6~1. The stratified loess ar this locale

was deposited between 24,000 and 18,000 years ago during the Farmdalian and
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Flgure 6-9, Fossil locale on Tunica Bayou, West Feliciana
Parigh, Louisiana. The situation here is be-
lieved to be somewhat aimilar to the Natchez
Pelvis locale. Fossil bones of Mastodon depos-
ited on an erosion surface on Miocene marine
clays are exposed by stream erosion.

Figure 6-10. Loess deposits in roadcut along
U.S. Highway 61 near Vicksburg,
Miszissippi.
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RADICCARBON AGE STRATIGRAPHIC
(YRS. B.P.) UNIT

17,850 + 380%

18,200 + 500*

18,640 + 360%

WOODFORDIAN LOESS

19,200 + 420%
»20 (INTERVAL "F")

19,250 + 350%
20,500 + 600%
21,270 + 440%
WOODFORDIAN LOESS |
*

21,800 + 500 CINTRRVAL, BN
22,600 + 700%

-+ -
22,600 + 800 FARMDALE LOESS
23,550 + 750% (INTERVAL “D")
23,550 + 1000*
25,600 + 1000° . FARMDALE SOIL?

*FOSSIL PULMONATE GASTROPOD SHELLS
8r0SSIL WOOD

Table 6-1. Radioccarbon ages of Vicksburg, Mississtippi,
loess deposits (After Snowden and Priddy,
1968}.
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Woodfordian subatages of the Wisconsin. Omly the upper Woodfordian loeas
unit, believed to be correlative with the Peorian loess of Illinois, ic
present at Natchez. South of Natchez, Otvos (1975) has dated tlis upper

unit at Tunica Bayou in West Feliclana Parish, Louisiana. He Teports radio-
carbon dates on anail shells of 20,690 + 250 years B.P. and 21,750 + 310 yearus
B.P.

The Natchez Pelvis, then, would appear to have a minimum age of about
18,000 years, when loess deposition is believed to have terminated. The
age could be more than 22,000 years old, when deposition of the Woodfordian
loess began. The Natchez find is important because it provides evidence that
man was in the central Gulf coas. area during Interval E or F, before or during
the maximm Wiaconsin low stand oI the sea. Thus, we do have some basis, how-
ever tentative, tor the hypothesis that archeological sites may be associated
with features on the continental ghelf formed “aring the Late Pleistocene -
Early Holocane rise. This coincidence can be seen clearly oo the chroneclogy
plate, Voiume III, Plate 1.

In the southern portion of Louisiana, five major salt domes profrude
above the surrounding low-lying terrain (Figure 6-11). On one of these,

Avery Island, some of the earliest evidence of man in the central Gulf area
has been recorded.

Gagliano (1967) published resulcs of the work he had been conducting on
Avery Island since 1962. He alac reviewed all previous explorations at the
island carried out by Owen (1863), Leidy (1B66; 1889}, Joor (1895}, Veatch
(1899), and others in which the presence of Pleistocene fauna and artifacts
were revealed from what was termed the "bond bed" {1967:132).

The Salt Mine Valley Site (16 IR 23), the actuzl location on the
igland where evidence of early man Pleistocene vertebrate fossils became
apparent, seems to have been formed by a repeated process of stream valley

cutting and filling (Figure 6-12),
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Gagliano (1970; 16) hypothesized that in the first stage of thie pro-
cesa, 12,000 - 11,820 B ?, (Intervals By and H.), "Stream erosion exposed
upthtrus'. rocl. salt, The surface cf the tock salt was very irregilar, and
there were decp solutien pits. Channel sands and graveis anu organtc debris
collected in solution holes a~( uver skallow pits.”

During the second phase (11,000 - 8,000 B.P., Intervals Hy and H,)
of these geological changes, the valley begar to f£i11 with scdiments carried
by Iron Mire Run, the stream draining wuch of the ialand surface and ‘raveres-
-ng Salt Mine Valley. This atream and otherm like it ehifted tack and
forth across the valley, depositing an Interiedded sequence of channel sands
»nd gravels and overbank s:lts and clays (Cagliano, 1970: 16).

Phase 3 (2,000 - 6,000 B.P,, Intervals Hy and T) of the valley was
marked by erosion and/or sclution of the lower salt depoaits, which resulted
in a new, smaller valley within the nlder valley walls,

The final phase (6,000 B.P. - Present, Intervals I and K) was marked
by another period of stream sediment deposition. Erosion of the banks of
the older valley walls has also added to tha f£{11.

Iu the initial excavations at Salt Mine Valley by Gagliano, begun in
1962, the key bed, from which Joor, Veatch, and others had recuvered fossail
bones, was :xpomsed at a depth of approximately six meters and continved down
to about seven meters.

In 1968 the work in Salt Mine Valley was continued with a Program
of core drilliag and excavating. During tﬁis study, the bone bed was
dated and tied into the same bed exposed in Pit V, which up until then
had n,t been accurately dated. The dates and a descrip:ion of the faunz

and artifacts recovered from the fossiliferocus layer are reported below.




During 1969, the International Salt Company began excavaling a new mine
shaft in the valley (see Figures 6-13 and 6-14). A pit twelve meters in cia-
meter was excavated down o the basal rock salt. This was accomplished by the
use of a clam-bucket working with a steel casing. The materirl was removed
by levels and transportec to another part of the island vhere it was dystematically
arranged for acrecninrg and analysis. Material was removed frm a total of four
levels, reaching a depth of 9.6 meteras below the surface (~7.3 meters MGL)
(Gagliano, 1970:7--3). 1In 1870, part of the fill from the lowest levels
(-.46 meters Lo -2.80 maters MGL) was sacreened.

Again, it was clear that the bone bed wae the prominent “rature ip which
numersus fcssil Pleistocene vertebrate bones and human artifacts were found.
The artifact assemblage consisted of chipping debitage, anvil stones, hammer-
stonea, bipolar core tools, steep-edge clipped tools, vegetable cordage,
cane basketry, and a single bone prolectile point (Gagliano, 1970:11). 1In the

levels fron’-2.5 to -2.8 meters MGL, shells of Rangia cur.eata, a brackish-

water clam, were found In remnants of a poseible hearth, thus pointing to the
likelihood of a marsh environment relatively nearby at the time of occupation.
Man'e early presence at Salt Mine Valley is marked, as juat stated, by a
rather divergified agsemblage of artifacts within the fossil bone bed, whi=h
itself was deposited in the lowest levels of the site, atop the basal salt.
This Lune bed has been dated (Gagliano, 1970) at 10,900 B.P. (8,950 B.C.) +
300 years and 11,550 B.P. (10,000 B.C.) + 300 years.
In this stone bed, and thus assumed to be in association with the
artifacts, Joor (1895) reported the remains of several extinct aspecles.
Thege Iincluded: dire wolf (Canig dirus), aber-toothed cat (Smilodon

Floridanus), giant, big-horned bison {Bison gigantobliso- latifronsg),

eastern horse (Equus complicatus), plainas horse (Equus scottil), ground sloth

¢tylodon harlani), mammoth (Mammut 8p.), mastodon (Mastodon sp.), ground sloch

(Megalonyx sp.), capybara (Hydrochoerus), and glant tortoise (feochelone cros-

siscutata) (Galiano, 1967:40). A radiocarbon date on some fogail ground aloth

222



r—— o by —

) ! tH ¢ 30 33w
(0/61 *oueyTlen 1233y) saanjesy soeyan . ]
3 "HE[IY II02 Jo gUGTIEdOT dumays‘(gz 91 9T) Ao21[Ep AU ITES €[-9 =2-n813

OJANT I

223



7 T

¢ -arybe————-

=

BT R T P

—Hasic Burapuas wridaery L]
toFaqvaming paried j LTI ]
2—Fieproad iniwn wad Wladsinn Mew m.ng shah
¥—Chipped gravel
fram Mmr Rea TOBE Bacaraces t—lipeiai wrifaety
l h=Craves. denticgintas, erdaga. buriyiey
!‘ T aedutiect lawngl remmas 6
Barmhals L
C—4tp Barabylon & & !
-
-
Lae =
- ..
[T
’ . demat = 3
KT 770 et akg = T batteer baiae Terty valler depauin -
L [t FUT Y- Y- 2
—% . -/ 33 a1y §
A S
——s WG| .
LIE TN 100 1.1 R Sy, = =
"G00 BC - Yoo bl R
LA
r K N
L PN -
L "
1 LR L4
X L] ,‘ . .
1] 8 m F A N
H , * . -
—_ PN
1 * 4y +_t 3 3

Figure 6-14. Idealized crosg*section through Salt Mipe Valley (15 IB 23).
MGL reference datum equals mean gulf level. For locacions
of control sections, see Pigure 6-13 (After Gagliano, 1970).

vertebrae, originally found by Joor in 1890, yielded the age of 8,390 B.P.
(6,440 B.C.) * 140 rears (Gagliano, 1967:34). However, the vertebrae used for
this date lacked precise stratigraphic location within the bone bed.

Two distinctive lith2c assemblages have now been identified from the
fossil bone bed. The first, recovered from P1t V in the 1962 excavation. has
been described as a bipeolar assemblage (Gagliano, 1967). MacDonald {1968)
reported a similar Industry from the LCebert Site {n central Nova Scotia, where
the material was asaoclated with fluted Proje:tile points. An excellent se-
quence of radiocarbon dates obtained from hearth charcoal at Debert yielded
an average date of 10,600 + 47 years R.F. MacDonald groups the products of

the bipoiar technique into a class of artifacts called pleces esquilles .
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These artifacts, first recognized in Upper Paleclithie assemblages of the
Old World, are believed to have been used as wedging and slotting toolas

associated with the groove and splinter technique of working bone, antler,

ivory, and hard wood.

MacDonald (1968:89) makes a basic distinction between pieces esquilles

and bipolar pebble cores, the former being incidental products of the use

of small pebkle fragments in splitiing and grooving bone and related ma-
terfala. In contrast, bipolar cores may produce eimilar forms, but were
probably designed to yleld usable Flakes. Following this reasoning, Mac-

Donald describes five types of pieces egqiilles from Debert: 1) Tectangular

(small wedge forms); 2) " pseudo-coresg" (miltiple coluwmar fractures resem-
blin, remnants of polyhedral or cylindrical flint cores from which lamellar
flakes were struck); 3) "pseudo-buring" (lack negative bulk characteristic

of true burins, thus believed to be incidental to bone~splitting function of
the artifact class); 4) on-end scrapers (resulting, again, from splitting use);

and 5) on-other artifacts. It should be noted that at Debert, both hammer-

stones and anvil stones are associated with pleces 2gquilles.

While th: pessibie splitting and grooving functions of the bipolar

artifacts frcw Salt Mine Valley were recognized, their classification rested

on the assviption that the basic forms were produced by direct hammerstone
blows directed to pebbles placed on anvil stones. This conclusion was based
not only on the cecurrence of anvil stones and hammerstones, but also by ex-
periments which produced comparable forms. Characteristics of the bipolar
types described from falt Mine Valley are illustrated in Figures 6-15 and
6~16. The types include longitudinally splir pebbles, side-split pebbles,
split, pebble-ccre fragpments, cores with flat atriking platforms, triangu-

1314 cores, fusiform cores, irregular blocky cores, core gcrapers, cortex

flakes, multiple—scar flakes, and beaked forms. More Tecently, burin forms

have been recognized on bipolar cores from Salt Mine Valley.
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TRIANGULAR PRISMATIC
CROSS - SECTION CROSS - SECTION

LONGITUDINALLY FUSIFORM CORES
SPLIT PEBBLE

WEDGE -SHAPED CORE AXIS

PLATFORM
EDGE \ ANGLE 90°

REBOUND
FLAKE SCAR

PITNING

TRIANGULO!D CORE CORE WITH
SIMPLE PLATFORM

BEAK

SIDE SPLIT PESBLE

9 5
N

CM.

Figure 6-15. Characteristics of B’pelar cores from Pir V, Salt
line Valley (16 IB 23) (After Gaclianc, 1967).

226




- ——— e

4] S5cm

Figure 6-16. Bipoler artifacts from Pit V, Salt Mine Valley Site
(16 IB 23). A~C, Longitudinally Spilt Cores; D, I,
J, Core Fragments; E-G, Multiple~Scar Flakes; ¥, Fusi-
form Core; K, L, Side Split Pebbles; K, L, M, Beaked
Forms (After Gagliano, 1967}.
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This typolegical discussion has been introduced here hecause the
general class of artifucts is believed to be broadly distributed in the
northern Gulf area and highly indicative of Paleo-Indian and earlier Lithic-
stage occupations.

A second, highly significant lirhic assemblage came to light from
Salt Mine Valley as a result of the 1969 excavations in the new miue shaft.

The artifacts were manufactured by steep-edge chipping on relativeiy flat

atream pebblea (Figure 6-17and 6-18). The resulting scalloped edges were utilizod

as gravers and burins. Some ha.e been worked down or rounded from use.
These artifacts are reminiscent of those described by Krieger (1964:46) from
friesenhahn Cave (see Figure 6-1),

As previously noted, the bone bed is remarkable not only for the stone
tools which it has produced, but particularly for the quantities of bone and
perishable artifacts. The excavations in the new mine shaft vielded =
number of perishable artifacts. A smail fragment of basketry or matting

made from split cane was found in lumps of sand. Although the piece is small

(Figure 6-19), the plaiting is unmistakable. Cordage occurred both as short,
individual strands (Figure 6-20) and as interwoven bundles. The bundles sug-
gest sandals or fragmeuts of larger, loosely plaited fabric.

A socketed, bone projectile point fashioned from the long bone of a
emall an:mal or bird was found partially encased in a grass bundle in the
lowest lewvel of the excavationm (Figure 6-21). Distinctive grooves or cutting
marks ani polishing are evident.

Several small pileces of wood that appeared to be cut or Intentionally
burned on one end were irecovered. A small scick with a distinctive flat core
on one end 13 illustrated in Figure 6-22.

it should be noted that while the bone bed in the new mimn shaft has

been stratigraphically correlated, where Jates have bhcen obtained with Pit
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Figure 6-17. Steep, edge~chipped artifacts from the
New Mine Shaft, Salt Mine Valley.

Figure 6- 18,

Steep, edge-chipped artifacts from the New
Mine Shaft, Salt Mine Valley,
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Figure 6-19. Fragment of split-cane basketry from New Mine

8haft, -2.5 to -2.8 meters MGL, Salt Mine
Valley Site, (16 IB 23).

Figure 6-20. Pieces of three-strand ccrdage from New Mine
Shaft, -1.89 to -2.23 meters MGL, Salt Mine
Valley Site.
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Figure 6-21, Socketed bone

projectile point from New “Yine

Shaft, -2.5 to -2.8 meters MCL, Salt Mine
Valley Sirce.

Figure 6-22. Cut wood from New Mine Shaft, -2.,5 to -2.8 meters
MGL, Salt Mine Valley Site.
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V and Boreholes "B' and "I", organic material from the new shaft has not bheen

satisfactorily dated, There remains the possibility that the two asasemblages

from the valley are somewhat differeﬁt in age. An altermative explanation is
that they represent djfferemt activity areas that were more-or-legs contempor-
aneous.,

The pre-~projectile point component at Salt Mine Valley can be summarized
as follows:

1) During phase 1 of the valley's geological history, while the valley
was forming and the rock salt was exposed, wandering hunting-gathering peoples
left artifacts in stream and solution pit deposits. Assoclated with these
artifacts are bones of a diversified assemblage of extinct Pleistocene verte-
brates. Whether these animals were killed at the site or killed elsewhere and
brought to the site has not been eatablished, but the latter explanation seems
most likely. !

2} Following this, while Iron Mine Run was slowly filling the valley
with sediment, artifacts and bones were again incorporated within the deposits,
this timc along the margins of small streams.

3) Radiocarbon assays have tentavively flixed the pre-projectile com-
ponent at approximately 12,000 years B.P,

4) Salt domes with surface expression may have provided attractive habi-
tats for early inhkabitants of the region. It follows that submerged salt domes
on the continental shelf should be regarded =za high-probability areas for site

ocCcurrence,

Central Gulf Paleo~Indian
As with the preceeding section on the Pre-projectile Foint Period,
Avery Island will again serve as our principal Paleo-Indian site.
From an area to the northeast of Salt Mine Valley, around the fringes

of De Vance's Pond, Gagliano (1967:96) reports the surface findings of San
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Patrice, Lerma, and "Lanceolate-type" projectile points. This would seem

to Indicate che pond area as a favorad stopping apot during the Late Paleo-
Indian Period.

Additicnal evidence comes from Pit VI and the surface ares to its north-
east (Analysis Unft 2} whera prepared cores and bladelets have been found
(Gagliano, 1967;51-52) (Figure 6-23). These artifacts have been classified as
cores with prepared striking platforms, cores with natural striking platforss,
blocky cores, cortex flakes, flakes with wditiple scars, flake and scrapers,
flake side scrapers, and bifacial artifacts.

During the 1969 excavations, several pits were excavated into tle ridge
deposits of Salt Mine Valley (see Frgures 6~13 and 6-14). These ridges are be-
lieved to have been formed during Phase 2 of the proposed ;-lley sequence (ca.
11,000 - 2,000 B.P.) and are composed of stream—depoaited sands and gravels.
In these ridge deposits wer Ilccated various artifacts conforaing to those
described previouély for prepared corves and bladelets,

Although ne true projectile points were located in stratigraphic con-
text, the similarity of the prepared core and bladelet artifacts to Paleo~
Indian tocl assemblages from elsewhere warrants the inclusion of this com-
ponent in that time frame. The projectile points from around De Vance's Pouad
help support the belief that Paleo-Indians did inhabit Avery Island, and nost
likely Salt Mine Valley, conceivably while following a seasonally based,
migratory, hunting and gathering pattern,

Aside from Avery Island, surface collections from two Late Paleo-
Indian - Carly Archaic sites serve to illustrate projectile poins types and
other characteriatics of the period in the central Gulf area, The Baycu
Grand Louis Site (16 EV 4) is associated with a relict, crevasse distribu~
tzry channel on the Prairie Terrace surface of south~central Louigiana., The
old crevasse channel, which once 'ed into an extenaive backswamp area, can

te identified only by relizt channel scars and poorly defined natural levee
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Figure 6-23, Cores, bladelets, and bffacial tools from Sait Mine Valley
(16 I8 23). A, B, E, G, End Scrapers; C, D, I, Tlake Side
Scrapers; J, K, Cores; F. H, L, Multiple Scar Flakes$ M,
Scraper or Knife; N, Drill or Awl (After Gagliano, 1967).

