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lntroduc tion 

In their Research Design 8.tatement submitted to the Bureau of Land Management, 
archaeot08ists of the Museum of New Mexico identified two primary objectives in the 
scientific study of sites LA 11828 and 11904. On the one hand, they pro'posed to 
establish the culture historical positions of the sites and their relationship to 
the archaeological patterns of north-central and northwestern New Mexico which 
represent contemporary populations. On the other hand, they proposed to determine 
the principle cultural functions of the two sites. Among the hypothe8es the ex­
cavation and. ltudy program was designed to test were two 'which may be tested by 
the methods at· archaeologic.al pollen '4naly.sis: , Firs.t:, .that the .occupations of 
the two sites occurred between 3000 and SOO B.C. Second, that each occupation at 
a site represented the same functional pattern; that is, whenever the site was 
occdpied it was the locus of the same suite of cultural activities. The primary 
value of the palynological work is not that it allows testing of these hypotheses, 
for they are also testable through analyses of recovered artifacts. Rather, the 
pollen analysis provides an independent test of the hypotheses which 1s not only 
based upon a different sort of data but is responsive to wholly different theoreti­
cal and methodological parameters. If the two independent forms o� analysis lead 
to the same conclusions. we have more confidence in the validity of the assumptions 
underlying the interpretations and also more confidence that the resultant inter­
pretation represents "true" and factural information. If the two lead to diff_rent 
conclusions, the nature of the difference may be considered as a way of developing 
modificationa of either or both procedures to make them ore congruent and more 
useful. 

' 

To test the first hypothesis palynological1y, it was necessary to relate the pol­
len records derived from samples from the sites to pollen records recovered else­
where o� known antiquity. To test the second hypothesis. it was necessary to 
compare the samples representing one occupational horizon with another to deter­
mine the range of internal variability, and them to compare the samples �epresent­
ing potentially different horizons of occupations to identify any indication of 
distinctive cultural effects upon the pollen rain. Both tests require an adequate 
series of pollen counts. This was no minor �tter in the present case because 
the sediment8 sampled for the pollen study were sand dune deposits. Such deposits 
contain ltttle pollen per cubic volume, and are normally dismissed from consider­
ations as a course of palynological data because of the probability that such records 
would be too equivocal for interpretation. It. was necessary in this study to extract 
a sufficient amount of pollen for statistically valid analysis and also to attempt 
to control the work so that an assessment could be made of the credibility of the 
pollen recoTds as a basis for interpretation. 

The problem of stratigraphic control was also difficult to resolve in the present 
CAse. Site LA 11828 was a locale of deflated sand dunes. No natural strata were 
defined, and all of the pollen samples were recovered fram the fills of two hearth 
features. LA 11904 was a sand dune locality Where deposition and shifting of 
deposits was actively occurring. The dunes are composed of a number of strata 
which apparently represent distinctive aeolian aM,' cultural events. The nleveIs" 
observed and described by the field archaeologists were recognized primarily in 
terms of color variations. Particle size analysis was not undertaken. but note 
was made of'the relative coarseness or fineness of the deposits. The occurrence 
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ch<.lC1�.I�t.ta of the depositions were never scientifically examined, however, and 
as of this writing their cultural character is not well.understood. 

The majority o� pollen samples from LA 11904 derive from the sediments exposed 
by the long trench of Feature 2 and the "control" test of Feature 12. Since the 
samples were collected as a series of profiles, there is a body of internal data 
of relative stratigraphy which may be assessed. But natural strata were not 
recognized in the field, or during subsequent laboratory work, upon grounds that 
geologists would recognize as adequate for this purpose. The archaeologist's 
levels do not constitute natural strata since they are not supported by controlled 
lithostratigraphic, biostratigraphic or cultural stratigraphic evidence. They are, 
however, useful suggestions regarding the natural stratigraphy of the site area, 
and we have taken them as a working hypothesis. 

Overall, the situation may be fairly characterized as one in which the research 
gGBl�and objectives were well defined but there was a good deal of question 
regarding the capacity of the data to be applied effectively to those ends. 
First, there was a question as to whether any substantive pollen record could be 
obtained at all. Second, there was theoretical reason to question the credibility 
of any data that could be obtained. Third, resolution of the research goals 
requires stratigraphie control and the field observations are not necessarily 
adequate for this purpose. Finally, the number of samples collected was not 
particularly large (certainly not statistically adequate for the problems), and 
same of the �amples were recognized as potentially contaminated. In a very 
real sense, the challenge of this research project was not that of fulfilling 
the research goals but that of determining how well methods of archaeological 
pollen analysts worked in overcoming theoretical and practical research diffi­
culties. 

Methods 

lhe extraction procedure utilized to remove the pollen from the sediment samples 
and prepare it for viewing is based upon three assumptions: (1) the assumption 
that the sediments contain relatively littl, pollen; (2) the assumption that 
the specific gravity of the pollen grains in the samples was no greater than 2.0; 
and (3) the assumption that the pollen exines were not mineralized. The first 
of these is justified by the cOmmon experience of palynologists attempting to 
recover pollen from sandy deposits, and by the fact that since sand-size particles 
are large a given volume cannot contain as much pollen as the same volume of a 
sample dominated by silt- or clay-sized particles. The second assumption is 
based on the statement by Faegri and Iverson (l964:70) that pollen and other 
organic constituents of sediment samples have a specific gravity of 1.7, Juvigne 
�975), however, reports that same pollen exines have a specific gravity of 2.25. 
The third assumption is based upon our understanding of the chemical nature of 
pollen exines. 

