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SUBMERGED CULTURAL RESOURCES UNIT 
REPORT AND PUBLICATION SERIEB 

The Submerged Cultural Resources Unit was established in 1980 to 
conduct research on submerged cultural resources throughout the 
National Park System with an emphasis on historic shipwrecks.
One of the unit‘s primary responsibilities is to disseminate the 
results of research to National Park Service managers, as well 
as the professional community, in a form that meets resource 
management needs and adds to our understanding of the resource 
base, A report series has been initiated in order to fulfill 
this responsibility, The following are the categories of 
reports that comprise this series. 

Subrnerqed Cultural Resources Assessment 


First line document that consists of a brief literature search, 
an overview of the maritime history and the known or potential
underwater sites in the park, and preliminary recommendations 
for long-term management. It is designed to have application to 
GMP/DCP’s and to become a source document for a park’s Submerged
Cultural Resources Management P l a n .  

Subrnerqed Cultural Resources Survey 


Comprehensive examination of blocks of park lands for t h e  
purpose of locating and identifying as much of the submerged
cultural resources base as possible. A comprehensive literature 
search would most likely be a part of the Phase I: r e p o r t  but, i n  
some cases, may be postponed until Phase 11. 

Phase I -- Reconnaissance of target areas with remote sensing
and visual survey techniques to establish location of any
archeological sites or anomalous features that may suggest the 
presence of archeological sites. 

Phase I1 Evaluation of archeological sites or anomalous 
features derived from remote sensing instruments to confirm 
their nature and, if poss ib le ,  their significance. This may
involve exploratory removal of overburden. 



Submerqed Cultural Resources Study 


A document that discusses, in detail, all lcnown underwater 
archeological sites i n  a given park ,  T h i s  may involve test 
excavations. The intended audience is managerial and 
proEessional, not the general p u b l i c ,  

Submerqed Cultural Resources S i t e  Report 

Exhaustive documentation or' one  archeological site which may
involve  a partial or complete s i t e  excavation. The intended 
audience is primarily pro�essional and incidentally managerial I 
Although t h e  document may be use-ful to a park's interpretive 
specialists because of i ts  infor i i ia t ion c o n t e n t ,  l i t  would 
probably n o t  be s u i t a b l e  �or general  distribution to park
visitors I 

Submerqed Cultural Resources Specia:L Report Series 

These may be in published or photocopy format,  Included are 
special  coinmentaries, papers on methodological or technical 
i s s u e s  pertinent to underwater archeology I or any miscellaneous 
repor t  that does n o t  appropriately fi t  i n t o  one of t h e  other 
categories. 

Daniel J u  Lenihan 
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ABSTRACT 


In the 1960s, commercial treasure salvors of 1715 Spanish
Plate Fleet shipwrecks off the east coast of Flor ida  
encountered prehistoric artifacts and extinct animal 
fossils. At first the salvors believed the material to be 
wreck-related, but later examination by archeologists
indicated it was not  associated with the wreck. In 1976 
Florida archeologists considered the possibility that the 
shipwreck might lie over an inundated terrestrial site. In 
1978 fieldwork was conducted to determine the nature of the 
terrestrial s i te  and the site-formation processes that 
allowed its preservation. Although the fieldwork w a s  done 
within the  confines of commercial treasure salvage,
sufficient controls were exercised to make some observations 
regarding the site-formation processes of both sites. The 
results of the research are discussed here, focusing on the 
terrestrial site and its relevance to understanding processes
of inundation and preservation, and extrapolating to locate 
o t h e r  continental shelf sites,  The report conclusions 
present t w o  newly derived principles of site-formation 
processes relevant to h i s t o r i c a l  and marineinundated 
terrestrial sites.  
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One issue in underwater archeology sorely in need o� 
attention is distinguishing n a t u r a l  changes from cultural 
depositions, Understanding site-formation processes is as 
key to unraveling archeological riddles as the understanding
of material remains themselves, I am particularly pleased,
therefore, that this off ice  i s  able t o  b r i n g  this report by
Larry Murphy to a wider audience. 

The field work for this paper was performed while Larry was 
working f o r  the Florida Division of His to r i ca l  Resources, 
Bureau of Archeological Research and originally served as a 
thesis for part of h i s  doc tora l  graduate work at B r o w n  
University. Its application, however, is broad and should be 
of interest to anyone i n  the f i e l d  of archeology regardless
of institutional persuasion. 

This is t he  first of the "special  reports"  in the Submerged
Cultural Resources Unlit's publication series. These are 
papers not necessarily tied to any particular' park or 
jurisdictional e n t i t y ,  bu t  dealing w i t h  generic problems
relevant to the entire endeavor of underwater archeology and, 
by definition, to the archeological discipline as a whole. 
The fascinating example of a historic shipwreck intermingled
with a prehistoric component i n  a multidimensional site is a 
dramatic vehicle  for addressing such questions on submerged
sites. 

Certainly all underwater  archeologists have to deal with the 
issue of s i t e  formation in an implicit way or in brief 
discussions t i e d  to their site interpretations. The value of 
this report is t h a t  it explicitly addresses the problem: It 
opens the can of w o r m s  and spills them o u t  f o r  the enjoyment
of all. I commend the reader to what I feel is a refreshing 
treatment of a subject they will recognize as a familiar 
companion who has been previously held at arm's Length. 

Daniel Lenihan 

Chief, Submerged Cultural Resources Unit 

U , S  National Park Service 
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This publication seeks to correct a major weakness 
limiting the study of underwater archeological sites: a s e t  
of unquestioned assumptions regarding site-formation 
processes and data-set preservation. The subject  of
research, the Douglass Beach S i t e  (8SL17) is a F l o r i d a  east 
coast  underwater site consisting of two components: an 
18th-century Spanish shipwreck located above an Archaic 
Period inundated terrestrial site, This dual-component site 
provides the opportunity to observe site-formation processes
pertinent to both components. Douglass Beach Site research 
was aimed at generating principles of submerged site 
formation and alteration. The primary research was conducted 

over seven weeks in summer 1978. 


In recent years archeological researchers have become 
interested in formation processes and their implications for 
inference, Michael 3. Schiffer’s (1976; 1987) theory
accounting for variability in the material record has been 
especially influential. Schiffer recognized two kinds of 
formation processes affecting archeological remains: 
cultural, where the transformational agency is human 
behavior; and non-cultural, in which the agency is the 
natural environment. Both processes exhibit regularities
that can be expressed as (usually statistical) laws (SchiPfer 
1987:7, 11). In this report, research deals only with 
natural processes, specifically with the formation of 
inundated sites and historical shipwrecks, and marine 
transgression impact on prehistoric sites. 

Research objectives on the prehistoric component are to 
determine which archeological data sets survived the 
biological, chemical and mechanical effects of the marine 
transgressive sequence i n  a high-energy, shallow-water 
environment and long-term immersion, and then to account for 
their preservation. A t  the time of the original research 
(1978), little was known of the effects of inundation on 
archeological data. In 1981 Lenihan et al. (1981) completed
the National Reservoir Inundation Study, which examined 
freshwater impact on archeological sites. To date, no 
comparable study exists for marine inundation. 

Existence of offshore prehistoric sites has long been 
postulated, but attempts to locate any have been mostly
unsuccessful. Recently a model and methodology to locate 
terrestrial s i t e s  on the Oute r  Continental Shelf was 
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developed (Gag l i ano  et a l ,  1978;  1 9 8 2 )  and tested (Pearson et 
al. 1 9 8 6 ) - The research reported here applies G a q l i a n a ' s  
methodology and compares ana: l .yt ical  results t o  h i s  inode1, 
which was based on known coastal. s i tes ,  

Douglass Beach S i t e  f i e l d  research allawed observations 
or' the natural-formation processes  05 shipwrecks The 
i inp l ica t ions  of those  observations force a reassessment of 
c u r r e n t  khinking on shipwreck s i t e  processes i n  high-energy 
areas 

Research in this report is n o t  t h e  first on underwater 
s i te - format ion  processes , b u t  augments a comparative
exaini.nation of natural processes ac t ive  on shipwreck si.tes i n  
England by Muckelroy (1978:160-196) I one  of t h e  fj.rst to 
recognize that c e r t a i n  f e a t u r e s  were coiirnron t o  England's 
shipwreck sites 

A br ief  h i s t o + r i c a i  overview of Flor-ida shipwreck salvage 
is impurtaant to provide z o n t e x k ,  a s  w e l l  a s  t o  explain t h e  
operative t h i n k i n g  that in�iuenced the w o r k  of earlier 
archeologists, 

In t h e  1 9 6 0 s  and :197Os, the early days o P  shipwreck 
salvage I certain "common-sense" ideas I unquestioned and 
u n t e s t e d ,  p reva i l ed  regarding t h e  nature of underwater 
a rcheo log ica l  s i tes l'he pivotal assumption w a s  t h a t  
high-energy coast1i n e  shipwr-eclis break up  I randomly scatter, 
and c o n t i n u a l l y  degenerate, In Flor ida ,  these ideas deadened 
research questions and jus t i f ' : i ed  minimal archeological 
r e c o r d h q  standards on governnenta l ly  supervised commercial 
excavat ion of i n t e r n a t i o n a l l y  s i g n i f i c a n t  historic sites. 

Relying on t h i s  r~common-sense" t h i n k i n g ,  modern salvors  
and a r c h e o l o g i s t s  assumed t h a t  shipwrecks w e r e  jumbled and 
cantinually dispersed by the high-energy wave action of the 
shal low F lo r ida  Atlantic coast. Th i s  y M  disaster-and-
degenera t ion"  view prevailed particularly among salvors, who 
assumed that i� degeneration c o n t i n u e d ,  eventually no th ing  
would be [left. Hence, cammercial salvage w a s  justified. 

I n  1 9 6 4  commercial historic shipwreck sa lvage  i n  Florida 
began with the 1715 Spanish Plate Fleet ,  located near  Vero 
Beach and Port Pierce on i h e  Atlantic coastline. Beginning
i n  the 16th  century, s h i p s  grouped i n  what are known as p l a t e  
fleets annually t ranspor ted  N e w  World p roduc t s ,  especially 
gold,  si.l .ver and dyestuffs, t o  Spa in .  

In Lfuly 1'715, a l l  11 s h i p s  of t h e  heavily laden p l a t e  
f leet--the f i rs t  fleet t o  leave  t h e  N e w  World i n  over a 
decade--sank i n  a hurricane that drove the s h i p s  o n t o  shallow 
offshore reefs, where they broke up. Material washed ashore,  

2 




and the Spanish salvaged what they could in years immediately
following the wrecks. 

In the early 1960s, the sites were rediscovered after 
beachcombers found Spanish coins, and surveys in shallow 
water located vessel remains. Commercial salvage operations
recovered numerous artifact concentrations, prodigious 
amounts of gold and silver coins ,  bullion and artifacts. 
Florida claimed ownership, passed an antiquities law and 
began to supervise the operations after salvors were put
under state contract. The antiquities legislation provided
for artifact d i v i s i o n  (usually 25% to the state, 75% to the 
salvors). The state placed field agents on board 
contractors' vessels to monitor salvage operations. Later 
the state attempted to collect archeological data. 

Salvage efforts were haphazard and unsystematic.
Salvors opened large holes in the seabed and frequently
repositioned the salvage vessel to follow wreckage l I tra i l s . l l  
The impression of jumbled, scattered sites was reinforced by
the excavation methodology, 

Occasionally, salvors working a 1715 shipwreck site 

(8SL17) at Douglass Beach recovered prehistoric artifacts,
bones and fossils. Although prehistoric artifacts 
infrequently surfaced at the site, sa lvo r s  assumed they were 
not associated with the shipwreck and consequently were 
seldom recorded, even after archeologists began to supervise
t h e  salvage program f o r  the state. The implications of these 
prehistoric materials, which are t h e  subject of this report, 
were not then  realized because of assumptions held by those 
involved. 

The disaste~-and-degeneration view influenced both 
shipwreck research and the approach to inundated terrestrial 
sites. With wrecks, the view justified salvage ( the salvors 
were performing an important service by recovering the 
artifacts before their inevitable loss) and minimal 
archeological control (the material, so obviously jumbled, 
w a s  incomprehensible). Little could be gained from wrecks 
that could not be more easily obtained from archives. For 
scientists interested in examining submerged terrestrial 
sites, the implications were clear: If one assumed that wave 
a c t i o n  from the initial inundation and subsequent storms 
destroyed submerged sites on high-energy coastlines, then 
systematic research should be directed to low-energy
coastlines. Few archeological data would survive in a 
high-energy environment. 

In recent years archeologists scrutinizing
site-formation processes have contradicted the disaster-and-
degeneration view. They have demonstrated that while 
archeological remains are  affected by both cultural and 
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natural forces d u r i n g  and a f t e r  deposition, t h e y  are n u t  
jumbled, nor  do t h e y  c o n t i n u a l l y  d e g e n e r a t e  The 
consequences of d e p o s i t i o n  are n o t  a b s o l u t e  and random bu t  
discernible and p r e d i c i u b l e  and can be expressed by qeneral. 
principles (Schiffer 1 9 7 6 ;  1987) The s p e c i f i c  examination 
of formation processes and t h e  f o r m u l a t i o n  of g e n e r a l  
p r i n c i p l e s  enhances archeological inference and 
i n t e r p r e t a t i . o n  I This  research has I in effect I changed how we 
l.001~a5 the archeological record and w h a t  w e  expect  .to Learn 
from i t"  

One or' t h e  most i m p o r t a n t  aspects of t h e  Douglass Beach 
Site is the evidence  of t w o  disparate occupations--an Archaic 
s i t e  a n d  a shLpwrcck--that enables  an e x a m h a t i o n  or' an 
underwater site with t w o  v e r y  d l i f f c r e n i  forination p r o c e s s e s  I 
The s i t e  research forces a rev ised  examination o� assurnpt iuns  
and methodological approaches a p p r o p r i a t e  to shipwrecks and 
inundated terrestrial siLes i n  sha l low w a t e r  

The Archaic  Period inundated terrestrial s i t e  I which has 
a well-preserved s t r a t i g r a p h y ,  proiapts a rev.ision of the 
c u r r e n t  continental s h e l f  s i t e - l o c a t i o n  ruodel t o  inc lude  
a r e a s  where sites are  now unexpected. 'I'he stratigraphy 
provides  an o p p o r t u n i t y  to kcs t  analytical tools %or s i t e  
r e c o g n i t i o n  I 

The  co-occurrence of an ikcha ic  s i te  and a sh ipwreck  
rai.ses another issue, that of s i x - u c t u r a l  d i f f e r e n c e s  between 
the t w o .  The shipwreck .is t h e  r e s u l t  of an  e v e n t ,  the 
terrestrial site the result of a long process  of a c c u m u l a t i o n  
and deposition I N e w  the0r:i.e.s u f  s i t e -Porn ia t ion  processes 
must bc developed to accouni; for the var i ab le s  of both s i tes  
reprcsenicd  at 85L17 While t h i s  study r'ocuses on 
preservation of t h e  t e r res t r ia l  si te,  comple te  analysis of 
both sites will eventually have to e x p l a i n  the v a r i a t i o n  
between t h e  sites as a -r'unctj.un or' cultural and n a t u r a l  
foriiiation processes" 

In sum, the theoretical o r l . e n t a i i o n  here is S c h i f f e : r Y s ,  
the methodological approach follows Gay:I..iarro et al. ( 1 9 8 2 )  
and Pearson et al, ( 1 , 9 8 6 ) .  The following three chapters  
present .the f:i.eld niethodology I geological processcs and 
a n a l y s i s  of Llouglass Beach materials. Prehistoric si..i;e 
analysis, us ing  s t anda rd  scd:Lrttentary and geochemical 
proccdurcs,  i s  coii~par-ed to Gagliano's continental shelf 
s i t e - r ecogr i i t i on  model, and  s u g g e s t i o n s  f o r  improvement are 
o f f e r e d  ~ Wave and barrier-island processes are discussed 
a l o n g  w i t h  ev:idence f r o r ~both site comporients .to account for 
the hTgh l e v e l  o r  prehistoric site p r e s e r v a t i o n  and skabilLky 
of the s k i ~ ~ p w r e d c  P i n a i l y ,  two general  principles are 
presented that cha11enge d i s a s t e r - a n d - d e g e n e ~ a t i o n  
assuiiptions regarding unde: rwatcr  sites. 



CHAPTER 11: 85L17: THE: DOUGLASS BEACH SITE 

LOCATION 


The Bouglass Beach Site is located on the east goast of 
Floridao 3 1 / 2  miles south of F o r t  Pierce Inlet at 27 2 5 ' 0 3 " N  
and 80 16'03"W. The site is situated offshore Hutchinson 
Island, a 21-mile-long coastal barrier island, in depths from 
2 to 6 meters (see F i g u r e  1). 

THE DOUGLASS BEACH SITE: DISCUVERY AND PRIOR WORK 

The first evidence of Spanish materials near Douglass
Beach was discovered in the 1940s. In 1940-1942 Charles 
Higgs conducted a surface survey of the general area in an 
attempt to correlate archeological sites with historical 
events. Higgs located a barrier-island p r e h i s t o r i c  site 
south of Sebastian Inlet that produced Spanish and Indian 
artifacts and K'ang Hsi (1662-1772) Chinese porcelain (Higgs
1942~32-33). 

In 1946 Hale Smith partially excavated the Higgs S i t e  
(Smith 1949). In addition to more Chinese porcelain, he 
recovered aboriginal Mexican wares, Spanish majolica (dated
1543-1723), 17th-century Delftware, bottles, glass, iron 
sp ikes ,  cannon and English pipes.  Smith dated the site 
between 1696-1725 and considered the 1715 Spanish Plate Fleet 
a possible source for the artifacts. A s  evidence, he 
included a tracing of a 1774 map by Bernard Romans t h a t  
located 1 7 1 5  shipwrecks near the Higgs Site (Smith 1 9 4 9 : 2 5 ) .
Romans' map was also included in a later report on a regional
archeological survey (Rouse 1 9 5 1 : 5 9 ) .  (The Higgs s i t e  i s  
probably related to Spanish salvage activities.) KipWagner, a building contractor and beachcomber, is credited 
w i t h  relocation of the 1715 Spanish Plate Fleet. In t h e  
1 9 4 0 s  Wagner began finding Spanish coins on the beach and 
believed they were washing up from offshore (Wagner
1966~32-42). 

After l e a r n i n g  of the 1 7 1 5  plate fleet loss ,  Wagner
observed that all his coins  predated 1715. He sent a coin to 
Mendel Peterson of the Smithsonian Institution and inquired
about the 1715 fleet loss. Peterson  replied that the 1715 
fleet had gone a shore  150  miles t o  the south in t h e  Florida 
Keys. The negative response prompted Wagner's i n t e r e s t  in 
historical research to determine his c o i n s '  origin. Later, a 
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f r i e n d  of Wagner's located a copy of Romans' map in the 
Library af Congress confirming the 1715 f l e e t  locat ion 
(Wagner 1 9 6 6 : 4 4 ) .  Apparently both  were unaware of earlier 
archealogical publications ment ioning  and correctly locating 
the fleet IOSE.  

I n  1959  Wagner located a shipwreck o f f s h o r e  and applied 
to t h e  s t a t e  f o r  an explaratian c o n t r a c t  (Burgess and C l a u s e n  
1 9 7 6 : 8 9 )  %'he nex t  year he assembled a corrirriercial salvage 
group and signed a con t rac t  w i t h  t h e  s t a t e  of Florida, whose 
salvage Law had been enacted i n  1958 .  