234



ridg:a. The aite is distinguished by artifacts scattered over aeveral acres
In cultivate! fields along the crest of an old natural levee.
The artifact assemblape (Flgure 6-24) 1a distinguished by projectile
poiat forms including Cumberland, Angostora, Merserve, San Patrice, Palmar,
Ellis, Gary, and Williams, Hammerstones, pitted anvil atones, unifacial
scrapers, and bladelet tools also oczur. Debitage and some unworked peb-
bles are also found. There 18 no apparent local source of stone from which
the artifacts were manufactured. The Pratrie Formation with which the site 1ig
assoclated cronststs of alluvial depusits of ailts and clays. While the arti-
facts are thinly scattered, they are distinct’ve because they represent the
only materfal ~ocarsfer than silt that is prusent, It {s a relatively common
situation in coastal and alluvial siter to find that stone artifacts represent
the coarsest sediment or rock particles present, representing coarse inclusions
well beyond the size range of the natural sediments Present.
The Palmer Site (16 EBR 13} exhibits some similaricies. It, too,
consists only of scattered surface finds on an old allyvial terrace, al-
though the paleageography is somewhat different. The Palmer Site is situe-
ated nn the margin of a poorly defined scarp marking the margin of the
Amite River valley in southeastern Louigiara. When the site was occupied,
tie reaches of the river in its vicinity are believed to have been estuaries.
The projectile point assembiage from the Palmer Site (Figure 6-25) N
is disting:ished by San Patrice points, Kirk Serrated points, a Plainview,
and broad, simple-atemmed forms. Unifacial acrapers and use-polished, gouge—
like tools (probably digging atick or "hoe" blades) are also present.
While Bayou Grand Louis and Palmer are typical of Late Paleo~Indian -
Early Archaice sites, and eimilar sites are likely to occur on the contiaental
shelf, h.ir discovery will bo extremely difficult. The artifacts are

limited in number and scattered over a relatively large area. The surface i
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Figure 6-24,

Projectile points from Bayou Grand Louis
{16 EV 4). A, Cumberland; B, Angostura;
C, Meserve; D, Palmer; E, San Patrice;
F-L, Unclasaified.

Figure 6-25.

Artifacts from the Palmer Site (16 EBR 13).
A-C, Unclassified broad-stemmed projectile
points; D-E, Kirk Serrated; F, Plainview;

G, San Patrice:; H-I, Unifacial end scrapers;
J, "Digging" celt or adze; X, Circular bi-
face with graver burr; L, Granite hammer-
atone; M, Ground hematite (plummet?};

N-Q, 5, Unclassified; R, Kent.
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expression of rhe relict featurea ig subtle, and there does not appear to
be a distinctive geomerry or internal structure. Such claracteristica are
too subtle for positive interpretation through present remote sensing tech-
nigues. They are likely to be found only through chance artiface recovery

in a bottom dredge or some other fortuitous discovery.

Central Gulf Archaic
One of the least known pericds in the prehistory of the northern Gulf
area is the so-called Middle Archaic. The Pauclty of specific site data
makes this interval difficule to discuss except in very speculative tarms,

Centain assemblages of projectile points and stone artifact types have

been tentatively assigned to the Middle Archaic, but this is largely through

Inference and comparison with 3equences established in other areas, PFor
example, mixed projectile point assemblages that include Kirk Serrated, Eva,
Palmer, Morrow Mountain, Tortugas, Williame, and Marshall might be asmsigned
to an Early-tcs-Middle Archaic intervai,

In Louisiana, at least parct of the Amite River Phase may be amsigned
to the Middle Archaic. The Phase has been defined entireiy on surface col-
lections from what are in all probability multi-component Archaic sites

along the middle Amite River.

of the river (Figures 6~26 and 6-27). They are located dalong those reaches
of the stream where chert gravel is a common corponent of the bed load.
Sites are identiffed by a profusion of dcbitage and chipped tools.
At the Williams Gravel Pit (Figures 6-26, 6~27, and 6-28), a chipped
adz and a large sandatone BOCtar were recovered from sand and gravel deposits,

indicating active use of the bars by Archaic peoples,
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Figure 6-26. Site distribution and morpholeogical relatiomship in the
riddle Amite River area. An "*" gignifies a site not shown
on Plate § of Vol. ITT (After Gagliano, 1963).
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Pigure 6-.7. Generalized cross-section of the Amite River Valley,

showing site-terrace reiationships. Location shown
in Figure 6-26 (After Cagliano, 1963).

= *";". g = Sandy clay with
; . e pea gravel.

Cross-bedded sand and
gravel. Inclusions of
manganese coated
gravel throughout.

5‘.!":W' 3333 " T Manganese coated sand
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\
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Figure 6-28. Stratigraphy of high fl--dplain exposed at Williams
Gravel Pit (16 EBR "A"). Location shown in Figure
6-26 (After Gegliane, 1963),
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The geclogic context of the W{lliams Gravel Pit finds and the moTpho—
logic relationships of sites in the area are significant in the present
study. The overall setting is similar to the Miseion River drainage in
Bee and Goliad Counties, Texas, as described by Sellarde(;940) and dis-
cussed previgusly.

Within what might be called the present floodplain of the river,
there are actually two levels which indicate surfaces of gtream deposition.
The uprer level, or high floodplain is somewhat dissected, has a moder—
ately well-developed soil profile, and is covered with water only during
flood. Several feet below this high floodplain is a level of active ard
abandoned point bars. At first inspection, it might appear that the upper
surface was formed during floodetage, and the sandy bars represent
stage features. However, deposition by the river seldom exceeds the
height of the highest river bar, and only clays are deposited above the
bar crests during flood. In the segment of the Amite River under con~
sideration, the stream is scill adjusting its gradient by downcutting.
Activz: deposition is Pregently restricted to sandbars and channel de-
posits in and below the low Jlevel.

In their studies of river systems, Wolman and Leopold (1957:105)
have found that a channel has an associated floodplain whether stable and
tlowing on bedrock, gradually eroding a valley, or gradually depositing a
fill. Furthermore, when the aggraded valley f111 of a floodplain {s
incused after itsg depositinon, the original level becomes a terrace.

They define an alluvial terrace as "....an abandoned floodplain whos=

surface no longer bears the normal telationship to the stream bed (1957:105).
The true terrace, by 1ts definition, must not be overtopped by the

annual fleed. The upper floodplain of the middle Amite River area is

nceasion.lly flocded, but does not "..,.bear the normal relationship to
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the stream bed." The upper surface, then, might be interpreted as a
poorly-deiined terrace. It is the deposits of this upper surface that

have yielded Archaic artifacts in the Williams Gravel Pit.

The slope relationships between the upper level and the Prairie
terrace are such that the two surfacea merge immediately north of
the area acplcted in Figure 6-26. Like the Prairie, the high floodplain
depogits are coarse and presently supply much of the sand and gravel needs
of Baton Rouge and adjacent communjties. Because of the very slight dif-
ferences in elevation between "high" and "low" surfaces, the deposits are
widifferentiated in Filgures 6-26 and 6-27.

Gravel deposits, which are shown schematically in Figure 6-27,
are formed by concentration of the coarseat particles eroded from the older
depogits., Gravel ias abundant in channels and on point bars immediately
downstream of tributaries and in places where str2ams cut and rework older
concentrations. The gravel consista predominantly of tan, brown, red, and
black chert of varying degrees of purity, with occasional quartzite pebbles
and small slabs of ferruginous sardstone.

Extensive site areas are found on the Prairie tarrace along the scarp
separating Prairie and Rzcent floodplain surfaces, 1.e., the Baywood Site.
A few middens, such as the Doyle site, have been found on abandoned point
bar ridges within the active floodplain. All of these siten are associated
with gravel accumulations, the largest complexes being located on the
Prairie surface near the junctions of tributary streams and che river val-
ley, i.e., the Bluff Creek Site., The occupants simply selected spots where
streams were actively eroding and depositing gravels, resulting in a
readily available supply of raw material for tools and weapons. The Bluff

Creek, Doyle, and Baywood Sites typify the settlement patterns of the

Amite River Phase.
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Recent work in the area has disclosed a series of sites along the

escarpment separating the Prairie and pre-Prairie Pleistocene uplands.

While the sites thus far found are characterized by chipped stone tools,

their age and relationship

Tace sequence remain to be established.

to the geclogic history of the river and ter-

Putting the geological and archeological sequences of the middle Amite

River into the terminology of the preseant study, it can be summarized as

follows:

FORMATION CULTURE PERIOD INTERVAL PERICD
Loew floodplain Late Holocene J-K
and fill

High flcodplain Middle Archaic Middle Holocene I

(terrace) and
fill

Prairie Terrace

Pre-Prairie
Pleistocene

Poasible associated
gites

Early to Middle
Pleistocene

In one sense, the middle Amite River sites can be considered as quarries

wvhose locations were dictated by the availability of atream gravel. However,

the diversity of the artifact assemblage suggests a much broader range of

activities and has led to the conclusion that the principal sites were at

ieast seasonally occupied and that during these perfods, the occupants were
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engaged in a full range of economic and social activities largely unrelated
to the manufacture of stome tools (Figure 6-29 and Figure 6-30).

Small, chipped, gouge-like tools often exiibiting polished bits are
now believed to have functioned as hoes or digging-stick tips and may have
been used in "root gathering" or "early asgriculture . Distinctive pro-
jectile point forma are indicative of specialized hunting activity.
Bifacial knives and blades are related tc these activities. Another sug-
gestion of at leaat semi-sedentary activiries 1a the occurrence of small,
low, circular earth mounds. The specific function of the moumds has
not been established. They are ugually solirary, but dccur sometimes in
pairs.

In addition to Anite River sites, there are other suggestions of a
Middle Archaic age for the introduction of mound building in the rentral
Gulf coast area. The most important of these is the Monte Sano Bayou Site
in southeastern Louisiana (16 EBR 17). Here Haag, Pord, and Cagliano
(unpublished manuscript), in a salvage archeological project in 1967, es-
tablished that two large conical earth mounds located on an alluvial ter-
race at the valley escarpment of the Mississippl River were mounds con-
structed over cremation platforms (Figure 6-31 and Figure 6-32). A char-
coal sample from the cremation platform within one of the mounds yielded
a date of 6,220 B.P. + 140 years (4,240 B.C.). Poverty Point traits
eccur at the site, including a stylized grasshopper bead of red jasper,

Poverty Point-type microflints, and the similarity in construction teche

nique: of the mounds with those at the Poverty Point Site. This casts some doubt

on the validity of this eurprisingly early date for mound building. How-
ever, another relatively early date from the Banana Bayou Mound (16 IB 24),
3 small conical cremation mound on the Avery Island salt dome, gives some
credibility to the date. Charcoal from the cremation platform within the

Banana Bayou Mound was dated at 4,440 B.P. + 260 years (2,490 B.C.).
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Figure 6-29,

Figure 6-30.

Amite River Phase Projectile Points.
A-C, Almagre; D-F, unclassified; G,
Morhias; H, Webb (7); I-K, O=P, Kent;
L-N, Assymetrical; Q-R, Shumla; S-T,
Hells.

Amite River Phase Artifacts. A-D,

Ovate and triangular blades; E-G, chip-
ped celts; H, unclasaified; I, "turtle-
back; J-K, double-ended gouges; L-M,
gouges; N, "leaf-ghaped” point or blade:
0, notched drill; P-Q, straight drills;
R, double-ended graver; 5, oval knife;
T-U, "petal-shaped" flakes; V-W, lamel-
iar flakes; X-Y, pointed hammerstones.
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Figure 6-31. Map of Monte Sano Mounds (16 EBR 17).

The zounds

are gituated on the Prairie Terrace surface near the
escarpment marking the eastern valley wall ol the
active floodplain of the Mississippi River.
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Thus, our highly speculative model for the Middle Archaic of the
central Gulf coast area ircludes the trait of mownd building. Until dis-
proved, conical earth mounds, occurring singularly er In small groups,
should be considered as a possible element of the Viddle Archaic.

We have indulged in some specttlation regarding the Middle Archaic,
as inspection of the sea level curve {Vol. 3, Plate 1) will indicate, be-
cause drowned Middle Archaic sites can be anticipated on the continental
shelf. In fact, the postulated sea level reversal during interval H4 may
have continued duri..g the Middle Archaic, providing an explanation for the
paucity of ccastal area sites related to the pericd.

The settlement and land-use pattern along the middle Amite River pro-
vides anciher model for predicting high probability areas associated with
relict alluviel features on the continental shelf.

As previously wentioned, there aie currently few published
reports dealing with central Gulf coaatal Archaic sites. One of the ex-
ceptions, however; is the Copell Site (16 VM 1027, located in an orange
grove on Pecan Island, Louisiana (Figure 6~33). This site was first brought
to the attention of archecologists through two short reperts compiled by
Henry B. Collina (Collins, 1927; 1941). Llater, Ford and Quimby (1945)
gave considérable review to the site and its artifactual assemblage in
their raport on the Tchefuncte Culture. In this report, Ford and Quimby
placed the Copell Site in the same éuICUral context as Tchefuncte.

They did recognize, though, that the lack of potrery at Copell probably
meant the site was earlier than the typical Tchefuncte Culture aites. In
1947, Martin, Quimby, and Collier placed the Copell Site in the Archaic
Period, However, in later studies (McIntire, 1958; Haag, 1961), Copell was

still considered as Tchefuncte, although some doubt was expressed. It is
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Figure 6-33. The Copell Site (16 VM 102) on Pecan Island, Louvisiana,
Pecan Island is one of a series of relict beach ridges,
or cheniers, along the lLouisiana coast.
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now generally assumed that the Copell Site 13 not a Tchefuncte Period site,
but rather a Late Archale Perlod occunation. Two recent repotts (Gaglliano,
19675 Gagliano et al., 1975) have Suggested that the name Copell be applied
to a la*e Archiic phase far the area of southwest Louisiana.

The aite itself i3 situated on Pecan Island, a relict Gulf beach ridge,
or chenier riging out of the Louisiana marshes. Such cheitiers of ered tha
Indians stable, high ground throughcut the centuries and can be considered
as prime locations for the discovery of Archalc and Paleo-Indian sites in
the continually subsiding Louisiana marsh area. Indeed, scattered Paleo-
Irndian points have been reported from Pecan Island.

Since we are here concerned with the Late Archaic Copell Site, a trait
list may be in order as a sumnary of the artifacts collected by Collins and
analyzed by Ford and Quimby. These artifacts are stemmed, ovate~triangular
projectile points, knives, retouched bladea, a boatstone, a bar weight, sock-~
eted points wanufactured from the bones of a variety of mammals and birds,
an atlatl hook, bone perforato-s, cut and drilled bones, and various un-
worked animal bones (Ford and Muimby, 1945:17). All of these ob] 1cts were
assoclated with the Topell buriala, Indeed the site 1is unigue in thar it
was a burial 3ite rather than z habitatinn area. The burials themselvas wera
sometimes laid upor layers of red and yellow plgment and were placed in the
ground in tightly flexed positiuns. They probably alsc occurred in pits,
although Collins could not discern their outlines in the excavations (Tord
and Quimby, 1945:16). There were 20 males and 13 females, with the mean
age at time of death teing 55 years for the males and 46.2 years for the
females (Snow, 1945:Table XVII) buriled at the sica.

The only description of the Jepth or areal extant of the site ig that

the burials were unearthed from several feet below the ground surface.
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One other interesting item assoclated with the burials was asphaltum,
a commonly occurring item along the Texas coast. This may possibly il-
lustrate ties to the west with the Aransas Phase and other Archaic peoples
of the Texag coaat.

Another Late Archaic Period site in the central Gulf area is the Ce-
darland Plantation Site (22 Hf 30), located near the mouth of the Pearl
River in Hancock County, Missignippi (Figure &-34),.

The site, located in 1957, 48 a semi-circular, stratified, oyster
shell and earth midden (Figure 6-35), situated on 3 low bluff overlooking the
Pearl River estuary (Gagliano, 1963; Gaglianc and Webb, 1970). Immed{-
ately across a swampy depression to the south-southeast of the site is
another Indian habitation locale, the Poverty Point-age Claiborne Site
(22 HC 35), which is discussed in the following section.

The Cedarland midden material, ae illustrated in the crosg-sestion in

Figure 6-35, is basically composed of two strata. The lower stratum is made

up "predominancly of oyster ghell (Crassostrea virginica) with bones of small
animals, deer, bear, fish and waterfowl, and with charcoal and artifacts
intermixed (Iigure 6-36)., Remnants of small, c¢lay-lined hearths {Figure 6-37)
are scattered throughout the shell" (Gagliano and Webb, 1970:47). The

upper stratum ia a black, organic sand containing the remaing of animals,
charcoal, artifacts, and clay lumps. An increase in the fiumbers of heartls
wag algc noticed in this upper stratum,

The artifacts recovered at Cedarland (Figure 6-38) became the basis for
defining the Late Archaic Pearl River Phase {Gagl ano, 1963), Moast commonly
nreeurring artifacts and raw materials were marine shells, terrace and stream
gravel, ferruginous sandstone, red jasper pebkbles, limonite, orthoquartzite

from southern Alabama, pink and white meta-quartzite from Arkansas, sandstone
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Figure 6-36. Stratigraphic view of Cedarland Site. Lower
. portion or site is an oyster shell midden,

upper portion is black earth midden.