The details of the extraction method need not be reported here. Generally, the 
samples were deflocculated in ,dilute HCI, then subjected to swirl flotation and 
screening for the removal of large and quite heavy particles. Following treat­
ment with uel and boiling UF, the residues underwent heavy liquid (stannous 
chloride) separation of the fraction with a specific gravity <: 2. O. This fraction 



Table I: Comparison of data before and after laboratory re-processing 
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was then treated successively with a weak oxidant (20% HN03)' bleached, and 
reduced with 10% lye to remove the bulk of organic materials. After microscopic 
examination of the resultant extract, about 2/3 of the samples were given an 
additional acetylation treatment to further eliminate organic detritus and make 
the pollen easier to observe. 

In order to maintain control of data quality and insure profitable use of labor­
atory time, an analytic procedure was implemented which is not usually considered 
necessary. After the initial laboratory processing of the samples a microslide 
preparation was made of the extract and the amount and types of pollen observable 
on ten percent of the slide was tabulated. This allowed a sufficient body of 

. 

observations to determine a number of things: (a) to allow recognition that a 
normal range of pollen types occured, indicating that differential preservation. 
of pollen taxa was not obviously biaSing the data; (b) to allow recognition that 
samples from all strata would provide adequate numbers of pollen grains for 
analysis; and (c) to allow assessment of which samples should be returned to the 
laboratory for additional processing to make observation easier and more consistant 
from sample to sample. 

In order to document that the initial pollen observations in fact provide a sound 
basis for evaluation, a comparison was made of the results of 200-grain pollen 
counts made prior to and subsequent to laboratory reprocessing. The four surface 
samples were used for this test, since they contained the pollen most likely to 
be adversely affected by the laboratory procedure. Table 1 illustrates the 
results of the bWo analyses in percentage terms. Clearly, the reprocessing labor­
atory procedure has had no influence on the pollen record. 

Pollen of 50 samples was extracted and observed. The goal of 200-grain counts 
was obtained within an arbitary observation limit of 44 aw2 surface of viewing 
area in the case of 30 of the sample� and another 11 samples yielded 100- or 50-
grain counts. Of the 9 samples which produced insufficient pollen for study, 5 
were considered potentially contaminated by handling procedures before being 
sent to the Palynology Laboratory. Thus 93% of the cont�xtually intact samples 
collected from LA 11904, and 85% of the samples collected from LA 11828, provided 
data for the pollen analysis. Considering the normal claim that sandy and aeolian 
deposits cannot provide da'ta for palynological study, these figures are impressive. 

Two formats of analysis have been applied to
r 

the data obtai,ned. One fom uses a 
total pollen sum in order to establish biostratigrphic units. The other form 
utilizes the adjusted pollen sum (Schoeuwetter 1970) to investigate the problem 
of cultural functions of the sites. Two fOl.1'Mts are used in this study because 
each has unique properties which made it more appropriate to the issues at hand. 
The total pollen sum format expresses all available paleofloristic data. This 1s 
more appropriate for the identification of stratigraphic horizons because bio­
stratigraphic units are defined in terms of paleofloristic variations. The adjusted 
pollen sum format is designed to isolate locally over-represented pollen types 
such as occur in the record as the result of cultural activity. The total pollen 
sum analYSis could be used to the same ends, but the adjusted sum format makes 
the relationship between evidence and conclusions more obvious and hence is more 
useful for these specialized purposes. 

rests of the Credibility of the Data 

How does one recognize "good", Le. credible, palynological data? The problem 
arises because all poUeu is not produced, dispersed or preserved equally. 
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Obviously,' the pollen analyst has little means of controlling data which is biased 
by natursl processes of differential production of pollen by plants. If a pine 
tree happens to produce more pollen than a 4 o'oclock plant, the best that can be 
done is to determine the mathematical relationships of such differential pro­
ductivity and attempt to apply them to the analysis of the pollen record where this 
is meaningfully relevent to the problem under investigation (see Faegri and Iver­
son 1975: 154-56) . The matter of differential dispersa.l is of some particular 
concern in the pollen analysis of terrestrial (specifically, non-lactustrine) sed­
ments, because pollen-dispersing plants may once have lived and died directly at 
the point of sampling. One may anticipate a degree of effect upon the pollen 
record because of this or any other factor that could cause an extraordinary amount 
of one kind of pollen to become concentrated at the sampling locus. In palyno­
log�cal jargon, such an effect is called "local over-representation.ff 

The most crucial problems, however, are those created by the inherent likelihood 
of differential preservation of pollen in terrestrial deposits. Pollen grains 
may be destroyed by the mechanical abrasion of mineral particles, by the chemical 
effects of oxidation, and by the feeding activities of herbivores and saprophytes. 
In the lacustrine and peat deposits more routinely utilized by pollen analysts, 
the affects of these destructive agents are much reduced. In terrestrial deposits 
all of them are aggravated. Further, each distinctive depositional event offers 
a different phYSical andlor chemical environment so the destructive effects may be 
felt distinctively on the pollen record of different samples. In the present . 
case, the abrasive character of the quartz crystals of the ' deposits; the large 
number of air spaces in the aeolian deposits which provide an oxygen-ric� environ­
ment conducive to the support (.�f organisms which may feed on pollen; the alternate 
wetting and drying and heating and cooling of the deposits in response to weather 
conditions; and the disturbance of the deposits resulting from the use of the 
locale by prehistoric man all comhi.ne to establish a sampling location rife with 
prospect that differential preservation of pollen will affect the pollen record. 