I n  1 9 6 4  t h e  Douglass Beach shipwreck s i te  was :Located, 
That year C a r l  C lausen  became t h e  f i r s t  s ta te  undexwater 
a r c h e o l o g i s t ,  A year later he publ i shed  a report  (CZausen 
1 9 6 5 )  on Uougkass Beach, which remains the only professional 
r epor t  on any 1715 f lee t  shipwreck. State field agents  w e r e  
placed on salvage vessels .in 1 3 6 6  to monitor operations,
collect fi.e:ld daLa and xxcord field notes  

I n  1972 W . A .  Cocksell  replaced Clausen as state 
underwater archeologist and began excavat ing  a submerged 
Paleo-Indian s i te  at Warm Minex-al S p r i n g s  (Cockrell 1 9 7 3 ;  
1 9 7 4 ;  1 9 8 0 ) .  P r o m  1 9 7 3 - 1 9 7 7  1 was: Cockrell's assistant, 

During t h e  yearly fieldwork a t  Warm Mineral Springs I 
field agents  who monilcored commercial. sa lvage vessels  
received t r a i n i n g  in archeolag ica l  field rnethods Cocksell I 

who recognized the possibility of submerged s i tes  beneath 
shipwrecks attempted t o  enhance data collection on t h e  1715 
shipwrecks. 

Cockrell was concerned wi th  provenience of shipwreck 
materials I The p o s i t i o n i n g  and p l o t t i n g  methods used prior 
t o  1 9 7 2  were so  imprecise as t o  render scarcely usable  da ta ,  
After 1 9 7 2  the s t a t e  updated salvage-vessel p o s i t i o n i n g  by 
replacing compass bear ings ,  which are too coarse  f o r  accurake  
plotting, w i t h  double horizantal angles ,  f i rs t  t a k e n  with an 
I l o n  Pcrsi . t ion F i n d e r  ( d  device f o r  t a k i n g  horizontal angles  
that is calibrated o n l y  to t h e  nearest quarter-degree) I and 
Later with s e x t a n t s  The share-based t a r g e t s  that were used 
for the horizontal angles  w e r e  surveyed and mapped f o r  the 
f h s t  tirrre i n  1 9 7 6 .  Cockrel l  and Murphy ( 1 9 7 8 a )  devised a 
mappiny system employing large-scale maps that i n c l u d e d  clear 
overlays f o r  d i f f e r e n t  artifact ca tegor ies  A thres-arm 
protractor was used to r ap id ly  plot the position of each 
excavat ion  on the site maps. 

We chose Douglass Beach �or the f i r s t  base map because 
prehistoric artifacts and fossils had been recovered there, 
and we bel ieved t h a t  an  inundated site was a possibility, We 
conducted  a review of pas t  field notes  and plotted artifact 
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loca t ions  f o r  1972-1975 (Murphy 1 9 7 6 1 ,  This study revealed 
the site had been excavated less than we thought and had 
produced a few fossils and non-fossil bones. 

For the first time in 1 9 7 6 ,  field agents assigned to 
accompany the 1715 wreck salvors were instructed to recover 
all faunal and prehistoric material. The 1976 excavation 
produced f a u r  bone pins and 15 bones, including Pleistocene 
horse teeth. These recoveries increased interest in 8SL17 as 
a possible inundated terrestrial site. In the past, other 
evidence had pointed to the possibility of a submerged si te  
at Douglass Beach, but it had been ignored, Megafaunal
remains had been reported, and a tooth recovered (Florida
Division of Archives site files). I observed megafaunal
remains at the site in 1973. A human cranium and projectile
points w e r e  recovered in the 1960s, b u t  these materials were 
not relocated by the state archeological conservation 
laboratory u n t i l  the mid-1980s. 

Realizing the Douglass Beach Site's importance as a 
submerged terrestrial site,  Cockrell attempted to close it to 
further commercial treasure salvage upon the expiration of 
the original salvor'slease in 1977. Unfortunately, no legal 
means existed to prevent commercial exploitation of Douglass
Beach because of state salvage regulations; the site could 
not be permanently closed. A s  an alternative, Florida 
granted a salvage permit to a company on condition it fully 
cooperate with an on-site archeologist. In 1978 I was hired 
by the state of Flor ida  as project archeologist for two 
months of excavation at Douglass Beach and verified the 
presence of an inundated terrestrial site (Cockrell and 
Murphy 1978a,b). 

METHODOLOGY OF 1978 INVESTIGATIONS 

The 1978 Douglass Beach Site excavation and survey took 
place between June 21 and August 1 3 .  On 46 working days,
salvors used t w o  salvage boats to dig 932 holes of varying
sizes and depths, mostly as contiguous holes that formed 
shor t  trenches. A new "hole" was recorded for each movement 
of the salvage vessel. A state field agent was aboard each 
salvage vessel. Sextants were used to position excavation 
vessels, and horizontal angles were taken from three large 
t a rge t s  on the beach. A scaled base map was updated whenever 
the salvage boat was moved. The boat was normally moored 
stern to shore, with sextant sightings taken above the screw 
and water depths taken with a weighted tape. 

A psop-wash deflector, the common method of commercial 
wreck salvage in Florida, was used fo r  all 1978 excavations. 
The deflector, or "blower,I' is a right-angled,
transom-mounted device somewhat larger in diameter than the 
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vessel'B sc:ccw. It is pivc~t-nioun~i,edso i~i;cilri be lowered .to 
d i r e c  i: t h e  prop backwash downward Du:ciricy excavat ion the 
vessel i s  secured in a .three- or four-po.int  nmor w i t h  the 
deflector in p o s i t i o n  I When .the engines  a r e  engaged a 
powcrful coiumn of water .i.s f o r c e d  -tl-iro-ugh t h e  defl.ecto:r to 
blow a I.arge, c i r c u l a r  ho le  i n  t h e  sea boLtorn. 

O r i c e  a ho le  i s  opened, Lhe oriysinc speed can be decreased 
and the h0:I.c w i l l  r e m a i n  open .  A n e w  h o l e  can be dug, tho 
hole  en.l.arg-ed or moved in a specrific d i :mc t ion  by mooring 
l i n e  ad-jus.(;men.L. 13:i.cjging speed, as wel.:l. as halo s i z e  and 
dep-Lh, can be changed by ilIl tea.ing engine r e v o l u t i o n s  

A s e r i o u s  1irnitaL;:ion of the deflector f o r  a rchea loyica l  
applfca-Lions i s  tha~ti - L  i s  d i . f f i c u i t  to con t:roL I The 
powerful.  prop wash rapid.l.y d i sp l aces  or disintegrates
c u l t u r a l  materials , precluding s - t r a t i y r a p h i c  excavat ion  + 

Usually s tra-ticjraphy is observable o n l y  ri.n t h e  sloping sides 
of t h e  h o l e .  Even when t h c  e n g i n e  i s  i d l i n g ,  the w a t e r  
volume is o f t e n  excessive fo:c sha:l.low-water excavation I H u l l  
movement unevenly erodes -the h o l e ,  which  t e n d s  to cul l .apse as  
soon as t h e  prop w a s h  si;ops, 

In 1970 I p:Laccd rcs'Lric-tor-s o f  var ious  inater ia ls  over 
t h e  prop-def lec tor  in.Li;alce to m i n i m i z e  the wa'Ler fiow r e a c h i n g  
the bo-k~iornin an a.L.Lernpt to overcame smie o f  t h e  device's 
1imitations l iestrictors Loget i ler  w i  L h  ve:q  small mooring 
l i n e  s h i f t s  I made possible sl;raI;igraph:i.c observation a r i d  
sample c o l l e c t i o n  

T observed .that when i i  parLicular g r e y ,  f r ag i l e ,  sandy 
Is t ca tu rn  was presen~ t  any S p a n i s h  co ins  I.ocated t h e r e  were 

a lways  found drisec~kly above i i :  W i i s  s t ra tura  was easily 
dis t inyuis l . i ab : l . e  from khe ove r ly ing  marine sedirrients I The 
grey st ra tum was ~ap id1 .y  eroded by the d o w n w a s h ,  and was 
vi.sib:le briefly d u r i n g  h i - t i d l  excavation o:c in t h e  side of a 
s t a b i l i z e d  ho le  I When the mooring liries were sh. i f ted,  the 
s ~ r a t i g r a p k yc o u l d  be examined in t h e  newly eroding p o r t i o n  
o P  the hole Wkth c a r e f u l  n ioor i r icy  l i n e  a d j u s t m e n t ,  a Lrench 
could be dug in the h o t k o r ~ ~  

'1'h:cee zones were :recorded beneakh .the rriarlne s a n d  : Zone 
3 I a 25-cel-i.i;imete~-.i;hir:3c grey , sandy l a y c r  d i r e c t l y  b e n e a t h  
t h e  mar ine  sediments; Xorie 2 r  a .loose, sandy layer about 2 0  
c e n t i m e t e r s  t k i c k ;  and Zone :I. I a :resris.tarit, Tm:cd-paclecl, 
sandy layer  c o n t a i n i n g  many si;raLa I l 'hc  overlying marine 
sandy sedi.ments averaged between 1 and 2 meters, and the 
water dc.p.th was 4 to 5 rrietsrs, 

With experience, i-t became incrcasing1.y easy 'Lo discern 
the t op  two s-tra-ta When excavating the northwest p o r t i o n  of 
the s i t e ,  Lhe upper  s i x a L u m ' s  absence i n d i c a t e d  the area had 
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been previously dug. Often a deep hole  dug by past salvors 
well into Zone 1 stratum w a s  encountered that yielded coins 
and artifacts that had been overlooked in the old hole 
bottom 

Most undisturbed strata were located just inshore from a 
shallow reef area within 200 meters of the beach (Figure 5, 
Chapter 4) in the northwest portion of the site, where the 
majority of the bone p ins  and f auna l  material were discovered 
(Figures 5 and 6 ) .  (The bone p ins  recovered in 1976 were 
also from this area.)  A s  the bathymetric contours ind ica te  
(Figure 5), undisturbed areas were inshore of a 3-meter-deep 
reef line and at a depth of 3-4 meters. No Zone 3 or Zone 2 
strata were reported seaward of this reef. 

In u n d i s t u r b e d  areas, excavation proceeded slowly, and 
as carefully as the restricted deflector allowed, During the 
two-month project, 28 field samples were collected, primarily
from the northwest site area. Two macrobotanical specimens
from Zone 3 were collected at different times from j u s t
beneath the marine sediments to establish the date of the 
underlying sediments (see Radiometric Dating below). 

A 2-inch-diameter core from Zone I was taken from an 
undisturbed area in the northwest past of the site (Figure 1) 
to aid in determining t h e  stratigraphy of that zone. To 
collect the core, a h o l e  was opened through Zones 3 and 2. 
The core was pounded into the bottom sediments with a sledge
hammer, capped and dug out with the deflector. Twenty-five
inches of sediments were extracted in t h e  core ( F i g u r e  4,
Chapter 4 ) .  The core w a s  split, examined and stored. Bulk 
samples of Zone 1, 2 and 3 were collected in the v i c i n i t y .  
S o i l  samples were s to red  and analyzed f o r  pollen,
geochemistry and sedimentary constituents in 1988. 
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Fig. I.Areas of Douglas$ Beach Site Excavated in 1978 



CHAPTER 1x1: GEOLOGY AND COASTAL PROCESSES 

GEOLOGY 


The primary geological formation in the area is 
Anastasia Formation, which is common along Florida's east  
coast from the type-site location of Anastasia Island near 
S t .  Augustine t o  jus t  north of Miami, where it grades into 
the Miami oolite limestone formation. Anastasia lithology
varies from coarse rock to sand, and shelly marl to sandy
limestone, with mollusks typically associated. Often the 
formation consists of broken shells cemented by calcium 
carbonate and iron oxide (Cooke 1945:266). Iron oxide 
streaks, sometimes erroneously attributed to the presence of 
shipwreck materials, are frequently observed in this 
formation. 

Originally "Anastasia Formation" was applied only to 
coquina rock, but it now includes all Pleistocene marine 
deposits (Cooke 1 9 4 5 : 2 6 5 ) .  The deposit is estimated to be 
more than 100 feet thick (Puri and Vernon 1964:282). 

Offshore deposition from features such as bars, ridges
and elevated dunes account for uneven formation. Anastasia 
contains peat and clay deposits (some of which were observed 
during site excavation about 200 meters offshore) from 
lagoonal deposition on landward sides of sand bodies 
(Missimer 1984:394). Anastasia Formation comprises the 

exposed reefs offshore Douglass Beach and underlies Holocene 

sediments. 


Once believed to be early Pleistocene in age, Anastasia 

is more recent, forming during many periods during the 

Pleistocene (Brooks 1972)I Observations made during
shipwreck excavation indicate Anastasia may still be 
forming, Above Anastasia is ? ' w o r m  rock," composed of 
Seballarid w o r m  deposition. 

COASTAL PROCESSES 


The principal natural forces affecting Douglass Beach 
archeological remains are waves, longshore drift, sea-level 
change, barrier-island formation, migration and erosion. 
Understanding these remains requires investigation of coastal  
processes. 



Waves and C u r r e n i s  

Complex interaction of waves, wind ,  t i d e  and c u r r e n t  
determines coastline morphology Waves h i t t i n g  Douglass 
Beach have an u n i . n t e r r u p t c d  fetch of thousands of m i l e s ,  
which is one reason t h e  area i.s considered a high-energy 
environment.  Wind is the major wave producer, ~n average of 
2 6  percent of a n n u a l  winds blow f r o m  the n o r t h  or northeast, 
where the intensity .is greatest; 48 percent of annual  winds 
come from the east, t h e  s o u t h  or southeask ,  Winds P r o m  other 
d i r e c t i o n s  have a quieting ci'fect on the waves,  kufost waves 
between 4 and 8 feet hj.gh cmie from the north-northeast, 
those exceeding 12 feet m o s t l y  come from northeast, Average 
annual w a v e  he igh t  i s  2 - 1  r'eet ( U , S .  Army, Corps of Enginee r s  
nd, :C-5-6)  I The n o r t h e r n  wave propagakion creates a n e t  
southerly Littoral d r i f t ,  

The mean semidiurnal tides at Fort Pierce I n l e t  are 2,6 
feet, with  s p r i n g  t i d e s  o� 3 . 0  feet. Severe onshore w i n d s  
can r a i s e  t i d e s  an additional 3 to 4 feet., H i g h  wind 
v e l o c i t i e s  coup led  with IFOW barometr ic  pressures, such a s  
those accompanying t r o p i c a l  storms, have pushed the t i d e s  a s  
h i g h  a s  13 fee t  above normal ( U , S ,  A r m y  Corps of Eng inee r s  
nd.) -

Storm s u r g e s  dssociated with high t i d e s  and large waves 
can be very d e s t r u c t i v e  t o  c o a s t a l  areas,  Storm conditions 
create s t r o n g  longshore c u r r e n t s  t h a t  can  t o t a l l y  e rode  s a n d  
bars  and l o w - l y i n g  dunes i n  hour s  and breach barrier 
islands 


Hurr icanes  and Y 'nor theas te rs l 'a re  ma-jor storms comiuon to 
t h e  research area I Hurr i canes  usually occur  be tween  August 
and October, w i t h  a 2 0  percent chance of a tropical cyclone 
(winds i n  excess of 1141cm/hr) hitting Douglass Beach i n  any  
given yea r  ( G e n t q  1984:591)" Nor theas t e r s ,  which occur 
a r m u a l l y  during the w i n t e r  months, erode the shoreline.. 
Eroded beach sediments a r e  norma1Lly replaced dur ing  the 
suiiimer I 

Wave impact is typically seen a s  an  overwhelmingly
destructive force to submerged sites, There has  been Little 
investigation of actual w a v e  impact ko archeologica l  s i tes ,  
and common-sense ideas have p r e v a i l e d ,  An e x t e n s i v e  
wave-process i n v e s t i g a t i o n  is beyond the scope of t k 1 i . s  
report, but some relevant a s p e c t s  and observations w i l l  be 
discussed, drawing p r i m a r i l y  from Bascom (:L980) 

A s  ocean waves dnd swells enter shallow w a t e r ,  t h e i r  
systematic  c i r c u l a r  wave hto t ions  become turbulent i n  t h e  surr" 
z o n e ,  B o t t o m  scdi .mcnis  are p u t  i n t o  s u s p e n s i o n  by wave 
a c t i o n ,  'The r e l a t i v e  s i z e  of particles p u t  into suspension 
and the length of t h e  t h e y  remain so is a function of 



particle size and weight and the energy of the wave. Simply, 

bigger waves

diminishes, heavier 
particles. When the

turbulence 
can suspend bigger

particles come out of 
suspension first. The depth below the sea bed of sediment 
disturbance, called the wave base, is d i r e c t l y  related to 
wave height. 


Wave suspension and transport of sand causes beach 

erosion and littoral drift. Wave steepness (the

height-to-length ratio) is important for sediment transport.

When the wave is not steep, sand is moved toward shore; when 
steep, the shore may erode, forming an offshore bar while 
building up the shore berm. These processes take place on 
the sand-grain level, with a suspended grain moving a short 
distance before dropping, while others are picked up and 
moved a b i t  farther. T h e  n e t  transport, which takes place
mostly at the top of the seabed, may be large, but each grain

is moving only a short distance at a time. 


These processes have two important implications for 
coastal and inundated sites. First, heavy wave action erodes 
beach and dune sites and displaces lighter materials in the 
direction of littoral drift. Denser materials tend to remain 
in place, for there is a size and weight limit for materials 
that are transportable under a certain set of conditions. 
Second, any site buried beneath the deepest wave base will 
n o t  be disturbed by wave turbulence. 

Implications for shipwrecks are similar. Although
larger and heavier materials can be moved by wave action,
they tend not to move much, but drop more or less vertically 
to the wave base. A shallow sea during a storm can be 
visualized as a sand/water mixture, mostly water near the 
surface and mostly sand near the sea bed. The mixture 
becomes denser (more sand particles per volume of water)
toward the wave base, The solid bottom is the wave base, the 
repository for all materials too large or heavy to be put
into suspension, A s  the storm subsides and wave a c t i o n  
diminishes, par t i c l e s  come out of suspension and bury the 
heavy materials at the wave base, a process observed in heavy 
seas near Douglass Beach. 


Some shipwreck materials deposited in a storm, or later 
subjected to storms, may become differentially sorted. 
Materials much heavier than the suspended particles will move 
vertically down through t h e  sediments until their weight is 
supported by the bottom sediments, A dense artifact will 
quickly settle to t h e  wave-base level and be buried by
increasingly lighter sediment as the storm subsides. 
Materials with a high specific gravity drop quickly to the 
wave base to be buried and do not "wash up" on the beach as 
do light, buoyant materials. Coins found by beachcombers are 
the result of human, not wave, activity. The o n l y  
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conceivable way coins and other d e n s e  materials c o u l d  reach 
t h e  beach without direct human action is by floating ashore 
on s o m e t h h g  buoyant 

Differential sediment  s o r t i n g  was olrrseEved during the 
excavations at Douglass B e a c h  I The uppermost seabed s t r a tum 
w a s  composed of relatively f i n e  material .  Wikhin t h e  marine 
s a n d ,  l a y e r s  of coarser materials, which represent wave base 
levels of recent storms, c o u l d  be observed, C o i n s ,  ferrous 
artifacts, and beach rocks, when found i n  unexcavated areas,  
were located directly above a 5000-year-old s t ra tum.  'The top 
of this s t r a t u m  r e p r e s e n t s  the maxhnum wave-base depth since 
1715. The c o i n s  and artifacts have n o t  moved abou t ,  b u t  have 
been  iaterally s t a b l e ,  F u r t h e r  evidence f o r  shipwreck-
artifact skability is .the Lack of sand wear on gold c o i n s  and 
ewelry fran1 1715 shi.pwreclcs (personal obse rva t ion  Florida 

artifact col lec t ions)  I A r e c e n t  examina.tion 03 t h e  state's 
collection of 14111 gold cobs revealed on ly  k w a  w i t h  evidence 
of sand wear (Craig 1.988:35). 