Date: 12/27/65

Figure 6-37. Cross-sectiouzl exposure of clay-lined heartn

in black earth wmidden in Late Archaic Cedarlend
Site (22 HC 30Q), Hancock Co., Misaisaippi,

Date: 12/27/65
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Figure 6-38. Artifacts from ~he Cedarland Site. A - Hale Point;
B - Macon Point; €~ Macon Point ;7 D - Pontchartrain Point; E -
Gary Medium Peint, F- Ellis Peint ; G - drill; H,I - bipolar
cores; J,K - microflints; L - Busicon shull scraper or gouge;
M - wutting stone or anvil; N - sandstone saw; O - gorget; P -
quartzite bead; Q - quartzite winged atlatl welsht; R - mandstone
cylirdrical atlatl weight; 5,T ~ plummets. (M is from Graveyard

Site, 16 ST 4) (After Gaglisaa and "ebb 1970},
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hones and saws, hammerstones, deer ulna awls, shell scrapers (Busycon

perversum},and choppers (Mercenraria mercenaria campechiensis). Winged

atlatl weighta, red jasper beads, and straight drills were also common.
The most common point types consisted of Gary typical, Pontchartrain,
Magon, ilale, and Palmillas, with Ken, Yarbrough, and Cary large and small
appearing in lesser numbers.

Anothet interesting characteristic was the occurrence of bipolar cores.
Bipolar cores ure also reported from Archaic sites in Texas (Honea, 1365),
suggeating that this technique. identified with Paleo~Indian levels of
Avery Island, may have persisted for long perfoda or have been revived for
special purposes., The burin-like forms on bipolar cores of the Avery Ialand
asgemblage have not been identified at Cedarland.

A single radiocarbon assay from the upper level of the gite gave a date
of 3,190 B.P. ha 130 years (Gagliano and Webb, 1970:69). It can be as-
sumed, however, that the site was occupied before that. A relationahip be~
tween Cedarland and other Pearl River Phase sites has been noted by Gagiiano
and Webb, especially for the Cedar Point (16 ST "A") and Graveyard (16 ST &)
sites. The transition from the Archalc occupation at Cedarland to the Poverty
Point at the neighboring Claiborne Sitewill be considered in the following

section.

Central Gulf Poverty Point
Recognition of the Poverty Point Culture, one of the most interesting
phenomena of North American archeology, can be traced to an article by Clar-
ence H. Webb (1944) which describes certain traits from the type site in West
Carroll Parish, Louisiana. The reai importance of Pover-y Point Culture un-
folded as a result of the excavations at the Jakectown Site in Migsissippi
(Ford, Phillips, and Haag, 1955), followed by those at the Poverty Point Site

(Ford and Webb, 195¢).
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Although the Poverty Point culture had been identified at the Jaketown,
Poverty Point, and other sites in the Misaissippi Alluvial Valley, as late
as 1963, the earliest ectublished component in the Loulsiana coagtal area
was Tchefuncte, Various researchers had postulated pre-Tchefuncte occupations,
but had ne substantial proof upon which to base this supposition. Ford
and Quimby (1945) reported Poverty Point Objects from the Tchefuncie Site
(16 ST 1), the Little Woods Middens (16 OR 1-5), and Big Gak Island {16 OR 6),
all basically Tchefuncte Period (500 B.C. ~ 100 B.C.) sites, They attributed
the presence of the objects to thelr being hold-overs incorporated in the
Tchefuncte cultural milieu.

Earlier, C. B. Moore, in his early reconnaissance surveys of the lower
valley's srcheological remains, repcrted Poverty Point Objects from the Bayou
Sorrel Site (16 IV 4), the Schwing Site (16 IV 13}, and the Miller Site
(16 SM 6) (Moore, 1913:12-_6).

In a 1963 article in American Antiquity, Gagliano and Saucier Tepcrted

three new Poverty Point gites, two of which, Bayou Jasmine (16 5JB 2) and
Linsley (16 OR 40), had beeu revealed by dredging operations. The third
site, Carcia (16 OR 34), had been recorded along a heavily wave-washad beach.
In that same year, the Pearl River Phase of the Lare Archaic Period was re-
ported (Gagliano, 1963). Situated across a swampy area from the Cadarland
Site, the type site for the Pearl River Phase, was tne Claiborne Site
{22 HC 135), a Poverty Point Pericd locale. In this section, we will first
discuss the Claiborne Site and then Bayou Jasmine, Linsley, and Garcia.

The €laiborne Site (Figure 6~35) is located only about 45 mi from Cedarland.
The site itself is almost identical in shepe and orientation to Cedarland,
containing a semi~circular midden deposi: of black earth and shells. In

contrast to Cedarland, however, the dominant shellfish forming the midden

was the clam Rangia cuneata. This suggests a decline in the salinity of
the water in the Pearl River's estuary from Late Archaic to Poverty Point

times. 256
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Poverty Point Objects were exceptionally abundant (Figure 6-39).

These clay balls are believed to have been used as cocking stones in
roasting pits or bolling stones in skia-lined and water-filled boiling
holes. The most common type of Poverty Point Object was the melon-shaped
variety, followed in frequency by biconical types (Gagliano and Webb,
1970:52). Thts statistic, plus the counts on the other types nf objects

of Claiborne, showa a marked similarity to the percentages of varioua types
of objects from the Poverty Point Site (16 WC 5) itself and the Linsley Sire
(16 CR 40), to be discussed below. Only minor differences in size and color
and amount of sand present, show up among objects from the sites (Gagliano
and Webb, 1970:52-57).

Virtually the entire Poverty Point assemblage is represented, leading
to the conclusion that Claiborne was a regional center participating fully
in the Poverty Point trade network and cultural organizaticn (Gagliano and
Webb, 1970:57).

A small conical earth mound was also associated with the Claiborne
Site, 323 meters east of the midden, but was totally destroyed before any
data could be obtained from it.

Other artifacts and ecofacts deacribed as being abundant at Claiborne
are animal bone, terrace and stream gravel, and Pontchartrain-type pro-
jectile pointe. Gary large, Gary typical), Macon, Hale, Kent, Shumla,
Williams, Morhiss, and Carroliton asre the other common points at Claiborme.
The typical Poverty Point-type microflints, marine shells, red jasper, fer-

ruginous sandstone, limonite, gteatite, orthoquartzite, crystal quartz,

" magnetite and hematite, sandstone hones and sawa, hammerstones, socketed

bone points and an:ler tine points, antler flakers, antler scrapers or
wedges, bone pins (Figure 6-40), steatite vessely and sherds, fiber-temperad

pottery, untempered pottery, two- or three-hole gorgets and sandstone
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Figure 6-39. Poverty Polnt Objects from the Claiborme

Site (22 HC 35), Hancock Counvy, Mississippi. A -8B, "Mul-
berry roughened" spheroid (perforated); C,Sphercoidal perfor-
ated; D, Cylindrical. horizontal grooved; E, Cross-grooved;
F, Cylindrical, horizontal grooved (perforated); G, Cylindri-
cal, spiral grooved; H, Cylindrical; I, Melon-shaped grooved;
J, Melon-shaped; K, Biscuit-shaped; L, Melon-shaped, spiral
grooved,

0

£

/

Figure 6-40, Selected artifacts from the Claiborne Site.
A , Perforated, shell gorget; B and D, Bone halrpins; C,

E, and F, Bone projectile points and fragments; G, Drilled
canine tooth; H, Bone awls or pins; I, Bone points and
flakers.
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gorgets, grooved and perforated plummets, tubular beads, and three female
figurines round out the majority of artifacts of the tvpleal Poverty Toint
asgembliage at Claiborne (Gagliano and Webb, 1970: 669,

Of particular Interest is the fact that Clatdorne has produced more
fiher-tempered pottery than any other aite ftn the central Gulf region.
Approximately I00 sherds of such kind were found. All were classified as
either Wheeler Plain or Wheeler Punctated (Figure 6-41).

Steatite sherds and a cache of ten vomplete ateatite vessels (Figure 6-42)

were found ifn stertle soil below the midden.

In summation, Claiborne can be viewed as a site of the Poverty Point
Period, having been occupied, most likely, by the same population tvpe that
had lived at Cedarland during Late Archaic times. Both sites are so aimilar
in plan and face the estuary in auch a like wmanner that it is hard to con-
celve of another hypothesia., The population shifted from Cedarltand to
Claiborme, for whatever reascns, with the advent of the incorporation of
the Poverty Foint cultural milieu.

Further evidence of thia shift in locales is seen in the :adiocarbon
determinationsa. A charcoal sample trom the upper level of the Cedarland
midden vielded a date of 3,L§0 B.P., while a charcoal from the base of the
Claiborme midden was determined to be 3,100 years old (Gagliano and Webb,
1970), Thus, the shift occurred approximately 3,150 years ago,

Claiborne was most likely che major trading cr ceremonial center of the
ared during Poverty Point times, while lesaer satellite villeces or spectal
activity sites were situated {n the marash and swamp ol the surrounding
coastal reglon, The Garcia, Bayou Jasmine, and Linsley Site were juat
such Jucales,

Bated on bore-holes and radiccarbon dates (Figure 6-43) and the arti-

facts recovered, Gagliano and Saucier (1963:326) eatablished the Bayou
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Figure 6-41.

Figure 6-42.

10 cm

I N T T |

Base of a Wheeler Punctated, fiber~tempered
vessel from Claiborne.

Figure of the £{ive steatite bowls, found as a group,

at the Claiborne Site. A and B show the gouge marks
left f-om shaping of the vessels, while C, D, and E

have been ground to smoothness. Photus courtesy of

Mr. Norvell Roberts, Winchester, Ciio.
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Jasmine Phage of the Poverty Point Pericd for the Linsley and Bayou Jasmine

Site. Similarly, the Garcia Phase was estab)ished for the Garcia Site

(lovation shown In Figure €-34).

Basically, the phases are distinguished by age, The older, Bayou

Jasmine “hase {3 characterized by larger amounts of typical Poverty Point

Obtects (Figure 6-44), Rangia cuneata shell mid:iens, abundant faunat rewmains,

bone artifacts, and three radiocarbon dates averaging 3,690 B.P. At the
Linsley Site, Poverty Point Objects were even emcountered cluatered in fire
pita, brought up whole in the dragline bucket spoil. It may Le noted that
these spoll loads were taken from depths of approximately 2-7 meters below
mean gulf level, and from what is believed to be clLe top of an old buried
Mississippi River natural levee (Gagliano, 1963:16).

The Bayou Jasmine Site spoil was though to have come from a aimilar

ridge at a depth of 1.8-2.7 meters. Recent excavations by Louisiana State

University have revealed, howsver, that midden material and peat depcsita

extend down to at least 5.5 meters below the surrounding marsh and swamp.

The Garcia Phagse 1s assumed to be the younger of the two phases based
on the similarity between the microlithic assembiages (Figure 6-45) at Garcia
and the famous Poverty Point and Jaketown 5ites. Radiocarbon dates are
lacking from Garcla.

The Garcia Site itself i3 described (Gagliano and Saucier, 1963:326)0
as '""& victim of rapid shoreline retreat which cousists of ¢ aeavily
wave-washed beach accumulaticn plus a possibly undisturbed shell deposit
lying in 3 to 4 feet of water up to 1,000 feet from the shore.™ Hints of
earlier Paleo-Indlan and Archaic Period occupations at the site ave re-
vealed by Dalton, Meserve, Lanceclate, and Archalc-type points. The stone
assemblage, Including the microflints, reveals a trading network with the

north and east, since much of the lithic material came from northern
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Figure 6-44, Bayou Jasmine Phase artifacts from the
Linsley Site (16 OR 40). A - net impressions ¢u baked
clay; B«I - Poverty Point Objects; J ~ deer ulna awl;
-K ~ bone net spacer (?); L - bone pin: M - sandstone
hone; N,0 - unclamsified proj:ctile points; P-R -
socketed bone points.

Figure 6-45. Microliths and other artifacts from the
Garcia site (16 OR 34). A - "Poverty Point-type" mi=-
croliths; B -~ quartz fragment; C,D - quartz crystals;
E - expanded<base drill; F - celt fragment; G,H -
hamrerstones; 1 - sandatone disk saw; J = schist slab;
K-M ~ grooved plumme:s; N - sandstone hone.
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Mianinsippl, Arkaneran, Missour{, scuthern A shama, and the Appalachian and

Fledm:nt regione of the srutheantern Unlted Siates.

The area in the vicinity of the mouth of Pearl River ‘Flgure 6-14)
provides another important model of settlement and envirormental use for
prehistoric peoplis whose economy was based primarilv on hunting-fiahing-
gathering. The area offered a wide variety of ecologicil conditions, in-
cluding river bottom swamplands, pine hills, coastal beaches, and brackisl.
and salt marshes, all of which converge In the vicinity. Each of tnese
environments supported & characteristic fauna and flora, and each offered
a unique situation for hunting and gathering. The river itself provided
a4 natural avenue of travel giving access to upland products and raw meisr-
iale. In view of these many attractions. it is not surprising that the
area reveals a long occupational history pattern that is repeated at mrat
river mouths throughcut the study area.

As {llustrated by the number of sites shown on the map {Figure 6-34) the
ceramic historv {s well xnown. Ceramic materials ranging i1 age from Plaquemine
to Tchefuncte are represented, ard Lhere are good correlations between human
vccupat ions and geomnrphic development. For example, the Tchefuncte Period
is the earliest occupation found on the beach-ridge complex at the mouth
of the riv<r. This suggests development prior to, or during, Tchefuncte
times, The thrze sites shown near the upper margin of the map repreaent
the northernmost Rangia shell middens on Pearl Rivcr and probably ap-
proximate the maximum vxtent of brackish-warer encroachment during their
occupation.

In contrast to the many Rangila shell middens, the Cedarland Planta-
tion and Graveyard Sites are couposed almost entirely of oyster shells

{Crassostrea vii dinica). During the Pearl River Phase, when boch were in-

habited, the mouth of the Pearl was probably more estuarine and local salini-

ties were somewhat higher, permitting oyster growth. Conditions changed,
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an! by Poverty Point times, vhen the Claihorre Site was occupled, t*=»
bra.wieh water clam Kangla ho ! replaced the oveter as the domlrant ahel!

tvpe In the tilden, {ndizatirg that ths estuary was being filled by »

grewing delta {n the vicinitr of the site and (hat the .alinc 2z ne of the es-
toity had shifted seaward. I¢ (s also interesting to rcie vhat in the

Foverty Yolnt ridden, shell is generallv lesas sbundant, and the miiden
consists largely of black sarth with very abundant remsins of wawwa’s,

birds, and ffsh. In rhe middens of the Tchefuncte anl] subsequent per-

iods, brackish water Rangi!a shells predominate, making up the buik of the
middens.

Other ph;aical changes in the area have resulted from recent fault
movement. The Prairie Terrace, marking the western margin of the stresms
valley, has been downfaulted, and the Graveyard midden, once on the valley
margin, is now partially belnw sea level.

The Garcia baach deposit, as mentloned previocusly, contains Poverty
Point elements and 1s believed to be related to an early Mississippl
River Deita development. The sit> was probably a satellite to the major
village at Claiborme. The earliest zvidence of occupatfon thus far found
in the area comes from the ianermost of che abandoned beach ridges (at
Ansley, Misgissippl) and from the Garcia beach deposit. From the beach
ridge, a single side-aplit quartz pebble with a graver spur produced by
steep-edge chipping has been found. At the Garcia 3its the evidence
consists of an vafluted Clovis Point and a number of Nalion pointa.

The McKeen Site (16 ST 52), a camp located on a knoll overlooking the
valley scarp, is unlike any other in the vicinity of the river mouth. The aa-
aemblage is typically Early Archaic..conposed exclusively of chipped arti-
facts, and includes a Kirk point. Thia Ezrly Archaic occupation is be-
iieved to have been contemporanecus with the development of a series of

large Deweyville atream scaras impinging om the vailey wvall. Immediately
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north of the area showr on the map, thess scars ewerge frow beneath a

wvedge of alluvium to form part o the Deweyville Terrsze complax.

By studying the z2ettlement pattern and refuse of “abitation aites

in the Feat]l River mouth area, 1t i possible to reconstruct a eigrificant

part o the Holccene geological history and ecological suc.esajon. The

following sequence of events is suggested.

Period

on shoreline or near-gshoreline
features at Garcia site and
wnnetmeat of abandoned beach
ridges.

CULTURAL
PHASE & JERIQD EVENS INTERVAL PER10D
Fost Development of coastal marshes Late Holocene K
Tchefuncte continued.
Pontchartrain The lower estuary of tha Pearl Late Holocene K
Phage was essenlially filled wnd ac-
Tchefuncte cretion beaches near the mouth
Period of the river were fully devel-~
oped.
Bayou Jasmine - The Pearl River delia sdvanced Late HRolocene K
tarcia Phase within the cmbayed val ey,
Porerty Point Mississippi River discribu-
Period taries approached the area
from the west modifying en-
vironments from Gulf Sound to
sarginal delcaic.
Pearl River The shoreline was re-estab- Late Holocene J
Phasge - lished along the innermost
Late Archaic of the accretion beach
Period ridges and the river valley
. was embayed ag a result of
Tising sea level. Sea level
reached its present stand.
Early Archaic Deweyville streams were ac- Middle Holocene  Hé4-1
Period tive and ecological conditions
(¥cKeen Site) somewhat different. The Mc-
Keen site was a number of
miles upstream from the exiast-
ing coast; sea level was ap-
proximately 20 mecers below
its present position.
Paleo-Indian Late Palco-Indian nccupation Early Holocene H3
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Easters Culf Pre-Projectile Point

“ae Fre-profeciile Point Period site, Skeily, will be Jde-
futided frem the eastern Gulf, The Skelly Site is one of a number of
troertant quarry sftes located in the vicinity of Dothan, in south Alabama,
The Dothan area is one cf subtdued karst ~opography with numerous sinkholes
and residual olLtcrons of more resistant -hert and cherty limestone. Mr.
William H, Emanuel, forwerly of Ontaan, snd other local collectors re-
rorted the sites and leacribed *hem as contilning a profusion of lithic
material. Emaniel {perscnal comunication, 1975) was impreassed by several
features of the sites. Fi-ast, archeologfcal sites are numerous in the general
area. Exar.nation of large surface co'’actionsg from neighboring sites revealed
characteriatic arti{facts from all documented culture periods thus tar recognized
in the region, ranging from Paleo-Tndian to late Prehistoric. Second, much
of the mater‘al is heavily patinated. Third, Emanuel found and reported hand
axes very rimilar to Acheulian-type hand axes whi.h he had collected and
studied from the Grand-Pressigny area of France.

