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Introduction

Follen samples were gathered In 1964 from a serles of locall-
tles north and west of Westplalng, Colorado, In Townships Il and 12
North, Rances 55 and 56 West. Collections were made In stratl-
graphlo series below, within, and above archacologlcal horlizons at
sltes SWL.32, 5WL.33 and 5L.01, and a single sample was collected
from a burlal at slte 5L.R99, Seventy-one subsurface and nine sur-
face samples were submitted to this laboratory of which sixty-olght
weaere processed and analyzed.

The objectlve of the orojlect was two fold: first, to obtsln a
pollean chronology which might be useful In the relative cross-dating
of future ar‘chéeologlcal work In the area; second, to obtain paleo-
ecologlical Information which mlght have a relaevance for the Interpret-
atlon of the archaeological data. Eoth objectlves. have been fulfilfed
In large part, but the relatively small nurnber of pollen samples ot

any glven paleoecologlcal horlzon necessliales the recaqgnition that

the Iinterpretations set forth In this report as yet requlre a respectable



. measure of further substantiation.
Blecause this Is a ploneer research project In this area, and
because thls report Is destined for modification before publication,
| have purposely attempted a llberal approach to the Interpref

of the palynologlcal data. A rigld conservatlsm, whlle respectably
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sclentlfle, would seem to llttle serve our present purposes. We are
here searchlng out the potentlalitles of new approaches In an attempt
to galn new perspectlves and Investigate new problems. If the Inter-
pretatlons come to be seen, In future, as erroneous because based

upon too little data It should not be surprising.

Extraction and analysls procedures

‘ The method used In extracting the pollen frem the sediment

samples Is that with which this laboratory has had wlde success on

alluvial and colluvlal materlals In the Southwast. It baslcally conslsts

of four steps:
(1) passage ol mat.erlal through 80 micron mesh screening
{2) remowval of majorlty of the minerals with HC/LJ and HF 5
(3) heavy liquld flotatlon to remove the light, organlc, fraction
of the sample
(4) standard acetolysls and KOH treatment.

Gf the sixty-elght samples processad In thls manner, sixty

ylelded sufllclent pollen for an analysls. FFlve of the recalcltrant
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;samples were from one particular stratlgraphlic horlzon., so It appears

that the extractlon method was not at fault In this case, but the samples
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actually dld not contaln much pollen.

Counting and ldentlfication of the pollen taxa was done at 450
magnlficatlons. The small number of pollen taxa recognlzed may
parily be a functlon of the poorly preserved conditlon of much of the
ancient polien, The category Gramlneae probably Incorporates a lew
Cyperaceae pollen gralns, for scabrate grass pollen and crushed,
battered and broken Cyper%ceae pollen sometlmes are much allks.

The total lack of Cypen._:ceae pollen In the fossll record, thep, ls
probably not meaninglul, but | would doubt that more than a dozen
Cyperaceae pollen gralns were Included In the Gramlneae In any case.

In the Southwest the slze of plne pollen Is an Index to specles
within the genus; smaller gralns are usually referred to the plnyon
pines and larger gralns to the other Southwestern plnes. There Is
a large range of varlation In the slze of the Plnaceae pollen In these
samples, with most gralns belng of a small slze, but | have been
reluctant {o assume that the: slze-frequency statlistics worked out for
Arlzona specles (Martln, 1963, p. 20) are applicable In northeastern
Colorado. Incorporated In the Flnaceae taxon Is an occsaslonal occur«
ence of spruce (Plcea) pollen-~undoubtedly a matter of long-distance
transport,

In poorly prescrved materlal the pollen of Artemijsia exhibita a
great range of morphologlcal varlatlon and has caused no little trouble
to Southwestern palynologlsts., | have been rather ilberal In allocating
poorly preserved pollen to thls taxon, and have undoubtedly made a

number of errors In this regard. Some of the gralns | have called
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Artemisla are éhobably Composlitae gralns of the other category,
and others are probably of completely different {amlilles, for the tri-
colporate scabrate-microreticulate morphology Is a very common one,

The morphology of oak {Quercus) pollen Is varlant and pollen
of complotely unrelated taxa closely resembles It. The "cf. Quercus!
cateqgory, then; rolates to pollen gralns whlch loolc llke those of oak
but may not actually be so., Cralns ofi thls type were found in the
surface samples, though no oak was reportaed for the area on the
vegatatlon forms.

The pollen dlagrams are somewhat unorthodox. The double
bar segregeates taxa Included in the pollen sum; on the left, from
taxa excluded; on tha rilght. The pollen sum Is the number on which
the percentages have becin based; taxa excluded from the sum are
diagrammed on the same parcentage basis as thoss to the left of the
doublo bar, Thus if the pollen sum of the Included taxa was 200
gralns--the usual flgure-~the pe6rcentage of an excluded taxon would
be greater than 100 per cent lf more than 200 gralns of that typa were
observed. The diagrams also Include a shaded area for certaln taxa
which Is the confidance Interval at the 85 per cent level of confidence.
“This confldenca Interval Is based on the assumption that pollen statlstics
follow a binominal cﬂstrlbutlon; as has been Indicated In a number of
etudies (Faegri and Ottestad, 15483 Molseman; 1862). The bar rep-
resanting the fr'equency of the pollen of a taxon will fall below; wlthln;
or sbove the shaded areca. As Is discussed below; the shadad area

represeonts the presoent conditlon, so the pollen frequency may be



avalustad as less than present, llke prasoent, or more than present
tramedlately trom the dlagram. A cross on the dlagram Indicates a
pollen frequency of less than 2.5 per cent; unless otherwisa Indicated
In the-!exl.