Sea Level 

S e a - l e v e l  fluctuation is a critical. component for 
reconstructing palcoenvironment  , prehistoric populations and 
subsistence p a t t e r n s  in N u r t P r  America Sea level varied 
widely between L4000 and 2 0 0 0  H W P u ra period that includes 
Pa leo - Ind ian  and Archaic per iods ,  The Douglass Beach 
p r e h i . s t o r i c  component was  deposited d u r i n g  a lower sea l e v e l  
and altered by t ransyressi .ve seas, A d k c u s s i o n  or' sea level 
relevant to a rcheo log ica l  i n t e r p r e t a t i o n  in Florida, where 
the i m p o r t a n c e  of sea l e v e l  was f i rs t  r e a l i z e d ,  follows. 

The m o s t  r e c e n t  changes irr  sea level refleck a l t e r a t i o n s  
in the volume of water i n  t h e  earth's oceans  relative to ihe 
volume held i.n g laciers  (Ilntcv 1 9 2 8 ;  F l . i n t  1957; D o i m  et al. 
1 9 6 2 ) ,  a s  well as alterations in c i r c u l a t i o n  patterns and 
thermal regimes )I The i nve r se  ratio of sea-to-glacial-water 
volume, arid corresponding alteraiions i n  sea l eve l  
(glacio-eustatic l e v e l ) ,  are used a s  a bas is  to i n f e r  changes
in paleoenvironments ,  s u b s i s t e n c e  and settlement patterns 
(Cockuell 1 9 8 0 ;  B e l l m a p  1983; Kraft  e t  al. 1 9 8 3 ;  lvlasters and 
Flemlning 1983 ; F'lelirming 1985) I 

Late Quaternary sea-level curve  f o r m u l a t i o n  i s  important 
to t h e  s t u d y  of continental shelf . inundated  sites. Because 
sea 1.eve:l determines coasklince, lower sea 1-evels exposed 
l a rge  continental. s h e l f  a r eas  ( e , g . ,  Emery 1958; Ballard and 
Uchupi 1970; Cockrell 1980;  Bellmap 1983)  and made them 
a v a i l a b l e  f o r  human habitation, Any complete model of the 
i n t e r r e l a t j . o n s h i p s  ot Worth American human groups,  
envi-ronment and long-t,erm changes must  consider sea level and 
c u r r e n t l y  drowned c o n t i n e n t a l  s h e l f  areas,  
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Sea-level effects are particularly notable in Florida 
because of the gradual continental shelf slope on the 
southern and Gulf coasts, The Gulf sea level during the last 
glacial maximum (about 18000 B . P . )  was on the order of 160 
meters below present level (Ballard and Uchupi 1970), which 
would double Florida's l a n d  mass. 

In 1940 sea-level rise was first demonstrated in 

Florida, and was incorporated into archeological

interpretations in 1948 by John Goggin (Goggin 1964a:98). In 
1959 Goggin, an e a r l y  pioneer in underwater archeology,
suggested . . . the shore lines during glacial advances are 
now under many feet of water. For some periods of man's 
cultural h i s t o r y  there may well be far more data under the 
sea than on the land" (Goggin 1964b3305-6). Goggin's 
statement is probably the first formulation of the hypothesis
that inundated terrestrial sites would be located offshore. 
Some of the first drowned-site evidence was discovered t h a t  
same year off t h e  California coast by divers who recorded 
stone mortars underwater (Shepard 1964). 

In 1966 Emery and Edwards established a relative 
sea-level curve and discussed archeological implications
(Emery and Edwards 1966 :734-5 ) .  They noted both Paleo-Indian 
and Archaic habitations were likely submerged offshore, and 
sites of a particular period could be located at specific
depths 

I n  1968 Ripley Bullen located a 2700 B.P. site on the 
barrier island beach south of Sebastian Inlet just north of 
Douglass Beach (Bullen et al. 1 9 6 8 ) .  The top of the site was 
2.5 feet below the high-tide water level. This site was the 
first located on the East Coast that demonstrated clear 
evidence of a lower sea level. Bullen noted the similarity
of sea-level variation to the Gulf coast sites ( e . g . ,  Bullen 
and Bullen 1950) and concluded the possibility of 
Paleo-Indian and Archaic offshore sites (Bullen et al. 
1968:15; Bullen 1969)  

Pleistocene faunal remains have been recovered from the 
Atlantic shelf (Richards 1938; Whitmore et al. 1967; Emery 
19691,  and artifacts have been found in the Gulf of Mexico 
( e . g . ,  Goodyear and Warren 1972; Warren 1972; Goodyear e-k al. 
1980). Goodyear (et al. 1983) repor ted  27 Paleo-Indian 
points dredged from Tampa Bay. It is poss ib l e  to determine 
sand abrasion microscopically (Shackley 19741, b u t  Goodyear
does not mention such analysis. If there is no sand w e a r ,  
which indicates movement, then the artifacts may represent
subsistence activities rather than redeposited materials. 

Emery and Edwards ( 1 9 6 6 : 7 3 4 ;  736) pessimistically
remarked that little might remain offshore beyond I1some 
t o o l s , t f  because of the advancing seas and "the scattering of 
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materials produced by t h e  passage of the s u r f  zone  over t h e  
s i tes  This perspect ive,  a good example of the 
d i s a s ~ e r - ~ r i d - d e g c n e ~ ~ ~ i ~ ~view, has been mirrored by later 
i .nvest igat<ors ,  and c o n t r i b u t e s  t o  t h e  l o w  i n t e r e s t  i n  
o f fshore  inunda ted  sites .1 

The primary geological q u e s t i o n  of r e l e v a n c e  to Douglass 
Beach is the es t ab l i shmen t  of a curve that accurately 
r e p K e s e n t s  the pas t  shore position r e l a t i v e  t o  t h e  p r e s e n t  
l e v e l ,  Recent sea-level research will be discussed to 
develop a general p a t t e r n  f o r  the Southeast ,  

The Southeas t  is assuiiied to have been geologically 
s t a b l e  f o r  t h e  l a s t  1 . 2 , O O O  years  (Blackwelder 1980;  R e d f  ield 
1 9 6 7 )  conseyuen t%y isostatic changes  w i l l .  n o t  be 
considered, Mid- and  S o u t h - A t l a n t i c  coastline stability has 
been questioned ( C l a r k  19Lll; Dillon and O l d a l e  1970:  513, 
a1.thouykr they assume a stable  F lo r ida  w e s t  coast) I 

Sea l e v e l  may have been 25 fee t  hi.gher khan present at 
1 0 0 , 0 0 0  B , P ,  (Hoffmeister 1974:2 5 )  * GlaciaIl advance lowered 
the sea level. to t h e  present  level between 35000 and 25000 
D v P v  (Cur ray  1 9 6 0 , 1 9 6 5 ;  Mil l i ruan and Emery 1968)  + A s  g l a c i a l  
advance continued, sea level receded to 120-160 meters below 
c u r r e n t  l e v e l .  The minimum sea l e v e l  h a s  been  debated. 
Curray (1965) and Mil.I.iinan and  Emery (196#:  1121) i nd ica t e  1 3 0  
meters below p r e s e n t  level a t  1 6 0 0 0  B . P . ,  whereas Blackwelder 
et al. (11.979) and 0l.dal.e and  O'Bara (1980)  p u t  the level. 
above 1 0 0  meters I Soinc researchers question any  attempt t o  
e s t a b l i s h  a s e a - l e v e l  curve below 60 meters w i t h  c u r r e n t  da ta  
( e - g . ,  Einery and Merrill 1 9 7 9 ;  MacIntyre  et aL, 1978)  

'l'herc has  a l s o  been disagreement as t o  when t h e  maximum 
ice advance occurred, Sonic geologists place maximum 
glaciation (and l o w e s t  recent sea level) about 2 0 0 0 0  B , P .  
( e . g , ,  Cur ray  1965;  Eiuery and Garrison 3.967; Shepard 1963a;  
B l a c l c w e l d c r  ct al. 1 9 7 9 ) ,  but others place it at 15000 B . P u  
(Emery and Mll l inian 1970; Emery and Merri1.L 1979; Newman 
3.97 '7)  .I I n  either case, Paleo-Indian and Archaic periods w e r e  
characterized by a changing environment  and t r a n s g r e s s i v e  
seas,  'i'hc s i g n i f i c a n c e  t o  Douylass Beach and other offshore  
sites is t h a t  the surf zone  has passed over a11 coas ta l  
areas I conipl icat iny geoarcheological  i n t e r p r e t a t i o n .  

G l . a c i a l  me l twa te r  from a general. c l imat ic  warming 
beginni .ny  a b o u t  14000 13.P. (MilLiman arid Eraery  1968:1121) 
r a p i d l y  raised sea l e v e l  to wiLhi.n 10 meters of the curwent  
l e v e l ,  T ' h e  rate of rise slowed, w i t h  t h e  p r e s e n t  sea l e v e l  
reached between Z O O U  and 4000  13.P. Archeological  evidence i n  
Plori.da ( B u l l e n  1950, Bullen ei; a i ,  1968)  supports 5he r e c e n t  
da t e  Sea l e v e l  h a s  continued t o  rise (Shepard 1 9 6 4 ;  
Redfield 1 9 6 7 )  ; -the last century's rise attributable to 
thermal expansion of the oceans (Gornitz et al, 1 9 8 2 )  I 
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General eustatic sea-level rise has been noted world-wide; 
many regional curves are  congruent, with local variations 
observed (Guilcher 1969). However, caution must be used when 
accepting the levels measured for any single coastline as 
indications of global levels (Emery and Garrison 1967:687). 

Although there are some varying opinions regarding the 
nature of sea-level rise in the last 6,000 years ( e . g . /
Fairbridge 1960, 1961; McFarlan 1961), the consensus is that 
transgression slowed, but has continued to rise to the 
present (Shepard 1963a,b; 1964). No evidence for Florida 
c lear ly  reflects a level higher than current (Coleman and 
Smith 1964:833), nor a long still-stand at a lower level 
(Scholl et al. 1967). 


Two general sea-level rise models have been offered: a 

smooth, continual rise and a fluctuating curve. Smooth 

curves have been generated by most researchers ( e . g . ,  Shepard
1963a, 1964; Milliman and Emery 1968; Curray 1950, 1965; 
Coleman and Smith 1964.1, with a fluctuating curve represented

by Fairbridge (1960, 1961). 


Most sea-level curves are averaged data representations
from a w i d e  area. Production of fine-grained regional
sea-level curves is more complex, reflecting both local and 
general fluctuations. Southeast researchers have recently
developed regional sea-level curves for the last 6,000 years
that are relevant for Douglass Beach. 

Southeast sea-level rise follows the general eustatic 
transgressive curve of rapid rise to 6 0 0 0  B . P . ,  then slower 
rise with apparent periodic oscillations on the order of +/-
1 meter evidenced in South Carolina (Brooks et al. 1979; 
Colquhoun and Brooks 1986:289). One- to 2-meter fluctuations 

appear to have occurred every 400-500 years (Colquhoun et al. 

1981). These fluctuations would have to be glacio-eustatic

in origin. They conform to similar sequences reported in the 

Netherlands (a tectonically stable region, Shepard 1964:575),

and are transgressive between 2300 and 2000 B.P., 3300 and 

3000 B . P . ,  and 4500 and 4000 B.P. (Colquhoun and Brooks 
1386:289; Colquhoun et al. 1980:145). 

Compared to the sea-level research in South Carolina,
there has been relatively little done in Florida. Published 
work does n o t  conflict with the South Carolina curve, but 
does not clearly reflect similar fluctuations. Scholl and 
Stuiver (1967) produced a smooth curve for Florida generally
conforming to the South Carolina curve (Colquhoun and Brooks 
1986; Brooks et al. 1986), w i t h o u t  cyclic fluctuations. 
Scholl et al. (1967) used hatching to indicate the area of 
uncertainty in the dates. The South Carolina fluctuations 
observed are accommodated within the hatched area. 
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The sea-level curve  used for i n t e rp r rka t i . on  af Douglass 
Beach is i n  Figure 2 ,  ?'he recent Southeast sea-level curve ,  
as shown i n  Figure 3 ,  is t h e  model for changes within the 
l a s t  6 , 0 0 0  years. 

Years b e f o r e  present  
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Sea-level fluctuation in the last 14,000 years  has 
profoundly affected coastal-zone geomorphological and 
environmental features. The dominant features of the
Douglass Beach Site are  marshes and barrier islands. An 
understanding of the interaction of barrier islands and sea 
level is important in accounting for site preservation and 
formation processes, 
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Sea Level Curve from South Carolina (Brooks et al. 
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Barrier I s l ands  

Holocene transgressions radically altered the coastal  
zone as the rising sea crossed the o u t e r  continental shelf, 
averaging 150 kin i.n width, The transgression caused a 
landward migrat ion of shore l ine  f e a t u r e s ,  Upland areas 
s e q u e n t i a l l y  became f r i n g i n g  marsh, marsh became lagoonal,
lagoonal areas became beach r idges ,  and beach became sea 
bottom, The varying transgression rates differentially 
altered coastal features, comp%icat ing local archeological
interpretation. Delaware, for example, retreated at 2 0  
meters/year at 10000  B u P , ,  5 meters/year a t  5 0 0 0  B 3 . P . ,  and 
at present has a 1.5 meters/year retreat (Belknap and W a f t  
1 9 8 1 : 4 2 9 ) ,  Retreat rakes c a n  be estimated f r o m  t h e  steepness 
of the l o c a l  sea-level curve and the shelf profile gradient. 

Because the dominant Douglass  Beach coas t a l  feature is 
the barrier i s l a n d  and lagoon complex , barrier-island 
development and migra t ion  are discussed to examine t h e i r  r o l e  
i n  s i t e  formation and preservation. Because the processes
responsible for t h e  preservation of t h e  Douglass Beach 
prehistoric component may be u n i f o r m i t a r i a n ,  the r e s u l t s  will 
be s i g n i f i c a n t  wherever barrier islands exist., including 
submerged offshore. Because barrier islands are common, 
large and e a s i l y  recognizable features, t h e y  can contribute 
as a basic element i n  an elaborated c o n t i n e n t a l  she l f  
site-location niodel + Barrier islands w i t h  t h e i r  
characteristic linearity, anoillalous elevation and sedimentary 
profiles could become signatures of preserved s t r a t a  during
remote-sensing surveys and cor ing  operations. 

The possibility that barrier-island migration may a f f ec t  
archeological sites w a s  suggested by Bullen i n  1968 when he 
was excavating t h e  C a t 0  S i t e  on the Atlantic coast near Vero 
Beach (Bullen et al. 1968:15)  The elaboration of this 
i n s i g h t  has been a central concern  of the Llouglass Beach Site 
research 

B a r r i e r  i s l a n d s ,  barrier s p i t s  and associated marshes 
are distributed extensively worldwide, currently found on 9 
percerrt of the world‘s coastline (Leont’yev and Nikiforov 
1965:61)  Some of t h e  largest barr ier  islands are i n  North 
America, and the fea tures  are n e a r l y  continuous on both t h e  
Atlantic and G u l f  c o a s t s ,  The 2 ,O O O - k i l o m e t e r  coastline 
between New Yorlc and M i a m i  contains 121 barrier and sea 
islands t h a t  form 2 1  percent o f  t h e  United S t a t e s  e s t u a r i n e  
envi.roninent (Hayden and Dolan 1979:1061)I 

O r i g i n  of Barrier 1s.lands 

A modal of b a r r i e r - i s l a n d  origin extends the Douglass 
Beach observations to other areas. The basic  question is 
whether barr ie r  islands formed only i n  their present l o c a t i o n  
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or also during lower sea-level stands. If they formed during

lower stands, remnant barrier features may be considered a 

priority for archeological survey. 


The exact origin of barrier islands i s  not well 
understood, primarily because they seem to be formed in 
different ways (Schwartz 1971; Field and Duane 1976; Hayden
and Dolan 1979). Four formation mechanisms are postulated: 
upbuilding of marine bars; segmenting of elongating spits by
i n l e t s ;  submergence of mainland coastal beach ridges (Field
and Duane 1 9 7 6 : 6 9 2 ) ;  and submarine barrier emergence during a 
short-term sea-level f a l l  (Leont‘yev and Nikiforov 1965). 

The drowned-beach ridge theory (@.go, Hoyt 1967) 

suggests barriers are formed subaerially during a lower 

sea-level stand and later submerged, The spit-formation
theory maintains barrier islands begin as spits built up by
longshore currents carrying sediments from eroding
headlands. I n l e t s  then segment elongated spits to form 
barrier island chains (Schwartz 1971) Otvos (1970) provides
evidence that Gulf Coast barriers form by upward aggradation
of submerged shoals during sea-level rise. Little evidence 
e x i s t s  to support a longshore drift origin of barrier islands 
(Field and Duane 1976:693). Barrier islands are typically
formed from sea-floor material and require large
unconsolidated sediment reserves on a gentle submarine beach 
gradient. A submarine bar is incapable of becoming an 
exposed feature without a brief fall in sea level that 
exposes the t o p  of the feature and allows t h e  accretion 
processes to begin (Leont’yev and Nikiforov 1965:63). 

Geological fieldwork and sedimentary analysis have 
provided support for each theory in various places .
Consequently, it is apparent that barrier islands have 
multiple causality (Schwartz 1971). The four theories also 
indicate that barrier islands form during periods of 
sea-level rise as well as during br i e f  regressions. 