The Skelly Site {8 situated on rolling hills around a small dry lake
bed, While the total exten: of the site is not known, it is 8o larg: that
it was brought to Emanuel's attention by an Artty pilot who reported 1its
2erial appecrance as a curious "eveckled area." The speckles turned out
to be lithic artifacts, patfnated white, that litter the cultivated f{e¢lds
and pastures (Figure 6~46). Important features of the site are old quarry
pits on the hills. The margins of these plts are paved with workshop de-
bris, Where exposed by a roadcut, several levels of chipping flootrs can be
seen to dip into the old pits and are interbedded with red lateritic sands
(Figure 6-47).

After viaiting the aite with Emanuel, the senior author ini-

tiated a preliminary survey of the area. The survey was conducted by Mr,
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Figure 6-46.

Deblitage in cuicivated field at Skelly Site
rear Dcthan, Alabama.

Figure 6-47.

Stratified chipping floors sloping inte old
quarry pits at Skelly Site near Dothan, Alabama.
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Tem Ryar, t4en a student at Louiailana State Univers.)ty, during the aummer
of 1967, <van located about 20 sites and examined a rumber of large col-
lections accumulated by membera of a local am~teur archeo.ogical society.
Characteristic artifacts from all periods ranging from Ta’eo-Indian to late
Prehistoric were identificd in the surface collertions; that is, evidence
of all documented culture periods thus far recognized in the regior could
be found. A nuaber of sites were found where lithic material occurred
with assoclated Index artifacts a-d assenblages from various periods of the
established sequence of the area.

Although surface collections suggest 4 Pre-projectile Point age for much
of the occupation (Figures 6-48 and 6-49), because the site Temsains to be
systematicaily worked, surface-collected material has important implications for

this study. The following types appear in the assemblage:

Ovate and trisnguloid hand axes - frequently rhomboid in cross-section
and with tocl edges on the wargine ~roduced by secondary chipping

Heavy choppers - crude percussion chipping

Bifacial Jiacs

Plano-convex scrapers - (acréper planes)

Large ovate~to-trianguloid biface blades

Levallois~like cores and blades

Flakca and blades with denticulate and graver spurs - {one or more)

Sandstone hammers and abraders

Hesvy poiyhedral chert hammerstones

Sandstone anvils

Bipolar cores - (infrequent)

Burins

The possibilities for occurrence of similar sites on the continental
shelf or the eastern Gulf are reasonably good. The chances of detection
of this tvpe of site by remote-senaing and bott -m~sampling techniques are
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Figure 6-48.

Skelly Site Artifacts. A, D, Ovate bifaces:;
B-C, E, choppers or cleavers.

Figure 6-49.

Skelly Site Artifacts, A-C, Ovate to Tec-
tangulold bifaces; D-E. Bifaces with den-
ticulates and graver burr on margins,

F-G, Trianguloid blades (possibly projectile
polnte or knives).
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also reasonably good because of the sbundance and density of worked atone

and thke extenelve surfaca area.

Eastorn Culf Palec Indian

The discovery of human fossil remains and extinct Plelstocene fosails
in an old stream bed near Vero, Florida, (Sellards, 1916) represents a ra:e,
al' =it controversial, situation relative to Paleo-Indiar occupation in the
csstern Gulf area. Geograpi'ically. the Vero Site lies beyond the boundaries
of the Gulf coast study area, but its coastal setting and signifi{cance warrant
inclusion,

The construction of a drainage canal between Vero and Gifford, Florida,
in 1913 revealed the presence of vertebrate fossils in a cut through an old
stream bed (Figure 6-50). This cut displayed three zomes of depositiom, which

eventually were given temporal estimates on the bamis of geological and

Figure 6-50. Map of Vero area showing canal from
which human fomsil remafns have been
found. 1" = 4000’. 1 - Pine lands;
2 - Pleistocene Beach; 3 - Stream
valley. Human remains came from
this valley, west of the railroad
and public highway crossing (From
Sellards, 1917a).
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brological data, and will he describod subsequently. The valley of the stresm
a° the fossi] lo.ale {s relatively limited, varying in width from 107 to
172 meters.

The stream aystem, which has been greatly modified by modern channeli-
a.ion, passzs through a pan-shaped depression lying west of a sequence of
P.eistocene dune deposits believed to be related to the Silver Bluff shore-
iine (see Figures 6-50 and 6-51). The depression m~y have originally Iorwed
as a shallow lagoon behind the Silver Bluff beach—-dune complex, or it
may have resulted from the buildup of the Jdunes parallel to an old
escarpment against the Pamlico Terrace. In either event, the depression
evolved into a perched freshwater dune lake, and it is in the deposits of
thig dune lake (Figure 6-51, Bed 2) that fossil buman hones have been found
with bones of extinct Pleistocene vertebrates.

Of the three strata revealed by the cut (Figure 6=51), the lowesat and
oldestdeposit has been related in time to the Sangamon interglacial stage

(Weigel, 1962) and is basically composed of a marine marl. Fossils froc

w o—Extant faunsl ramaing E
d=Pottery
¢—Fiint spails
b-Extinct Pleistocens vertebrates remasins
2 a—Human bones
: b3
)% £
E -
~' o
n"--‘..-:g
i
5 & +3m WSL
L SR SR Sy ™
&f-..":-.-"_"--"-_a._\-'-'-','-‘ PATIIC AT
Tty i
Anastasia mlrin. m.rl’w 1 RN
&= *370008BP -7 - '-‘.-'ﬂ....
RN TR ".L_.-\c .-*.;_'-‘.‘_._-_‘,- ™

Figure 6-51. East-west cross-section through fossil deposit: at Vero.
Section is diagrammatic and scales approximate. (Modilied
from Weigel, 1962.)
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"hla Jepesit are exclusively {nverrebrate species characteristic of a marine
habitat., Analvasis of the molluascan faunal remains ihews no major sorpho-
logical difference {rom present-day aperies, indicating the pe.sistence of
lavertebrate f~rma through time.

The second stTatum {ag composed of cress-bedded sand it the bottom. The
appearance of a freshwater marl at the top of this layer Tepresents a shift
to frestwater conditiona, All fossila of extinrt vertebrares from the site
have come from Bed 2, supporting the assumption that it {s a Pleistocene-aged

depasict. The vertebrate fossils were Jocated in close proximity to human

remains as well as flint spalls. Analysis of the foseils shows a predominance

of freghwater species, most of which were warm-climate animais. of
the 122 vertebrate gpecles found in Bed 2, four were fish, seven
were anphibians, 27 were reptiléa. 37 were birds, and 47 were mammals.
Forty percent of the mammalian forms are now extinct, as are three percent
of the reptiles-and amphibians and eight percent of the birds. The 28
identifiable land and freshwater invertebrates found do not differ from
modern species.

A checklist of fossil vertebrates from the locale prepared by Weigel
(1962) contains the following extinct forms.

Extinct land tortoise Geochelone sellardsi

Extinet stork Ciconia maltl.a

Passenger pigeon Ectopistes migraterius
Harlan's ground sloth Paramylodon harlani
Jeffersonian ground sloth Megalonyx jefforsonii
Extinct armadillo Dasvpus bellus

Extinct armadiilo Holmesina septentrionalis
Extinct hoyg lemming Synaptomys australis
Capybara Hydrochoerus sp.

Extinct wolf Canis ayersi

Extinct fox Vulpis palmaria

Extinct jaguar Panthera augusta
Saber-tooth cat Smilodon sp.

Mastodon Mammut sp.

Mammoth Mazmuthus 89,

Peccary Myichyus sp.

Extinct horse Equus sp.

Extinct camel cf. Tanulpoloma mirifica
Extinet bison Bison sp. (probably Bison latifrons)
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The firet human bones Jdiscecvered in Bed 2 were found 100 m west of the
bridge in the south bark of the canal beneath 45 - 60 em of marl rock. A
second discovery ~f human bones was made in June. 1916 (Sellards, 1917). and
included an astragalus, a cuneiform, part of an 1lium, two phalanges, a limd
bone section, and cther bone fragments. A deer scapula was found at the
same level as, and between, the astragalus and the cuneiform in Zone 2.

All of the bones from this zone were randomly distributed throughout the zone
and were usually found in an imperfect state of preservation. A strong case
has been made (Sellards, 1917) for the contemporaneity of the human and
Pleistocene fossils, based on their aforementioned similar manners of oc-
currence {(scattered and poorly preserved), oun their proximity within the
etra’ 3, on their location in and beneath undiisturbed geoclogical formations,

and on thelr equal degrees of mineralization. The absence of any nearby

fosutl-bearing deposits reinforces cthe assumption that the deposits are primary.

Bed 2 also contained a thin, sharp-edged flint, a small worked spall, two
small spalls, and part of a bone implement, which may possibly have been
engraved, The sharpness of the spall's edges helps to negate a theory of
water travel to explain their appearanue in the deposit, and since the closest
flint outcrop 1s 160 km northwest of the site, the original rource has yet
to be determined.

An aurupt erosional nen-conformity marks the transitlon from Bed 2 to
the uppe-most stratun (Bed 3}, which 1is composéd largely of muck and loose
sami, averaging 60 cm in thickness and frequently overridden by freshwater
marl. Human skeletal remains, bone implements, pottery, chipped s:one pro-
jectile points, and ornaments have been co_ lected from this stratum. The
vertebrates from this third zcne represeat extant forms only. Studies of
Zone 3 fezsil plants reveal a former abundance of hydrophytic plants, with
the resulting interpretation of Bed 3 as having bacn a pond-marsh habitet

during its period of deposition.
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Fur:har indlcations of the axe of the depomits and their squatic as-
tart na doydng depeattion ate gicaurd [rom radlocsrh v dating and geo-
vl odata, especially L ertaining to Bed 2. Weigel (i9722:11) summarizes
<ome of the rolatt . nehips 23 follown:

The Aifficult.es {nvalved In eatablishing correla-
tionas of Florida Pleisrocene fossil derosits with stages
anf the Pleiatorene wer: reviewed by Bader (19°7). The age
of the Vern bone beds 1s relevant to these problems and to
the chronology of Florida Pleistocene shorelines, Two of
the shorelines, the Pamlico and Silver Bluff, are clceely
assoclated with the Vero bads. The Pamlico mhoreline lies
ataut 25 miler weat of Vero and {tm terrace surrounds the
bone beds. “he filver Bluff Shoreline lies a few feet
eaat of the railway at Vero and shoreline features indi-
cate a mea level sbout 10 fect higher than present (Mackcil,
1850). The contact between beds 2 and 3 is somevhat less
than 10 feet above present sea level; thua the deprait area
vas subject to tical action of the Silver Bluff sea.

At spproximately +3 m MSL, the Silver Bluff was the only shoieline to

appr ximate, or exceed, the level of the existing shoreline s3ince the

Famlico (Sangamon Interglacial). Since the foesil bed {B~d 2) seems to be in-

timately related to deposition of the Silver Bluff dune sands, the age of
thia shoreline {s of conaiderable importance to our problem. There has long
been considerable Aivergence of opinion regarding the sge of this feature,
vhich 13 very well defined along the mouth Atlantic coast. One achool of
thought regards the Silver Bluff as post-Wisconsin in age and relates it

to the hypsothermal interval (post-glacial maximum) wvhich began, according
to Deevey and Flint (1957), about 9,000 vears agc. However, the concept of
a hypsothermal high stand has been largely disregarded by more recent
wvorkera.

A secoud interpretation might relate the Silver Bluff shoreiine to a
Furmialian (Mid-Wisconsin) sea level high stand of 25,000 to 33,000 years
ago. As we have discussed in Chapters 3 end & of this rcport, the evidence
for the Farmdalian high stand i3 suspect.

Still a third interpretation, and the one that would probably be fa-

vored by most contemporary Juaternary geclogists, would relate the Silver
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Bluff to the Sangamon Interglacial (see Chapter 4). Following this
cor.elation,tne Silver Bluff shoreline might be anyvhere from 90.000 to
55,000 years vld.,

wWhile the age of the Silver Bluif remains to be established, radio-
carbon dates shed conaid-rable light on ths aye of the foss{l-bearing bed
(Med 2) at thc Verc site. As shnwm in Figure 6-51, thres radiocarbon dates
were obtained on samples from PMed 2. A charcoal sample taken from the very
bottom of the bed vielded a date of >30,000 yeare. The date of 8,200 + 900
years was obtained from carbonacecus material collected from the lower one-
third of the bed near the linmits of the basin, Weigel (1962:10) does not
believe that this sanpl: represents the oldest part of Bed 2, since the
older pcrtious thin out at the edge of the basin and are absent at its ex-
treme liamits. The 3,550 + 120 years date is from charcoal collected from the
top part of Bed 2. Weigel (1962:10) stazes, "This bed clearly appears to
tepresent & period of continuocus deposi*ion from something over 30,000 yearsm
ago until about 3,500 years ago and embraces that period during which many
Pleistocene forms became extinct in Florida."

In view of the nonconformity at the base of the bed and the consider-
able hiatus which it implies, the degree to which the >30,000~-year-old date
is representative of Bed 2 and its contents is scmewhat cuestionsble. Per~
sistence of a dune lake for a period of 30,000 years, during which great
fluctuatione of mea level ond variations in climate are known to Luive occurred,
alao raises questions concerning Weigel's interpretation. The two vounger
dates secm to be more consistent with the faunal and archeological record
16 we presently understand them,

It is significant to note that the feuna and flora indicate warm,
moderate climate during deposition of Bed 2. The nencnformity between Bedas
2 and 3 represents a hiatus of unknown duration, but apparently not of great
length. The faunal and floral record of Bed 2 indicates Late Holocene condi-

tions not siwynificantly different from those which are obtained at present,
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From the published descriptions of the site, the following summary

interpretation can be made?

Interval
Bed Events and Stage Period

3* Deposition of sand and muck with Late K
bones of extant fauna, pottery Holocene
and other artifacta. Conditions
similar to those ar present,

Boggy . ponded conditions.

Erosional Erosion implies reduction of Middle H&4-J

Non~- standing water ievel through Holocene

conformicy teduced ground water level, im-
proved drainage of pond ot rTe-
duced base level of pond drain-
age system. Final extinction
of Pleistocene fauna.

2% Development of perched dune lake. Early H3
Deposition of sands with fresh- Holocene (possibly
water vertebrates. Fauna and H1-H3)
flora indicate warm, aoderate
conditions. Extinct Plelsto-
cene vertebrate fauna abundant.

Human bones and chiloped stone
indicate presence of man.

4% Silver Rluff shoreline active, Late ?
creatiorn of tidal lagoon (?}. Pleistocene
Deposition of coastal dune de- oT
posits. Creation of pan-shaped Early
depression in vhich Beds 2 and 3 Holocene

- were deposited.
Non—- Majnr hiatus of tens of thou- Pleistocene
conformity sanis of years. Wisconsin
Glacial

5 - I Deposition of Pamlico sands. Pleistocene A
Shoreline approximately 25 miles
to the west. Sands probably de-
posited under shallow marine
conditions a= strand plair.

1* Deposition of shallow marine Fleistocene A
warl, Anastasia Formation. Sangamon or

Interglacial  Pre-A

* Numbers afier Weigel, 1962.
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One of tye most exciting and scilentifically rich archeclogical sites
to be located in tTecent year. is the Warm MIineral Springs Site (R SO 19] in
Sarasota County, Florida. Both it ard neighboring Little Salt Springs Site
(8 SO "A"™) have afforded the opportunity to stucy well-premerved organic
material in stratigraphic levels, employing underwater archeclogical
techniques. The information grined, and yet to be gained from these sites,
should contri{brte substantially to our understanding of Late Quaternary
gevlogy, climate, archeology, flora, fauna, and hydrology of Florida.

Another site, the Fish Creek Site (8 HI 105), in Hillsborough County,
does not have the archeoclogical or acientific potential present at Warm Mineral
Springs, but it does offer the reader an examp’e of the ordinary, as opposed
to the extraordinary Warm Mineral Springs, Paleo-Indian site situated along
Florida's bay margins. We will begin our discuasion at Warm Mineral Springs
and then turn our attention to the Fish Creek Site.

A ghort npaper appearing in 2merican Antiquity (Royal and C.ark,

1960Q) firat “rought attention to the Varm Mineral Springs sinkhole., In that
publication, Royal and Clark discussed and {llustrated a remarkably well-
preserved human skull and bra2in, along with various artifacts obtained frea
the sinkhoie. They alsc mantioncd the row well-known ledge, at a depth of
approximately 13 m below the weter's surface, from which the akull came, and
the three distinct stratigrarnic zones of the ledge.(Royal and Clark, 1960:
285-6). A single radiocaibon date of 10,000 + 200 years B.P. was obtained
from a burned lng taken from Zone 3, the lowest on the ledge. The skull wus
thought to be somewhat younger sirce it came from the base of Zone 2, the
intermediate zone. Royal and Clark did feel, ttough, that an Early Archaic

age for the skull was a strong possibility (Royvel and Clark, 1960:285).
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[t vas not unt{l 1973, however, that substantial, stratigraphic

evidence emerged during the excavation of a tmall teat pit on the "13

meter” ledge by Carl Clausen, then of the Florida Bureay ~f Histor{ic Sites .nd

Fropertiea (Clausen, 1972), In 4 more recent report, Clausen, Brooks, and

wWesolowsky (1575) proeent 4 detailed account of the tast uit and the {m-

plications of the data recovered from the excavation.

Warw Mineral Springs originated when a subterranean cavern in the Taaps
Limestone collar-ed (Figure 6-52)., This caused the formation of the present
slnkhole, aprroximately 73 m in diameter and averuging about 5 m i.. Aepth
{Clausen, Brooks, and Fesolowsky, 1975:193).

At a depth of about 13 m, a small ledge rings most of the sinkhole
(Figure %-53). Thia ledge, ranging from 1 to 6 m in width, was formed an
softer rock and clay materials both above and below it eroded it away. Along
the northern side of the spring, the ledge forms a relatively wide platform
upon which sediments and organic deposits have accumulated. Here it was pos-~
sible to carefully examine the ledge's three sedimentary zones and excavate

the test pit. These zones, 0.9 to 2 m in thickness, are described by Clausen,

srooks, and Wesolowsky (1975:96~7) as:

Zone 1 - An algal slime, the stratigraphically supertior
layer, ranges from 0.20 to 0.50 m in thickness. It is composed
of a soft, aqueous, black algal ooze with shells of the game
suall sunails still prevalent in the spring, Heleobopa docima
and Pyrogoghorus vlatyrhachis., The bones of alligator, tarpen,
and turfie are oc.asionally found in this layer.