All of the surface samples, and the maljorlly of subsurface samples ,
were ""counted" untll 200 gralns of the taxa Included In the polien sum
were observed. This has become the standard f{ilxed count of both
this laboratory and that of the Ulnlversily of A.rlzona. However, not
all samples were equally pollen product!ve; and It secemed that this
milaht be an Important variable which could be used as & horizon marker.
| accepted ona 22 x 22 mm area on the microscope slide as a standard.
It more than 200 pollen girelns could be observed on this arca a 200~
graln count was madea; if nore than 100 but less than 200 grains
could be obscrved the count was stopped at 100; #f more than 50, but
less than 100; tho count was stopped at 5G; if less than 50 grains oc-
curred the sedlimen! was consldered sterile, There has been some
cencarn In thg palynological lliteirature that counts of less than 150
gralns may be statlstically meaningless. It is true that the more gralns
that are observed the more meaningful are the resultant fregquencies
by any standard, but when few taxa are inwelved thls rule seems to
lose its force. || soon recognized that the frequencles of the pollen
taxa wer9 rernarkably stable even with small counts,r so | put the rule
to the emplrical test, Flgure | shows the varlation In pollen frequen-
cles for counts of 50; 100 and 200 grains on the same sample (Site

5WiL_32, sample 2).
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. ! feal that this demonstrates falrly well that the smaller counts
i '
aroe rellable In the cass of these materlals. The confldence limits,
of courszo, widon as the sarmpla size decreases., This Is expressed

on all dagrams.

The Surface Sarmples (Fla, g[

Cina of the inhcrent diflicullies of any plonear citort Is the lack
of cormparative data. In a pollen study this Jdilficully Is compoundad by
the reallzation that pollen analysis Iz egsantially a siatistlcal technique,
deallng with the relatlva fr'_equemdes of pollgn taxa, and as such s
open to all of the problems of sampling and rasthermatlcal mantpulation
that the fleld of stutlstlcslls hele to In addition to the bolanical problems

‘ of ldentiflcatlon and the physlecal problems of extracting pollen from the

sedlment. To overcomo the factor of Inck of comparative data, and to
Indleate what statletical problems weré Involved, I was necessary
to analyze a respeclable sarles of samples rzpresonting known, modem;
pollun raln-vegetatlon assoclations, This wéa tha only a(railable control
on tho subsurface samples.

The suriace samplos wora collected In tho arca of the sites them-

selves, Thus conditlons ol topography, dralnage and gsediraent type

should be roughly approximate for the éurlace and subsuriace samples
from any glvon site, and the major fluctuating va;'-leble thirough tlma
should be the vagolaiion pattern Itself, Also . variation In pollen content
between surface samples from a given site gheuld ba a functlon of

' variations In the Immoadiala vegotatlon of the sarple areca. Clhce records

ere avallable ol the vegetation of the sampled areas, we can define the




"oresent! oomj.mlon and see how [t varlos at a slte and for all sites.

Observing the pollen spectra from all tha sltes (FFlg. 2) it Is
ovidant tha! sorme taxa are qulta conslistent In froquency wille others
vary from one samplo to tha next. Oleariy: those that vary least
nmust be most reponsive to reglonal ecologlecal factors while those that
vary mos! are rora responsive to local ocological factors, Our major
concern Is with roglonal; not local, paleogcology since we wish to re-
lato toireg!onal archasological rocord. l.ocal ecologlcal vnrlaﬂon;
while of lmport; may bo considered "nolse'". BEecause we parforce
deal with the frequencles of pollien tax:a; however-; and because tha
total of all frequencles must equal 100 per cent; each pollon frequency
affects all the othars., If all of thu taxa were concldored equally; the
"holce" taxa mizht be so imoortant as to drown out the meaningfulnass
of the "reglonal” taxa. Tha sirnple solution to thls problem Is to seg-
regate tho obvious '"noise" taxa from the others and treat them sep-
arately, The “holse" taxa carlmot bo Ignored altogether becauss they
have some e:ologlzal slgnificance; thus thelr vartation througihh tlime may
bo usciul In the palececological reconstrucition. But too many taxa
cannot ba Included I the "nolse' category for this will {1) leave us
with very few pollen gralns to observe In the "reglonal! category,
making thoe enalysis long and tedious; and (2) affect the statlstlcs of
the "reglonal” category In e drastlc manner.