It is generally agreed that present barrier islands 
formed during the l a s t  5,000 to 6,000 years (Dolan et al. 
1980118). A question exists as to whether they formed in 
their current position, or were formed at a lower level and 
migrated to their present location. The general formation 
process seems to be a heavy sediment load pushed by
transgressive seas. The base of many current barriers is 
5-10 meters below sea level, the level of transgression
slowdown at 5000-6000 B.P., when sea-level fluctuations are 
recorded (Brooks et al. 1986 :299) .  This congruence could be 
coincidence, however. Field and Duane (1976) provide
evidence of transgressive barrier-lagoon complexes over much 
of the inner continental shelf, and they argue that barriers 
forming in place only  in the last several millennia would 
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require a set of special  c o n d i t i o n s  c o u n t e r  t o  t h e  p r i n c i p l e s  
of uniformitarianism (:i.9'76: 6 9 8 )  -

I n v e s t i g a t i o n s  or' barrier-island sediment o r i g i n  
s u p p o r t s  F i e l d  and Duane's t h e o r y .  The s e d i m e n t s  forming  
N o r t h  American barl-i-ers were partially supplied by a n c i e n t  
P l e i s t o c e n e  barriers ( s t r a n d l i n e s )  deposited a t  tiriles of high 
i n t e r g l a c i a l  sea l e v e l  (Kraft 1971;  Belknap and W a f t  1981) 
S u f f i c i e n t  unconsolidated sediment was avai lab le  t o  supp1.y 
barrier syskems from a dep th  of 80 meters d u r i n g  t h e  l a s t  
transgression C o n s e q u c n t l . y ,  wherever there a re  s u f f i c i e n t  
s e d i m e n t s ,  barrier i s l a n d s  cou ld  have formed on the 
c o n t i n e n t a l  s h e l f  sha l lower  t h a n  80 meters 

Presence  of abandoned strandlines l e f t  from the 
pre-Holocene recession :is important because  they may have 
been utilized by humans prior t o  i n u n d a t i o n ,  The present  
continental she l f  has been composed primarily of marine and 
coastal sediments d u r i n g  a l l .  times of human access. I n  t h e  
case of Florida, the sea l e v e l  prior t o  1 0 0 , 0 0 0  3 ,P .  was 
h i g h e r  t h a n  present  and  has  passed over t h e  current coast and 
nearshore areas duri.ncj the l a s t  recession, P r i o r  t o  t h e  
p o s t g l a c i a l  rise i n  seii l e v e l ,  the continental shelf w a s  
composed of sediments froin t h e  pos't-l.o0,00o B ,  P ,  r e g r e s s i o n ,  
Consequently, P a l e o - I n d i a n  and Archaic o c c u p a t i o n  areas, even 
when far from the occupational contemporary share, will be 
associated with marine coastal sedi inents  and geomorphological 
r 'eatures  I m p l i c a t i o n s  are  that c o n t i n e n t a l  shelf 
archeological sites wi l l .  r e q u i r e  a thorough u n d e r s t a n d h g  of 
long-term coas ta l  processes to s o r t  out e a r l y  s i t e - f o r m a t i o n  
processes, 

Migra t ion  of Rarr:ier I s l a n d s  

Un l ike  t h e  d i s p u t e  on b a r r i e r - i s l a n d  forniat ion 
mechanics ,  there is  little disagreement that barrier i . s lands 
are  mobile f e a t u r e s  and t h a t  most North American bar r i e r  
islands a re  migrating landward, Much evidence e x i s t s  to 
suppor t  the latter o b s e r v a t i o n ,  i nc lud i .ng  pea t ,  s tumps  and  
Xagoonal facies I.ocat.ed scaward of ocean beaches ( e , g u  
Blackwelder  ek a l ,  19'79; llurgess 19'17; C u r r a y  1960;  D i l l o n  
and Oldale 1978;  Emery ;ind Merril:L 1967; Emery ek al. 1967 ;  
Fie:Ld et. a].. 1979)  I 

One of the most impor t an t  barrier-island mi .g ra t iun  
p r o c e s s e s  is subaerial sand  overwash i n t o  t h e  back-barri.er 
lagoon or marsh, D u r i n g  severe s torms ,  high waves and s u r g e  
t ides  coinb:i.ne tu t o p  the i s l a n d  and wash a sediment :Layer 
o n t o  t h e  backsi.de of the l agoon,  The shape of the barrier 
may be al tered,  b u t  there is a gene ra l .  c o n s e r v a t i o n  of 
sediment * The cumulat ive effect is movemerit f r o m  the seaward 
s i d e  of t h e  b a r r i e r  t o  t h e  landward s i d e ;  a n e t  landward 
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movement seems to be the primary migratory process during
rising sea level (Field and Duane 1976:693). 

In addition to overwash, inlets cut through barrier 
islands. Inlet movement can rework the sediments and 
stratigraphy of barrier islands (Hoyt and Henry 1967:82).
Barrier islands can be recognized by their associated 
sediments; however, because of shore processes related to 
migration, portions of the record may be removed, inverted or 
obscured in localized areas (Hoyt and Henry 1967:84). 

As the barrier island retreats at the f r o n t  of rising 
sea level and moves across back-barrier Xagsonal and marsh 
deposits, the seaward face of t h e  island can be eroded (Swift 
1968) This shore-face erosion is usually seasonal. 
Seasonal variation at Douglass Beach is winter erosion and 
summer accretion. 

Belknap and K r a f t  (1981:430) note that inlet, lagoonal
and estuarine sediments are more likely to be found preserved 
on the outer continental shelf; barrier and dune sediments 
are somewhat less likely to be preserved. 

Preservation of Barrier Islands Offshore 


Because barrier islands have formed whenever certain 
conditions are m e t ,  and are moved by transgressive seas and 
differentially eroded, inundated barrier remnant features may
be found on the outer continental shelf. Curray observed 
that certain submerged ridges "probably represent old 
barriers and s p i t s  only  partially flattened during the [most
recent] transgression" (Curray  1960:263) . There is 
sedimentary evidence that barrier islands have existed in 
many places on the shelf and migrated shoreward during the 
Holocene transgression (Field and Duane 1976:701). 


Paleobarriers have been located off the New Jersey coast 
i n  20 to 40 meters of water (Stubblefield et al. 1983).
These barriers were believed formed between 8 0 0 0  and 14000 
B.P. The model developed proposes that when rapid sea-level 
rise exceeded the amount of available sediment needed to 
maintain the barrier islands, they became submerged. Initial 
erosion removed the dunes and upper levels of t h e  island,
leaving the lower portions. Sanders and Kumar (1975) and 
Rampino and Sanders (1980) discuss drowned barriers off the 
coast of Long Island and cite evidence for a 5-kilometer jump
of the transgressive Holocene shoreline from the seaward side 
of the barriers to the landward edge of t he  lagoon. The 
shoreline jump eroded the barrier dunes and left lower 
sediments preserved. 


Belknap and Kraft (1981) demonstrate t h a t  sea-level rise 
rate is a dominant f a c t o r  in outer-shelf feature 
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preservation. B e t t e r  preservation is found i n  water depths  
of 80 to 1 4 0  meters than t h e  nearshore areas ,  However, 
a l though t h e y  n o t e  that t h e  nearshore zone may have been 
ufplaned4gby a slower sea-level. rise, there are cases of 
lagoonal, t i d a l  i n l e t  and d e l t a ,  and some ba r r i e r  facies 
preservation, I n  general., they n o t e  thai; "the more r a p i d l y
the shallow offshore is placed below wave-base, t h e  lesser 
t h e  destruction o� the stratigraphic col.uniny* (1981:434,436) I 

It 1s clear that barrier i s l a n d s  move through a process 
of overwash t h a t  deposits subaerially exposed sediments onto  
the back-barrier f ea tu res ,  ri%islayer of sand builds up and 
shields the lagoon-related sediments--and any related 
archeological site--Zrom direct exposure to shoreface 
erosion, As t h e  bar r ie r  is:Land moves shoreward, pushed by 
r i s i n g  sea level ,  t h e  lagoonal sediments  can be preserved. 
By t h e  time ' the  barrier island passes  completely over an 
area ,  sea level h a s  r i s e n ,  tending t o  place some back-barrier 
lagoonal sediments  below the active marine wave base, 'Phis 
process can potentially preserve inundated terrestr ia l  sites 
i n  a high-energy environment. 

The recognition of barrier-island processes coupled with 
demonstrated p re se rva t ion  of inundated re1ict barricr-isl a n d  
features augments t h e  c u r r e n t  s i t e - l o c a t i o n  model f o r  
prehistoric sites on the continental shelf, The 
paleo-barriers w i t h  associated lagoonal sediments beneath 
them should  be considered high-probabi l i ty  a r e a s  for f u t u r e  
continental she l f  archeological surveys .  The Douglass Beach 
S i t e  demonstrates archeological site prese rva t ion  by t h i s  
p rocess  



CHAPTER IV: ANALYSIS AND RESULTS 

RADIOMETRIC DATING 


Five radiocarbon dates have been generated for 8SL17. 
Three samples w e r e  recovered in 1978 and dated in 1982: a 
peat sample from the beach inshore of the site, and two wood 
samples hand-collected underwater from the stratum 
immediately below the marine sediments (Zone 3 ,  which is 
equivalent to sample 6 in the sedimentary and geochemical
analysis [Figure 4 1 ) .  The two underwater samples (FS 8 5  
117-FS-720 and 729, both collected by the author) were dated 
by Teledyne Isotopes of New Jersey (sample number 720 = 
I-12,763; Number 729 = I-12,764). The peat sample (FS 85 
117-Sample 3 ,  Bottom, Sta. 1, I-12,765 collected by W.A. 
Cockrell) came from a shoreface straturn exposed by a storm. 

A l l .  samples were treated for removal of carbonates and 
humic acids and the dates were based on a half-life of 
5 , 5 6 8 .  The dates were: Sample 720--4880 +- lo0  B.P.; Sample 
729--5080 +110 3 . P . ;  Peat--1000 f- 80 B.P. The two 
underwater samples establish the date f o r  the youngest
sediments beneath the marine sand overburden. The peat date 
marks the youngest back-barrier sediment encountered on the 
marine shoreface of the barrier island. The peat date 
provides a measure of recent island migration because peat 
can only form on the landward side of a barrier island. 

The fourth sample was analyzed i n  1984, soon after 
commercial salvors discovered a linear feature consi.stingof 
stakes driven into the sediments. A 3 by 20-centimeter 
sharpened stake that was battered on the end provided a 4630 
+-lo0 B.P. date (1-13, 8410). 

The fifth sample, extracted in 1988 from the 1978 core, 
was a dark, organic-rich layer (core level 3 ,  Figure 4)
composed of organic materials, quartzose sand and scattered 
shell fragments. Unfortunately, the sample contained 
insufficient organic material for dating, so the carbonate 
fraction (0.16 grams of carbon) was dated. Except f o r  
sample-size difficulties, all analytical s t e p s  proceeded
normally, and a quadruple count was applied to reduce 
statistical counting errors. The sample dated at 9110 +- 310 
B.P. (28111). 


Radiometric analysis indicates that all sediments below 

the marine stratum are older than 4800 B.P. The core date 
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(9110 +-310) may be s p e c i o u s  because of contamination by 
o l d e r  shel.1. overwashed from barrier-island sed imen t ,  
o r i g i n a l l y  from farther offshore. 

T h e  peat sample indicates shoreward migration of t h e  
barrier island. The peat formed on the landward s i d e  of t h e  
barrier i s l a n d  1 , 0 0 0  y e a r s  ago; the island's migration since 
then has exposed it on the seaward shore,  

'The s t ake  dates the only  prehistoric f e a t u r e  
discovered, Unfortunately, no archeologists observed the 
featureI 

PALYNOLOGICAL ANALYSIS 


Palynological ana lys i s  was conducted t o  de te rmine  pas t
f l o r a l  communities t o  a i d  prehistoric subsi.skence-pattern 
reconstruction, PollLen analysis a l so  r e v e a l s  the impact of 
natural processes For example I absence of palynologically 
discrete  s t r a t a  o r  presence of mechanically damaged pollen
marks wave disturbance of the sediments, Modern pollen 
presence bel.ow the m a r i n e  strata indicates sediment mixing-

Three bulk samples ,  one  each �rorn Zone 3 ,  2 and the 
upper portion of Zone I., along with strata froin t he  core 
(Figure 4 )  w e r e  analyzed, The analysis results, including 
sediment d e s c r i p t i o n  and p o l l e n  p r o f i l e ,  are reported in 
Appendix 3 (Cummi.ngs 1988) 

'i'he core consists o� six strata, The dark layer 
r e p r e s e n t s  a marsh environiirent Tlhe other layers reflect 
pine-dominant vegetation, W i t h  some hardwoods and 
salt-tolerant species consistent with regional 
p a l e o e n v i r o n m c n t a l  reconstructions. 

Environmental  reconstruction c a n n o t  be reli-ablybased on 
a single core and t h r e e  samples. Comparisons cannot be made 
with adjacent; a r e a s  because no other pollen samples were 
t a k e n .  obviously more data are needed t o  understand 
environment and s e t k i e m e n t  changes resulting from a 
fluctuating, general rise in sea Level 'Transitions from 
up land  ecology to marsh and e s tua ry ,  then :I.agoon and f i n a l l y  
to barrier island presen t  a complex r e c o n s t r u c t i o n  probleni, 

H o w e v e r ,  Douglass Beach Site pol len  analysis does 
demonstrate that r e c o n s t r u c t i o n  is possible, '.t1w0 
observations from t h e  p o l l e n  analysis are directly r e l e v a n t  
to formation processes. F i r s t ,  t h e  pollen analyzed from the 
b u l k  samples and a l l  but the L o w e s t  stratum of t h e  core was  
p l e n t i f u l .  and well-preserved, with little weathering or 
mechanical damage. This strongly indicates a low-energy
environment, because polien deposited i n  high-energy
environments rarely survi.ves (Pea r son  et al. 1.386: 285-289)  I 
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Second, the pollen asseniblagcs were stratigraphically
discrete, i n d i c a t i n g  no mechanical mixing of s t r a t a ,  No 
pollen leaching was present (cf, Ruppe' l .XlO:41-2)  

Absence o� C a s u a r h a  ( A u s t r a l i a n  pine) i n  the samples 
l e n d s  additional s u p p o r t  f o r  p o l l e n  record Integrity and its 
reliability f o r  environmetital r e c o n s t r u c t i o n  The a n a l y s t  
had been requested to sea rch  s p e c i f i c a l l y  f o r  t h i s  p o l l e n ,  
because its presence would i n d i c a t e  mixing  of the s t r a t a  
below t h e  mar ine  s e d h e n t s ,  Australian p ine ,  ah exo t i c  
species introduced a f t e r  1900, is the dominant vegetation on 
the barrier i s l a n d  inshore of the s i t e .  If t h e  sediments had 
been significantly disturbed i n  this c e n t u r y ,  Casuarina would 
undoubtedly be p r e s e n t ,  

FAUNAL ANALYSTS 


Although faunal ma-teri.al was u s u a l l y  ignored by s a l v o r s ,  
some f i n d s  of bones and tee th  were r e c o r d e d  i n  the early 
records from the Doucjlass Beach Site, In 1976 a 10-year
compilation of f i e l d  nukes  listed 30 entries for banes 
(Ivlurphy 1 9 7 6 )  - These faunal reniains, p a r t i c u l a r l y  
Pleistocene species and a human cranium recovered i n  the 
1 9 6 0 s ,  found at Douylass Beach raised the possibility of an 
inundated  terrestrial site, I n  J u l y  1966, salvors  r epor t ed
megafaunal remains (State of Florida site Piles). I observed 
these remains and recovered t h r e e  bones i n  1973 as  a s t a t e  
field agent d u r i n g  commercial salvage operations I The 
dark-tan bones were contained i n  Anas tas ia  formation, A 
review of state conservation laboratory records p r io r  to 1 9 7 4  
produced Z J  teeth (many appear to be Equus), 33 unidentified 
bones and 1 0  identified ones, the latter including four 
turtle and r'our c o w  bones,  a f i s h  niaxi1l.a and a deer horn, 
Unfortunately, site proven ience  is l a c k i n g ,  SO the bones may
have come from any of the shipwrecks b e i n g  worked i n  the 
area 

I n  1976 s t a t e  f i e l d  agen t s  started recording occurrence 
and provenience �or a l l  f a u n a l  and a b o r i g i n a l  material, a l o n g  
w i t h  shipwreclt;-rela-i;cd a r t i f a c t s ; ,  Dur ing  the season 21. bones 
were recorded, inc luding  three Pleistocene horse keeth and 
f o u r  aboriginal bone p i n s ,  L i t t l e  site excavation occurred 
in 1977. 

The 1978 faunal. mat.er.ia1 recovered is a l l  t h a t  is  
available for s t u d y  from t h e  1715 sites, because the s ta te  
has given r 'aunal mater ia l  r ecove red  i n  a l l  o ther  seasons  to 
s a l v o r s  (James Levy, p e r s o n a l  communication) I The state 
a p p a r e n t l y  attempted to i i i axh iae  the nuinbcr of shipwreck 
a r t i r ' a c t s  in its 25-percent portion, and consequently placed 
a l o w  priority on f auna l  remains. The 1978 material was 
exempted from t h e  sa lvo r s ,  a r t i f a c t  division by C o c l c r e l l ,  who 
w a s  then  the state underwater archeologist-
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Field agents and salvage divers working on t he  Douglass
Beach Project in 1978 collected more than 100 faunal 
specimens--more than t w i c e  the total amount for all 1715 
sites recorded before then. All material removed from 
previously undisturbed areas was below the  marine sediments 
and consequently older than 4800 B.P. Figure 5 is a site map
depicting faunal distribution. 

Table 1. 1978 Faunal Recoveries 


MAMMALS: Homo Sapiens - 4 fragments of r i g h t  calcaneus; 1 

l e f t  t a l u s ,  all appear to be from the same individual; 11 

fragments of same bone - femur. 

Equus sp .  (Pleistocenehorse) - 11 teeth 

Odocoileus virainianus (deer) - distal end of humerus; 4 

fragments from tibia shaft; 1 second phalanx, 3 fragments, 2 

from same bone as is probable third, tibia, 

Geomvs cf,pinetis (pocket gopher) - right femur. 

Unidentified mammals - 1 por t ion  of mandible (not examined by

zooarcheologist), 1 6  fragments probably from same bone; 2 

fragments; 2 fragments from same bone; 1 fragment; 16 

fragments from same bone; 1 fragment - head of scapula; 1 

fragment scapula ( ? ) ;  1 fragment - r ib ;  2 fragments. 

FISH: Arius felis (catfish) - 1 bone; 2 fragments from t h e  

same bone; 1 bone. 

Galeocerdo c u v i e r i  (tiger shark) - 1 tooth. 

Osteichthyes - 1 parasphenoid fragment; 1 unidentified 

fragment . 

Dasyatis (stingray) - 2 fragments from the same bone; 1 bone. 

cf. Baqre marinus (gafftopsail catfish) - Left supraoccipital

fragment from large individual. 

Epinephelus itajara (grouper) - 1 bone. 

Poclonias cromis (black drum) - 1 ver tebra .  

Cvnoscion nebulosus (sea t r o u t )  - 1 bone. 

L u t i a n u s  sp. (snapper) - 1 fragment.

Melonqena corona - 1 complete shell. 

Busycon - 1 shell t o o l ,  unifacially sharpened.

BIRDS - Aves - unidenti�ied. 1 bone, ostial tibiotarsal. 

REPTILES - Cheloniidae (sea turtle) - 14 fragments; 1 left 

pubis.

cf, Cheloniidae - 5 fragments.

Gopherus polyphemus (gopher tortoise) - 3 fragments; 1 

fragment of xiphiplastron.

Kinosternon sp, (freshwater t u r t l e )  - 1 fragment.

Lepidochelys sp.  (sea turtle) - 1 bone, possible humerus. 

Chelonia mvdas - (green sea turtle) 2 bones. 

unidentified turtle - 5 fragments.