When one compares pollen extracted from tert'est.rial and lacustrine deposits, it. is 
very obvious that a good deal 'of destruction of pollen occurs in the former situ­
ation. A far larger proportion of the pollen is corroded, broken and deformed. 
Some pollen grains in a sample are very well preserved, others of the same taxa 
are poorly preserved. Far. :fewer pollen grains occur per unH volume of deposit, 
and a substantially smaller number of pollen taxa are represented in statistically 
adequate proportions. Generally, it is cleat that the destruction of pollen 
relates to the passage of time and the potential of the depositional environment 
to reduce. the adverse conditions noted above. Surficial terrestrial deposits, 
for example, contain more pollen and more types of pollen than depOSits having 
an antiquity of 400 years or more. Alluvial deposits tend to contain more pol ... 
len than coll'!Jvial or aeo'_tan deposits; fluviatile deposits tend to contain more 
pollen than non-fluviatile deposits; and sediments which evidence slow deposition 
tend to contain more pollen than those which evidence rapid deposition. 

l�e issue, however, is not whether or not differential preservation and local 
over-representation occur. The issue is l'7hether ot' not their occurrence affects 
the pollen record to such a degree that the pollen data t"ecove.red from terrestrial 
deposi.tB is inadequate for the resolution of problema and qUEstions we have re­
garding the past. Obviously, the pollen record of te.rr(�str:l.al deposits 1.s not 
exactly comperable to that of lacustdne or peat deposits and it cannot be treated 
as if it were. Certain objectives, clearly, are not appropriately pursued through 
investigation of terrestrial pollen re<'!ords. l!�or example, if one wished to 
identify the variety of floral types which existed at a liven time in the past 
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- the pollen analysis 'of terrestrial sediments would not provide adequate direct 
ev:t4euee. But this dOes not mean that such pollen records are necessarily in­
adequate for all purposes. 

In the present, case. the primary f.8sue is th.l,c:t. .. Ubt:Uty:,of 'the ,p01len ,:, 
record as a tool of biostratigraphic analysis. This may be examined 1n two ways. 
First, we are assured that pollen recovered from surficial layers constitutes 
the biological expression of modern, existing conditions of ecology and biogeo­
graphy. The surface deposits are presently being formed by the active shifting 
and redeposition of sands in the dune field. Any pollen they contain must be 
modern pollen which '£8 derived from the modern flora. If the fossil pollen record 
confoans to this modern pollen record as regards the nature of its principle com­
ponents, it would appear that there has been no substantial qualitative effect of 
differential destruction on the fossil pollen record. At least, no kinds of pollen 
presently preserved in quantity in these deposits have not been preserved there 
as a record of prior ecological and biogeographic patterns. Second, we may com­
pare the palynological records of different samples collected horizontally at 
the site from a given lithostratigraphic unit. If differential preservation or 
differential distribution of pollen would affect those data, it is likely that 
significant quantitative differences would be detected among the vard..ous samples 
known to represents specific horizon.· But if differential preservation or 
distribution of pollen did not in fact affect the record, then the quantitative 
values of'pollen in the different samples would 'be statistically conformable. 

The area of LA 11904 is today characterized as one of active aeolian deposition. 
From the descriptions ·of vegetation at and near the site which have been provided 
(Whiteaker, Snow, pel's. comrn.), it is clear that the ecological pattern of the 
site and its environs is of the sort classed as Desert Grassland (Brown and Lowe 
1974; Little 1950:7) Grasses are the domi�nt, if sparse, plants found on' the 
dunes themselves. A few junipers and some r:i;llarian flora al�o occur on the site. 
Close by. mormon tea, cacti, snakeweed, rabbit brush, salt bush, wolfberry and 
tumbleweed are found prominantly in the gras8l�nd--probably upon a more st�ble 
(if overgrazed) substrate. 

The pollen record recovered from each of the four surficial sediment samples 
collected at LA 11904 is quite uniform from the qualitative perspective (see 
Table II). Fifteen taxa are represented among the samples, witb no specimen 
providing less than 12 or more than 14 taxa"" Only two taxa 4t'e represented by 
single occurrences among the four samples, and only two others occur only twice. 
According to the tables provided by Snedecor(19S6:4) for binomially distributed 
data see Mosimann 0.965) 'f .. , support of the assumption that "fixed Nil pollen 
counts have this distribution), a number of the taxa do not provide sufficiently 
large numbers of grains to be assessed as significant at the 95% level of confi­
dence. Most of these taxa (Abies, Picea, Pinus e0nderQsa-type, quercus) represent 
plant populations not present at or-near t�ite. Others (Juglans, Leguminosae) 
appear to represent plant forms having speclalizedrequirements which are not 
representative of the Desert Grassland ecological pattern. The taxa which occur 
consistantly in the pollen spectra, and occur in large enough frequency to be 
evaluable as data, are those which are produced by the plant forms typical of the 
Desert Grassland. These are Pinus edulis .. type, Junieerus and <bItt: pollen • 

. among the arboreal types, Artemisia t Tubul:l;florae and Eehedra pol en, among the 
... rub pollen type� and Gramineae, Ambrosieae and ChenoPodiineae pollen, among the 
herbaceous types. 

Among the 26 fossil pollen spectra, 17 taxa are represented. Three are represent­
ed by a single occurrence and two are represented by two occurrences, however, 
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and three of the taxa which occur in the modern record are not fouiut in the 
f08S11 'record. Asain, theTe are nine taxa which occur consistantly and in suf­
ficient f'requency to qualify as statistically evaluable data. These are the 
!!!! taxa as the ones 80 recognized in the pollen record,of the surficial deposits. 