For the "nolse" catagory then, | have sclected only the few taxa

which vary most drastically: Compositas, Clesme, Cercals, Alnus,

and fBetula., Alnus, Betula, Clecome and Cereals only occur once each




’8-

In the entire pollen record. The former two are speclalized riparian
plants , Cleome Is an Insect-pollinated plant whose occurrence is
pirobably g direct functlon of this single sampling altuauon; and thsg
cercal pollen is a funclion of the man-Influenced chvironmental con-
ditton. Compositas {8 the taxon which shows Ihe greatest varlation tn
the surface samples and s also the one which shows the greatest
varlation in the subsurface samples. These laxa are diagramrmed to
the right side of a double bar on the flgurea. Thelr percentage fre-—
quencles do not, aliect the taxa on the left slde of the bar, whose per-
centages are calculated on the basis of the pollen sum--usuelly 2090,
The best Indices lo the present reglicnal condition are the Plna-
ceaa and the Grarnineae values. At the 25 per cent level of conil-

dénce all cf the Finacecae and Sramincas values for the surface sam-

ples fall within the same statistical range. All of the Anrtemisia  wvalues
except thosz from 5SWL.32-42 and 5LMRI9, which are higher, and SL.01-~
15, which Is lower, fall into the same range. 5WL.32-~42 Is from a

locallty which has more Artemisia  coverage than the othersy 5LR®9

Is from a locality of above average elevation) S5L01-19 yields an
Aateinisla value significantly lower than 3L.01-16, fromm the same site,
and thus Scerns very anomgalous. From the present distribution of
Artemislg it Is clear that this plant has & relationship fo the arecal
¢cologys It Is normally jound in unusual frequency at clther higher
elevations or northh facing slopes and thus can be recognized as a

cold-prelerence element in tho arcal vegetation peitern., l.tke any

living plant, It must respond to the local conditions of the site, but It

B
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may be consldered as occupylng a niche In the reglonal ecology.

The ChenOpodlaceae; of the '"reglonal" taxa, varles the most
wldely from sample to sample, This Is In part . of cours-e; due to
Its local ecological requirements, but it Is also a function of the mathe-
matical systom of the pollen analytlc technique. As the lotal percentage
of all of the "reglonal'" taxa must equal 100 per oenl; the fregquencles
of some taxa rmust vary If the frequoncleé of other taxa vary. Flna-
ceae and Gramineae vary within statlstical !!ml!a; but they do varyj
Artemisla w::riea signtflcqntly; Juniperus, Quercus; E_:_m, Lil-

llaceas, and other taxa also have some affect on the total of 100 per

cent. Some taxon, or taxa, must take up the stalistical slack; In
these samples It Is the Chenopodlaceaa.

What Interprotations ol palecoccologlcal slgnificance can be derlved
from the varlationsg In the surlace samples? Flrst; the present con-
ditfons aro best demonstrated by Plnaceas and Cramlneae values.
Any statistically slgnmcant_ variatlon In these taxa through thinme can be
rellably accepted as Ydifferent from present. As a famlly the Cram-
lneas have a very wilde range of ecologlcal tolerance. It we could
determina what geiera or specles of grasses were inwolved we might
know the directiion of ecological variatlon indicated by a greater or
lesser frequency of Gramineag pollan; but pollen ldentlflcatlch will not
allow this reflnement.

The Pinaceae, on the other hand, has a less wlde scological

range. Granting that we are not here deallng with other genera than
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now occur In the western plalns araa; a slanlllcart dacrease In the
number of FPinaceae should be Indicatlve of a signiiicant decrease In
effectlve molstur-e; while a algnlficant Increase should be Indicative of
a slgnlficant Increase In effectlive molsture. Of course eflectlve mols~
ture is a complex varlabla. It Is at once a functlon ol competition .
amount of water awailable at the roots ol the trees; and temperature.
The amount of water avallable Is Itself controlied by the nature and
perlodiclty of the rainfall, the amount of r*alnlall; and the helght of the
water table. Thus variallons In FPlnaceae frequency are rmaninglul;
but only in a gencral way.

Variations In Artemitila frequency througihh time should be a re-
llable Index to temperature vaiues; slnce this plant Is today temporat-
ure senslitive In this area. iHowever, it can be expected that sltes

MITE A« temisio
raight well have supportad mare Arterni sla

A

In the past. Tihls must be taken info account In determining the stat-

which presontly support

istlcal "present” condlilon at each site. Mere Artemisia than present
should then be an [ndex of cocler conditions| lass than the present
should be an Index to warmer ones.

There Is a valuable clue to the ecologlcal signlficance of the
Compositae taxon in the disirlbutlon of maximal and minimai frequencies
In the surface samples, Compositae values are maximal at the hligh
elevation site and In the canyon bottom; they are minimal In the rock
shelter locallty and bbove the canyon rim. When It is reallzed that
these Composltae pollen gralns are shed primarily by annuel, rather

than perennlal, plants It is clear that thls taxon must represent local

e
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. ecological conditions during the summer growlng season only. The
maximal values come Irom the wettest localltles; tha minimal values
from the dry‘«’e_st ones. Thus Compositae values should be a rellable
Index to weitar than present sumters Il statistically higher values are
found; and dryer than present summers il statistically lower wvalues
are found. The wvalue for "present” will be different at each sita

since the Compositae are a local ¢cologlcal Index.