UNIDENTIFIED - 2 fragments from same bone; 57 fragments; 2 

shaped bone pins (a total of 4 bone p i n s  were recovered in 

1978 and 4 in 1976). 
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The faunal material is  we l l -p re se rved  and a t  a :Level 
expected from burial with o r g a n i c s  ( G r e g  MacDonald, personal
communication) I 'The presence of multiple f r agmen t s  of single 
bones i n d i c a t e s  a min ima l - t r anspor t  depositional h i s t o r y ,  
Bone appearance ref lects  a low-energy depositional
envi ronment  w i t h  inininial  t r a n s p o r t :  Except f o r  some 
Pleistocene horse teeth, no f a u n a l  material. shows evidence of 
sand  wear; t h e  edges  and breaks are  clean and sharp ( e * g , ,  
P l a t e s  1 and 2 ) ;  fragile processes and delicate f ea tu res  are 
present, and the surface t e x t u r e  i s  c lear ,  The horse teeth, 
a l l  late Pleistocene, fall i n t o  t w o  distinct groups, w i t h  no 
i n t e r m e d i a r i e s :  a brown-colored, well-rounded t y p e ,  and a 
black-colored t y p e  that shows little wear. All are 
mineralized, Clearly t w o  depositional and erosional 
h i s t o r i e s  a re  r ep resen ted  Hor i zon ta l  p r o v e n i e n c e  reveals 
t w o  groups t h a t  correspond d i r e c t l y  to the worn-unworn 
categories The worn specimens came from a 2-meter-deep 
offshore reef, The unworn t e e t h  were found farther offshore 
beyond t h e  reef i n  3-4 meters of wateru T h e  shallower 
Anastasia reef w a s  apparently eroded, e x p o s i n g  the 
P l e i s t o c e n e  materials and a:IXowirig movement sufficient to 
create sand wear-.. T h i s  wear probably took place during t h e  
l a s t  Pleistocene s e a - l e v e l  regression, 

N o  conclusive evi.dence of cut marks, u s e  or alteration 
w a s  observed on any faunal specimens, The small size of some 
f rag inents  can be attributed to huinan or scavenger activity, 

Most specimens date a t  l e a s t  to the Archaic Period, and 
are permineralized, indicating that none comes froin the 
shipwreck. The faunal mater ial  c o n t a i n s  a significant marine 
component, i n c l u d i n g  grouper I shark and sea t u r t l e  II 

The remainder of the species represents a n  estuarine and 
upland component, T h e  total assemblage reflects a w i d e  
s u b s i s t e n c e  pattern prior to 4800-5000 B . P .  (Milanich and 
Fairbanks 1980;  35-43)  Al.though scant, the human materkil 
may represent a s i n g l e  b u r i a l ,  The presence of small bones 
and m u l t i p l e  fragments of a single bone ind.i .cates minimal. 
moveiuent The r e l a t i o n s h i p  of t h e  skel.ekal material 
recovered i n  1978 and t h e  cranium found i n  the 1 9 6 0 s  is 
unlcnown 

ARTPPAC?' ANALYSIS 


Only t h e  p r e h i s t o r i . c  artifacts recovered i n  1978 were 
analyzed to determine age and cultural affiliation- The 
shipwreck materials were transported to the state 
conservat . ion l a b o r a t o r y ,  where they were documented and 
treated p r i o r  t o  t h e  d i v i s i o n  w i t h  t h e  salvor" 

I n  1978 11 p r e h i s t o r i c  artifacts were r e c o v e r e d :  f i v e  
ceramic sherds,  a shel l  tool, f o u r  bone pins and a s m a l l ,  
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undiagnostic lithic flake. Only horizontal provenience
exists fo r  these artifacts. 

The ceramics were recovered in previously dug areas and 
are well water-worn. Two of the dark sand-tempered sherds 
had a light-brown exterior. 

The ceramics are Glades Plain, which Goggin and Sommer 

(1949:33-4) have described as a heavily sand-tempered paste


w i t h  a partially smoothed and uneven exterior. Rouse 
(1951:247,250) found Glades Plain ceramics in the Douglass
Beach region and considered them intrusive from the south .  
Glades pottery appeared circa 500 B.C. (Milanich and 
Fairbanks 1980:233) * The shift from pre-Glades to Glades 
Period subsistence and settlement patterns, which occurred 
af te r  sea level approached the present height, is described 
by Cockrell (1970). 

The ceramics are much younger than the top stratum (Zone 
3 ,  4500 B.P.) and therefore not  associated with the older 
materials. The rounded, water-worn appearance of t he  sherds 
(Plate 3) indicates they have been subjected to the surf 
zone. Sherds possess a density similar to marine sand and 
are easily transported by waves and currents. 

The Hoyt Midden site (8SL43), discovered in 1978 near 
DNR marker 52 at the  Douglass Beach S i t e  northern boundary,
is t h e  probable sherd source. Glades P l a i n  and St. Johns 
P l a i n  pottery were collected from the site. The Hoyt Midden 
is in a low-lying hammock area, which is subject to some 
erosion (Florida State Master Site File, Field Survey Form, 
Sept. 18, 1978). 

A single shell tool ( P l a t e  4) was recovered offshore 
from a previously dug area of Douglass Beach. The t o o l  was 
microscopically examined for use wear. The shell surface 
appeared polished, and marine sand grains were observed 
wedged into small cracks in the body of the shell, indicating
that t he  tool had been subjected to marine t r a n s p o r t .  
H o w e v e r ,  t h e  sides of the t o o l ,  which had been ground, and 
the working edge were relatively sharp and defined. The tool 
was not rounded like the rocks and shells located in the surf 
zone; overall indications are that it has n o t  been subjected 
to t h e  surf or offshore turbulence for a long period. The 
tool was probably uncovered by previous salvors, displaced
and reburied. Its surface became polished and the sand 
grains embedded when the tool was moved during salvage
operations. 

Stylistically, the shell tool is consistent w i t h  the 
4800 B.P. date of the Zone 3 stratum, while the ceramics are 
not. Many shell tools have been found in Middle Archaic 
contexts in Flor ida  (e.g., Bullen and Bullen 1976; Clausen et 
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al, 19'79:: 612; Masson 1988:313;  Masson et al. 1988; R i t c h i e  
et al, 1981) and Texas  (Molcry 1980)  I 

Eight bone p i n s  have been recovered from t h e  Douglass 
Beach S i t e ,  four i n  19'76 and f o u r  i n  1978 (Figure 6 ) +  A 
typica.1 example i s  depicted i n  Plate 5,  Most of the p i n s  are 
permineralized but n o t  water-worn, al though some have 
discernible surface e r o s i o n ,  Numerous bone p i n s r  typically
manufactured from long bones of deer, have been recovered in 
Florida fro^ Paleo-Indian , Archaic and later periods
(Milanich and P a i r b a n k s  1 9 8 0 :  35-49, 1 0 2 )  I They are  
particularly common i.n t h e  Middle Archaic ( '7000-4000 B.P.) 
( c , g . ,  CLausen et al. 1 9 7 9 : 6 1 2 ;  B e r i a u l t  et a].. 1 9 8 1 : 4 8 ) .  

Two pro jec t i l e  p o i n t s  have recently been recovered from 
8SL27 and  examined by a rcheo log i s t s ,  although more have been 
reported (personal coininunication, Allen S a l t u s )  A Middle 
Archai.c Newnan's L a l a  P o i n t  ( P l a t e  6 ) ,  was  recovered i n  1979 
( F i g u r e  6 )  'I'he p o i n t  does not  show the wear expected f a r  
l i t h i c s  subjected to s e d h e n t - b e a r i n g  waterf%I.ow (Shackl.ey 
1 9 7 4 )  Newnan p o i n t s  have been recovered from 5400  B , P .  
burials at 2 ' 5 . ~ 1 ~Island ( B u l l e n  1975: 3 l ) ,  'Little S a l t  Springs 
(Clauscn et a l .  1979:612)  and the Bay West Site ( B e r i a u l f ;  e'c 
al, 1 9 8 2 : 4 9 ) ,  which are  dated at 6 0 0 0  l3.P. 'The second p o i n t ,
recovered i n  the 1 9 8 0 s ,  w a s  a 9500  B . P ,  Bolen P o i n t  (James
Dunbar, personal communication) 

I n  the 20-year per iod  OE excavatjons i n  the Douglass 
Beach no midden materia:l. and on ly  one non-wreck fea ture  has  
been reported. I n  1 9 8 4  s a l v o ~ - sdiscovered a l i n e  of wooden 
stakes t h a t  were pounded into khc ground.  A 3 by 
2 0 - c e n t h i e k e r  stake t h a t  was battered on one end and 
sharpened on the other  was recovered and dated ( 4 6 3 0  +- 1 0 0  
B , P . ) ,  Wooden stakes and s imilar  artifacts have been located 
i n  Archaic c o n t e x t s  ( e . g . ,  Beriault 1981 :45-6 ) .  Wooden 
stakes associated w:i . th  7 0 0 0  13, P,  b u r i a l s  were recovered from 
t h e  Windover S i t e  i n  Florida (Doran and D i c l i e l  1988:365, 
3 6 8 )  

L i t k l e  can be surmised about t h e  n a t u r e  of t h e  
t e r res t r ia l  s i t e  a t  Douglass Beach beyond establishing i ts  
presence and age I C o r n n i e r c i a l  exploitation of t h e  sh ipwreck  
site has 1eO-i ;  few indications uf site activity. Sedimentary 
and geochemical analysis of t h e  site, however, can c o n t r i b u t e  
to l o c a t i n g  o the r  c o n t i n e n t a l  shelf sites that can inform on 
coastal adaptations i n  Archaic and Paleo-Indian times. 

SEDIMENTARY AND GEOCHEMICAL ANALYSIS 

Sedimentary Analysis Methodology 
,

Core sediments and three bulk  samples recovered from t h e  
Douglass  Beach Site were analyzed  for sedimentary and 
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Plate 5 .  Bone p i n  from Douglass Beach. 

(CENT 1 METERS) 

Pla t e  6,  Newnan's Lake point recovered i n  1979. 
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chemical conrposition and  compared t o  the inode1 developed ?or 
submerged sites of the Norkhern Gulf of Mexico by Gagliano 
(et aX, 1 9 8 2 )  Gagliano's model was developed as  a 
methodology �or submerged terrestrial si te  r e c o y n i t i o n  i n  the 
G u l f  of Mexico. The model has  riot been tested against known 
inundated sites, al though it has been used  i n  an attempt t o  
Locate inundated terrestrial sites i n  the Gul f  (Pearson et 
aX. 1986)  

Douglass Beach provides the first opportunity to examine 
t h e  s e d i m e n t s  of a dated s i t e  to determine the d e t e r i o r a t i o n ,  
niigration and leaching  or' chemicals i n  anthrosols submerged 
far millennia i n  seawater .  U n f o r t u n a t e l y ,  Douglass Beach 
Site data  potential is li.mited due to the small number of 
saniples collected and the lack of stratigraphic excavation 
No comparative off-site samples were recovered in 1978, and 
the reliance on t h e  prop-wash deflector precluded 
stratigraphic excavation, IIowever, the core and bulk  samples 
t o g e t h e r  a l low s t r a t i g r a p h i c a l l y  discrete a n a l y s i s  and 
comparisons. 'I'herefore, comparative a n a l y s i s  of the 8SL17 
sediments can contribute to support ing and r e f i n i n g  the 
Gagliano model, which i s  the most promising site-recognition 
tool available for  cont:Lnental  s h e l f  inundated terrestrial 
s i t e s  I 

The Gagliano model provides a framework f o r  assess ing  
Uouglass Beach s i te  disturbance, If t h e  s e d i m e n t a r y  and 
geochemical configuration uf  strata are distinct I minimal 
d i s t u r b a n c e  may be inferred; contrarily, similarity would 
i n d i c a t e  mixing.  Quantitative and comparative a n a l y s i s  were 
expecked to i n fo rm on d e p o s i t i o n a l  and transformational 
processes 'chat have affected the si.te. Douglass Beach Site 
a n a l y s i s  followed procedures used by Gagliana, and a bri.e� 
discussion of h i s  methodology follows. 

l'he Gagliano model was based on ana lyses  of known 
terrestrial archeological sites associated with geological
environments simi..lar to rel:'~ct f e a t u r e s  on t h e  c o n t i n e n t a l  
s h e l f .  @'ifteen terrestrial sites from lui .ss iss ippi ,  L o u i s i a n a  
and s o u t h e a s t  Texas were selected, r e p r e s e n t i n g  eight coas ta l  
landforms i .ncluding barrier i s l a n d s  and estuarine margins 
On- and off-site sanpl.es from terrestrial sites were 
s u b j e c t e d  to standardized grain-size, point-count and 
geochemical ana lyses  to develop criteria f o r  distinguishing
cultura:I. from non-cultural d e p o s i t s  

G r a i n - s i z e  a n a l y s i s  a l o n e  held 1i. t t le promise for 
establishing a definitive s i g n a t u r e  for c u l t u r a l  depos i t s ,
hut was u s e f u l  in d e l i n e a t i n g  c u l i x r a l  depositts n a t u r e  and 
o r i g i n  (Gayliano et a1. 1982  ~ 9 4 )  and s i t e - f o r m a t i o n  
processes, Grain-size d i s t r i b u t i o n  w a s  found t o  have Little 
d i s c r i m i n a t o r y  value f o r  tiite-scdi.ment recognition except for 
levee sites, 
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For grain-size analysis, a geologist sorted the sample 
with  shaker screens of standard mesh sizes to determine 
relative proportions by weight of each particle size. The 
Wentworth Grade Scale, which was developed to permit the 
direct application of s t a t i s t i c a l  practices to sedimentary
data (Bates and Jackson 1984:381), w a s  used for analysis. A 
comparison of phi grades used and the corresponding fraction 
and millimeter size are given below: 

Fraction Phi Scale 

10 -1.00 
20 4-0.25 
6 0  +2.00 

100 4-2.75 
Pan 4-4 a 0 0  

Metric size 

2.000 mm 
.840 

.250 

.149 

I 062 


Point-count analysis involves microscopic examination and 
identification of particular fraction constituents. The 
r e s u l t s  are presented as actual counts expressed as both the 
number of specific category elements and as the number of 
particles-per-kilogram of sediment. 

Gagliano noted poss ib le  difficulties with the  
procedure: N o t  every particle can be counted; some particles
will be incorrectly identified; and counting clumped
materials can be problematic. Gagliano (et al. 1982:104)
concluded there is l i t t l e  to be gained by analyzing the 100-
and pan-size fractions because of large sampling error and 
the difficulty of identifying small particles. Point-count 
analysis should center on the 20 and larger fractions. 

It would seem, however, that the relative amount of a 
particular fraction should be a consideration* If the 10-
and 20-size fraction are but a small percentage of the 
overall sample weight, then significant sampling error is 
likely. Because these fractions contain the largest-sized
fragments, and thus the fewer per unit of weight, using only
the larger fractions might not accurately represent overall 
sample composition. Consequently, relative fraction 
proportions used for point-count analysis may be important. 

Gagliano has developed si te  potentials based on 
qualitative (presence-absence) analysis of elements in larger
fraction sizes, which may diminish the concern for sample
s i z e .  Although the 10- and 20-fraction components averaged
less than 10 percent of the total sediments, only these 
fractions were analyzed in the 8SL17 samples, following
Gagliano's recommendations. The assumption that only the 
larger fractions need be point-count analyzed should be 
researched f u r t h e r ,  particularly in relation to relative 
fraction size, 
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Gagliarlo used a chi-square t e s t  �or t w o  independent 
variables with a Yates correctj.on on the point-count  
categories of the on- and off -s i . t e  samples to dekerinine 
s i g n i f i c a n t  component categories f o r  distinguishing between 
s i te  and non-site sediments Chi-square t e s t  r e s u l k s  
indicate that presence of lianqia shell, bone, and bone and 
charred inaterial together i n  the 1 0  fraction and charred 
material. o r  bone in t h e  2 0  fraction w e r e  significant
indicators of c u l t u r a l  ae t ivJ . ty  at the 0 - 0 5  signl�icance 
level I Gagliano developed percentages of l ike l ihood of the 
s e d h e n t  b e i n g  s i t e - d e r i v e d :  A 100-percent likelihood of a 
sediment being culturally derived is proposed r'or t h e  
presence  of bone, t ee th  a i d  scales, as well. a s  for bone and 
char red  material together i n  the 10 fraction. I n  the 2 0  
fraction, the Likelihood of sediment being s i t e d e r i v e d  wheh 
charred inaterial  was p r e s e n t  is 69 p e r c e n t ,  and for bone and 
charred m a t e r i a l  t oge the r ,  88 percent The l i k e l i h o o d  for a 
sediment b e i n g  site-derived i n  t h e  absence of these materials 
i n  either fraction is between 13 and 3 0  percent (Gagliano et 
al. 1982:1 0 4 - 5 )  I 

Discriminant analysis was used by Gagliano to determine 
the effectiveness of var iab les  i.n distinguishing cultural 
from non-cultural sediments.  The procedure is a quantitative
technique for determiming t h e  s t a t i s t i c a l  difference between 
t w o  or more groups,  R e s u l t s  are presented i n  a hiskoqram
t h a t  groups l ike arid u n l i k e  groups. The technique attempts 
to d i s t i n g u i s h  the precise n a t u r e  of differences between 
subgroups of a population, a s  measured by a number of 
variables- The general  procedure of d i s c r k n i n a n t  a n a l y s i s  i s  
to search $or those var i ab le s  t h a t  d i s c r i m i n a t e  between t h e  
groups most sharply (Johnson 1978:195-6) I T h e  t w o  groups 
be ing  discriminated w e r e  t h e  on- and off-site samples based 
on significant point-count a n a l y s i s  v a r i a b l e s  I 

The comparison of a i l  sites to a1.l 
off-sites through d i s c r i m i n a n t  a n a l y s i s  
demonstrates that if no other information 
is known t h e n  the presence of bone 
a n d / o r  charred material i n  t h e  20 
fraction and bone a n d / o r  Ranqia s h e l l  in 
the 1 0  fraction are i n d i c a t i v e  that the 
sample is cul - t .u ra l  - a the simplest 
approach, q u a l i t a t i v e  (presence/absence) 
analysis of t h e  contents of t h e  large
s i z e  �ract i .ons,  is  the iiiost informative 
(Gayliano et al 1 9 8 2 :  1.07) II 

R e s u l t s  from Douglass Beach 

F ive  of the six strata w i t h i n  t h e  1978 Douglass Beach 
core (Level 3 w a s  sacrificed for a radiocarbon hake) and 
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three bulk samples of s t r a t a  above t h e  core were analyzed f o r  
grain s i z e ,  p o i n t  count and geochemistry. The results are  
presented i n  Appendices 1 and 2. Analyses followed 
Gagliano's methodology (Gagliano et al. 1982). The sample
numbers in stratigraphic order from top to bottom are: 6 = 
Zone 3 ;  7 = Zone 2; 8 = Zone 1 (bulk samples); 3 (core level 
1); 2 (core level 2); 1 (core level 4); 5 (core level 5 ) ;  4 
(core level 6 ) .  

Grain S i z e  Analysis 

The high percentages of the 100 and pan fractions 
(Appendix 1), which represent the finest sediments, indicate 
either a terrestrial or quiet-water deposition. These 
Eractions average 22 percent of the total, with a range of 
12-39 percent. The 10 fraction, which contained the 
largest-sized sediments, average 8 percent, w i t h  a range of 
1-18 percent.. The 20 f r a c t i o n  averages 6 percent, with a 
range of 3-10 percent. The dominant fraction is the 6 0  
fraction, which averages 52 percent of the t o t a l  with a range
of 36-72 percent. 

Point-Count Analysis 

The point-count analysis, also in Appendix 1, indicates 
the results of the 10-fraction and 20-fraction analysis. N o  
Ranqia shells w e r e  observed in any of the 8SL17 samples, and 
no other shells were identified beyond the categories of 
bivalve, gastropod and scaphopod, 

Some categories different from Gagliano's were analyzed
in the 8SL17 samples. For example, fish t e e t h  and fish 
scales were separated from bone to determine the relative 
presence of bone, whereas in Gagliano/s data summaries, these 
categories are combined. Sea-urchin spines are very fragile
and numerous in the marine sediments, hence they are a good
indicator of disturbance: If they are present, disturbance 
and mixing of the marine sea-floor sediments and the 
underlying strata can be inferred. 

Tube-worm fragments, considered an indication of 
bioturbation, were recorded f o r  Douglass Beach. Tube-worm 
fragments, which are from shell-lined burrows, indicate 
boring activity in t h e  bottom sediments. Marine bryozoan
colonies a l so  indicate mixing if the sediments underlying the 
marine sea-floor sediments are demonstrated to be brackish or 
fresh water. Thus, sea-urchin s p i n e s ,  tube-worm fragments
and bryozoan categories were used as indicators of 
site-formation processes, in this case, disturbance 
indicators. 