Because .the surficial deposits sampled for pollen are of recent origin, there is 
every reason to believe that the pollen they contain constitutes the palynological 
expression of the modern patternaf ecololY in the site area� This conclusion 
is reinforced by the fact that those pollen taxa which occur irregularly or in 
insufficient quantity for evaluation are all produced by plant forms Which are 
today located at a cODsi.erable distance from the. site or produced by plant forms 
not typical of the ecological pattern wh1choccurs today. The fossil pollen 
records of the site locality have ,the same esaential palynological characteristics 
as those of the surficial deposits. It would thus appear very �probable that 
differenti�l destruction of pollen has affected the character of the fossil pollen 
record specifically. While such destruction probably does occur, it does not 
seem to occur uniquely to fossil pollen records at LA 11904 but to both modern 
and fossil pollen rains equally. 

To test for horizontal con$1stancy as a means of assessing credibility, we have 
chosen to consider the pollen recoris aSSigned to "level" 2. This choice was 
influenced by two factors: (1) Lev.1 2 � sampled in two trenches dug at the 
Site, not only in one, so a broader horizontal range can be studied. One of the 
loci of sampling was the Feature 12 test area, where cultural intrusions do not 
occur. (2) !he color and sed�entological distinctions between the uppermost 
(level 1) deposit and the level 2 deposition. are sharply drawn and obvious in 
the field. The samples assigned to level 2 are thus most likely to be properly 
assigned on the basis of the ltmited fi� information used to determine t�e 
stratigraphic positions of the samples. Three specimens labelled as derived 
from level 2 have, however; been exempted from the text beeaus� they were assessed 
as contaminated prior to submission for pollen analysis. 

A multinomial homogeneity test (Table lIt) has been applied to the four pollen· 
records from stratum 2 to de�ermine their similarity. The test requires some 
lumping of data into categories, but asks whether the tt'Ue proportions of all 
taxa are the same for all samples ;i.o. if the pinyon pine value is statistically 
the same � the Juniperys value is statistically the same � the Chenopodiineae 
value !2i the Artemisia value, etc. in the g�oup of samples (Mostmann 1965:646-
49). The resultant chi square value of 2.151 is not significant at the .005 
level (Snedecor, 1956:29). The hypothesis that the samPles derive from a homo­
geneous population is therefore ngt rejected and it would appear that contemporary 
f08s11 pollen records do form a cohesive group. Differential preservation of 
pollen does not appear to affect the data in any significant quantitiative 
fashion any more than it seems to affect it in qualitative fasbion. There is 
thus reason to support the position that the data are credible and may be taken 
a t face �lue.· 

Results and Discussion: Total Pollen Sum AnalysiS 

The sediment samples collected at LA 11904 were recovered as stratified suites 
from a number of different sections in different features. In feature 2. four 
sections were sampled at approxtm4tely one meter horizontal intervals along the 
'profile exposed at grid location ES. ,One sample was collected from each "level" 
exposed in each section. At feature 12, another strat:ified series of samples was 
collected. The "levels" were identified similarly in both features � Levels 1 
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and 6 were • .,1_ ou.ly cmc.e. "pre 1 illustrates the pollen spectra of. the 
samples collect .. frOllD each level. with the aamples fran tlle surf1cial' sec1�t. 
included ,.to', compar:f.eon . The diagram specifically allows u8 to avalutethe 
stmilarity amcea 8amples which presumably represent the same stratigraphic hart­
�n, and allows comparisan of the different horizons. 

The comparability of data from samples attributed to the aUle stratigraphic hor1zon 
is striki11lt particularly in 1:I.p't of the 1nfo:t"Ul fUhion

' in whicb the 1evels 
were defined. 'l'he most apparent va'rlabil:1,l'.1 1.8 obsenecl in the samples from 
level 2, but we are aasunecl 'by t'b.e test forJa�elty that this is ,not statisti., 
cally real. The sample from level Scollect.tat ,ecUn S4is abenant: , as the 
AI' and Pinus values are sipiflcantly laraer than the otll.ers of this level. Other­
wise, the palynolgocal.record tends to cQ1I\fl1'm the fteld diaposes of the levels 
and. particularly, to provide support for the conelaUch of levels between Peature 
2 and Feature 12. 

It 1s particularly unfortunate that only o.a aaaple was collected from level 1 
and from level 6, since those two samples are ve� distinctive pa1yuologically. 
Aside from the pollen records of the surfieial depOSit, those two samples provide 
the primary basis for b1o:stl"at_raphic ..... UOIl of the sit'" into _tuxal 
stratigraphic units. These yield .��ific.ntly h1lher pollen values 
for 'both arboreal pollen p�llen than aDy of the other stratified 
samples from the site. Taken value, they iDdicate that ��sub8tantial time 
interval separates' the period of deposi,tic:m of the sample from level 6 and those 
from levels 5 through .2, and that aaother t1M interval separates the depolttion 
of levels S tli-rough 2 from the period ,0£ depOSition of the I.ple from level 1. 
Vet another time interval presUIftIII;)ly i3Gfarolll1:� the dGlp08ition of the sample of 
level 1 from the surfical deposition. oce�_A;'�": . 

This interpretation is s�,. threatened by the faet that half of the bio­
stratiaraphically significant data from Feature 2 deriVtlS from unique samples. 
Pollen analysis es,t�blisbea the credibili.ty Qfpalynological data as a 'basis for 
interpretive conclusions throulh use of statf.stica.l procedures. The il'ltet:preta­
tion presented cannot be examined statistically because no opportunity exists 
to dete�ne whether or not the samples from levels 1 al� 6 are representative 
of the deposits from which they derive. Thus the pollen. analysis cannot be 
cO:nsidered to have d�ut1:"ated that the interpretation is vaU.d. 'At best, the 
pollen study has suggested t.h:t.s interpretati.Jon al an 'hypothesls for consideration. 