5L_R89
The single subsuriace sample from this site did not yleld suffic-

lent pollen for analysls. While this Is dlsappolntlng: a successtul

analysls of this sample milght have ralsed rmore prostoms than it re-
. solv“ed. _The sample was of sediment assoclated with a burlal, Ex-~

tremely lew sediment samples from‘ burials have been successfully

analyzed for pollen cont;ant anywhe.t*e In the wor!d; and those which

have been successful in the Southwest have sometlmes ylelded com-

-

parable results to others of the seme age, and other times have not.

SWL.33 (Fig. 3)
In the surface samples from this site Artemi sla values range from
i3.5 10 22.5 pcir cent. These frequencles do overlap at the 95 per

cent level of confldenca, and Indicato a single '"'presemt” condition with

frequencles ranging between 6.0 and 35.0 per cent. Subsurface

Anrtemi sla frequencles below 6.0 per cent would then Indlcate warmer
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conditions than presont and values above 44.0 per cent would Indicate
Vs;olter summer conditlons than present. As with the other sites, AP
values below 2.0 per cent would Indicate less elfective molsture
areally than at present , and AP wvalues above 45.0 per cent would
Indicate more effoective molsture areally than at present.

The sample from the sod layer thus shows conditlons like the
present existing at the time of deposltlon, Tha uppermos! sample from
the tan compact layer Is signlficantly different from the presont In its
Composltas frequency but In other ways is like the pr-esent; thus at
the time of Itz deposition there was mare water avallable during the
sumrer but no other Qér%atlon.

The lowsr twb samples from the tan corpact !a.yer* have sig-
' nff!cant!y lower AP wvalues than the surfece samples;v as well as sig-
nificantly higher Composliae wvalues and slgnificantly higher Artemi:sla
values. The Ihdicatlons are; lhen; that durlng the earller deposlition
of the tan compact lay'er‘ cooler condltlons than present occurrod with
wettor summer-s; but lessencd aﬂect.lvo molstura values,

In the sarnples from the ashy gray layer; the AP frequency ls

slgnificantly lower: than present, the Composltae frecquency ls signifl-

canily hicher, and the Artemi sia frequency not significantly difforent,
The Interpratation of the pollen statistics Is one of a condiilon with the
same lessoned elfective melsture and high summar scason roisture

values evidenced In the lower tan compact layer but no cooler or warmer

. than presont.
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. In the tan sandy layar the uppermost sample diflers from those
of the ashy gray layer In lts algnlﬂcantiy lower Artemisia values, an
incﬂcatlon of warmer condltions. The lower two samples ol this sedi-
ment have slgnlflcantly low AP VaIUes; stgnificantly high Coﬁwpos!!afa
values; and Artermisia values like those of the present. T’ht.;s; like
the ashy pray Iayer; they Indicate a conditlon o! less effective molisture
but higher summer season molsture wvalues yet slmllar temperature ro-~
!-aﬂonshlps to the presaent. The lower tan sandy layer samples diifer
from thosa of the ashy gray layer and the surface In having slgniflcantly
higher Cramincae values. Because the Gramineae values do not vary
slgniflcantly In the surface sax‘nples; we have no controls to determine
the meaning of fhelr varlallon In the sixbsurface samplesi all we can

‘ recognize Is that the varlatlon rmust have soma meaning., A::io It be~
somes clear that the ecologleal ocondition evidenced In the lower tan
sandy layer samples is distinat tr-om the ecclogical condition avldénced

In the ashy aray layer; even lhéugh the AF’B: Artemigia and Com=-

positae values are Indicativa of the sama pﬁcnomena‘ Just what the

distinctlon Is, we do not know.
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SL01_{(Fig. &)

it was pointed out In the discussion of the surface samples that
surface sample 51.01-19 was anomolous In lis :'slgnmcantly low Arte-
misla record. My suspiclons regarding this sample were helightened
vhen sample € from thls slte was analyzed and It also evidenced a
slgnlficantly low Aptemisig frequency. Sample 8 {s a subsurface
sample from a disturbed sedimenu-ar;y horizon such as quite commonly
occurs &l the top of rockshelter sequences. It seeras highly pmbéblé
that 5L.01-1% is not representative of the modern éondition but Is a
sample of the disturbad layer; lize 5L.01-8, Ther'efczre; only 5L.01-
16 is ulilized as the atandard for "present’! conditions at this site.