Zonc 2 - Calcitic mud, the middle layer, ranges in
thicknesa from 0.15 to 0.50 m. It is predominantly a gray, un-
consclidated caleitic silt. There is some pine bark, oak
leaves and other plant debris in this layer. Two distinct
layers of wall tufa rapresent periods of spalling. Snail
shells are common, especially Physa cubeunase, Heiecbeps docima
and Heilisoma trivolvis. Vertebrate remains are uncommon and
are those of frogs and mice, Radiocarbon dates on charcoal
from the upper and lower portions of this zone are 8,520 + 400
searai 6570 B.C. (W=1243) and 8,600 + 400 years: 6650 B.C.
W-1241).

Zone 3 - A leaf bed, the bottom depusit, varying in
thickneas from 0.10 to 0.80 m. This is the most variable of
all the strata, consisting of alternate bands of terrestrial
plant debris, predominantly le-ves, twiga and small logs, seeds
and charceal intercalated with caleitic mud layera that contain
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Map of Warm Mineral Springs, showing position cf Clausen's test pit in relation to

Figure 6-52.

surrounding sinithole walls ani modern bulldings (After Clausen, Brooks, and Weso-

1975).
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(After Clausen, Brooks, and Wesolowsky, 1975).
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fresh-water and terrestrial snail shells as well as fragments
of wall tufn, Fallen stalactitem occur as well as foomids of
the sinkhole fern Thelvpreris normalis encrusted with a heavy
calcitic laver. A small atalagmite has been found in matu
vithin this stratum. Terreatrial snails are more abundant and
diverre in this zone. HelY{soma trivolvis and Physa cubense
are the most common fresh-water species. Tldentified plant
Temzins represent the following species: Pinus ellfotif,
Sabal palmetro, Quercus virginisna, 7. laurifolia, Ampelopais
arborea, Carva sp., Phylvlacca rigida, and Thel ypteris nor-
milis. The mo: most common polynomorph ie a pyospore of a apeciea
of Ch Chlamydo wonas or a related fresh-water algae, Vertebrate
remaing so far {dentified consist of maa, deer, opossux, rac-
coon, rabbit, squirrel, wouss and frog. Radiocarbon dotes con
charcoal collected by Brookas from this zone are 9,370 + 400
years: 7420 B.C. (W-1245), 9,500 + 400 years: 7550 B.C.
{W-1212; and 9,870 + 370 vears: 7020 B.C. (W-1153), from top
to bottom respecively.

In the area of the test pit, only Zone 3 remained completely intact,
however, eince relict-hunters had removed most of the firat two zZones earlier.
Three radiocarbon samples were taken from this zone in orde> to pin dowm ita
time of deposition more accurately. The Zone 3 deposit was 70 cm thick at
this point, and the radiocarbon dates, in descending order i{n the Zone, were
8,920 * 190 years, 9,350 + 190 years, and 9,:20 % 180 years before present,
respectively. The bottom radiocarbon date came from the 70 cm level of Zone
3 {Clausen, B-ooks, and Wesclowsky, 1975: 198). The teat pit was then estab-
lished near the sinkhole's sloping wall and mrasured one meter by one-half
meter, a rather small pit, but ome which vielded considerable data.

While preparing the area for systematic excavation, it was necessary to
clear away a portion of Zone 3y80 an zpproach giving easy acceas to the actual
pic could be facilitated. During this clearing process, at a depth of 25 cm
into Zone 3, a fragmentary left 1lium of a human juvenile was discovered.
Based on the aize of the {lium fragments and comparison with modern pelves,
it was determined that the 41{um belonged to a child about six years of age
at time of death (Clausen, Brouoks, and Wesolowsky, 1975:205).

Following this éncounter, the test pit was excavatced by -vmoval
of 10 cm levels. At a depth of 35 cum into the Zome 3 deposit, an
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alaoey complote first =sacral vertebra of 1 human juvenile wne un-
covared (Clausen, Brooks, and 'Wesolowsky, 1975:201-202). The degree of

gvnotoslas occurring in the vectebra indicated an age of six years when the
{ndividual dled (Clausen, Brooks, and Wesclowsky, 1975:204). There was no
evidence to conclusively state that bhoth the {lium and the vertebra came
frem the =ame individual, but such a posaibility is indeed high., One radio-
carbon sample taken from the same level of Zone 3 as the vertebra ylelded

: date of 10,260 #+ 19¢ years before present (Clausen, Brocks, and Wesolowsky.
1975:203).

In addition to the two human bones encountered In a controlled excava-
tion, which by themselves a. 2 extremely impcrtant finds, Clausen ~nd his
associates have interpreted the sediments of the three zones with regacd to
sen level rise and fluctuations over the past 10,000 years.

As determined by Clausen, Brooks, and Wesclowsky (1975), then, we can
make the following summary comments {see alsc Table 6-2). The zones, in-
cliding Zone 3, were deposited in a submerged situation For this to have
occurred, the water level “n the sinkhole had to remain within the range
of -9.5 to =13 w. Combined information on each zone and its data are
presentéd in the rabulaticn on the following page.

Zone 2 and 3 analyses feollow currently held beliefs in post-Wisconsin
sea level rise. As sea level gradually rose, water levels also increased
in the sinkhole during 1 corresponding pericd of time. Hewever, when one looks
at Zone 1, some revecaling interpretations can be drawn. Due v Zone l's
composition of algal sludge, Clausen, Brooks, and Wesclowsky (1975) have
determined that the sinkhole must have changed from a stagnant-water pond
to a free-flowing spring, approximating its present-day condition. This could
have occurred only if the water level in the spring had increased to a levei
equivalent to the present level. That, likewise, implies a rise in mean sea

level, which ultimately controls the potentiometric level of the spring. As
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“he researchers have stated, "The simplest explanation for the “ransformation

<+« ls that post-Wisconsin sea level ... had reached a print closely approxi-
mating present MSL, and that the sorings, respond’ng to a potentiometric
water level similar to that existing at present, began to flow" (Clauser,
B:ooks, and Wesclowsky, 1975:206). 1The authors, however, do not rule out
other lesa likely causas for the water increase in the spring. A higher
precipitacion rate ia one such possidility. Work is continuing at this
lmportant site under the direction of Wilburn A. Cockrell of the Florida
Department of Archives and Hi: tory.

Jue in part to its marine setting, the Fish Creek Site in Hillsborough
County {? HI 105) is representative of eastern Gulf Paleo-Indfan sites
{Karkins, 1970). A large portion of Florida Paleo-Indian point finds,
especially Suwanee points, are associated with aquatir situations, and the Tampa
Bay area has been a frequent source for many such finds. The Fish Creek
Site ia also typical in that it is devoid of any atratigraphic reference
which could be used to determine occupational segquences: therefore, the
assignment of age must depend on the time spans as3umed for the
projectile point. Although habitarion at the site persisted beyon] the
Paleo-Indfan Period into late pre-ceramic Archaic, Orang., and Transitional
Periods, its significance as a Paleo gite 1ig foremost in this review.

Lying In 2 wangrove swamp which horders 0ld Tampa Bay, the Fish Creek
Site 1s tctélly submerged at high tide. The ouck along the weatecn edge
cf the mengrove and fill beside the creek mark the wost produrcive locales
for artifact occurrence.

Known surface collections over the years have yielded totala of 183 pot-
sherds and 3U4 stone tools. The sherds are indicative of more recent oc-
cupationg, The atone toulz collected represent the earlier occupations
and are predominatly ovate and trianguloid knives (52%), while points

and acrapers together compose 34X of the toral ast.emblage. The fre=-
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quencies of the point types represented include 12 Suwanees, one Bolen Flain,
13 Archaic Stemmed, one Florida Morrow Mountain, two Newnans, eight Culbreaths,
three Lafayettes, one Westo, nonc Citruses, one Hernando, two Bradfords, one
Pinellas, and two Fish Creek points,

The remainder of the lithic assemblages consiats of plano-convex end-
scrapers, bifacially flaked nd-scrapers and side-scrapers, drills, picks,
hemserstores, sandstone abraders and "horse's hoof" cores. Shell ar~ifaces
incivde perforuted Melongena shell hammers, a possible conch-shell gouge, and
a coclumella pendant.

Paleo-Indian and Early Archaic Projectil= points along with large chipped
Lifacial tocls and bones of extinct Pleistocene vertebrates have bean reported
also from deeper submarine oyster mhell deposits of Tampa Bay (Warren, 1964:
Gaodyear and Warren, 1972), The material has been collected from shell piles
that were dredged from the submerged deposits.

The shell deposits themselves are huge; there has been continuous dredging
for some 40 years. The reefs are reported to b2 as much as 16 km long and 15 m

thick. They are composed predominately of Crassostrea virginica (griater than

99 percent) with minor inclusions of conch (Busycon caricum), clav (Venus

mercensria), sea pen (Atrina rigida), olive (Oliva sayana), Florida conch

(Strombus alatus), and others. Pieces of water-worn wood, cypress knees,

concretions of sandstone or limestone, cobbles of cemented oyater shell
(sometimes smoothly polished) and clay lumps also occur jn the dredged
material,

Shells showing a higher degree of mineralization have been dredged from
depths of ~12 to -15 m below a limestone or marly cap of about 45 em in
thickness (Goodyear and Warren, 1972:55).

Chipped artifacts predominate which are manufactured from local limestome
cherts and silicified coral. Although a few pottery sherds have been foumd,

neither shell nor grownd stone cbjects have been ncoted. The zost common types

286



are crude bifacial choppers, roughly chipped unifacial scrapera of amall size,
large unifacial core planes (about the size and shape of a horse's hoof), a
spheroidal hammerstone, and projectile points. Paleo-Ind{ian and Early Archaic
points include Suw.nee, Nucknolls Daltun, Greenbriar Daiton, and Bolen points

{or Big Sandy I varjants). Nine Putnam and Newnan points have been recovered

from the dredged shell. These are believed to represent the Middle and Late
Archaic.
Pottery is present in small quantities though less common than the stome
tools. Only five sherds were reported by Goodyear and Warren in 1972,
Pleistocene bones from deptha of -12 to -15 m include Alligator

missigssipiensis, Geochelone sp., Proboscidea, Equus sp., Lamine Camelid,

and Odocoileus gp.

Goodyear and Warren present several lines of evidence which lead them to
believe thetthe oyster shell deposits are middens, at least in part. If so,
they represent the oldest reported shell middens in the Northern Gulf area.

Another area of Florida which 1s noted for recurring surface finds of

Paleo-Indian proje-*jle points is around Choctawhatchee Bay in the Florida

panhandle. Mrs. Yulee Lazarus, Director of the Temple Mound Museum of Fort
Walton Beach, aud her late husband, William Lazarus, started keeping records of
Pajeo-Indian projectile point finds In the area over 15 years ago. The result
is the map shown in Figure 6-54. While i-terpretation of single surface
finds must be made with caution, the pattern of finds in the Choctavhatchee
Bay area is believed tc be very significant.

With few exceptions, only projectile points hase been reported from
most of the locales. Three have later components: 8 0K 53, 8 WS 8 (Lazarus,
1965b) and 8 WL 29 (not identified in Figure 6-54; see Vol. 3, Plate 5,
reported hv Lazarus, 1965a). The bayshove in the vicinity of 8 WL 31 has
produced three chipped-stone tools which also appear to bhe related to early

occupations. As illustrated in Figure 6-55, A-C, these tools are steep

edge-chipped gravers of the Friesenhahn Cave and Salt Mine Valley type.
287
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The entire Paleo-Indian Interval is well represented by the projectile
toints { om the Choctawhatchee Bay area. In additfon, the steep edge-chipped
Rravers may represent a8 pre-fluted point horizon.

In this areca, we again find evidence of Paleo-Iadian occupations in a
coastal setting. The locales fall into four ecological settings am shown

in the followin,, list:

—— —
TERRACES AND UPLANDS BARRIER SPIT CUMPLEX
Upland Bay Back Gulf Shore-
Stream Margia Barrier Dune Lake
Total 2 6 9 5
b4 9 27 41 23
8 Ws 8§ 8 oKX 26 8§ 0K 7 8 OK 57
8 JA "A" 8 OK 67 8 OX 44 8 0K 5
B OK 20 8 OK 35 8 0K 74
8 OK 51 8 0K 46 8 0K 63
8 OK 58 8 0K 54 8 BY "C"
8 WL 1 8 OK 62
3 WL 35
8 WL 71
B WL 31

No data are available regarding the specific settings of the upland
stream locale:;, Most of the bay-margin finds have been made in situations
where old terraces around the inner bay shores are eroding back, The arti-

facts, winnowed out of eroding sites, are commonly found along the active
beach or in the rhallow waters of the bay.

The aite situation at back barrier sites is very similar to chat along
the inner bav shores. Accifacts are usually exposed by erosion and found along
the beach or in the bay shallows (Figure 6-56). However, a distinction has
been made between the two types of settings because of differences in origin,
age, and fauna of the geomorphic features upon which the sites may have been
located.

Gulf shore-dune like sites are alsoc associated with barrier epit com-

plexes. Two of these licales presently occupy what might be considered bay
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Figure 6-56. The Alligator Point Site (8 BY "C"), located

along the entrance to St. Andrews Bay. View
to the southwest. Dure: 8/12/75.

Figure 6~57. Freshwater pond in coastal dune field between

Choctawhatchee and St. Andrews Bays,Flcrida.
This is also the location of & WL 63. View to
the west-northwest. Date: 8/15/75.
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margin lo-ales (8 Ok 57 and 8 OK 5). However, the barrier island (Santa Kosa
Island) that presently separater them from the open Gulf 1s believed to have
formed subsequent te the time when 1se points were mede, That is, Santa Rosa
Island is a4 product of the Late Holocane transgression and post-dates the
projectile points. While these two point-find locales are related to modern
bea i ercaion, tiie sites from which they were presumably derived were either on
the open Gulf beaches or more likely in dune fialds Sshind the beaches. Locales
BWL 74 and 8 WL 63 are associated with freshwater ponds or lakes in dune
fields on the barrier epit complex (see Figure 6-57).

The distribution of Paleo~Indian projectile points i{n this area implies
that the barrier splt complexes with which they are assoclated were active during
the Paleo~-Indian Period (Subintervals Hy = H3). The distribution also provides
an indication of the kinds of coastal geomorphic situations where Paleo—Indian
materials might be found. Prom the standpoint of negative evidence, it is
significant that in apifte of substantial evidence of Paleo-Indian use of the
area, concentrated accumulations of artilacts or other site indicators have
not been found. Nor have Paleo~Indian sheli middens been identified in this
area. Detalled studies of this key ires would undoubtedly contribute subetantially

to our understanding of both Palec-Indian culture and Late Quaternary geological

history.

Eastern Gulf Arclaic

The Lake Kanapaha Site in Alachua County (8 AL 172) provides an excellent
example of a Florida Archaic, upland site because it conrains mainly scattered
concentrations of lithic toocls and tool-making remains (Hemmings and Fohler,
1974Y. Located on the western shore of the 200-acre {800,000 mz) Lake Kenapaha,
the site encompasses approximately 500 acres (2 nillion n2) of mostly pastire-
land and lies generally within the 8U-foot (24.+ m) contour line, representing
an environmentally suitable location for habitation today, as it probably
did 7,000 years ago.

292



LERER. "IN

T e g

The site lles at the junction of three ceomorphic divigions of
the Alachuas County highlands: plateau zone to the north and east, a karst
Plain to the west, and a lake and prairie zone to the south and southeast

(Figure 6-58). These divigiong indicate distinct laniforms and drainage

pPatterns which reflect different underlying structural formations, chiefly
Hawthorne sediments and Ocala limestones, The subsequent diversity in bi-
otic exploitation potential was strongly influential in the selection of

this locale for habitation and camping activities since Archaic tfmes. Ex-
posed Arrendondo limestone quarries within 1.6 km of the site present another
geologic unit that would have favcred early sertlement.

Excavations at this site took place at five separate areas and revealed
three distinct cccupational zones, extending down 2.4 nm through racent aeol-
ian sand layers. Below the aeolian sand lies a sandy-clay substrate with
relict chert boulders at its uppermost surface (Plio-Pleistocene?). These
boulders not only provided raw material for making tools, but also
contributed to the selection of thia site for Archaic occupation, indicating
the strong interrelationship of environment and settlement patternsa.

A total of 142 aquare meters and 56 trenches were involved in the ex-
cavacions, and the resulting three-fold stratigraphic divisten was baged on
the accurrence of diagnostic ceramics and projectile points. Areas 1 and 2
proved to be the most productive archeologically and are the basis for gener-
alizations about the site,

The uppermost ceramic zone was usually about 35 ca thick »nd yielded
39 sherds, 10 stone-cutting and scraping tools, and a charred turtle cara-
pace, the only evidence of food remaing found. This level indicates a Deptford
Peried occupation of smgll temporary campsites along the Lake Kanapaha
shoreline.

The middle, or pre~ceramic Levy Zone (named for a rtecurring projectile

point type found at the site), extended from 30 cm to 71 cm and wvas well
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Figure 6-58. Location of the Lake Kanapaha Site (8 AL 172) and surrounding
lithic and ceramic sites. Note alsc the location of the Arre-
dondo Fossil locale (After Hemmings and Kohler, 1974).
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representad in Areas I and 2 by 54 stone tools, Including 14 Florida Archaic

Stemmed projectile pointe, seven scrapers, nine bifaces, six coces or plares,

six irregular <oreg, one hammersgtone,

and 8,000 flakes and frazments, usually

Agsocliated with flintknapping activities. The stone was of a local sourcs

and often displaved heat treatment,

Throughout Areas 1 and 2, over 7,000 pieces of stone

entially distributed. Their distribution reflects the setilement and ure

patterns tor at least these areas of the gite. Areas with a large perucntaga

of debltage from cores, preforms, and hammerstones were presumably used as

flintknapping locales, whereas tools such as projectile points and Bcrapiag

aul cutting tools were found ia areas of low flake densitvy. This suggest:

an acoriginal areal division between living and working areas.