Tllere were two oth.r features at LA 11'04 froan whi,ch sed:.f.ment samples were col .. 
lected f-or pollen analysts. All of tile strati·f:l.ed. samples recovered from Feature 
4 J however � and all but one recovered. from Feature 3 � haA been removed from the 
containers us� in the field and hu been trauferred to otber conta111ers UM" 
non-sterile cot\d1.t1ons. Tbey were submitted to this lal.ora.tory ad:ked ,as' con­
taminated 84lDp1es. lloweVer, we were requested to prepare them for analysis 4S 
a normal series for compartson with the samples fram Features 2 and 12. ,The most 
striking difference between these sets of 8atnP1 EUil is the faet that pollen was far 
less frequent in those from Features :3 ,1\I,M 4. 45.5t of the samples submitted 
from. those features did not yield sufficient pollen for' arJ41.ys1s, �iJl!e 7�f1't. of 
the samples from Features 2 and 12 were not pollinife.:ft:'ous • .  However, the samples 
from Features 3. and 4 that contain pol ten yield spectt>.!il which f:Jre conformable to 
the expectations generated by study of the pollen records of Features 2 and 12. 
At: 'eature 4 a red brown sandy depotJit is observ'l/ld ove'da:f.n by a gray samy deposit 
a'l)dat Featu're :3 the reverse'is true. In Feature 2, levels 1 and 3 are c�ract .. 
t81'i.2:ed by the occurrence of red brOWt\sands. At Feature 2, both levels 1 and :3 
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are .•• peri1Dp •• u,oner.,. deposits; 1e"13 is also overlain by gray deposits 
but leve,l 1 is hipelt in the stratigraphie column 10 is not superimposed at all 
at Feature 2. 

The red brown de:po8its at Doth Feature 3 and r.ture 4 could correlate with, the 
red broWn deposits of level 1 at Feature t.. Since level 1 is palynolog1caUy dis­
dn.etive. we would expect that if this we:re tne pollen samples 2 and. 1 fl:'OII'l 
Feature 4 and pollen sample 2 from Feature,,3wwld eont61Db1,ih values for 
Arboreal Pollen, Pinus aM Elled,. polle:n+ We

,
w(mld further apect that the pol .. 

len samples whtch were eol1ee'ted f:ran the.4epos;1ts ullliel' the red brown sands at 
Feature 3, would eontsift poU.a .�tra .Clu.:tftl .. tto those of level 2 at Feature8 
12 and 2. These expectations are: fIlUicUy, by elite pollen spectra of 
thesf. features (F:f.gu.re 2).. The impl.ieatf.' !ttlese results is two .. fold: (a) 
it would appear that the polle reco:t'ds f1."omF(MtlUre.s 3 aM 4 uy be correlated 
with thoae of the upper levels at Featut'cUJ 2 am 12t and (1)) it would appear that 
the three additional pollen spectra eOl'lta:tairtg htSb. AP, Pinus and Eehedra pollen 
values act to support the f:nterpretation that level 1 represents a distinct nat­
ural stratum. 

Again, however, it muet be recognized, tk4t theeeinterpretations of the record 
cannot be eon.tdeTed. wholly demonstrat$d'Dy the wideme aV8i141118. Analysis of 
s tratilraph:l.e units, and eorrelaUon of M.tural strata, :hi a scientific procedure 
in geology which 13 aecom,plishecl in very well detine.4 and stTteely e.tablislled 
fashions (.American COllld.sdon on Stl:ratigraphieN ... �latu" 1961'.. The interpre­
tations ofteTed above depend upon the presumptiontbat there ie a lithostrati­
graphic relatiouhip. between the red In:'PtIn sandy deposits of level 1 at Feature 
2 and the deposits of the same coler at·'eatures 3 and 4. Further, they depettd 
on the pTuumption that there is !!2. such :r:elatiol'l.f!tbi.p with the red brown d�os1ts 
of level 3. Tbe sedimentological data available is :inadeCluate to allow evaluation 
of those presumptions; they may be correct" incorrect. But lithostratigraphic 
relationships of deposits constitute a f01'l\ of· ev:1<lenee which must be given 
priority over biostratigraphic relationsbips when defining natural strata. The 
palynological si:milarity therefore cannot be takell to demoMtrate the relationship 
between the a.pled deposits at Features 3 aM 4. .ud ;Feature 2. The pollen data 
can only suggest a relatiquship, unlus supported by lithostrat1.graphic evidence. 

Our tendency is to accept the palyno:logical relationship al supportive evidence 
for the wor�illC hypotheSis that the 1!'H brOW'tl. deposit at Features, 3 and 4. 19 
correlative with the level 1 dep�iU.on at Feature 2. But this is only advanced 
as our opinion. We note t.hat aceeptAMe: ()f th:ts . .. don require. that one grant 
that the pollen lamples'from Features 2 and:3 :wore never contaminated beyond the 
point: of usefulness. 

'The saU\ples submitted £rO$ LA. 11828 (Pipr·e 3 and, Table IV) derive from two features • .  