The stratigraphy of the rockshelter sediments {see stratlgraphiec
proflle) is cornplicated by the mass of ro;:!f. fall which occurired sometime
In .the past. The absolute depth from the surface in this case Is not
necessarlly a rellable Index to the rclative age of the sample. The
retative ages of sarapleg 1 to 8§ are proven by their stratlgrgphic re- -
Iationshtps; as are the relallve ages of samples 10 to 15, but the two
series are not necessarily syn‘chronous. The oldest sample may be
either 1 or 10; samples 11 to 13 may be older, younger, or syn-~
chronous wlt%; samples | and 2} and samples 14 and 15 may be older,
younger, or synchronous with samples 3 to 8. The only rellable
stratigraphle event is the rock fall. Some of the samples are younger

than the roclk fall and others are older--nothing more is known to be

true. The Upper Republican horlzon Is below the rock fall.
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On the basls of shnllarity In pollen content with the surface
samp.b; | have grouped samples 6, 15, 14 and 7 as the youngest
of the serles mbove tho rock fall and samples 3 and 6 as the older
of the serlas above the rock fall., All of the sarmples of the tan com-
pact se:ﬂm_ent above the rock fall have AP frequencles within the stat-
LIRSS

Istical range of prosent values " Artomisia frequencles below the rangs
. .

o! present walues, he reconstructed environmental conditions during
the deposition of thls unlt would bo one of effective molsture values lika
the present; but warmar and with walter suravers. Samples 3 and 6
have lower AP frequencles than the others; and may be considered
transitlonal to the oldaer samples; but fall within the statistical range
of Ypresent' conditllons., Samples 4 and & wore not processed but
they may be presumed to have been similar to samples 3 and e,

< thae samples collected below the rock fall sample 13 must be
the youngest and samples 12, 11 and 10 must be Increasingly older,
Tamples 11 and 10 ylelded only 50-.gr'aln counts; It therefore seems
reascnable to suppose that sample 2, which wielded a 20C-graln count,
Is more olf an age with sampleﬁ 13 and 12 than with 11 end 10. Sam-
ple 1; whilch may ba 9lder~ or of a simllar age as samples 11 and 10 ,
was pollen sterlie. o' there arc two; possibly three; tiorizons below
the rock fall: the youngest; -e\ﬂdenced 'i'n samples 13; 12 and 2; vyields

200~grain counts; an older one, evidenced In samples 11 and 10,

ylelds 50-grain counts; an oldest one may be representied by the

sterile sample 1. Whlle the AP frequencles are slanlflcantly less than
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pressant values and the Composlitae frequencles are signlificantly more
than present values In both the younger and older horlzons below the
rock fall, the Artemisla frequencles are less than present values In
the older one. Thus for the earllest horlzon evidenced by pollen In
the rockshelter serles we may reconstruct an environment of less
elfective molsture, more summer molsture, and temperatures llke

the present, whlle somewhat later there are conditions of less ef-
fective molsture, more summer molsture, and temperatures warmer
than the present.

FFlve samples were collected at 5L.01 In assoclation with Upper
Republican artllacts, Alll»but one were pollen sterlle as that term Is
used In thls report. k would secem that there Is a horlzon at the
slte In which this Is a characteristic condition, as In sample I. Per-
haps the pollen sterile condlition Is Itself some kind of an artlfact of
the early cultural horlzon. A sample contalns fewer- pollen gralns bo-~
cause (1) the pollen In It has been destroyed, presumably by oxld-
atlon or micro-organisms, or (2) because the sediment was deposited
too r;pldly to entrap pollen In reasonable quantity, Cultural modiflc-
atlon of the rockshelter sediments could have thus pr'oc!k:ced the pollen
sterlle conditlon as an artifact.,

The sample from burlal 2 et thls slte ylelded a 50-grain pollen
count, The AP, Artemisla and Composltae frequencles fall within
the range of present values, Indlcating the occurrence of environmental
conditlons no! demonstrably dliferent from those of the present day. In

this regard, thils sample Is qulte anomalous, relating to no other subsurface



sample from the slle.

There are a serles ol alternative concluslons that might be
drawn. Flrst, that the sample has been contamlnated In the col-
lection and represents present conditions because present pollen was
Incorporated. It would otherwlse have been polien sterlle llke the
other samples assoclated with artlfacts. Without supporting evidence
acceptance of such a concluslon throws doubt upon all of the samples
and so should only be thought of as a last resort. Second, that thls
sample Is statlstically non-representative; that It Is that one-In-twenty
deflance of the odds that can be expected to occée;slonaily occur, This
concluslon Iz Incredibly naleve, but remalns a possibllity. Third,
that the sample--belng from the disturbed provenience of burlal fill--
blends pollen {rom dliferent horlzons and Is not comparable to samples
which were deposlited under "natural" conditlons., FFourth, that the
sample accurately represents eqvlronmental conditlons occurring at
the time the burlal was Interred.

if the third alternatlve were true, the only blend of horlzons
that could occur would be ol horlzons ms old or older than the true
horlzon of the burlal. All data avallable agrees that from the be-
glnning of deposition In the rockshelter through the end o! the Ulpper
Republican perlod AP values were low and Composltae values were
high. [t seems Improbable, then, that aﬁy blend ol such horlzons
would produce the higher AP values and the lower Compositae
values obtained In this burlal sample. HHligher AP values are

recognlized In the samples above the rock lall, so It Is posslible that
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the Rurlal 2 sample represents a perliod later than the other UW!pper
Republican sampleg, but the blend of horlzons hypothesis Is still In-
adequate to expleln the low Composltae frequency.