A third pre-_evy zone, located from 0.8 to 2 m below the surface, was

poorly represented by seven stone tools: three end or gide scrapersd, one

"horse's hoof" core or plane, one smaill bifacial fragment, and two utilized

flakes. All bifaces, cores, and flakes were from local chert, An absolute

date has not been assigned to this level,

Excavations in Area 3 did nor exhibit the same scratigraphic divisions

as Areas 1 and 2, but 3 single Late Archaic component (equivalent to the Levy

Zone {n Areas 1 and 2) was indicated hy the tools and debitage found in the

topmost 61 cm of sand. The appearance of 26 ctone tvols and a meltitude of

heat—rocified chert flakes helped define Area 3 as a focal point for heat

treatment and related knapping activicy,

The stratigraphy and artifacts at the Lake Kanapaha Site allow an in-

tecpretation of the functional and temporal placement of this site. Similar

flint tool kits and debitage and, frequently, similar environmental condl-

tions characterize many of the upland Archaic sites In the eastern Gulf area.

The aeolian otigin of the sind bed from which all artifaczs were ex-

cavated i{s of more than passing i{nterest. Characteristically, it is a
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tan, homogencus sand locally reaching 2.44 = in thickness, masking the cor-
rugated surface of the underlying Pli--Pleistocene (?) clay.

Hemrings and Kohler {1974:48) note that, "The Lake Kanapaha aeolian
sand {s not ar isclated thenomanon, as the artifact-be lng deposita at
Bolen Bluff (8 AL 439) in Alachua County and S{lver Springs (8 MR 92),
Johnson Lake (8 MR 63), and the Senator Edwards Site (8 MR 122) in Marion
County are all essentially identical (Bullen 1958; Neil 1958; Bullen and
Dolan 1959; Hemmii gs 1973; Purdy 1973). This sand can also be seesn at the
surface in many rnadcuts and borrow pits in the Central Highland area."

The arclieclogica® data indlcate that the aevlian sand was deposited during

the interval frow 7,000 to 4,000 years B.P. (Intervals I and J).

Eastern Gulf Poverty Point

The cultural transiormations marking the termination of the Archaic
Period in the eastern Gulf area are evidenced in sites of the Orange, Transi-
tional, and Elliot's Pnint Complex culture periods. 1In the Choctawhatchea
Bay area of Florida, these changes are discernable in a cluster of sites wnich
comprises what 1s considered to be the temporal and artifactual equivilent
of the Poverty Point Period in che central Gulf area. This Florida nite
cluster was randomly represented by surface finds of fired-clay objects
(Figure 6-59) until excavations at the Elliot's Point site {8 OK 10) (Lazarus,
1958) permitted the inference of stratigraphic sequences and resulted in a
defin!tion of the "Flliot's Point complex." There are presently 18 sites in
nerthwast Florida that exhibit Elliot's Point traits.

Elliot's Point is a bay-margin site on the margin of 3.7 m above sza
level in Fort Walton Beach, Florida. The stratigraphy of the Elliot's Point
site as revealed in excavations of three 24-square fouvt (Z.2-square meter)

sections presents an upper zcne of coarse yellow sand, extending down to the
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maximum excavation depth of 90 ¢m, The only diszceontinuities in this two-
fold divisfon are a brown sand pocket intruding into the yellow sand in
fection ITI and a layer of bla~k sand occurring in the upper layers of
Section I.

Stratigraphy and analysis of the 418 ar-ifacts recovered during the
excavation yielded chronoleaical date relevant to the Plorida clay-sblect
complex. The top 51 cm of the three sections produced a total of 362 sherds,
along with coral fragments, fire-blackened quartz pebbles, charcoal, and
shells of the eaatern oyster, southern quahog, Florida arith, and snails,

The unuerlying yellow sand was the matrix for almost all of the baked clay
objects, which are, at 8 OK 10, typically peach-shaped spheroids with shallow
longitudinal grooves. The clay objects were uaually found with flint chips
and flakes below the pottery zones, and less frequently, with sherds from

the Deptford Period, which as an approximate time span of 500 B.C. - 200 A.D.
The repetitive association of baked clay objects with flint chipa and tools
exposes this as a basically pre-ceramic clayball aggemblage, which 18 so far
represented in Florida by the Chcctavhatchee Bay area almost excluaively.

Most of the sites in tl» Clhoctavhatchee Bay area having an initial
occypation during the Elliot's Point Period {about 3,500 B.P.) also have
components from later culture periods. Many sites in this same area have also
ylelded projectile points (mostly from undetermined contexts) wich date
back 10,90N years (see Figure 6-60). As previously discussed, these points
are sometimes found in sites assumed to be of Ellfot's Point age. Three
explanations for their occurrence can be offered. They may have been an-
tiques collected by Elliot's Point people; or the sites, most of which are

in environmentally favorable situations, may have been initdially ocecupled
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Figure 6-59.

Figure 6-60.

Elliot's Point Complex clay balls, similar to
Poverty Point objects found in Louisiana and
Mississippi.

Paleo-Indian and Archaic projectile points from
Choctawhatchec Say area. Sites 8 OK 35 and 8 OK 5
have also yielded artifacts of Elliot's Point age.
A,B, "Paleo point™ basea; C, Westo; D, Suwanee; E,
Tallahacsee; F, Late Archaic "limestone" point; G,
Aleora; B, Dalten; I, Bolen (?), J, Archaic "hema-
tite" point.
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durfrg Paleo-Indian times and then reoccypied during Elliot's Point time,

0 the painrs may have a long time-span dating from Paleo times through

to Ellfot ¢ Point times. The second explanation seems the most favorable.
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CHAPTER VII

AN JLLUSTRATTON OF METHTOLOGY:
TEE MISSTSSIPPI DFLIA AREA
Intvoduction

Tdenlly, this section of the report should summarizec chronclog—
ically tae relationship between the prehistoric occupation segquence
and the relict landforma on the continental shelf and in the coastal
zone for each major area. However, it was reluctantly concluded to be
an impossible task within the scope of the present study. Major prob-
lems encountered in such a summary include: 1) Archaic, Paleo-¥ndian,
and Early Man archeclogy 1is still very poorly known in most of the
study ares; 2) the relationship between human occupation and geologic
events is not well understood, particularly in the time period of \
concern; 3) the Late Quaternary geology beyond the past 5,000
years is atill very poorly understood; 4) there are large un-
resolved discrepancies in published geclogic interpretations within
areas and between aresz; and 5) there are large discrepancies in in-
terpretation of Late Quaternary datiig be*ween a purely geological
approach to the problem and an archeological-geological approach.

The fact that many of theze problems remain unresolved does not
indicate lack of interest from the scientific comaunity. The acientific
literature treating these topics is indeed voluminous. The difficulties
lia in the magnitude and complexities of the problems themselves.

In spite of these difficulties, it ia felt thzt an attempt to
further illustrate the methrdology ir in order. This will be done
through a case study of a single large area, the Mississippl Delta,
vhich comblnes the east and west Louisiana zhelf areas and the re-
lated coastal zone (Volume IITI, Plate 2).
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The Misaigaippil River Delta

The Louisiana coast 13 dominated by a M0-mile lowiaad consisting
of large tracts of marshes and swanps and {nnumerable lakes and bays.
This extensive near-sea-level area nakez up the late Quaternary deltaic
plain of the Missisaippi River and has resulted from depositicn of river
sediment (Figure 7-1). The Miyaissipp{ River Delta, like all deltas,
i3 a zone of interacrions between fluvial and marine processes and
congstifutes one of the most dynoaile situaticns in nature. The ha’lance
between the rates of sediment Jeposition and the combined effecta of
subsidance and erosion by the sea cause shorelines in deltas alter-
nately to advance and retreat. Seaward growth occurs at ‘he mouths
of active streams, whereas erosion results near the mouths of lnactive
streams which no longer tra.sport sufficient sedimeut to sustain their
Fositions or advance seaward. Delta building can be thought of as a
contest between the river and sea. If the river deposits sediment
fagster than the sea 13 able to remove it, new land is added to ths
shore and the delta builds seaward (Figure 7-2). Aa the deita {s ex-
tended, it graduvally builds upward, or aggrades, by processes assoclat-
ed with lateral shifting of channzls, by sediment deposited during
overbank flooding and by accumulation of plant and animal remains
(Figure 7-3). Deteriorarion of the delta occurs if all or part of it
is deprived of the supply of river-borne sediment necessary for ita
continued growth, This resules in removal of the seaward edge by wave
attack and the settling or subsiding below sea level of the surface
(Coleman and Gagliano, 1964; Fraz;er, 1476; Gagliano and van Beek, 1%70).

in a low coastal plain where plant and animal commmities are

delicately 2.justed to minor differences in elevation and salinity,
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Figure 7-,. Block diagrams illustrating progradation and
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brunching habit, such as the Missisaippi
{tfter Frazter, 19673,
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Figure 7-3, Diagrammatic representation of the relationship be*ween
ms jor morphologic features and sedimentary facies in an
advanced stage of Jelta building (After Frazier, 1967).

shiftiius of streams and changing of shorelines are accompanied by
charpes in ecology and environment. Therefore, during the long evolu-
tion of the deltaic plain, not only has the morphology changed through
time, but at any given place a gradual environmental successior has also
occurred.

Deltaic ateas have been important vo man since earliest prehis-
toric times. They usually abound in wildlife .nd edible plants, and
the many waterways provide natural routes of transpertation. From
the biclogical standpcint, marshlands which make up a major part c.
the deltaic surface have the highest primary production of any conti-

nental habitat. One measure of this productivity cowmes from modern
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commercial fisherlies records. The deltaic coaat of Loui{siana con-

sistently accounts for approximately 25 percent of the nation's

fish harvest {exclusive of Alaska) (Lindall 2t al., 1971). It is no
accident that early civilizations fiourishied in tne deltale lowlands

of the Nile and the Tigris-Cuphrates. Alluvial acils are usually
fertile, and irrigation and soil replenishment result from annual flood-
ing. Man's utilization of deltas, however, has not beean an entirely
happy experience asince these areas often are subject to floods, harbor
diseases, and the adverse affects of coastal storms. Aa ghown in Figure
7-4, the area of the Mississippi Delta was no exception. More than 600
known archeological sites attest to the attractiveness of the deltaic
plain to prehistoric peoples whose economies wetre based on hunting and
gathering or primitive agriculture.

It should be noted that the known sites repregent only a sample
of the total number of archeolegical sites. Systematic aurvey of
even high-probability areas has never been completed in the entire
area. Intengive ground survey has been done in ooly a few relatively
small areas., Innumerable sites are believed to be buried or veneered
by natuial sedimentary deposits. A very large number of aites has been
loat to erosion and modern destruction. Theve is an important need to
undertake a carefully designcl intenaive survey in a portion of the
Llouisiana co.stal area to test the comcepts of high-probability areas
and to determine what percentage of the total pepulation of archeolpgical
sites is represented by the known sample.

Archeologists in ascuth Louisiana have ewmphasized the close rela-
tionship between prehistoric habitacion and changing morphology and
environment. Effects of the dynamica of delta building and  hange on
both the environment and man’s activities have received particular :z*-

tention. This approach and viewpoint have resulted from the work of

305

[



‘BUBISINO] TEISEOI UY 8IS TEIFEOTOYOIR WAOUY JO UOTINQTIIST(  ‘m-f 2InTYy

T T T - T
olé wlé b -re

Qru_\.—‘,w_*

‘o h_.u_.-mu - o -

SIS [FNIoomIy

VW

Y1 wnou

i TN A..
10 2 N
“r | Ww@ ey .{al&
A ‘

1S
wivp utH

f?. //,..‘

v TN SANV1 IDVHHIL
SANV 30VHHIL \EIE
. \ \ f 5
1 AFTIVA WIANTIV SSIW X -
J . i L N | |

o6



Kniffen (1936), McIntire (1958), Saucier (1763), Cagliano (1961). and
¢thers.  South Louisiana can be considered as a distinctive area vhiih
was subject to cultural influences fron adjacent regions ac well as to
devalepaents whih cppear to be more or lesa indigenocus.

Thus, in the deltaic serting there i3 3 unique situatien 7a that
the morphology ard :nvironment have been subiected to enntinucus and
rapid changes through time, and primitive peoples inhabiting the area
were forced to adjust to these changes, at the same time experiencing
gradual and meaningful evolution {n culture and technology. The un-
raveling of this complex story of interactions between primitive man
and his environment has resulted in a uniqie interdisciplinary inproach
to archeology and the study of coastal environments and has produced
a method and theory that 1is particularly useful in the present study.
For this reagsen, natural processes and forms and related cultura. as-
soclations are considered in some depth.

lhe geomorphic and environmental framework of the delta exerts
strony influence on such things as setclement pattern and economy., In
the coastal portion, the 4istribution of habitation sites is dictated by
the Location of Gulf and lake beach ridzes and Mississippr River natural
levees (Figure 7-5). These features provide virtually all of the firm,

relatively high places suitable for even pericdic occupancy.

Deltaic Plain
The deltaic plain consists mainly of near-sea~level lakes, former
stream ccurses, marshlands, and swamps. The main streams which pre-
sently flow through this area are the Mississippi River and its major
distributary, the Atchafalaya River. The Mississippi flows across the
eagtern side of the plain and discharges its sediments through several

active distributaries, forming the present birdfoot delte. Evidence of
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abandoned stream courses comes {ron numercus minor drainage lines and
topographicslly high natural levees of furmer streams which vein the

¢oasgtal marshes.

Margiral Plain
Alnost one-third of the Louisiana coastal area lies west of the
deltaic plain proper and is termed the marginal deltaic plain, or
chenier plain. This marginal plain, which developed during the Hnlocene,
owes its origin primarily to sedimentation accompanying westward-
flowing littoral currents when the river mouth was located toward the

western Pleistocene boundary. When the river shifted eastwaré,

sedimentation ceased, and concurrently wich coastal retreat, beaches
were formed. The relict beach ridges, or cheniera, mark pProgressive

positions of the Gulf shoreline during minor retreats in a general pro-
gradation that has taken place duriag the past 3,500 to 4,000 years
aince sea level reached its present stand. The beach ridges have pro-
vided habitation places in the otherwisa marshy coastal environments.
1t has been demonstrated that initial human occupation on a ridge ap-
proxizates the time when ft was an active Gulf beach. Thus, the olde=st
sites in the marginal deltaic plain are found on relict beaches far-
thest removed from the pregent shoreline. In another section of this
report (Chaper VI), the Copell Site (16 VM 102), which is located onm
one of the oldest beach-ridge corplexes in the marginal plain, i{s dis-
cussed.

It is alac importan to aote that the marginal plain fs the surface
of a prism of Holocene deposits which overlaps a Late Pleistocene del-

taic surface. This clder deltaic surface has been tilted so that it

stands as a terraie torth of the marginal plain and ia submerged on

the continental shel* to the south.
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Marginal Baein

In reference to the dominant longshore currents, the marginal
basin lies updrife of the Holocene deltaic plain of the Mississlppt
River. Tor this reason, it has received less sediment from the river
system than either ghe deltaic plain cor the marginal plain and has
developed {nto an eéxtensive basin area as the deltaic plain prograded
seaward. The basin is dominated by three large, shallow fresh-to-
brackish lakes (Lakes Maurepas, Pontchartrain, and Borgne). These
lakes, along with bordering swamps and marshes, lie between the natural
levee ridges of the modern Mississippi River on the south and on the
Prairic Terrace to the north. The Late Quaternary history of the basin
is complex. Included in the area are Pleistocene and LCarly Holocene
barrier-igland complexes, old delta lobes of the Migsissippi River, and
complex estuarine areas of smaller streams draining parts of the coastal
plain east of the Missias{ppi {l1.e., the Amite, Tickfaw, Tangipahoa,

Tchefuncte, and Pearl Rivers).

Alluvial Valley

The boundarv of the Late Holocene deltaic plain, which merges
inland with the alluvial Plain of the lower Missiagippi Valley, is ar-
bitrarily placed where the valley begins to widen toward the Gulf of
Mexico. 1Inland fn Louisiana, the Late Holocene alluvial valley is in-
+1ised into Pleistocene terraces and Tertiary material. These older sur-
faces heighten from near sea level at the contacr between the Prairie
Terrace and Late Holocene ccastal wetlands to several hundred feer in
the northern part of Louisiana,

The valley is occupled by active and relict meander belts of the

Mississippi and Red Kiver. at times, the Red has been tributary to the
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Hiss{ssipprt ar other timee, {t has had an independent course to the

Gulf. There aie aisc ex*rnsive freshwater swamp and lake areas, sote

ot whivh have persisted for thousands of yeara,

Terraces and LUpluands West of the Alluvial Valley
included in rhis category ls the Prairie Terrace, extending from

the west wall of the Late Holocene alluvial valley of the Mississippi

River to the Sabine River., Relict features on the terrace surface in-
clude remnants of a major meander belt of the Mississippl River and a
large freshwater swamp laced with crevasse distributary channels and an
Independert course of the Red River which terminated in lacustrine del-~
tas. S3alt dome islands in the southecastera part of the area stord zs
prominent topographic features when the delta was active. Subsequent
events have tiltad the old delta surface upward and resulted in its
drainage, so that it now s.ands as a terrace.

Geologists have long regarded the Prairie Terrace and relict
features on its surface as Pleistocene in age (Fiak, 1944, 1956; Kolb
and van Lopik, 1958: Bernard and LeBlanc, 1965, énd others), with age
estimates of frow 80,000 to more than 100,000 years. While this concept
1s deeply eﬁtrenched in the geo.ogiral literature, it is basically in-
compatible with archeological data and some newly de#elcped geological
data. An alternate hypothesis 13 presented here in which relict fea-
“ures on the Prairie surface are vonsidered to have formed during Early
and Middle lLiaolocene times.

The Prairie Terrace is bordered on the northwest by older, more
deeply dissected and weathered Pleistocene terraces. Distinctive eg-
carpments mark the rontact between the Prairie surface and these older
terraces. In places, valleys of streams draining these uplands and ex-
tending onto the Prairie surface have alluvial terrace equivalents of

the Prairie »xtending for some distance into the uplands.
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Tertaces and Uplands East of the Alluvial Valley

The area from the east wall of the Late Holocene alluvial valley
and nurthern rim of the marginal basin of the Mississippl Delta
to Mobile Bay in Alabama is divisibie into the Prairie Terrace unit
bounded on the north by dissected and weathered Pleistocene Terraces
(Uplands). The Prairie Terrace in Louisfana 1is relatively flat, but
does exhibit a number of rather subtle relict features. These include
delta lobes of coastal plain streams (Amite, Tangipahoa, and Pearil
Rivers), relict beaches, and dunes derived from peint bar sands of
coastal plaia atreams.