Feature 18 has been identified as an .aelykbl,torte pertod hearth struc::ture. A 
number of pollen reeords are avall,able £)'Ol'A ... of'tb.e Irid unite by which the 
featur8lwaa exea_t... '1'he two samples fr� 8J..id unit 28 are d.nar to each other 
but distinct trout those of the odler_a:'Ul'lits,," 'ffirtue of hlaer AP and Pinus 
values. The suite of 8 .. ,les frem.l:dtl units 41 am:l::PJ e.., titutes a MCOad 
group; the stUlle tUl.pb�' f:r_II"i.d unlt SC }t.i;lCIIt4s a pollen rec,ord whlch relates 
it .:108e1yto the .'*Ples f�_I:Jt:td 1mit,.� '.I;hie tiI.pl0 eubmitte4 fram. Feature 
9 presuMbly.relate to .prelds::torie u�t�en of "cu,aney at the site.. Palyno .. 
logicaUy, however, eh"e sallple:spr:educe' data tuctistinpieha'b1:e froID that of 
the samples fr<m. arid ."its 48 and 4:C at .F.eatu�e 18. The Feature 9 poll,Em records 
are not like those whieh dtn."ive from the' pl"eb�8to:ric horizon at LA 11904, as they 
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TABLE IV: Pollen observed at LA 11828 
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y �� �� � i �ni ficantly more Juniperus and less Ephedra pollen. Bios tra tigraphic 
evidence , then, does not l ink the prehistoric occupations at 11904 and 11828 to 
the same horizon. I t  sugges ts , however , that the fi l l  of Fea ture 9 may not be 
older than s ome of the fil l  sampled a t  Feature 18 . 

. 

'!be obj ec t ive of the total pollen sum format of ana lys i s  was the identification of 
b ios tratigraphic uni ts which could be used to date the prehis toric occupations a t  
LA. 11828 and LA 11904. This · is· :'. Mlil�"'ecl through comparis ons with the pollen 
records of other si ees . Particularly , comparis ons with pollen s equences es tab ­
lished for s it es dating 500-3 000 B .C. are appropriate. 

Two pollen s equences are known which represent this time horizon in New 
Mexico. The San Jon I s equeuce :ero.\U the San .Jon site on ' the 
Llano Es tacado has been analyzed by Old field (lt75 : 129) . who cpncurs with Juds on 
(1953 ) that the lates t samples derive from sed iments of the post .. Alti thermal period . 

The pollen spec tra of these samples are referred to Pos t  Tahoka phas e  H by Old ­
field and Schoenwe tter ( 1 975 : 15 7 )  which i s  charActexized by high values of non 
arboreal pollen t�racketing a minor p ine peak Lz�.!1 !· In the Arroyo Cuervo Region 
of New Mexico , Schoenwet ter (n e d . )  has identified a sequence of palynologi ca l ly 
variab le horizons ass ociated with archaeological ma terials of the Oshara Tradi tion 
(Irwin�i l 1iam8 1973 ) . At the s i tes of Col liers Dunes , Moquino Dunes , Oj ito 
Dunes and Dunaa Al tss , poll en s equences have been recovered which are dated to 
the 1800-3 000 B . C .  horizon by virtue of associa ted artifacts and C-14 . At each 
location ,  s younger d epOS itional uni t which yields high values for Arboreal Pol -
� �� i s  obs erved s tratigraphical ly superimposed upon an erosion surface . This 
surface , in all cases t forms the top of a depOS i ti ona l  layer which yields pol len 
s pec tra containing much less AP and dominated by the occurrence of ChenopodUneae 
pollen. . 

Our knowledge of the d epos it ional h is tory a t  LA 11904 is l imi ted . We suspec t ,  
however , tha t the red brmnl depos its of level 1 at Feature 2 ,  and the red brown 
d epos i ts observed a t  Features 3 and 4 ,  may b e  s epara ted from the depos i t s  they 
overly by an eros ion contac t .  If this i s  true , a l i thos tratigraphic correlation 
as wel l  as a b ios tratigraphic correla tion with the dune geology of the Arroyo 
Cuervo Region would provide grounds for dating the prehis toric occupation a t  
LA 11904 t o  the 1800-3000 'B . C .  period . The agreement wi th the palynological 
sequence a t  the San Jon s i te also ind ica.tes an atltiquity not greater than 3 000 B . C .  

Resplts and Discuss ion ; 'l"ba Ad ius ted Pollen Sum Analysis 

The adjus ted pollen sum fo'.t'1llAt of analysis was es tablished to al,low pa lynological 
interpretation of effective mois ture l eve l at archaeological locations on the 
Colorado Pla teau (Schoenwetter 1970 : 4 1 -4'2 ) .  The forma t of analys is proceeds by 
recalculating the pol len values of eaxa in a spectrum after removing the influence 
of those pol l en types ind ica tive of localized , vegetation or the behavioral pa,t .. 
terns of human beings . For exampl e ,  if the pa lynologis t had observed 120 pollen 
grains of Pin\.!!. 18 of Juniaerus , 5 of Juslans , 30 of Grand.neae ,  25 of Tubuli ­
f lora e ,  6 of Ambros ieae t 7 of Chenopod iineae of 15 of Zea t�e total pollen sum 
would equa l 226 . Juglan! , however , is a plant having s pecialised water requirements 
Which can only be accomodated in particular local topographic -geographic contexts . 
Ambros iaae pollen is produced by p lants adapted to d is turbed. soils (Schoenwetter 
and Eddy 1 964 : 70 .. 71 ) .  Mi;d.ze pol len is invariably intrOduced to the record of 
archaeological contexts as ' a  func t ion of human behavior. These pollen types are 
therefore excluded from considel"a t ion in calculating the adjus ted pollen sum. 