It would thus seem that thils sample must be granted as much
acceptance as any other and taken at face value as truly represent-
atlve ol an environmental condition which did eccur on the Upper Re-
publlcan horizon. It seems probable that It occurred very late In
Upper fepublican flme; about the time of the rock fall at this site,
for It is only after the perlod of the rock fall that samples contaln AP
frequeoncles In the range of those of this sample. It seerns Important
thet the frequency of Artemj sla In sample 13 Is significantly higher
than the other Ulpper Republican samples except for the one from

Rurlal 2.

5wWL.32 (Flg. §)

Of the three surface samples from this slte lllustrated on figure
2, that from the canyon rlm most closely approx.fn-nates‘thc vegetation
condition at the site {sample 42). When sample 44 was analyzed It
was Immediately apparent from the quaniity of pollen and the quality
of preservatlon that thls was a surface sample also, and the presence
of Cleome pollen was an excecllent Indlcatlon that It had been collected
from the slte proper. These two surfaca samples were utlilzed to
establish the conflidence Intervals for the '"present" conditlon as evl-

denced In the Artemi:sla and Composltae values,

Stratum | Is composed of two parts, above and below Lens 1A,
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Three sémp!es, 39, 38 and 37; were processed from the upper par‘_l’..
Sample 39 vvas pollen sterlle and sample 38 ylelded only a 100-graln ;
count. Samples 38 and 3’ g_ﬂustrato no varlation from prasent Indic-
atlons, |

The two samples from Lens 1A have slgniflcantly lower Artemi:sla
values than the surface samples, Indiceting a warnyer condition than
now occurs but otherwlse similar. SSample 34 also contalned ten
pollerr gralns of some cultlvated cereal. Dilflerentiation between malze
and wheat peollen Is posslble by phase contrast mlcroscopy and slze-
frequaency anzlysis but neither seemaed Important In thls case. The
gralns average about 58 mlcrons and are more probably those of wheat
than malze. L.ate artlfacts are recovered frorm llens IA; and thus are
probably of historic age.

Three samples were analyzed frorn thae lower part of Stratum i,
33, 3! and 30, and they are all different. The youngest hés AP and
Artemi sia frequencies Mthln the range of present values; but a Com-~
posltae frequency which Is slgniflcantly higher, Sample 31 has Arte-
micsla and Composltae [requencies within the range of present values
but an AP frequency which Is significanily lower. Sample 30 has
Compositae frequencles withln the range of present values but both
AF and Aggmfﬁjg_w'frequencles which are signmcazx'i'ﬂy lower. It
vwould thus gppear that @nvironrnental condiilons varled widely throdgh
the deposition of this sedlment unit. At the end of the deposltion the

present eltective moisture values were first established, temparatures

wera llke the present, snd summar molsture was greater. In the
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carller part of doposition, howevor-; offectlva molisture valies were
lower, temparatures weare higher, and summar rolsture was as at
presant.

All samples- from Stratum !l; thae Ulppar Republican horlzon; and
all but sample 20 rorm Siratum llil, the "“Transitlonal® hbrlzon; Mus~
trate the sarae enviﬁonmarytal conditlon. AP frequencles atre below
the range of present va!ue:s; as are Aptemisla_frequencles, and Com-
posltae !requencles are within the rang'e of present values. The en-
vircnment thi~cughout this perlod seems to have been one of loss ef~
factlve m-i:sture; summer mélstur‘e values like the pl*esent; and warmeor
temparatures,

The lowermost sample {rom Ztraetum 1l s distinet frorm thoso of
Ctratum l!; but like those from Stratum IV ln' Its significantly hlgher
COmposuaa_ values. Stratum IV contalns low fr*equan.cies of AF and
Arternisia_pollen and frequencles of Compositae pollen above ih;i‘:ange
ol present values. It appzars that throughout the d@pbs;ition of this
unit conditicns ware of lowear cffeciive rnclsture, higher tempé.r-atures |
and slmilar summer moistura relaive to the piresent.

ratum V; which contains ngcﬂand artifacts, can be divided
into an eairlier gnd a latar horizon on the basis of its pollen content,
the later horizon evidenced in samples 10;. Il;- 15 and !4‘and the

earlier horizon evidenced In samples © and 8. The later horlzon

le characterizaed by low AP and Artamisla_ frequencles and by Com~

poshaa frequencles which falkyithin® or Just aboveihe range cf present
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Cross-She Correlations

Cross-site correlation Is accomplished by conslderation of the
best-known ho‘rlzona; Woodland, Transltional and Upper Republican,
In thelr stratigraphlc contexts at the varlous sites, Pollen horlzons
are smaller c!iscrete units than the cultural horlzons and may be ex-
pected to be sbsent at one slte and present at ancther, Close at-
tention to stratigraphlo detalls; however, should allow the doevelopment
of an Integrated pollen chronology.