The Prairie Terrace along the coast of Missisrippi 1< dominated
by relict barrier islands and lagoons. The Amite, Pearl, and Pasca-
goula Rive-s exhibit a series of sub-Prairie alluvial terraces that have
been termed Deweyville and related to Early to Middle Holocene (Gagliano

and Thom, 1967).

Prehistoric Land Use

The Indian chose the sanctuary of the natural levees, salt domes,
chenlers, znd beaches of the delta as the locations faor his campsites
and villages. While this area had its Jdisadvantages in the form of
ever-present insects and the constant threat of flooding, it balarnced
these with several advantages. Perhaps the most important was the
abundant f£rod supply provided by the natural landscape. The waters were
rich in fish, molluscs, and edible plants. Animals and fowl were plen-
tiful as well as fruits, berries, and nuts. This plentiful food supply
attracted man to this deltaic area for thousand »f years. Physicel evi-
dence found in the numercus middens, mounds, and quarries attests to the

long, continuous sequence of huma: @ccupation.
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0f the more than 600 known sites in tie area, more than half are
coastal shell middens. Middous are refuse heaps composed mainly
of the chells of molluscs, which prorided a bdasic element of the
diat, but include ash, bones, shell, soil, pottery fragments, and ot'er
debris ot datly living. The midden 1s one of the most desirable places
for the collection of culcural remains because it provides the best croag-
section of the daily habits of prehistoric life styles. But the cultural
materials represent only a part of the rescurce value of these sites,
Since the inhabitants gleaned food from neighboring environments, the
midden marrix contains a concentrated sanple -- usually in a stracified
aequence -- of environmental indicators (ecofacts), such as shell, bones
of a wide variety of gnimals, seeds and pollen. Shells of the

brackish-water clam Rangia cuneata make up the greatesat portion of the

midden material and attest to the importance of these animals in the

economy of the coastal inhabitants. Crasaostrea and Unio are also

often found in the midden and reflect different environmental situations.
While the vast majority of these coastal shell middena are less than
3,000 years old, and thus by aur earlier definition are tog recent for
congideration in this study, they are mentioned here to emphasize the
attractiveness of a deltaic environment to early peoples and because
they provide essential models for prospecting for drowned sites on the
continental shelf.

Relatiocnships between delta development and human habitation
have now been extended back scme 12,000 years in the coastal
Louisiana area (Gagliaro, Weinatein, and Burdem, 1975). Although

nany of the details are still very sketchy, the overall pattern
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18 rearonably well established and provides an {important conceptual
framework for students of archeology and Quaternary geology. A sequence
of nine delta complexes and lobes ig shown in Figures 7-5, 7-7, and 7-8,
spanning the time from aboyt 12,000 years agn in historic times. Ar-
cheological sites related to development of the first aine lches are
shown. An approximate chronolegy of the complexes nnd lobes ia given

in Figure 7-9.

1) Lafayette Complex: Paleo-Indi@g to Barlz Archaic. Based on

habitation partery and fossil verrebrate associations, boring logs,
surface morphology, and radiccarben datings, we now haes a4 picture of
the Paleo-Indian deltaic lardscape. The -oat prominent feature of that
landscape was a well-develop«d wmaandey ccurce of the Miasimaippi River
trending through what is now the Avorelles !arish area fear Marksvilie,
Louisiana, and continuing south through Opelousar and Lafayette, Louis-
lana (Figure 7-10). The complexity of meandering and cutoff Buggeats
that thi. course wag active for 1,200 to 2,000 years. South of the
Present location of Lafayette, lvuisiana, the trunk channel branched

into ruzee scparate deltaic lobes extending into the Gulf of Mexico.

One of these 1ig iden.f¥led ag the Sabine Bank Deltg Lobes, the second ig
unramed and the thfrd 1g called tne Tiger Shoal Lobe. Collectively they
make up the Lafayette Delta Complex. Thesec have been down-dropped by
faulting and subsidence and now lie drowned on the continental shelf.

Landward of the deltaic lobes was g vast overflow swamp (Eunice
Swamp) . Lacing the Swamp were crevasge distributaries from the Mis-
“eissippi as well as an inland delta of the Red River.

While manv freshwater Swanps are not as productive gs marshlands,
overflow swamps recelving a large annual supply of river water and sedi-

zent do tend to bhe highly productive from the blological standpoint.
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Tre annual overflow replenishes nutrients and creates ideal habitat con-

Aitions for the red swamp crawfish (Prochambarus clarki), & very important

food-chain organism in alluvial swamps in th2? northern Gulf coast ares.
The modern Atchafalaya Basin in Louisiana provides an excellent example
of such an overflow swamp system. {(Sece Gagliano and van Beek, 1975.)

The old swamp ved nov stande elevated and drained on the terrace murface,
but its flat topography constitutes the rich rice-growing area of south-
western Louisilana.

East of the major delta and meander belt was an embayment (Vermilion
Enbayment) along the eastern shore of which was a chain of yplifted salt
jome islands. The importent Sal* Mine Valley site at Avery Island (16
IB 23) was either on or very near to the store of this embayment at this
time. The cut-and~fill sequence of deposits related to local streams
on the surface of Avery Island (discussed In Chapter 4) provided ome of
the keye leading to the present interpr~tatiom.

Shells of the brackish-water clam Rangius cuneats in the lower levels
of the Salt Min2 Valley site in a horizon dated at about 12,000 years
B.P. (Figure 7-10, Radiocarbon Date 2) were probably obtained from the
oearby embayment. The size of *he Salt Mime Valley aite suggpests that
it may have been an important seasonal gathering place for Faleo-Tndiaa
peoples.

Other data come from gites iutimately aseociated with alluvial
features of the old rilver system. For example, at Tate Cove (16 EV "A™)
and Grand Prairie (16 SL "A"), a series of sitem occurs in associa-
tion with old Missiasippi meander scars (Figure 7-11). Over one hundred
Late Paleo~Indian projectile pcints frum these sites have been examined.
Although not systematically worked, the sites have also produced tools

and debitage. The Bayou Grand Louis site (1& EV &) has yielded Late
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Figure 7-11. Reconstructed paleogeography of a part of the Lafayette
meande> belt (circa 8,500 years B.P,} showing related
Paleo-Indian sites and vertebrate fossil locales. Late
Paleo-indian projectile points and artifacts have been
recovired from the Tate Cove (16 EV "A"), Grand Prairie
(16 SL "A"), and Bayou Grand Louls {16 EV &) sites. Mas-
todon remains have been found in backswamp deposits at
the Bayou Mallet locale and in point-bar deposits at
Bayou Callahan.
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Tatec-Irdtan fluted and planc points as well as tools and debftage.

This site anc tlie Vatican site (lLafayette Parish) are located on na:ural
levee riuges ol old crevassc distributaries that emptied into the swamp.
lavou Grand Louls alse has an Archaic compenent believed to b=~ related
Lo gome later ecological changes that will be discussed in another
section.

The Bayou Blue site (Allen Parish) 1s a atratified Paleo-Indian
through Archaic site assocfated with an upland stream that entered
the Eunlce Swamp area. The Strohe site (16 JD 10) is alsc strati-
fied with Paleo-Ind{an, Archaic, and Marksville through Plaguemine
components. The Strohe site appears to be on the distal end of an
old crevasse distributary natural levee ridge.

Mzstodon bones have been recovered at the Bayou Mallet locale
{St. Landry Parish} from a backswamp facies, while at Bayou Callahan
(St. Landry Parish), mastodon remains have been fcund in point-bar
deposits. To the south at the Trappey locaticn (Lafayette Parish),
mastodon remains have been recovered from a soil horizon below LALLL 41
levee deposits. These bones have beea dated at about 12,000 B.PD.
(Flgure 7-10, Radiacarbeu Date 3),

Lying east of the meander belt was an abardoned delra complex
that 1is known only from borings. Radiocarbon datings suggest that
the lobe of this delta, in Lhe 5hip Shoal aresa, was active abnut
13,000 yecars ago and at a lower sea level. By Paleo-Indian times,
1t was abandoned by the ri-er, and by 12,000 B.P., it was partially
Ssubmerged and in a condition of transsression or retreat.

In what is now southeastern Louisiana, there appears to have been

“another large embaymenr (Pontchartrain Embayment). Scattered Faleo-
Indian finds have been made on remnants of beach ridzes that were
once active at the north shore of this embavrent.
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while the dating Is still fentative, streams drainiig the uplands
such as the fabine, Amite, Tangipahca, and Pearl Riversa appear to have
been bullding deitas ducing this interval. Late Paleo-Indian sites and
locales 1lu the general vicinity of the present-day city of Baton Rouge
are assoclated with areas marginal to the Amite Delta. At Jones Creek
(16 EBR 13) mastodon remaina and late Paleo-Indian artifacts have been
found and the Denham Springs locale has produced mastodon bunes.

Two isolated {inds of Paleo-Indian projectile points, a Clovia
and a Quad, have been made within the old delta area of the Tangipahoa
River, but specific geologic associations remain to be established.

Several other bite of geolcgical data contribute to an understand-
ing of the overall picture. At Tunica Bayou, for example, organic
deposits associated with mastodon remains at the base of an alluvial
terrace on an upland stream have been daced at 11,000 to 12,000 years
B.P. (Figure 7-10, Radiocarbon Date 1). The cut-and-fill sequence at
Tunica Bazou and along many of the upland streams of the surrounding
area matches the sequence of events at the Salt Mine Valley site on
Avery Island {(see Chapter VI, Figure 6-12).

Two important bits of data come from core samples: In hias impor-
tant 1974 paper, David E. Frazier liats a date frem a wood and brackish-
marsh peat immediately beneath transgressive deposirts sbtained ac
a depth of 35 metersbelow present sea level (Figure 7-10, Radiocarbon
Date 4). The sample yielded a date of 10,525 + 215 years B.P. The
sample may be associated with the distal end of one of the deita lobes
of the Lafayette Delta Complex.

Another important radiocarbon date published by Frazier in the

sare paper (1974) comes from the abandoned Ship Shoual Delta Lobe
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(Figure 7-10, Radiocarbon Date 5). Here, urackish marsh peat wams
obtained at a depth of-4) meters and dated 2t 10,700 + 150 years B.P.
This date probably relates to a transgressive rhase of the Ship Shoal
Delta Lobe,

The reconstructed palecgeography leads to the conclusion that sea
level wus relatively stable during the interval from about 12,000 to
8,500 years B.P, Furthermore, the level of the sea may not have been
a8 low as wany workers have Teported (20 to 45 meters). 1In fact, the
extensive freshwater swamp surface suggests a level near that of the
present stillstand. The level subsequent to the time of the layfayette
Delta Lobe and associgted features is not easily recognizable, however,
since the surface has heen tilted snd displaced by faulting. Parc of
the surface now stardes as a well—drained terrace {Pratirie Terrace)},
while the delta lobes have been subsided and are aubmerged on -he con-
tinental shelf.

2) Maringouin Complex: Early to Middle Archaic. Aboyt 8,500

years ago sea level started to fall from the high stand which occurred
during Paleo-Indiar. times. Following a short reversal a slow rise
tesumed. By 7,000 years ago, it was approximately 10 to 15 maters be-
low 1ts present livel. During this Teversal, a series of stepped
terraces east of Lafayette was formed and meanders of the Miggiseippi
cut into the now-elevated and abandoned Lafayette meander belt. A
Proncunced ercosional scarp was formed and became the weatern wall of
the Late Holocene or modern alluvial vailey. A delta lobe developed

in the vicinity of present day Marsh Tasland, Vermilion, and Atchafalaya

Baya (Figure 7-12). Shoala 1in the Gulf remain as remnants of the
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now-submerged delta lobe. A number of Early to Middle Archaic sites
are associated with this development.

0f particular intorest is the fact that the Punice Swawp, the
vast Paleo-Indian interval overflow swamp, was gradually drained and
converted to a prairie and gallery forest setting. Some lakes may have
persisted in poorly drained nreas. Archaic pecples utilized the margine
of these lakes.

The geological :ecord suggests that very significant changes
oceurred, and were apnarcutly associated with the ses level reversal
that resulted in the {nftiation of the Maringouin Delta Complex, Ex-
tensive areas of coastal wetlands diminished in size. The radive of
curvature on meanders of relict stream scars along coastal plain streams,
such ag the Pearl, Sabine, and Trinity, became larger during this inter-
val, indicatir~ higher flood digcharges., This suggesats that the flow
regime was more erratfec. It war also during this inter§31 that the
Pleistocene megafauna becave extinct. Tais interval 1s one of the least
understood, and, possibly because of climatic 1mplications which in tum

affected settlement pattern and absolute population size, one of the most

significant during Late Quaterrary times from the standpoint of continental

shelf resource management.

While the present scope of work will not permit an in~depth treat-
ment, it should be mentioned that a combined archeclogical-geoclogical
approach could contribute greatly to our understanding of events that
cccurred during this rather chseure tipe period.

3) Sale-Cypremort Loke cf the Teche Complex: Middle to late

Ar :haic. The most recent or Late Holocene rise of sea level, begin-
ning about 6,000 years ago, drowned the Maringouis Delta Complex and

led into the modern succession of lobes. During the interval between
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approximately 6,000 and 4,000 years B.P. delta building continued in
the general arca of the old Maringouin Complex, However, geolopical
data supgest a distinctive pew cycle or pulse of sedi_entation,
probably related to a najor delta iobs. Archeological associations
with this lobe are poorly defined, but probably include the Mound
Point {16 IB 14) andRabbit Island sites (16 SMY 8).

A number of other iwgortant features was associated with thias
rise, Among these was the formation of beach-ridge complexes re-
worked from channel and natural levee sands, Fan-shaped complexes
at Pecan Island (Vermilion Parish) and Little Chenier (Vermilion
Parish} are particularly prominent. Archaic projectile points from
the Pecan I[sland area are related to occupation of these features

when they were active,

4) Metairie Lobe of the St. Bernard Complex: Poverty Point and

Tchefuncte Period. As sea level approached and reached its present

stand (4,000 to 3,000 years ago), a major delta lobe began to develop
in what is presently the eastern part of the deltaic plain (Figure
7-13). By Poverty Point times, the growing deltaic land mass had
created a marginal deltaic basin in the areas now occupied by Lakes

Maurepas and Pontchartrain. Poverty loint pecples began ucilizing

the highly productive environments associated with the growing delta
lobe. Four Poverty Point sites have been found that were assoclated
with the lobe, two of which were located on natural levees of active

distributaries. The delta lobr sites were all specialized fishing-

hunting-gathering camps and villages. A major village or ceremonial center

was located on the eastérn side of the Pearl River estuary (Claiborne
22 HC 33, Hancock County, Mississippi). During this interval,
Poverty Point peoples continued to use environments associated with

abanconed and Jeteriorating lobes of earlier delta developments.
327
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Summary and Conclusions

Application of an archeclogical-geologfcal aprroach to the Misaimaippi
Delta area of the central Gulf coast has reeulted in the interpretatier
oi the preh!storic landscape and settlement patterns pregented in thig
chapter. Uhile to some extent the hypothesis presented var‘es from
previous interwnretationa, sugges Ing that maany features of the area are
congiderably younger than geverally believed, its value to the conti-
nental shelf psroblem 1a lavgely as a modat. Clearly, many continental
shelf featurss in this central Gulf area are of deltaic origin and the
bnown relationshins which can be worked out in the onshore parta of the
coastal zone can be projected offshore.

There is clearly a continuity of features and presumably of
related archeclogical sites between the coastal zone and the cont-
nental shelf. To a great extent . interpretation of the coastal zone
is the key to interpretaticn of the cortinental shelf. The importance
of additional research in key coastal areas is self-evident.

Major vertical movements have differentially displaced relict
features of the central Gulf area during at least the past 12,000
years. Surfaces deposited at or near tte level of the sea have been
tilted, warped, and faulted subsequent to their formation. MHfferen-
tial vertical movements of 50 meters or more may have influenced the
surface of the Lafayette Alluvial Valley and Deltaic Plain since tts
abandonment approximately 8,500 years ago.

During the period from approximately 12,000 to 8,500 years B.P.
{Intervals Hl1 to H3) there was a very slow rise or relative stillstand
of the sea. Major coasrtal progradation occurred with associated
development of ex-ensive coastal wetlands (swamps and marshes).
Pleisrocene megafauna flourished and there 1ia abundant evidence of

man throughout the area, particularly during the clesing interval.
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The climatic Implicatione of the hypothesls for the peric:l from
approximately 8,502 to 6,500 years B.T. (Intervals HA and 1) are
particularly significant. Major geomorphic and ecological changes
ocrurred, including a reversal of the long-term trend of mea level
rise and stability. This reverzal caused a ria cvcle and a genaral
displacement of the shore zone. The extent of coastal wetlwmds was
greatly diminished and the Pleistocene megafauna becane extinct.

Creat fluctuations ir runoff conditions and stream discharre occurred.
There were effects on settlement pattern and population size. The
impacts of these changes are recorded in the archeological and r=anlogical
tecord throughout the study area.

During the past 6,000 years {Interval J to K), sea level has risen
slowly and attained a relative stillstand. Couditione have been rela~-
tively stable and not greatly different from.thoue uf the present.
There is a continuity of the geclogical and archeclogical record during

this time.
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CHAPTER VIIL
CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

Cuitural resouvrces are not evenly or randomly distributed scross the
earth's surface, but are clustered Oor concentrated in ureas of human activ-
{ty. This ia true not only for terrestrial areas, but also for the couti-
nental shelf. We have tried to demonstrate that there is a relationship
between prehistoric human activity and landforms. While it is not possitle
te predict specific site locales, certsiu landforma were clearly favored for
habiiation and other activities, These preferred locations in respect to
laniform geometry can be defined as areas of high probability of site occur-
tence,

We have alsc tried to demonstrate that relict landforms can be idenci-
fied on the Gulf bottom. The distributionm of these relict landforms is re-
lated to former natural systems and has an orderly and predictable arrangement.
A relict landform can be shown to be not submerged during a particular period,
and favored for habitation by prehistoric peoples flourishing io nearby areas
during that period. But although this gives us an area of high probability
tor the occurrence of a site, it may be a rather large area that contains a
few rather small sires.