o 

Level Proveni ence 
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Eohedra Surf. SS /E2 1  1 8 0  0. 6 1 0 . 2 S5 /Bl 185 
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juated pollen sum in this cas e would equal 200 , and the adjus ted AP 
ieh may be used as an index of effec tive mois ture repres ented in 

. �ould equal the frequency of Pi� and Juniperus ( 1 20 + 18 r 200 X 
- 69'. 0l ) .  The pol len value for Juglan!., Zea or any other taxon exc lud ed from 

, the sum Is expressed as a frequency va lue propor tional to the adjus ted pollen sum .  In 
"this case the value for Juglans is 2 . 5% (5 ;. 200 X 1 00 == 2 . 5%) . Since the frequency of 
Juglans in the to tal pol len sum (5 .. 2 1 8  X 100 == 2 . 3%) is l.ess .  there are two e ffects of 
us e of > this forma t of analys i s . On the o ther hand i t  is ola tes and amplifies the AP value 
wh i.eh has been d e t ermined to be' a pa1ynologica l ind ex of effective moi s ture . on the 
pthe):' hand , it i sola tes and emphas i s es the va lUes of po l len types which reflec t  local 
and behaviora l cond itions . . . 

To d a t e ,  the ad jus ted pol len sum forma t has only been appl ied t o  pol l en t"ec ord s 
o f  the las t two thousand years , and i t  has only been used to de termine adjus ted 
AP values as a means of addres s ing pa leoecologi.caJ. and chronological prob lems of 
a rchaeological cha. rac ter . Here , we wi sh to apply i t  in ano ther way : to de termi ne 
the pol l en values of plants refl ec ting local and behavioral pat terns s o we may 
compare their influence on the pol len record during d i fferent hori z ons of occupa .. 
tion . I f  d i fferential use of the s H e occurred on the d i fferent hori2:ons tha t 
would a ffec t the pol l en record , we would ant ic ipa te it mi.ght be ind ica ted in one 
or both of two ways . Firs t ,  a change migh t be obs erved :tn the dis tribut ion or 
frequency of pol len of plants tha t have an economi c  func tion . Second , a change 
migh t be obs erved in the d :i. s trlbutioIl or frequtmcy of p lants :f.nd icative of local 
c ond i t i ons ; such a changlS: would d emons tra t e  tha t the po tential of the res ource 
bus e of the s i te area was d iffm .... ent at d i fferent t irncs . 

A lmos t a l l  of th e pol len tyP(�S observed d ad.vli! from p lants wh ich have s ome economic 
po tent ial o.mollg abodglnal Sou thwes ter ;l populat ions (see Wh i t ing 1 93 9 ;  Robp ins 
� a 1 .  1961 ) . ' Clearly , however , the OCCUl:rcnce of mos t of ' these pol len types in 
the fos s i l  records cannot have been behaviora lly controlled b ecau s e  the taxa also 
occur in the mod(�rn pol l en ra :f.n , which we know is no t i.n fluenced by human occupa ­
tion o f  the s i  to area . The only pol len types which occur in the fos s i l  rec ords 
tha t do no t also occur in the stll7face pol len records are C l e.2.!!!.!, Ol1agracea e ,  
Polygonum and Opunti.!. (CyHndropunt :f.a -type) . Onagrac eae ' and Polygonum only occu r 
i n  one sampl� each , so provid e  no bas is for :i.nterpre ta tion. QJ?,unti.a p o l l en only 
occurs in the t�vo samples from l"cature 4 tha t  have been tenta tive ly aSS igned to 
the level 1 horizon of s i te occupancy. Cleorn� pol l en ,  on the o th er hand , occurs 
fJ:eq\iently i.n sampl es ref(;n:(mt to the (�arU.er period of s i te occup�tncy , as s oc iated 
w i th samples of the level 2 ,  3 and 4 d epos : U::i.ons a t  Fea ture 2 ( s ee Tab le V) . 

Thes e d a ta provide evid enc e for the conc lus ion tha t  somewha t d i fferent pa tterns of 
behavior referent to the loc a l  p lant reSOUl"Ce bas e we re occurring a t  d i fferent 
times a t  the s he .  QE..ttnt!:!. aod Plt?"2!.� are both zoogamous p lan ts wh ich pol l ina te 
by .i.ns cc t  vec tors . One wou ld not ant ici.pate thes e pol len types to be recovered 

. 

regu la'r ly unless the p lant had been manipula ted by huulans during the fl owering 
period s o  i ts pol len would b e  d is lodged to the ground surface . But Opunt1.a flowers 
early 1.n the growing s eason and Cleome fl.owers in ulid to la te summer . I t  would 
a ppear that the s i te was be1.ng viS i ted, and i. ts flol':a exploi, ted , duri.ng the 
s pring a t  the time of occupa t i on of level 1 bu t during the summer a t  the time of 
occupations of l eve l s  2 ,  :3 and 4. TIl e pol len record thus provides evidence which 
supports an interpre ta tion o f  d ifferential func t ions for the s i te during d i ffer­
CIlt horizons of occupancy � 

_There at"e three poll en taxa wh i.ch refer to local floris tic cond itions : Juglans , Ep4� and Leguminosae-type . �� (walnu t )  pollen occurs sporad ical ly in 
the p o l l en records o lder than l evel 1 .  Its low and incons tant frequency in the 
foss i l  pollen s pec tra is s imi.lar to i ts repres entation in the modern pollen spectra . 
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Ve di:if��ie$: :f:� t:M�yts  J d.tua.tion are ey:tdent � Pollen values of 
(_�;dZ.�,);" .fr." ' '''�Pi,(:tca.tj l'k:t�.r :tn the records of