The earilest horlzon at 5WL.32 Is pre-Woodland In age and Is '
Interpretod as representing conditions of less effective molsture, more
summeor molsture, end warmer temperatures than the present., The
next oldest horlzon; also pra-Woodland In age, dilifers only In halling

effectlve molsture values llke the present. The only other pre-Woodland

¢
g o ¥

g £
pollen spectra are those from the /'t{an Sandy layer at SWL.33. These ~'~

agree with those of the earllest horlzon at §WL.32 In elfective molsture
and summer molstura Interpretatlon but are not in agreement In regard
to temperatura values. Also; the spectra from 5WL33 lllustrate an
unusual conditlon In respact to Gramlneae polten. For puiposaes of
cross-slte cor‘rolazlon; only the reconstructlons concerning the arcal
en‘ylr‘onmental conditions can be reliably utilized. The local tem-
peralure and summer molsture reconstructions form valuable adjuncts
for cross-silta correlatlons but cannot be expected to be In as good
agreement as the areal environment Indicators., The distinction In
Gram!neée values seems a rellable Indlcation that the "T{an S';andy,

deposlt at SWL_33 Is actuslly not correlative wih Stratum Vi at



SWL32 and therelore ol a diifarent age. Eecause the pollen stalla-
tics of the youngest pre-Woodland samples In Stratum VI agree so
well with those of the oldest Woodland samples In Stratum V at
5WiL.32 , it seems Improbable that the pre-Woodland conditlons evident
at 5\W_33 could be younger than those at 5WL.32, Thus; it would
appear that the Tan 7‘3’&:ndy sedlment at $WL.33 Is the oldest pre- ./ .= -
Woodland sediment sampled.

The Woodland ﬁorlzon at SWL32 Is divided Into two pollen hort-
zons} an earller one In which AP frequencles are withln the range of
present values, and a later one In whilch AP frequencies are below
the range of present valucs. In both horizons, as In all horlzons at

this slte, Cramlneae Irequencles are within the range of present values.

iy both. horlzons ,-as In all horlzons at thls slte,..Craralncae fr‘equenclifj—'o\

\are-within the range ol present values.,rfr:;' Woodland horlzon samples

from 5WL.33 have low AP frequencles and CGramineae [requencles
within the range of present values., They cannot; then, be correlative
with the earllor Woodland pollen spectra from SWL.32, Eut they need
not necessarlly be correlatlve with the upper spectra from Stratum V
on cullur‘al; stratigraphlc, or palyncloglcal grounds.

On cultural gr*ounds; the Woodland horizon at 5WL_33 could be
correletive with either the Woodland or the Transltional horlzons at
SWL.32, since reoognl!l;:n of the Transitlonal horilzon .ls based on the
addition of culture tralts to the \'Voodland horlzon; and such tralis might

have simply been missing at 5WL .33 at a late perlod. Cn stratigraphlc
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grounds there Is no direct correlation that can be made by virtue

of lithology or Index tosslls between 5WL.32 and 5WL.33, &0 there Is
no evidence that the ashy gray layér* at the latter slle relates to any
glven stratum atl the former slte. OCn phlynologlcal grounds the com-
binatlon of lower AP frequencles and 'present! Gramlneaffrequencles
occurs in Strata 1, I, Il and IV as well as Stratum V, so there

Is no reliable Indlcatlon of which unit the iWoociland horizon et 5WL.33
Is correlative to.

But complete cyniclsm s not necessary. The pollen records of
Strata l1-V vary In response to local condltions as well as arecal ones,
and It iz not impossible that local conditlons at the two sltes could be
responses to sorme sinale, regionally operatlve, factor., The local
tempearature evidenced by the \Woodland horizon samples at SWL.32 Is

~

within the range of! present values; and ,the\summar' rnolsture evidenced
Is above the range of present values. ©On <§U|tural grounds we can
argue that the Woodland horlzon at SWI_S'; may be equlvalent to the
Woodland through Transitional horlzons at WL 32 but cannot be as

late as the Upper Republican horizon. WIthin this span of the pollen
chronology from S$WL_32 there are no perlods evldenced In whilch tem-
perature values ares simllar to the pr‘esenl; but there Is a poriod-~
that of the depositlon of Stratura IV--when summer molsture wvalues
are higher than the present, Though it cannot be consldered as con-
clusively phowm; it would appear probable on palynélogical greunds

that the Woodland horizon at 5WL.33 Is equivalent In age to Stratum IV

at 5\WL.32. “Thus tihe Woodland artlfacts at SWL.32 would be younger



than those from 5WL33; and the entlre Woaodland horizon In the area
would bo recognized In the environmental chironology as beginning
during a period when eoffective molsture values and summer rainfall
values wure hlgh; progressing through a period when both eflective
molst.ur'e values and summer nolsture values decreased (later horlzon
of Stratum V) , and en<ing with a peried ol low effective moisture
values butl Increased surnmar molsture.,

The envircnmental condillons evidenced In the Transitional horl-
zon; Stratum !ll; at 5WL32 (lower effective moisture and surrm:::*
moisiura like tho present) are not illustrated In spectra from 5\Wwi.33
above tho Woodlaﬁd fhiorizon, SClince the lower sarmples from the Tan
Compact layer at SWL 33 seom correclative with Stratum | samples at
SWL.'SE; as ls discussed below,l it appears tha! the perfod of time en-
compassed by Strata il and Il at 5\-VL.32; and by tha Ulpper Fepubil-
can horizon at SLOI; Is misslng In the SWL.33 sequence.,

. .