Digcovery of sites on the continental shelf therefore becomes a matter of
prospecting. Two general approaches to prospecting for sites are available.
The first involves underwater search by divers or archgolcgia:n in undervater
vehicles of some type, While direct underwater search techniques may be
preferable in some cases, there zve atrict limitations imposed by water depth,
viaibility, coats, and time factors. The second general category involves
searching with remote-sensing tools from surface vessels. For aite discovery
and verification, remote-sensing techniques seem far more efficient and
prouising. Once high-probability areas have been defined, the next obvicus

question is "what do we look for?"
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Cultural Signaturen

Our sutvey of the literature of the northern Gulf area, as preasented
in Chapters 5 and 6, indicates that there are eleven sire situationa and
types ot sites that occur frequently enocugh within the time intervala of
concern tha* they may be anticipated in the OCS area. Table 8- presents
these eleven types and the probable pericds of occurrence of each., A summary

of the basic characteristica of each of the eleven site types follows. Thess

basic charactevistics are called "signatures™ in .nalogy to the use of the phrara

"electroni~ signatures’ in computer interpretation. The totality of a site

can not be explored when It is on the ocean floor, and site determination must
be made on the basis of a few isolated and always limited indicatora. As ias
true of electrunic signatures, these cultural signatures can be positive or
negative. They are discrete site indicators, capable of being detected by pre-
sently avallable instrumentation. A few signatures of each type site situation

are offered below.

Quarry Sites

1) Outcrops of chert, quartzite, or other rocks that sre suitable for
chipping or grinding.

2) Scattered debitage and chipped tools. Concentratibns occur over
areas from approximately 1,000 to 200,000 mz {1/4 acre to 50 acres).

3} Most mater{ial occurs as surface lag. Some stratification of chip-
ping floors may occur, particularly in the vicinity of rock outcrops. Stra-
tification may alsc occur if there are ponds near the rock outcrops.

4) Perishable materials are generally absent unless a pond or depres-

sion Is associated with the rock outcrop.

Salt Dome Sites
1} Around depressions (solution ponds) on dome surface or associated
with small streams on dome, ot margin of dere adiacent to stream, lake, or

bay. 1372



Table 8-1. Occurrence of aite types by culture period or stage.
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TYPE OF SITE P 3 X o A &
Quar:v Slites P X X X X P
Salt Dome Sites X X X X X P
Spring (Sinkheoles) Sites P P X X X P
Valley Margin Sites X X X X P P
Natural Levee Sites X X X X X P
Point Bar Sites P P X X X P
Bay Margin Sites X X P X X P
Coastal Dune Lake Sites P X P X X P
Shell Middens X X P ? ? ?
Conical Earth Mounds X X X
Crescentic and Circular X X
Villages
X - Known occurrence
P - Probable cccurrence
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2) Scattefed debitage and stone tools, particularly i{f gravel or rock
i{s available on dome. Artifacts may be locally concertrated in areas of
9 mz (100 square feer) to 40,000 w? (10 acres).

3) Stratified derosnits, including bone beds and organic deposits, nay
cecur in sinkholes or other depressions on the dome surface.

4} Perishable material may be preserved if sinkholes or depressions are

present.

Spring Sites

1) Around the margins and within sinkholes in karst areas,

2) Scattered debitage and stonc tools may occur in the vicinity of the
sinkhole rim.

3) Artifacts and bone may be incorporated in depositas in the bottow of
the sinkhole. Mineralized bone may be anticipated. All material waa dropped
in frum the surface and is randomly distributed.

4) Stratified deposits may be found on ledges around the ins.de walls
of the sinknrle, Theee ledges may have served as shelters or burial places.
Preservation of bone and vegetable matter may be excellent due to the high
mineral content Jf the spring waters, In additicn te stone tools, artifacts

and ecofacts of bone, shell, wood, fiber and other perishables mav be foimd.

Valley Margin Sites

1} Found n2ar the escarpment marking the “~smdarv of a floodplain or
stream valley. Distinguished by the escarpment and/or change in the nature of
depcsits. Stream valleys may often be identified by bathymetry, suu-bottom
profiles, and/or cores, Sites may occur in close proximity (within 100
meters) of the valley wall scarp.

1) Types of sites may be varifable, including small campsites, gravel
quatry sites, crescentic villages, shell widdens, or earth mounds. Most
typically, *he sites may be marked by stone artifactr and debitage scattered
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Phe o murt e, Mot oaridfaots are monufactured from stream yraveo. wWhere
gravel was readily ava.lable in nearby streams, the site may take an char-

acteristics of a quarry sile.

3 sSuratitieatien §5 pourly developed and poor ly preserved,
A Pres-rvatienis usually poor, Only materials highly resistant to

chemical weatin~in,: ¢an be expected to survive.

Natural l.evee Sites

%) Located near the crests of natural levee ridges. Preferred loca~
tions include the cut bank side of meander laoop cutoffs, junctions of
trioutatrices and distributaries, and/or crevasse distributaries. Natural
levees are Jdistingulshable by bathymetry and/cr sub-buttom profiles.

) Sites may include camps, shell middens, coni{cal! earth mounds, and
crescentic villages. Distributary levees are prime locations for shell
middens.

3) tites may be stratified and interbedded with overbank sediment
deposita,

4) Preservation may be poor to moderate, Some bone and shell may

survive, but usually only chemical-reaistant materials.

Point Bar Sites

1) Habitation of actively accreting point bars of a meandering stream
regults in archeological materials being incorporated in the point bar Je-
posits along sloping Jlepositicnal surfaces. Materials may remain exposed
on the crests of accret!on ridges in a point bar sequence.

2} If the stream was transporting gravel during habitation, the site
may have the characteristics of a quarry, with abundant debitage and arti-
facts produced for gravel. Hearths may be present in the point bar.

3} Laitoral stratiffication 8 related primarily to active sedimentary

processes of point Dar accretiom.
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4) Preservation of perishable materials will probably be very poor.

Usually only stone will be preserved.

Bay Margin Sites

1) The margins of bays and eatuaries may be typlcaily mirked by low
escarpments defined by bathymetry (if well preserved). It can be anticipated
that sites will frequently be located near such escarpments, particularly
along sheltered parts of the bay. Sites may range from small camps ot
shell middens to verv la~ge mounds, shell middens, or crescentic villages,

2) Shell middens are likely to be well represented around bay margins.

3} Preservation is ljkely to be poor tc moderate. P-egervation of

bone, shell, and seeds may be ywood in shell midiens.

Coastal Dune Lake Sites

1) Sites may be located around thz margins of lakes and ponds in dune
fields. Artifacts and ecofacts may be incorporated in the sedimentary de-
posits within such shallow water bodies. In aome instances, these depres-
sions may be identified from bathymetry, aub-bottom profiles, or cores.
Humi# and calcified organic sands often form in the freshwater ponds and
lakes of coastal dune fields. Such deposits may be more resistant to ero-
alon than surrounding, unconsolidated dune fields and may produce inverted
topegraphic features on the mea bottom. Site area may be a few acres in
extent. Deposits should rarely be more tlan 2 meters thick.

2) Scattered atone tools and hearth stones may occur, but will rarely
be abundant. Small shell middena may be assoclated.

3) Stone Leds and plant materials may be assoclated with the humic
deposits or cemented pond deposits. In such instances, preservation of

perishable materials may be very good.
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Shell Middens

1) Sites may be asscciated with a varifety of coastal landforms,
espectally around margins of estuarles, lakes, bays, fload plains, on
natural levee crests, on rellct beach ridges, salt domes, etc. Shell mid-
dens may be ldentified on bathymetric charts and sub-bottom profiler
records and with coring or dredging sampless. Side-scan sonar may have
limited effectiveness as well.

2) Although scattered artifacts are possible, they are probably not
abundant unless midden material has been redistributed along the bottom.

Rangia cuneata and Crasscsatres virginica are the most common shells,

but often other molluscs are present {n lesser numbers, Midden
geomery may range from large, cranscentic or circular villages covering
over 40,000 mz (10 acres) to suall piles only 2 m in diameter and 30 cm {n
height. The most common geometry is likely to be linear, cigar-shaped
ridges.

3) Stratigraphy is probably gopd if che midden i3 not scattered.

4) Preservation is probably good if the site is in situ. Midden ma-
terial may be locally or entiraly cemented. Calcium carbhonate forms the

cementingagent, and shells, bone, and zrtifacts may be contained in the

aggregate,

Conical Earth Mounds
l) Sites may be located Iin any of the areas described for shell mid-
deng (see above). If mounds should be preserved on the Gulf bottom, they
may b located through bathymetry, sub-bottom profiles, and side-scan scnar.
2) Mounds gererally occur In groups of two. Height may vary between
5C ¢m ot less to over 5 meters, Some mounds may be over 30 m in dlamater.
Artifacts will probably be very scarce on an in situ mound, but may be

lrcated among the remains of eroded or scattered mounds. Typicaliy early
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mounds of Povertv Point, Late Archaic, and Middle Archaic times exhibit a
pauclity of accoapanying articacts, Possible village or shell midden areas
mav be artlcipated nearby.

3) Stratigraphy 1s most likely excellent in a well-preserved mcuni.

4) Preservation should be fair with usuvally only stone, bakcd clay,

and poorly preserved burials found.

Crescenticand Circular Villages

1) roczted along terrace margins overlooking a ficod plain or marine
sstuary,along the bay side of barrier islands, and on ratural levee crests
of rellict streams, Terrace margins can usually be located by bathvmetrv
and/or sub-bottom profiles.

2) Crescentic sites are located in the coastal Gulf area, while cir-
cular villages are found along the Atlantic coast, with the possibility that
they can occur in the eastern Gulf. Sites are rnuposco of oyster and/or
Rangia shells or black mi{dden areas. They range in size from 1000 m in
diameter and covering 2 km? (500 acres) (Poverty Point Site) to as small
as 0.03-0.06 km’ (8-15 acre.) with diameters of about 75-90 m (Cedarland,
Claiborne), The central area of the village is void of shell or midden
gccumulation, with a shell "ving" from 1 m ta 3 m high. Commonly, there
are more than one or tw> villages close together (i.e., Cedarlamd and
Claiborne, and Sapelo Island shell rings).

3) There is a j5,00d possibility that village areas also have an out-
lying conical eartn mound or mounds assuciated with them. Artifacts exhi-
bi. evidence of wide trade network and mostly appear as chipped stone points,
steatite bowls, ground-stone plummets, exctic lithizs, such as quartz cry-
stils. and fiber--empered poctery. Baked clay, Povarty Polni objects are

usually associated. Artifacts are likely to be abundant.
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4} Stratification will probablv he fai; to good. Lithification of -.id-
den material may occur with bone, shell, and artifacts in the matrix.

3) Preservation of orpanic matter 1is probably fair to good in shell

middens, poor in earth middens,

Remote¢ Sensing Techniques

The characteristics presented above are, in qoffect, signatures which
rmust be identified by remote-sensing or gurface-testing techniquen in order
to discover and confirm a site. At this point, we really do not kuow how
effective pregently available remote-densing techniques are in identifying
these signatures. However, based on a wotking knowledge of the remote-
sensing techniques and the site characteriszics, we can evaluate the rech-
niques from the standpoint of relative effectiveness. Such an evaluation
is presented in Table 8-2. As indicated in the table, good bathymetry and
sub-bottom profiles are basic tools for identifying characteristic geometry
of landforma and large or consplcuous sices. Side-scan sonar may be of
gome value in defining the geometry of a congpicuous gite or conspicuous
landform, Varlous types of sampling devices, specifically grab samples,
cores, and box samplers, may assist in verifying the interpretation of the
form by providing material from which the landform i3 composed, or the
matrix material of the site., The recovery of artifacts or ecofacts can be
accomplished by divect sampling appromaches. These include drag samples,
bucket samples, cores, and box samples.

Only a very few sites in the continental shelf areas of the United States
hav> been found and investigated by direct diver inspection. However, if we

review the reports on artifacts, sites, and ecofacts that have t

interesting things appear. Most notable is the work of Ruppe in west Florida (

sonal communication). One shell bank, possible a midden, has been reported in deeper
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Table B8-2. Fffectiveness of remote

sensing survey and testing

tosls,

|
[ ]
o v
REMOTE SENSING -t %"
[P |
TECHNIQUE 5 | 3 . =
A a g o > o
™ g Pt v} . @ Y -
ElE s 8|S |8t
& el L ] [ = DO
ST R T - SR T B
) 1 v c w r B v
TYPE OF SITE £ 2 pt o X 5 2 -
o0 & 0 = o & -1 T
Quarry Sites 1 1 2 0 0 2 3 2
Salt Dome Sites 3 3 2 o 2 3 2 2
Spring (Sinkhole) Sites 3 3 2 0 2 3 2 2
Valley Margin Sites 2 1 1 0 0-1 2 3 2
Hatural Levee Sites 2 3 1 0 g-1 2 3 2
Point Bar Sites 2 3 1 0 0-1 3 2 2
Bay Margin Sites 2 1 1 0 0-1 1 2 2
Coastal Dvne Lake Sites| 2 3 1 0 2 3 2 2
Shell Middens 3 3 2 ¢ 0 3 3 3
Conical Earth Mounds 3 3 1 0 1 3 V] 0
Crescentic and Circular 2 3 1 0 2 3 2 2
Villages
EFFECTIVENESS:
0 - Virtually useless
1 - Occasionally effective

2 - Limiced effectiveness

L
i

Highly effective
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vater off the Atlantic coast by Emery (1963). A number of artifacts and foseil

bones has bee1 recovered in fishing nets and geologlcal bottom-sampling devices,
usually drag samplers. This leads one to conclude that drag and bulk sam-

pling devices may be the most effective way c{ sampling and testing drowned

or submerged s'tes. Given the present state of the art of OCS cultural

resource methodology and wnderwater remote-sensing and diving technology,

the most effectlve sequentfal approach to prehistoric site discovery seems

to be as follows:

1) Interpretation of relict landforms and relict aystems from large-
scale bathymetry, identification of high-probability areas from these bathy~
metric maps, interpretation of the age of the features and assoclated high-
probability areas, development of models for site types most lilely to be
associated with the high-probability areas.

2) Sampling and teating with remote-sensing techniques. This can be
done either throupgh a specific research project in a specific ares or through
the present OCS survey requirement. A hierachical or step approach to test-
ing should be employed. The first array of instruments at Step 1 should in-
clude small-scale bathymetry (fathometer), sub-bottom profile to 30 feet or
to define the upper 30 feet, and a drag sample or grab sample. If this first-
step survey indicates an ancmaly or probable site, Step 2 testing might 1in-
clude side-scan sonar, bottom core or cores, additiomal grab samples and
drag samples. Step ]} inspection would include underwater photography or

television viewing, box core sampling, and/or direct inapection by divers.

Zone Map
We have attempted to apply the findings of this study to the problem
of survey requirements for the northern GCulf OCS area. Based on the diatri-
bution of relict landforms and our interpretation of the age of these land-

forma, the northern Gulf OCS area has been zomed. The zone boundaries were
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conmbined with these deveivped for shipwreck occurrence and evaluation (see
Volume I1). Plate 11 of Volume I1I presents the combined zonation showing
probable cultural resource occurrence for prehistoric site2 and historic ship-
wrecks., Zone 1 on Plate 11 ie predicted to have high productivity for pre-
historiec cuitural rema.ns dating back to and including Palec-Indian, Early
Archalc, Middie Archaic, and Late Archaic periods 12,000 - 3,000 B.P. 1In

the Chandeleur Sound area of southeastern loulsiana, sites as re~ent as B00O
years B.{. may be submerged. The seaward limit of Zone Z indicates the extent
of Paleo-Indian habitation sites. The seaward limit of Zone la approximates
the maximum low stand of se2: level during the Wisconsin glacial stage. The
zone contains relict shore features ranging in age from approximately 19,000
to 12,000 years B.P. Hapitation sites within the game time range can be
anticipated. Zone 3b 1a a zone of banks which were probably exposed asa
islands during the maximum Wisconsin low stand. Prehiastoric sites within

the age .ange of 19,000 to 17,000 years B.P. may occur. Zone 4 exhilits
appavent unhoreline features in water depths of 90 to 200 m. Littie if known
of the nature or age of these features at present. They may be related to
I1linoisian glacial stage.

While these zonations and i1ecommendations were not arrived at lichtly, {t
should be emphasized that the map was developed through qualitative, graphic
approaches and should be characterized as a "best judgment" map. Clearly,
the methodology developed in this volume is untested in the OCS area. We
do believe, however, that the rationale is sound and can be demonstrated in
the coastal plain of the northern Gulf, and that the methodology is amenable

to testing.

Recommendations For Further Study

The methodolcogy should be tested in pilot-study areas both onshore

and offghore. Mzjor objectives of the onshore work should be te: 1) better
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understand Late Uuaternary geologic uvenrs and landforms; ) test the "hi: h-
probabil{ty area” methodology and compare witn random sarmpling, transects,
and othe- sampling designs, }) better define early cultures which may be
represcated in the 0CS area; 4) better understand site-landform 3jeometry
relationships, and 5) better ‘efine site signatures. These cbjectlves can
best be achleved in a terreatrial situation.

The 0CS pllot ztudy that {s needed now is simply a more detailed applica-
t{on of the methodology developed in this paper. The objectives would be:
1) study the bathymetry and available geclogical data at a scale and level
of detall that was not possible in the present study; 2) map relict features
and paleogeography and identify high-probability areas of site occurrences;
3) using remote-sensing techniques, systematically survey high-probability
arear; ~) using the step approach diacussed above, attempt to verify and
test possible sites; 5) if feacible, inspect and test sites using
divers. Such a program should result in a significant {mprcvement in defining
the survey requirements from the standpoints of both efficilency and effective-
ness. In addition, the fiscinating study of the prehistoric archeology of

the outer continental shelf would be advanced.
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