. 
levels 1 ,  2 and 

in tl!le �. �1.1tr:tlit-u�le to th. nwdent s\u:'faee depod.t:s . or levels 4 
and S ..  At .lea..;" .e, ' �f t:lu.� ap,§t :Les of this guus wh:leh is adapted to sandy sub ",' 
strates ,(1� �tliKi :Peebl.#) i$ l"ecoanl�ad 4B . valuable .oU b:i�nder (Kearny and 
Peebhult 19:5t;6l0};. ' We think i.t lik;ely tha:t tb� 1_ !Rh.!!!r! values of the surface 
samples 41"e edap'i:rtea:tly controlled by :t1:c • .  lpTei;ent s1 tuation of d'une movemeut , and 
that the low values <tn levele A a�. S' rel1jet $,tmtl.r conditio_ of .dU1).e. a.c tivity 
wbile the high J!!phedF.' val.M$ O' :t'ftu&- otm,r levels reflect pedods of dune stability .  

Leguminosae ... type pol len is pt'oiu(!:'.l �! l& n_eT of g:enet.'1.l and species of plants 
in etae bean £mnily ; . mos t aTe Imr fo •• $" eUt:h .AJ It1pine> �r, loco weed • .  ' In the fos ­
s il record .  a t_tit all poU�n of t:;his . s.'r.,t •• :t;'ecG"red frOID level s ':! and 3 .  
Though the frec('tt$'ftey o� tbEl p�llat1, . i.s 'ru)t 'st.aitistif.Mil1, s 1gn1 ficant t i ts occur­
rence is s ignifi;a�n,t�i!: ��!$:tant !n th�;)$le- levalli l' We suspect tha t . this is abo 
a pollen iooieatol:' of r.elative awiltt, of: the dune field , bu t that i t  is rEispond .. 

l.ng to somewhat different $daphic variables than the E2hedra pollen. 

S\1mm8ty 

The two objec tives of tbis palynoloS:te.ll rMeal"ch were to identify the period of 
occu.pation of sites LA. U9C4 �.nd U ll$28 and to detemne wl'1�ther 01" not func ­
tional differences in sit& oee�ti()n wete evt(hiU'lCed at different horizons of 
occupa.tion • .  Des pite the u_.lltat1;lt.�.s ' gen.ated 'by limi ted controlled in£O''1'l1'ta­
tion on the sed:f.mentolQl1 a_ eulhr�1 '8t:r�t'1�aphy of the s i tes , and thos e 
generated by the sa.)' cba-rac ter of the dierprisit'S . botll obj ect ives 'Were fulfilled . 

'!"he data , prov:1ded regard1:ng the p.rovenienee of the samplee from LA. 1 1828 ind icate 
that all of the pollen records from Feature 18 are refel'able to tbe his toric 
horizoll . There are at leailt two different t.ypes of po'l len spec tra repreaented t ' 

however , ,.1'ld one of them is exactly eqtd.valent t(,) the record recovered from 
Feature 9 ,  a prehis toric hearth . Whet&.er or not this means that Feature 9 is 
not prehis toric 11 a question tha.t can o:l'\ly be resolV'ed by mllrs 'specific s tudy 
of the ass ociations of the .  pollen rec�s. In any eas e ,  there is no palynolog:tcal 
evidence of any teJnporal rel.at::!ons1l1p betwe4Jt'1 the prehis tol'ic materials from 
s i tes LA 11828 and LA 1 1904 . ; 

The pollen ,�"t .�f LA 11904 sU8gest the oc:C.un'ence of three b1oe t-rat1graphically 
definable natural strata related to the prehisto't'1.c period. The ycuqes t of theSE! 
appea.Ts correlative wU :h the sediment: r�QgnilltK1 in Feat:ur8 2 ao "level 1': 'Which 
is characterized by . red bt'OWn sands ; .:s:t oldes t i$l that group of deposits 
recognized as levels 2 ,.  3 ,.  4 and ,5 at Feat.��.s 2 and 12;  and the oldes t $,8 
associated with level 6 deposits . P()lt .. : e�lat:i,Ons with Slin Jon on the Llano 
Es tacada and with d,u11e sites. in the Arroyo Ci1eno i.eg1on indicate that the 
occupational levels at: LA 119:04 are post Al tithe1:'lllal in age � and da te 1800-3000 
B . C .  

Appltc8tion o f  a second fOll'rllat ...,.£ aM.lys:$,B in .. Ucat:$'s that there b some likelihood 
that: three oceu,at;:,:tons of the site we:re fU!�t:Lcmal.l, di1il ttnet. Occupations of 
l&vels 5· and 4 .,. 'Well 'haw t;!likw . plaee during 8 · ·, .. 100. when tbe dune field was 
actively migmtins. which would have p�()'ri.d� a a1t:ttat:hm of d:[.st.i'lllCt::ive resource 
poten.tial relat1ve to other peX':tcxh o-f oecuJ!I'at1on. Oceupat1:ml. of levels 3 and 2 
is ' evi4.need as a p'1!'Oba'ble sU1l'IIlI1er occupation , whilfll tna;t of level 1 1$ evidenced 
as a pos8ibltit sp:r1ng occupadon. These �.$l)mJ;t:U::y disU,netiou imdtoate different 
e:q,lot tation atrategie3 nre d"eloped .'J, th'C!::� stee tOOlS$ as emnronmental 
cond! tions cha:qed over the course of tbe p�i8eor'$.c record . . 
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