Sea-urchin spines were found in all samples except 8, 5 
and 4 .  Only one or two fragments were observed in each 
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ca5e I A l l  s t r a t a  except  0 contai .ned tube-worm fragments I 
i n d i c a t i n g  sedimcnt-burrowi.ny organisms pene t ra ted  a I1 
s e d i m e n t s  The worm burrows accoun t  f o r  sea-urchin s p i n e  
presence in the absence of other evidence for sediment 
d i s tu rbance :  The s p h e  fragments a p p a r e n t l y  f a l l  down t h e  
burrows, which can  s t a y  open after the animal dies. Wave 
a c t i v i t y  can suspend the boktom sediments and allow s p i n e
fragments to enter the burrows. Presence of both sea-urchin 
s p i n e s  and tube-worm f r a g m e n t s  indicates some b i o t u r b a t i o n  
and mixing  of sediments. More research is needed to develop 
c o n k r o l s  f o r  mar ine  bioturhation, 

'l'he 2 0  fraction of sample 6 c o n t a i n e d  t h e  on ly  bryozoan 
colony, T h i s  can be a t t r h c t c d  to contaniination or some 
mixing at the uppermost por-ti.on of the stra,ka. 

Q u a l i t a t i v e  appraisal of po in t - coun t  a n a l y s i s  results 
isolates f o u r  poss ib l e  h a b i t a t i o n  strata based or1 the 
presence of bone i n  t h e  2 0  f r a c t i o n  (which  compr ised  less 
t h a n  10 percent or' the total sediments  i n  all samples): 
samples 6, 7 ,  3 and 2 .  Sample 5 is added as a possible
habitation s t r a t u m  based on char red  material  in t h e  2 0  
f r a c t i o n ,  Considering both t h e  presence of bone and charred 
material  i n  the 2 0  f r ac t ion ,  samples 6 ,  3 and 2 are the m o s t  
l i k e l y  h a b i t a t i o n ,  S t r a t a  7 and 2 contain bone in the 10 
f r a c t i o n  and meet Gagliano's second criterion. Sample 2 is 
the on ly  s t ra tum meeting both c r i te r ia .  T h e  10 f r a c t i o n  of 
sample 2 is 2 3  percenC of the total sediments ,  Sample 6 ,  
which had no bone i n  t h e  10 f r a c t i o n ,  has  a comparable 
f r ac t io r i  s i z e  at 18 percent ;  it is a l s o  t h e  o n l y  sample that 
conta i r i s  charred material  i n  the 10 f r a c t i . o n .  

Gagliano's criteria for qualitative analysis specifies 
bone, but h i s  results i n c l u d e  bone, teeth and scales .toyether 
i n  a s i n g l e  category, 'l'he presence of f i s h  scales and teeth 
combined with bone presents a different picture from the 
presence of bone alone, arid i n d i c a t e s  an  inconsistency i n  
Gaqliano#s model A 1 1  DougI.ass Beach strata possess f i s h  
teeth o r  s c a l e s  i n  e i ther  fraction e x c e p t  sample 8 ,  
T h e r e f o r e ,  on t h e  presence of bone, f i s h  teeth or scales, as 
stated in Gagl iano  (et al. 1982: 1 0 4 ) ~a l l  sediments except 
sample 8 can be cons-i.der.ecl possib:Le h a b i t a t i o n  l o c i  based on 
poink-eount .  ana1ysi.s  When considered together w i t h  the 
presence of charred Hratcr:ial i n  the 20 f r a c t i o n ,  on ly  samples 
6 ,  3 ,  2 and 5 are l i k e l y  prospects-

D i s c r i m i n a n t  A n a  l y s:i s 

D i s c x i i n i n a n t  ana1ysi .s  was conducted on the point-count 
r e s u l t s  and compared to Gaglianu's r e s u l t s  (Gagliano ek al, 
1982:100-01.) Seven of Gagliano's on-site samples and f i v e  
of h i s  off-site samples were used for t h e  comparison: 
G a g l i a n o  samples 41Cv66,  43.Gvl. ,  22Ha5500, I G L f 4 ,  22Ha506, 



16Vm7,8 and 16Sb49 were used as the known on-site samples and 
samples 16Sb49, 16Vrn7,8, 16Lf4 and 22Ha500 composed the 
off-site group, 

The comparative analysis assigned on-site samples the 
number 1, off-site samples number 2 and the eight unknown 
samples from Douglass Beach, number 3 .  Each sample from the 
eight Douglass Beach strata was run separately with the 
entire Gagliano study population of known sfite relationships 
to determine if the Douglass Beach sample would statistically 
group with the on- or off-site group. Combinations of 
variables were run to determine discriminatory power and 
where each Douglass Beach sample grouped. 

Few distinct discriminant variables are observed when 
both groups are statistically compared. However, some trends 
show consistency with the patterns reported by Gagliano. 

Quantitative point-count discriminant analyses produce
different results from the empirical presence/absenee results 
for bone and charred material together in the 20 fraction, 
which indicates that strata 6 ,  3 ,  2 and 5 are possible
sites. Using the bone, teeth and scales variable in the 10 
fraction, strata 7, 2 and 5 are grouped with known sites; 
using t h e  20 fraction for the same variable, samples 6, 7, 3 ,  
2, 5 and 4 are grouped with the known sites, 1 and 8 group
with the off-site samples. 

Using the variable of charred material in the 20 
fraction, strata 6 ,  3 ,  2 and 5 group with the an-site 
samples, and 7, 8, 1 and 4 group with the off-site samples.
This grouping does not change when qualitative bone 
(presence/absence), quantitative vegetal matter, charred 
material, bone, teeth and scales are analyzed together.
Analysis of quantitative charred material in the 20 fraction 
also produces the same grouping. Qualitative analysis of 
bone, teeth, scales and charred material in the 20 fraction 
positions 6 ,  7, 3 ,  2, 5 and 4 with the on-site group, and 
positions 1 and 8 with the off-site group. For the 10 
fraction, using qualitative bone, teeth and scales, only 
strata 8 and 4 group with t h e  o f f - s i t e  samples. When charred 
matter is added t o  this analysis, the same results are 
produced. According to these variables, strata 8 and 1 are 
least Likely to be culturally derived. 

Discriminant analysis of the 8SL17 material and the 
Gagliano model indicates varying results when comparing the 
presence of bones, teeth, scales and charred material. 
Definitive signatures for continental shelf site types based 
on these variables await further refinement. Variable 
r e s u l t s  are expected in this stage of model building,
particularly with such a small universe of known on- and 
off-site data for comparison. The refinement of s i t e  
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r e c o g n i t i o n  methodology w i l l  come w i t h  the development of 
regional s i g n a t u r e s  and comparisons with more known submerged 
sites I 

Geochemical Analysis Methodology 

A battery of geochemical tests designed to d i sce rn  
cultural. a c t i v i t y  was conducted on f i v e  of khe 15 sites 
s t u d i e d  by Gagliano (et a l .  1 9 8 2 ) .  R e s u l t s  of “chis study 
w e r e  compared with similar t e s L s  of t h e  Doug las s  Beach 
samples, Gagliano sub jec t ed  t h e  sediments of f i v e  selected 
sites, a l o n g  w i t h  samples of nearby off-site s e d i m e n t ,  to 
s t anda rd  t e s t s  t o  determine t h e  amounts of the following: 
total ca rbon  and t o t a l  nitrogen (expressed a s  a percentage) ,
zinc, iron, manganese, copper and a v a r i e t y  of phosphate 
tests, including total phosphates ,  all. e x p r e s s e d  as  p a r t s  p e r  
n i i l l i o n  (ppm)+ 

The comparative r e s u l t s  showed e leva ted  phosphates i n  
the o n - s i t e  samples. c o n c e n t r a t i o n  of a n i m a l  tissues a n  t h e  
s i t e  w a s  l i k e l y  responsible for the enriched manganese and 
z i n c  levels recorded. Dj.scrh i inank  analysis indicated t h a t  
phosphates,  z i n c  and iron-to-manganese r a t i o  w e r e  t h e  m o s t  
d i s c r i m i n a t i n g  variables (GagSiano et al, 1982:108-9) .  
Gagliano advised caution i n  applying h i s  results to other  
studies, because of the m a l l  sample s i z e  

Three errors were noted i n  the results presented by 
Gagliano (et al. 1 9 8 2 ) .  I n  Table  4 - 8 ,  page 108 ,  three 
iron-to-manganese ratios (Fe/Mn) were misca lcu la ted ,  O n - s i t e  
sample lGVM7,8 r eco rded  a s  19.0 should be 3,1; 1 6 L f 4  r e c o r d e d  
a s  2 4 - 0  should  be 3.1; off-site sample 1 6 L f 4  recorded as 7 4 - 8  
s h o u l d  be 4 6 . 3 .  Statistical conrparison w i t h  the Douglass 
Beach samples used the corrected ratios, 

The geochemical analyses u s e d  fo r  the Douglass Beach 
samples follow t h e  p r o t o c o l  developed and recommended by 
Woods (1977; 1982; 1 4 8 4 ;  1 9 8 6 ;  198Sa,b), The samples w e r e  
g round and  screened through a 2 - m i l l i m e t e r  sieve.  Analysis 
included: e1ectrometri.c measurement of p H  of 1 p a r t  soil:2 
p a r t s  water mixture;  o r g a n i c  carbon d e t e r m i n a t i o n  by chramic 
ac id  d i g e s t i o n  and titration; Kjeldahl digestion and 
titration for n i t r o g e n ;  and plasma e m i s s i o n  d e t e r m i n a t i o n  of 
calcium, magnesium, potass ium,  sodium, s u l f u r ,  z i n c ,  
manganese,  copper, i r o n ,  boron,  aluminum and t o t a l  
phosphates. R a t i o s  of i r o n  t o  manganese (Fe/Mn) and z i n c  to 
i r o n  ( Z n / P e )  w e r e  computed. Gagliano (et aX, 1982) suggested 
the iron/mangancse r a t i o  and Templet (1986:  2 9 6 )  suggested
z i n c / i . r o n  ratio as good i n d i c a t o r s  of human activity, 

Other researchers have recognized phosphates, which 
may occur a s  tightly ox- moderately bound compounds, as a s i te  
d i s c r i m i n a t o r .  S i t e  l o c a t i o n ,  f e a t u r e  recognition arrd s i te  
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delineation have all been done through phosphate
determination (e.g., Woods 1975; E i d t  1984). Human residues, 
such as body waste, tissue decomposition, refuse 
concentrations and manufacturing introduce high phosphate
concentrations. Phosphates are r a p i d l y  immobilized,
insoluble, vary s t a b l e  and tend t o  remain i n  place unless 
mechanically dis turbed  (Eidt 1984:29-30; Woods 1986:195). 
Soils 10,000 years o ld  have yielded increased phosphate
levels attributable to human activity (Konrad et al. 1983).
Water-logged and sandy soils may not be as stable as d r y
soils (Templet 1986:291; Woods 1988:3). Recent research 
(William I, Woods, personal communication) has found that 
contrary to earlier recommendations ( e . g . ,  Woods 1982; 1984; 
1986) it is unnecessary to separate the various phosphate
compounds out i n  analysis; t o t a l  phosphate determination, a 
simpler laboratory analysis, can be used w i t h  confidence to 
indicate human activity. Only total phosphates w e r e  
determined in analysis of Douglass Beach samples. 

Other  geochemical s o i l  attributes have archeological
significance. Anthrosols tend to have a higher pH because of 
increased alkalinity due to the presence of calcium,
magnesium, sodium and potassium. Cultural activity increases 
these elements through many activities resulting in organic
deposition and decomposition, but the prime source is wood 
ash (Woods 1988a:4). Increased iron in anthrosols l i k e l y  
comes from excreta. Concentrations of plant and animal 
t i s s u e s  and excreta increase zinc and copper. Mollusca are 
particularly high in zinc (Woods 1988a:5).  Organic matter 
increases with cultural activity, consequently, organic
carbon can be used to determine buried surface horizons 
(Woods 1986:194). 

Geochemical Analysis Results from Douglass Beach 

Geochemical tests were conducted with satisfactory
results in all categories except nitrogen. Nitrogen w a s  
below detectable limits in Xjeldahl analysis, a finding not 
unusua l  for sediments as old as Douglass Beach (William I, 
Woods, personal communication). Appendix 2 contains the 
results of the geochemical t e s t s .  

Discriminant Analysis 

Discriminant analysis was run combining Gagliano’s
results and all Douglass Beach samples. Because all Douglass
Beach samples grouped w i t h  the known off-site samples of the 
model, combinations of variables were run to isolate ones 
t h a t  might serve t o  discriminate anthrosols, The results of 
the comparison with the Gagliano model produced some 
promising directions fo r  the refinement of inundated site 
recognition methodology, and these are included in the 
following discussion. 
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'Total Phosphates:  Samples 6 ,  8 ,  2 and 3 record the 
highest levels in the 8 S U 7  saiuples, M o s t  or' t h e  Douglass 
Beach samples have lower 1evel.s than  those  of Gagliano's
study, which could h d i c a i x  a Lower l e v e l  of human a c t i v i t y .  
There was a very high  reading from an off-site sample of t h e  
model ( 1 6 V m 7 , 8  reading: 1216 ppm) , which probably s k e w s  t h e  
s t a t i s t i c a l  rrsults--this lrnown off-site sample is positioned
with the on-site group, 

Discriminant analysis does not produce discrete 
groupings between the on- and o f f - s i t e  samples when a l l  
samples a r e  combined Although t h e  hi.s.i;ogram looks 
promising,  there i.s considerable overlap between on- and 
off-site samples when a s i n g l e  unknown sample is analyzed, 
Douglass Beach samples 1, 2 and 6 a re  grouped w i t h  t h e  
on - s i t e  samples 

Zinc: On- and off-site samples overlap, b u t  z i n c  should 
be d i s c r i m i n a t o r y ,  A 1 1  USL17 samples a r e  grouped with t h e  
off-site group, 

Iron to Manganese Ratio: O n - and o f f - s i t e  samples 
overlap , but the variable may be a u s e f u l  d i s c r i m i n a t o r  
Strata 6 I 7 , 3 and 2 arc  grouped w i t h  5he o n - s i t e  group.. 8 ,  
1, 5 and  4 are  i n  ?.he off-site group,  

Z inc  to Xron ~akio: Templet (1986:296)  found through
multiple r e g r e s s i o n  analysis and correlation t a b l e s  t h a t  both 
t h e  z i n c / i r o n  and total phosphates i n d i c a t e  anthrosols a t  a 
95-percenk l e v e l  or" conf i.dence A discriminant a n a l y s i s  w a s  
r u n  w i t h  both v a r i a b l e s  of phosphate and zincliron r a t i o  
toge ther ,  There was an overlap of on- and off-site groupings 
(probably due to the h igh  phosphate r ead ing  of one of t h e  
off-site samples) ,  and t h e  8SL17 samples fell between the 
known groupings, 

Arrthrosol detcrm.ination by geochemical a n a l y s i s  is 
promising However , t h e  c u r r e n t  coastal  rriodel does n o t  
appear capable of def i n i . t i v e l y  i s o l a t i n g  specific s t r a t a  of 
human activity. A t  t h e  c u r r e n t  level  of development, 
geochemical a n a l y s i s  may be m o s t  u s e f u l  �or  delineating the 
spatial. extension of a s i te  and d e f i n i n g  intra-site 
features. At present ,  there are i n s u f f i c i e n t  data t o  propose 
a generalized geochemical signature for c o n c l u s i v e l y
indicating anthrosols­

combinat ions of va r i ab le s  ra ther  t h a n  a single attribute 
seein better able t o  !isol.a-te anthrosols- D i s c r i m i n a n t  
analysis w a s  conducted on Douglass  Beach samples us ing
variables of presence/absence of bane, teeth and scales, 
charred m a t e r i a l ,  and q u a n t i t a t i v e  phosphate separately f o r  
t h e  10 and 2 0  f r a c t i o n .  The results of both analyses  
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indicate this combination may be a good discriminating t o o l ,  
as Gagliano's model implies, because the on- and o f f - s i t e  
samples a r e  distinctly grouped. The results of comparison
with the unknown samples in both cases positions samples 2, 
3, 5 and 6 w i t h  on-site, and 1, 4, 7 and 8 with the off-site 
samples. 

These findings suggest t h a t  combinations of variables 
that include geochemical w i t h  10 and 20 point-count analysis 
may be the best analytic method for assessing unknown 
sediments for site possibilities, whereas individual 
variables may be more useful in defining intra-site 
features. The combination of point-count analysis combined 
with phosphate and zincliron ratios may be espec ia l ly  usefu l .  

The results of analysis indicate c l e a r l y  that the 
Douglass Beach strata are geologically and geochemically
distinct, and consequently, could not have been significantly
disturbed by wave processes. If wave action had reached 
these sediments in the past, the sediments would have been 
geochemically indistinguishable, even if differentially
sorted. Sediment leaching may be discounted because of the 
range of variability throughout the stratigraphic column. 

The radiocarbon dates, non-ceramic artifacts, pollen and 
faunal materials are consistent with the interpretation of an 
Archaic Period site directly beneath the seabed. The 
preservation level of remains indicates minimal s i t e  
disturbance and material t r a n s p o r t .  The intrusive ceramics 
are, in Contrast, water-worn, revealing significant 
transport, 

Qualitative analysis of point-count data indicate that 
all strata are site-related except f o r  sample 8, and poss ib ly  
1. The geochemical discriminant analysis groups different 
Douglass Beach strata w i t h  Gagliano's on-site group depending
which variables a r e  selected: phosphate and zinc both group 
a l l  strata with the off-site group; iron/rnanganese ratio 
groups 6, 7, 3 and 2 with on-site group; zinc/iron r a t i o  
groups Douglass Beach samples between the on- and off -s i te  
groups; and the combination of qualitative bone, teeth, 
scales, charred material and phosphate groups strata 2, 3, 5 
and 6 w i t h  the on-site  group. 

Douglass Beach Site analysis results have some 
implications for the Gagliano model. Some bioturbation and 
wave disturbance can be controlled for by the inclusion of 
additional analyt ical .  categories, such a s  sea-urchin spines
and worm-tube fragments, additional indicators need to be 
identified. Qualitative point-count categories need to be 
c l a r i f i e d  as to the inclusion of t ee th  and scales w i t h  bone. 
Finally, particular combinations of variables may be more 
appropriate than single ones for site discrimination, while 
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single v a r i a b 1 . e ~  may be L e t '  er for intra-site feature 
delineation, 
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CHAPTER V: CONCLUSIONS 


The 1978 Douglass Beach Site excavation provided an 
opportunity to examine an underwater site with a prehistoric
occupation beneath a 1715 Spanish shipwreck. The object of 
the investigation was to ascertain the nature of the 
prehistoric cornponent--the earliest continental shelf site 
located--and account fo r  its preservation. Research 
questions centered on natural formation processes of both 
components. 

Fieldwork was conducted i n  the  context of commercial 
shipwreck salvage, which imposed serious constraints on 
archeological inferences, Development of sound archeological
inferences depends on collecting evidence to account for 
variability in the archeological record, Archeological
variability has many sources, including those introduced by
methodology. Archeologists normally determine what is 
recorded, recovered and curated, bu t  that is not the 
procedure in Florida on shipwreck sites. The 1715 shipwreck
excavation has been a commercial operation, and archeologists
have mostly been involved in salvage program administration, 
not f i e l d  work. Consequently, few materials from seasons 
other than 1978 can be used as supporting evidence for 
archeological inference. 

Methodological limitations to t h e  1978 research stemmed 
from the commercial aspects of the fieldwork. Location of 
excavation and recovery of material could only be influenced, 
not directed. Sole reliance on the prop-wash deflector 
severely limited data collection and observation, and 
obviated stratigraphic excavation. Using a prop wash for 
anything other t h a n  removing sterile sediment is precisely
t h e  same as using a bulldozer for archeological excavation of 
a land site--instead of approaching ancient materials w i t h  
the finesse of trowels and brushes, it is an instrument of 
massive destruction. 

Deflector modifications allowed some stratigraphic
observation and sample collection. Three principal
stratigraphic zones were recorded, and samples for 
radiocarbon, palynological, sedimentary and geochemical
analysis were collected., Macrobotanical samples, bulk soil 
samples and a core w a r e  recovered w i t h  stratigraphic
association. 
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Analyses  i n d i c a t e  t h a t  the prehistoric component b e n e a t h  
the shipwreck is well-preserved- The stratum directly 
beneath the mar ine  s a n d  d a t e s  a t  4800  B , P .  Artifacts are 
consistent w i t h  an E a r l y  t o  Middle Archa ic  occupation, e x c e p t  
�or  ceramics, which show s i g n s  of sand  wear, l i k e l y  
t r a n s p o r t e d  f r o m  a s i t e  onshore. Fauna l  material, c o n t a i n i n g  
both niar ine  and terrestr ia l  species w a s  well-preserved 
P o l l e n  w a s  'undamagedand consistent with established regional 
paLeoenvironments that c o n t a i n e d  marsh- and salt-tolerant 
species, Viability of yeochemical a n a l y s i s  w a s  demonstrated 
for salt-water inundated s i - k e s  Sedimentary  and geochemical 
ana:lysis t oge the r  i n d i c a t e  the preh i s to r i c  s t r a t a  are  
discrete I WeLIL-preserved and have sur 'fered no mechan.ical 
diskurhance The analyses demonst ra ted  archeolugical data 
sets t h a t  survive i n u n d a t i o n  arid submersion, The 
site-location model developed by Gaglj.ano et a l ,  ( 1 9 8 2 )  was 
tested and soiiic rc-r 'inenienix were suggested, incl.uding 
development of a multiple-element geochemical signature f o r  
a r c h e o l o g i c a l  s i tes and  i n c l u s i o n  a� marine fauna res idues  as 
a control for bioturbationu 

Barrier-island f'ormati.on and migra t ion  account f o r  the 
unexpectedly high  level of p r e s e r v a t i o n  of khe Douglass Beach 
terrestrial  s i t e  in a high-energy a r e a  I Human occupation 
tooli p lace when the s i t e  w a s  an  up land  or back-barrier 
lagoonal envi ronment ,  A s  'the sea level rose, the barrier 
i s l a n d  moved shoreward, Sand overwashed onto t h e  baclr­
barrier ;/,ones and huri.ed associated sites 'The lagoon a l s o  
moved shoreward,  i n u n d a t i n g  areas that c o n t a i n e d  upland  
sites c o n s e q u e n t l y ,  lagoon-related s i t e s  may Lie over 
earlier up land  sites. 

A barrier island niaves much like a g i a n t  tank t read ,  
l a y i n g  down a l a y e r  of sand  hy overwash as it migrates 
shoreward, The i s l a n d  moves couip1etel.y across and b u r i e s  the 
old lay'oonal and upland deposits below the wave base and s u r f  
zone on the barr:ier i s l a n d  foreshore,  Variables i n  t h e  rate 
of sea - l eve l  rise and barrier migration, and i n  t h e  depth of 
both  l.agaonal deposi.t burial and the wave base, i n t e r a c t  i n  
the transgressive sequence i70 affect preservation of 
a rcheo log ica l  materials, 

T h e  w a v e  base w i l l  l i k e l y  t r u n c a t e  t h e  s t r a t i g r a p h i c  
profile, b u t  wave d i s t u r b a n c e  is limited and CiihKiniSheS w i L h  
the rise or' sea l e v e l - The acti.ve wave-base level should be 
recognizable i n  the stratigraphy, The wave base's signature 
i s  a stratum below t h e  seabed of materials of h i g h  specific 
g r a v i t y ,  s i z e  and wci.ght. One possible wave e r o s i o n a l  effec'c 
on archeological  ma'ceri.als i s  t h a t  younger  arkifacts  Nay 
concen t r a t e  at the wave base as upper levels erode. 
Consequent ly ,  a d i s t u r b e d  level o� younger  a r t i f a c t s  may 
over lay  u n d i s t u r b e d ,  older  s e d i m e n t s  Ca re fu l  stratigraphic
excavation is necessary t o  r e c o g n i z e  this phenomenon, 
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At Douglass Beach, shipwreck materials aided recognition
of the processes affecting preserved sediments, The presence
of silver coins, numerous rocks and other heavy materials in 
marine sand directly above a 4,800-year-old undisturbed. 
stratum clearly indicated significant wave action. T h e  top
layer (Zone 3) of the older stratum was composed of fine,
unconsolidated friable sediments, which would rapidly
disperse if subjected to wave action. The proximity of coins 
and other heavy materials indicates that the wave base has 
been deep enough to intersect back-barrier sediments since 
1715. T h i s  observation provides a signature f o r  wave-action 
depth and a means to control for disturbance. 

Schiffer (1987), Butzer (1982) and others have discussed 
the importance of formulating general principles of 
site-formation processes to account for variables in the 
archeological record. The natural processes responsible for 
t h e  position and preservation of artifacts and stratigraphy
of t h e  Douglass Beach site are uniformitarian. A s  a result 
of investigations at Douglass Beach, 1: suggest t w o  new 
general principles for addition to the growing body of 
natural-formation processes influencing archeological
enquiry. These principles are important to the development
of archeological inferences from underwater sites and are 
offered for further testing. 


1. Artifacts whose specific gravity is greater than the 
surrounding sand, which are deposited in sand deeper than the 
wave base, will migrate downward to the wave base and 
stabilize. 

2. 	 Barrier-island migration preserves back-barrier, 
lagoon-related and upland sediments and related archeological
sites from the mechanical impact of inundation. 

There are many implicatiuns for the investigation of 
shipwrecks and inundated sites, FOP shipwrecks, it is clear 

even in
that spatial provenience is important
In the sandy
storm-deposited, high-energy environments, 


areas of the Douglass Beach shipwreck, heavy artifacts do not 
move about horizontally but are stabilized. This observation 
obviously counters t h e  disaster-and-degeneration view of 
wrecks i n  high-energy environments, Derivation of 
supportable archeological inferences about the pas t  based on 
shipwreck evidence requires specific scientific research on 
natural-formation processes. The archeological potential of 
wrecks will be limited as long as t h i s  scientific research is 
delayed. 

However, scientific research alone is not enough. Most 
current state historical shipwreck salvage laws reflect 
disaster-and-degeneration assumptions. Shipwrecks are 
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diminishing at an ever-increasing rate, and growing
commercial exploitation poses a severe t h r e a t  The Uauglass 
Beach observations augment the evidence t h a t  shallow-water 
shipwrecks retain a high degree of site integrity, 
Commercial salvage is an increasingly indefensible 
governmental policy and must be reevaluated, or discussions 
of archeological p o t e n t i a l  of historic shipwrecks will be 
academic I 

For inundated terrestrial  sites located i n  high-energy
env i ronmen t s ,  the implications a r e  especially significant for 
site location and evaluation, Archeologists earlier assuined 
that inundated s i tes  would be preserved only on low-energy
coastlines like parts of t h e  Gul f  of Mexico, Consequent ly ,
in the search fo r  submerged sites they have ignored the 
Southeast Atlantic shelf and surveyed only in the Gulf, 
obviously assuming that high-energy coas ta l  processes destroy 
l a n d  s i tes  during i n u n d a t i o n ,  

T h e  Douglass Beach site demonstrates that barrier-island 
migration can preserve sites. Furthermore, the nrodel for 
offshore site l a c a t i o n  can be expanded to include submerged, 
remnant barrier f 'eatures I Most c u r r e n t  site-location models 
focus  on r e l i c  riverine r 'eatures i n  low-energy areas, Such 
models are based on narrow assumptions and are inadequate, 

Because  of t h e i r  linearity, elevation and characteristic 
sedimentary profile, barrier islands can be recognized d u r i n g  
reniote-sensing su rveys ,  Ancient barriers have been locaked 
on the sou theas t .  continental shelf and o f f  the coast of 
Delaware, T h e  Delaware barriers developed between 8000 and 
24000 B . P .  T h e  most promising t a r g e t s  f o r  Atlantic shelf 
sites are areas beneath and seaward of remnant barrier 
islands I Such a reas  can be located with high-resolution
remote-sensing survey I 

I? is unlikely that the inundated site at; Douglass Beach 
would have been located w i t h  any current site-location 
model. There is l i t t l e  question that a site like 8SL17 would 
be difficult to locate, but w i t h o u t  a predictive model based 
on geornorphological factors and a methodology for 
distinguishing cultural from n o n - c u l t u r a l  sediments  I t h e  task 
w o u l d  be impossible. Cons tan t  reappraisal, t e s t i n g  and 
refinement oE predictive models for sites on the continental 
shelf and development of recognition methodologies are the 
p r e c u r s o r s  to realizing t h e  archeological potential of 
o f f s h o r e  si tes.  

To achieve this potential, it is time to put aside the 
old djsaster-and-degeneraejon assumptions and take a 
scienkific I inves t i .ga t ive  approach to understand site 
formation processes, 
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APPENDIX 1 RESULTS OF SEDIMENTARY AND POINT COUNT ANALYSIS 
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counted, grms 20.36 0.9% 
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20 

I 0  
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Er3ction, Phi Wciqht, rrrms % o f  total  
-1.00 4.35 3.19 
+0.%5 6.49 4.76 
+2.00 84.16 61.49 
+2.75 15.27 11.19 
+4.00 11.32 8.74 

s i l t  8 clay ( b y  d i f f . )  14.23 10.43 

T G t a l  136.42 100.00 

-7.00 Phi +0.2!5 Phi 
A c t u a l  Particles Actual P a r t  icl as 

--lllll-_---_l---l-l_--------


Bivalve  shel 1 

G z s t r q x d  shel  1 

Scaphopod she1 1 

She1 1 f r a y l m t  

Carbonate c o n c r e t i  an 

L'mented s i  I t  ut- sand 

Coarse sand 

F i  sh t e e t h  

F ish  scales 

Boris 

tdom tube o r  fraginent 

Crustacean fragment 

Sea urchin spine 

Bt-yozoan col ony 

Vegeta l  matter 

Charred vegetal m a t t e r  


To ta l  counted 

W t .  o f  m o u n t  
counted, grams 

ciwrlt 
--II".II-I-

28 
3 
1 
82 
4 

25 0 
41 1 

2 
2 


6 
1 

1 

796 


1.5247 
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~ ... ................. ,.. ...,..., .. . ~~ ,~ 

Total 118.06 100" 00 

1 8 


t 68 


Total counted 259 602 


4 . 4 7  1.2735 




APPENDIX 2: RESULTS OF GEOCHEMICAL AlYALYSfS OF THE 8SL17 SAMPLES 

R e s u l t s  are in par t s  y r  million axcept where otherwise 
indicated. Samples are listed in stratigraphic order top to 
bottom. 

Sample Ph Organic Carbon Zinc Iron Manganese 

7.0 0.41% 

7.6 0.36% 

8.0 0.19% 

6.9 0.50% 

8.3 0.13% 

7.4 0.27% 

7.2 0.40% 

8.0 0.41% 


Sample Calcium Phosphorus 


178544.8 434.83 

94295.5 191.66 

15239.3 84.11 

89310.2 455.99 

163420.5 400.68 

57474.9 259.20 

51780.8 147.64 

168502.8 501.03 


Sample Sulfur Zinc Copper 

6 3100.0 
7 1408.3 
8 3459.7 
3 2565.8 
2 1239.0 
1 1548.2 
5 7208.8 
4 13468.8 

8.13 4.14 

3.52 18.74 

6.59 6.31 

12.75 7.10 

8.68 5.51 

12.49 8.21 

10.79 5.12 

15.23 6.45 


8.128 3212 42.365 

3.518 2473 16.181 

6.589 5317 23.551 


12.754 3600 40.290 

0.603 1468 10.585 

12.488 1759 13.731 

10.788 10487 30.345 

15.234 16227 63.738 


Magnesium Potassium Sodium 


2133.15 974.28 3867.98 
1150.95 671.50 3143.21 
1120,60 1099.67 2953.45 
1745.50 1071.84 4196.23 
1074.34 660.98 2248.20 
641.34 764 I 43 1732.09 

1576.90 1885.37 4778.03 
2697.38 2266.64 6616.36 

Boron Aluminum Fe/Mn Zn/Fe@lo3) 

19.46 3042.7 75.8 2.53 

9.65 1189.6 91.4 2.39 


10.47 4711.3 226.0 1.24 

11.16 7801.5 893.0 3,54 

8.29 2347.7 78.9 5,91 

6.72 735.7 128.4 7.10 

11.63 7117.8 346.1 1.02 

19.46 11946.0 254.0 9.39 
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A sediment core and three bulk samples collected from 
beneath the Gold 'Wreck (QSLJ.- / )  at t h e  Douglass Beach Site i n  
1978 represent p r e h i s t o r i c  s e d h e n t s  beneath l a te r  S p a n i s h  
material., 'The core was collected approximately 1 meter below 
the e x i s t i n g  beach sand i n  approxi.mately L Z  to 15 feet of 
water I Three bulk samples were collected f o r  analysis above 
the core. A dark, o r g a n i c  layer was i n c l u d e d  i n  the core,
which may represent a backwater lagoon T h e  p r e s e n t  
backwater lagoon is located behind a barrier i s l a n d ,  The top
laye:r of the sadlment was radiocarbon dated to approximately 
5 0 0 0  B , P ,  (Murphy, personal  communication, August 198%)  
P o l l e n  analysis or' these sediments was designed .to address 
q u e s t i o n s  of l o c a l  vegetation, identification of backwater 
lagoonal  conditions, if p r e s e n t ,  and to contribute data for 
analysis and interpretat:Lon of s i t e  formation processes  I n  
addition, t h e  vegetation is discussed w i t h  respect to 
possible a v a i l a b i l i t y  of e d i b l e  portions that may have been 
e x p l o i t e d  by i n h a b i t a n t s  OE ? h i s  s i t e ,  

The p o l l e n  was ext rac ted  f r o m  s o i l  samples submit ted by 
Larry Murphy froln deposits off F ' t .  Pierce Beach in Fl.or ida.  
A cheiiiical e x t r a c t i o n  technique based on flotation is the 
standard p r e p a r a t i o n  technique  used i n  t h i s  laboratory f o r  
the removal of the po,l.len from the larye volume of sand ,  silt 
and c l a y  with w h i c h  t h e y  are niixed, T h i s  particular process 
w a s  developed f o r  extraction of' p o l l e n  from s o i l s  where 
preserva t ion  has been less t h a n  i d e a l  and pollen d e n s i t y  is  
low. 

Hydrochloric acid ( 1 0 % )  was used t o  remove calcium 
carbonates  present in the soil, after which the samples w e r e  
screened through 150 ruicron m e s h  I Sodium palytungstate 
(density 2 , O )  was  used f o r  the f l . o t a t i o n  process ,  A l l .  
samples received a s h o r t  ( 2 0  m i n u t e )  treatment i n  h o t  
hydrofluoric acid to reiuove any remaining inorganic 
particles. The samples were t h e n  acetalakcd for 3 minutes  to 
r emove  any exkaneous urganic imtt-er 

H 1j.gh-i; microscope was used to c o u n t  the pollen to a 
total of E O O  to 2 0 0  p o l l e n  g r a i n s  at a magnification of 
430x.  P o l l e n  preservation i n  these samp1.e~varied from good 
t o  poor" Comparative r e f e r e n c e  inaterial collected a t  the 
I n t e r m o u n t a i n  Rerbariuiri at U t a h  S t a t e  University, the 
Un%vers i ty  of Colorado Herbar ium,  and f r o m  the fic1.d s t a t i u n  
on the island of San Sa:Lvador i n  the Bahamas w a s  used t o  
identify t h e  p o l l e n  to t h e  family, genus and species l e v e l ,  
where possible, 
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Pollen aggregates were recorded during identification of 
the p o l l e n .  Aggregates are  clumps of a single type of 
pollen, and may be interpreted to represent pollen dispersal 
over short distances, or the actual introduction o f  portions
of the plant represented i n t o  an  archaeological setting.
Aggregates were included in the pollen counts as single
grains, as is customary, The presence of aggregates is noted 
by an IrA1' next t o  the pollen frequency on the pollen diagram. 

Indeterminate pollen includes pollen grains that are 
folded, mutilated, and otherwise distorted beyond
recognition. These gra ins  are included i n  the total pollen 
count, as they are par t  of the pollen record. 

The sediment core analyzed for pollen at Douglass Eieach, 
near Ft, Pierce, Flo r ida  in approximately 12-15 feet of water 
(Table 1). The uppermost bulk sample yielded a radiocarbon 
age of approximately 5 0 0 0  B.P .  (Lar ry  Murphy, personal
communication, December 1988), making a11 sediments analyzed
older than 5000 years. The present on-shore vegetation is 
dominated by Australian pine (Casuarina), a recent 
introduction. No Casuarina pollen was observed in the pollen
record, suggesting t h a t  the sediments analyzed have not 
suffered m i x i n g  in the recent (historic) past .  

Analysis of t h e  sediments suggests that an organic l ayer
(represented by pollen samples 2 and 3 )  may be an emergent
marsh. Deposits above and below this layer contain 
significantly less organic matter and are described as 
washover sands and shell hash. The only exception is the 
uppermost level (pollen sample 5), which may contain lagoonal
mud with windblown or washover sand and shell (Larry Murphy,
personal communication, August 1988). The pollen record in 
sample 5 is vastly different from that in samples 2 and 3 ,  
however. 


Three bulk samples were collected from the sediment 
l a y e r s  from Zones 1, 2 and 3 above the sediment core. This 
sediment was loose and readily blown by t h e  excavating
equipment. A radiocarbon age of approximately 5000 B a P m  is 
reported for Zone 3, the uppermost zone sampled and analyzed
for pollen. 

The sediment core may be described as having six 
levels. Level 1 is the uppermost, and is  represented by
pollen sample 5. This level is gray in color and contains 
numerous shells. Level 2 is represented by pollen sample 4. 
This level is yellow-brown, with some gray deposits, 
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Iparticularly 4zowar .d~  t h e  ha;"l<-! S h e l l s  were numerous i n  t h k  
deposit Y Level  3 is a dc- \,v organic  layer, and is 
represented by p o l l e n  samp:Lc!s L, and 3 .  A carbonate date 02 
9110 +- 310  B , P ,  w a s  ohkained for:  kh.i,s Layer, The  sample was  
n o t  large enough to a1: l .o~p:r.-e-treatruen-iof the carbonates, so 
the date is suspect..  Level 4 is a gray lens under ly ing  the
darkf  organic concexi . t r ;~t ion ifhis lens also c o n t a i n sI 

shells- Level 5 is a coarse sand ,  yellow in color and 
e x h i b i t i n g  evidence of oxidaii.ori Level. 6 is another coarse 
sand!  gray  i n  color. 'This was t h e  basal  depos i t  sampled for 
pollen. 

The po l l en  record co~ii.. , three major components: 
P i n u s ,  Cheno-an1 and Grarnini::ae po l.:Lt:n (F igu re  1, Table 2) 
The P i n u s  p o l l e n  probably :rc!premmnts ixtrarrspur'c Prom pines i n  
wooded areas fa rkhe r  i n l a n d .  It is possible that the 
i nc reases  i n  P i n u s  pollen occur  w i t h  the decrease i n  local 
nun-arboreal vegetat ion,  -thereby apparerit.1.y inc reas ing  the 
relative quantity of p . h c  p o l l e n  :i~nthe rccor-d. P ine  p o l l e n  
is ve ry  readily t r a n s p o r t e d  on t h e  wind, and nay conkr&ute  
to ?he pollen record i n  loca t . ions  where it does n o t  grow in 
t h e  immediate v i c i r i i t y  I Increases in Cherao--am and Gralnineae 
pollen are in te rpre-bed .  .to i r idicatc  increases in local 
vegeta t ion ,  i n c l u d i n g  p o s s i b l y  pigweed, members OE the 
goosefoot fami ly ,  and menibers of the grass  family I 

Zone 3 
Zone 2 
Zone L 

2-3  
10-11  

1 2 "5-13 5 

* I4 " 5-15 ., 5 

17-1.8 
23-21!, 

1 9  I 5 - 2 0 , 5  

Coarse sand, gray 

Coarse sand, yellow-brown, 

containing shells 

llarli # organic , black # 


Ee w  ski e11.s 
D a r k  ii organ ic  , b:Lacl; 

few she11s 
Coarse sand,  gray 
coarse sand,  gray

with shells 

Coarse sand, yellow-bsown,

oxidized 


2 0 0  
2 0 0  
1 0 0  
2 0 0  

2 0 0  

200  

2 0 0  
2 0 0  

I n s u f f  

1UO 
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TABLE 2 

POLLEN TYPES OBSERVED IN SAMPLES FROM 8SL17 


Scientific Name 

ARBOREAL POLLEN: 
Carya
C a s t a n e a  
Corylaceae 

Myrtaceae

Pinus 
Quercus 

salix 


NON-ARBOREAL POLLEN: 
Anacardiaceae 
Boraginaceae

Caryophyllaceae
Cheno-ams 


comgositae: 
A r t e r n i  s i a  
Low-spine 

High-spine 

Cyperaceae
Gramineae 

Liliaceae 

Nyctaginaceae
Ranunculaceae 
S esuvium 
T r i b u l u s  
Tvpha 

Common Name 

Hickory, Pecan 
Chestnut 
Birch or corylus family
Eucalyptus family
Pine 
Oak 
Willow 

Sumac family 

Borage family

Pink family

Includes amaranth and 

pigweed family

Sunflower family
Wormwood 
Includes ragweed,

cocklebur, etc 
Includes aster, 
sunflower, e t c ,  

Sedge family
Grass family
Lily family

Four 0’ clock family

Buttercup family
Sea-purselane

Puncture vine 
Cattail 


Other elements of t he  pollen record include Carya, cf, 
Castanea, CosyXaceae, Myrtaceae, guercus and Salix as 
representatives of the  tree communities. The presence of 
this variety of tree pollen suggests that the area inland 
from Douglass Beach may have been wooded with a variety of 
p ines  and hardwoods for the period represented, which is 5000 
B.P. and before. It is unusual t ha t  there is no Cupressaceae 
or Taxodiaceae pollen from these deposits, as these families 
are expected to contribute heavily to the local tree 
populations. The pollen from these families are virtually
indistinguishable, and are usually combined in pollen 
repor t s .  A deposit of peat (Cockrell and Murphy 1978a),
several well-preserved tree trunks, human bone, and artifacts 
made from stone, shell and bone have been recovered from this 
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site. The presence of hardwoods surrounding the area is 
reported from this evidence by Cockrell (1980). 

Evidence f o r  a drier, cooler environment supporting a 
remnant deciduous forest, which extended into t h e  Florida 
peninsula, is reported by King (1975 i n  Cockrell and Murphy 
1978b) and Watts (1969, 1971 in Cockrell and Murphy 1978b).
General reconstructed vegetation for the period approximately 
5000 I3.P. describes most of Florida as covered by the 
Southeastern Evergreen Forest  and relies primarily on 
interpretations of the arboreal portion of t h e  pollen
record. These conditions hold true even at 10,000 B.P. 
(Delcourt and Delcourt 1985). The Southeast Evergreen Forest 
is the dominant vegetation type, and does not preclude the 
presence of a variety of hardwoods i n  isolated stands or 
small quantities. It should be noted that the reconstruction 
of the vegetation at 200 B.P. is also Southeas te rn  Evergreen
Forest. The large quantities of Pinus pollen in the pollen
record from the Douglas Beach Site throughout most of the 
core sampled is consistent with published reconstructions of 
an evergreen forest .  Subtle changes in effective 
precipitation and fire frequency may affect local 
constituents of this major vegetation community (Delcourt and 
Delcourt 1985) 

The non-arboreal portion of the pollen record may
address questions of local vegetation and t h e  possible 
presence of lagoonal or marsh conditions. Pollen samples 2 
and 3 were collected from the dark,  organic l eve l  which was 
in te rpre ted  from a preliminary sediment analysis to probably 
represent marsh or lagoonal sediments. These sediments 
displayed an increase in both Cheno- am and Gramineae pollen,
suggesting that pollen produced by these locally abundant 
plants overshadowed the pine pollen being transported from 
the nearby evergreen forests, Many members of the Cheno-am 
pollen group are opportunistic or invade disturbed areas and 
act as primary c o l o n i z e r s .  Many are  also tolerant of saline 
in t h e  soils and air and may have contributed to the  local 
marsh vegetation. The designation Cheno-am refers to the 
family of Chenopodiaceae (goosefoot family), as well as t h e  
genus Amaranthus (pigweed). This  type of pollen 9s produced
abundantly by these plants, and is also readily wind 
transported. Wherever they grow they contribute to the 
pollen record. If the p l a n t s  are abundant, they frequently
dominate the pollen record, 

The large frequencies of Gramineae pollen, also, may 
reflect a local marsh. Gramineae pollen is particularly high
in samples 1, 2 and 3 collected immediately below the dark, 
organic layer, and ins ide  the  dark, organic Layer. Other 
samples contain significantly less Gramineae poll.en. Some 
grasses tolerate saline and brackish conditions and may be 
associated with coastal  marshes. Such a grass ie Spartina 
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(cord- o r  marsh-grass). 'This grass is a comuon component of 
brackish and freshwater coastal  marshes (F 'e rna ld  1950) 

Pol.Len from the Composi'tae [sunflower f ami ly )  is noted 
pr imar i ly  i n  samples c o l l e c t e d  above and below ?he organic
layer Several genera from this fami ly  grow well in 
disturbed hahitats T h i s  fam:iI.y i .nc ludes  genera t h a t  inhabit 
a broad range or' h a b i t a t s ,  Therefore, no i n t e r p r e t a t i o n s  are 
made concerning the d i . s t r ibu iAon  of t h i s  p o l l e n ,  

Cypcraceae (sedge) po l l en  is noted .in r e l a t i v e l y  siiiall 
quantities throughout much of the later portion o� the pollen 
record I Sedges may occupy habitats sinlilar to grasses I 

and/or be �ound in w e t  areas,  

ISesuvium (sea-purslanej p o l l e n  ris noted  i n  several 
samples I and represents an annual tol-erant  of the s a l i n e  
conditions of damp I coastal sands ,  where it grows 'I 'ribulus 
is a n  annual t h a t  prefers dry, open sandy ground,  It is  not 
expected to grow in t h e  marshy areas, b u t  niay have grown 
i n l a n d  from t h e  coastal. sands and marshy areas.  Some members 
or' the lily family are  a%so adapted to brackish water 
conditions, such as Sin i .Lay ,  H s i n g l e  Smilax-type pollen was 
observed i n  pollen sample 5 ,  Other Liliacaae p o l l e n  observed 
are the typical monosulcate  forms, Tvpha (cattail) pollen 
was observed o n l y  i n  sainple 4.  T h i s  suggests  t h a t  marsh 
c o n d i t i o n s  p e r s i s t e d  somewhere in t h e  v i c i n i t y *  

P o l l e n  sample 6 ,  collected from the base of t h e  core, 
d i d  n o t  y i e l d  sufficient po l l en  for analysis" T h i s  sample 
contained an abundant  quantity o� what appeared -to be sinall 
pieces or' charcoal, The f e w  pollen g r a i n s  observed were i n  a 
poor s t a t e  of preservationb 

The p o l l e n  record from the core d i sp lays  patterns that 
correlake w i t h  t h e  observed s t r a t a .  P o l l e n  samples 2 and 3 
correspond w i t h  a very dark:, o rganic  l e n s  that appears ta 
represent marsh s e d i m e n t s  These t w o  samples display the 
smallest q u a n t : i t i e s  of P i n u ?  pollen observed i n  this study, 
This  may be due to an  increase i n  vegetation i n  the area 
b e i n g  sampled, 'Locally, the vegetation appears t o  e x p e r i e n c e  
a draiiratic increase i n  grasses,  which w e r e  probably a major 
component or' the rnarsh Thc composites all.  buk disappear 
from the p o l l e n  record at this time, to reappear later when 
there .is no evidence of a inarsh. S-eesuvi.um pollen is highest 
i n  Sample 2 ,  which may i r i d i c i i - b e  a coastal  strand community at 
the edge of the marsh, s i n c e  Scsuviunr i s  tolerant of s a l t  
spray ,  and f r e q u e n t l y  grows hear the  coast, The h x e a s e  i n  
Cheno-am p o l l e n  probab:ly a l s o  reflects an increase in these 
p l a n t s  i n  the local vegetat ion under marshy condi. t ions 
These p l a n t s  may have grown a t  t h e  edge of the marsh, 
b e n c f i t t . i n g  f r o m  t h e  marshy h a b i t a t  wj.thou'c q r o w h g  directly
i n  it, Cheno-am poll.en is readily wind t r a n s p o r t e d ,  so 
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increases in this pollen t y p e  may be associated w i t h  
increased vegetation in the general vicinity of the marsh, 
rather than within the marsh itself. 

The upper portion of the core is marked by a prominent
increase in P i n u s  pollen, and decreases in Cheno-am, 
Grarnineae and other non-arboreal pollen. This suggests the 
possibility that most of the pollen recovered in the upper
por t ion  of the core was wind transported from other 
vegetation communities, rather than representing vegetation 
at the location cored. This may happen i E  the area cored had 
been underwater during deposition of these sediments, The 
upper portion of the core is very similar to the l o w e s t  bulk 
sample, 


Three bulk samples were collected from Zones 3, 2 and 1 
above the cored sediments. These upper sediments were 
fragile, and readily obliterated by the blower during
excavation, and so were sampled by hand. The pollen record 
from these levels are represented in Samples 9, 10 and 11. 
These samples, as well as the uppermost core samples, display
relatively large quantities of Pinus pollen, which represents
wind t ranspor t  from t h e  nearby forested areas. The Cheno-am 
frequencies are moderately high, with the peak occurring i n  
Zone 2. Low- and High-spine Compositae pollen probably 
present local components of the vegetation. The Gramineae 
pollen frequencies are relatively low, particularly when 
compared w i t h  the high frequencies recovered immediately
prior to and within the marsh sediments;. The small quantity 
of Cyperaceae pollen recovered in a l l  of the bulk samples is 
similar to that recorded in the upper p o r t i o n  of the core. 
Cyperaceae pollen was not recovered in samples collected from 
the marsh deposits. Sesuvium, which g r o w s  well i n  sandy
deposits, and is tolerant of s a l t  spray,  and thus 
successfully grows near shorelines, is observed in Zones 1 
and 3. 

Pollen that represents trees or plants that may have 
contributed to the subsistence base of inhabitants of this 
area include: Carya , Quercus, Cheno-ams, Gramineae, 
LJiliaceae and Tvpha. Both Carya (hickory) and Quercus (oak)
produce edible nuts. Nuts are a more concentrated food 
source than seeds or greens, and are frequently collected 
preferentially to other resources. Although apparently not  
abundant in t h e  local environment, it is probable that both 
acorns and hickory nuts would have been exploited if they 
were available. 

Acorns are noted to have been an important food 
historically (Reidhead 1981, Yarnell 1964). Both b i t t e r  and 
sweet acorns have been gathered and used fo r  food. Sweet 
acorns, produced by w h i t e  oak, are relatively s i n a l l  and 
require a longer t i m e  to collect than do bitter acorns. In 
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a d d i t i o n ,  a good crop 0 2  acorns is produced by white oalcs 
on ly  approximately e v e r y  four  to t e n  yea:rs, The b i t t e r  
acorns, corninonly produced hy red and  black oaks, a re  larger 
t h a r i  sweet acorns and  t e n d  to have hi.gh y i e l d s  every t w o  t o  
three years  Average i.:ig.u~es for acorn production varied 
between . G  and 0 , 6  pounds of unshelled nuts per  tree. White 
oak acorns sprout readily s h o r t l y  after SaLl.ing to .the 
ground, f r e q u e n t l y  within t h r e e  or f o u r  weeks, R e d  and black 
oak acorns,  however, lnay Lie on the g r o u n d  for months before 
s p r o u t h y ,  which e longates  the time avai. lable f o r  
collection, In addition, t h e  sweet acorns are more desirable  
to a n i m a l s  and pes t s ,  and t h u s  there is increased competition 
f o r  these n u t s ,  The  bi- t ter  tas te ,  produced by t a n n i n s  w i t h i n  
%he a c o r n s ,  inay be r e a d i l y  removed f r o m  the acorn meat by 
pu:l.varj.zincj the acorns ,  p lac i .ng  them in P i n e  n e t s ,  t h e n  
submercying them i n  sixeaus or rivers. T h i s  is a relatively 
ef'fec-tivc t r e a t m e n t  f o r  removing b a n n i n s  and is n o t  
Labor-i.ntensive (Rei.clhead 1981)  Acorns w e r e  most commonly 
g round  in.l;o f l o ~ r - ,whj.ch ]nay have been used to t h i c k e n  s o u p  
s t o c k  or coalied i n t o  bread, 'used  as a pudding base, as a 
mush, or w j . t h  o the r  foods, rl!he n u t s  inay a l s o  be roasted and 
eaken who:Le (Reidkcad :1981). 

I-l:ielcory (Carya) n u t s  a re  recorded as the rriost important  
n u t  u s e d  by I n d i a n s  of North A m e r i c a  at t h e  time of contact 
(Keidhead 1.901) * ~ i c k o r y  n u t s  were commonly reduced to 
b u t t e r s  or o i l s  f o r  consump'ci.on. cornpetit ion w i t h  a n i m a l s  i s  
l i k e l y ,  a s  s q u i r r e l s  begin harvesting hickory n u t s  before  
they f a l l  from the t ree ,  Hickory n u t s  w e r e  usually s h e l l e d  
by c r u s h i n g  t h e  entire nut, t h e n  separating the nutmeats  and 
shell t h rough  a water  sepa r -a t ion  or water flotation, 
Frequent : ly  t h e  water was boi led  or t h e  n u t s  placed i n  a 
soup.  o i l s  extracted from t h e  n u i s  d u r i n g  t.his process w e r e  
consumed w . i t h  the water O K  soup ,  Nutfiieaks could be s t r a i n e d  
from t h e  t o p  of t h e  water ,  w h i l e  nuishells fell to the bottom 
arid were easiiy discarded, Occasionally the nutmeats  were 
separated w i . k h  cold  water, which was  ag i t a t ed  causing t h e  
meat and o i l s  to rise and shells to s h l c .  S tone  mortars and 
pest les  are a l s o  no ted  to have been used  to c rush  the n-u t s .  
Larger wooden mcrrta~s a re  noted to have been used 
hist.o.rical.ly f o r  processing la.cc-jer quantities of h ickory  
n u t s  Hickories produce a good y i e l d  approximately once  o u t  
of every  one to five y e a r s .  Reidhead (198:l.) r e p o d s  an 
eskimilted average y i e l d  of approxiioately 1.5 pounds per tree I 

Chcno-aius are a group of p l a n t s  t h a t  i n c l u d e  the  
goosefoot  fami ly  (Chenopodiaceae) and pigweed (Amaranthus) 
and were exploited f o r  both their greens  (coolred as potherbs) 
and seeds. %"he greens  are mos.t kender when young,  i n  %he 
s p r i n g ,  bu t  may be used at any k i i n e .  'l'he seeds were ground 
and used -to make a variety or' xtushes and cakes,  The seeds 
are usually noted t o  hdve been parched pr.iou: to g r i n d h g ,  
Chcnopociius and Amaranthus  are both weedy i innuals  capable  of 



s u m y  AND CONCEU8I0NS 

The pollen record from the Douglass Beach Sj.te (8SL17) 
suggests that the major vegetation inland consisted of an 
evergreen forest composed primarily of pines. In addition, 
pollen from hardwoods was a l s o  noted, indicating that 
hardwoods were a part of the tree community. The loca l  
vegetation, which is probably represented by t h e  non-arboreal 
pollen, displays an increase in grasses in samples 1, 2 and 
3 .  Sample 1 immediately predates the dark, organic layer,
and probably indicates t h e  beginning of the formation of 
marshy conditions. The pollen record indicates that a marsh 
develops and is responsible for the production of the organic
material in the core represented by pollen samples 2 and 3 .  
Production of pollen by the local marsh vegetation displaces 
a portion of the pine pollen, which is  present through longer
distance wind transport, during this period, The marsh and 
environs immediately surrounding the marsh appear to have 
supported grasses, as well as other plants including
Cheno-ams and possibly members of the lily family. Sesuviurn 
and Tribulus, both noted in the pollen record from the marsh 
deposits, probably grew in damp or drier coastal sands. The 
pollen record suggests that prior to the formation of the 
marsh deposits, local vegetation was t y p i c a l  of sandy
beaches, and farther inland supported primarily the 
Southeastern Evergreen Forest. Pollen samples associated 
with the marsh deposits (samples 2 and 3) display higher
frequencies of p l a n t s  and families containing members that 
are salt tolerant (particularly the grasses and Cheno-am) . 
The marsh declines or ceases to exist immediately above the 
dark, organic level. The presence of Typha (cattail) pollen
in sample 4 suggests that at least a portion of the marsh 
remains in t h e  vicinity of the area sampled. By the 
uppermost level (pollen sample 5), however, a l l  evidence of 
the marsh vanishes from the pollen record. Pollen samples
collected as bulk samples from the sediments above t h e  core 
suggest a period of local disturbance in Zone 2 that 
interrupted the dominance of the pollen record by Pinus 
pollen, representing long distance transport from the 
Southeastern Evergreen Forest. The pollen samples from Zones 
1, 2 and 3 suggest that conditions were fairly constant a t  
this time, with the p o s s i b l e  exception of Zone 2, which 
records a slight increase in Gramineae and an increase in 
Cheno-am pollen, suggesting an increase i n  local vegetation,
which affects the representation of Pinus  pollen th:rough long
distance transport. 

The pollen record displays evidence of a number of trees 
and plants that may have been exploited as food items by
native prehistoric inhabitants. The trees i nc lude  hickory
and oak. Both produce edible nuts, which would probably have 
been gathered even if the trees were not abundant locally. 
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Other p l a n t s  that may have been utilized f o r  food i nc lude  
Cheno am seeds QI greens, g r a s s  seeds, 1il .y rooks,  and 
cattail roots o r  p o l l e n ,  The p o l l e n  record indicates t h a t  
the local vegetation may have provided a variety or' vegetal 
items for exploitation by a prehistoric population. 
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As the Nation’s principal conservation agency, the Department 
of the Interior has responsibility f o r  most of our 
nationally-owned public lands and natural and cultural 
resources. This includes fostering wise use of our land and 
water resources, protecting our fish and wildlife, preserving
the environmental and cultural values of our national parks
and historical places, and providing for t h e  enjoyment of 
life through outdoor recreation. The Department assesses our 
energy and mineral resources and works to assure that t h e i r  
development is in the best interests of all our people,  The 
Department also promotes the goals  of the Take Pride in 
America campaign by encouraging stewardship and citizen 
participation in their care. T h e  Depar tment  a l s o  has a major
responsibility for American Indian reservation communities 
and for people who live in Island Territories under U . S .  
Administration. 
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