The Uppaer Republlcan horlzon, Stratum I, at SWL32 Is not
differentlated;palyt1ologfcally. from the Transitional horlfzon of Stratum
M. The environment seems to have continugd ea cne with less of-
fective molsture and summer molsture e the present. At SLOV the
stratified uppsr Republican horlzon samples which wera not pollen

sterlle lustrate a slightly diflerent conditlon: less effective molsture

but highor summer molsture values and cooler lemperaturos. [Eecause

the temperature and summer moislure varlables may be locally con-

trolled, the discrepancles between the Uphper Republican horlzon
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samples ot the two sltes cannot be sald 1o definltely releéate them to
different perlods of @bsolute time. 3ut on this basls tha whole of the
later Steatum V through early Stratum | period Is homogenous paly-
nologlCally; 50 It cannot be sald at t'he. Upper Republlcan horlzons at
the two sltes aro of the same absolute tlrhe; elther.

There are some Interasting correspondences between samples 3i
and 33; frorn lovwer Sitratum | at 5WL32; and the older Uppar Repub-
lcan horlzon samples from 5L.01. The oldest samples at 5L.01 have
AP frequancles below the range ol present values and Artemlisia fire~
quencies within tho range of prasent values--as does sample 31--but
‘i'taé high Compositac values, which sample 31 does ot have. Sample
33 has the high Composltae values and the high Artemisla values--as
‘ do the oldest samples from 5L.C1--but has high AF Values; vinlich those
samples o not. The discrepancles between the twe sltes are, In-
teresiingly enaugh; the sarne discrepancles which occurred betwean the

stratigraphilc samples at SL01 Irom the Upper Republican horizon and "

Ll g T

the saraple from PRurlal 2. In other Upper Republican sanples AP

frequuenclos are below the range of present values; but i the Curlal 2
saraple and i saraple 23 from Stratum 1 the AP frequencles are within
the range of present values, In' most Upper Republlcan samples Com-

positae frequencles are zsbove the range of present values bui In the

furlal 2 sample and In sample 31 Irom Stratum | the Coraposiiae fre-
quencles are with the range of present values. | (o not helieve that

‘ these corraspondsnces are due to chance; thore Is no reason to suspect

that the lovwer Stratum | sedlraent was deposited much later than the




Upper Republlcan harlzon on the basls of cultural ovldenco; and there
fe no reason to suspoct that eimllaritles of potentlally time-equlvalont
pollsn samples from different sitea are Inexplicable. 1 balleve that at
tha porfod of absolute time Inwolved & change In envlﬁonmen!a! conditions
was occurrlng. The fnlerval botween sarnples 31 and 33 might en~
cornpass a respoctable length of !lme; and | think It probable that both
samples 31 and 33 ropresent tho transitlon period In collapsed form
vhilch Is moirre adequately sampled in tha Upper Republican horlzon at
sLo1,

Thus-; Stratum !l: and sample 30 from ﬁ!r',a\turﬁ l: avidence thé
environmental conditlons at the besinning ol the Upper Mepubllcan horl-
zon:!: low elfective molsture wvalues , nlgh lamperatures; and surnmer
moisiurae values llka the present. The succaecding conditlon vwas one of
low effective molsture wvalues aiso; but with hlgh summe“r molsturse
values and cuocler tempetatures. Before the end of the Upper Re-
publican horlzon ternperatures reverted to the warmmer con<itlon, and
In very Inte Upper Republican tlime conditions ke those of the present
bacame established., The levvor saraples firom the 'f'an éomptact layer
at 3W.33 (csamples 6 and 7) secra to be serealative with tha oldest
Upper Republlcan samples lrom SL.01 and thus be of the mlddle Upper
Repulilican serles, -

The post-Upper Republican horlzon is characterized at all sites

by AP frequencies illustratlve ol effectlve molsture within the range of

present values. By Integratlon of the samples from the varlous sltes

we can subdlvide this horlzon Into an earller conditly with higher

-




temperatures and higher effective molsture values (Site 5101, samples
3-18), and a MHistorlc horlzon with temperature values and summer
molsture .values like the present (Site 5WL.32, lens A and upper
Stratum 1} 51_01; Sample 8; 5WL.32, sample 9).

Teble IV Integrates the resultent palececologlcal chronology. The
effectlve molsture reconstructlon Is the most secure. TFhe-sunmap

,.c*;irfé««*{

melszuna-..:mconstr:uc.ﬂqn.ﬁ_!s__.the.{most.-r.sacure. The summer molsture
reconstructlion is made possible by agreement between two or more
sltes In regard to Composltae values for any glven hortzon, kit Is less
secure, The temperature reconstruction ls made possible by agree-

ment between two or more sltes In Artemlsie values on any glven hori-

zon and seems only appllcable on post-Wocdland horlzons., It Is tha

least secure reconstructlon,
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. - Efl. Molsture Summer Molst.  Temperature
Historlc | Present  Present ;F’resent Rl
| E |
— — — i : E— Pe—— !
Post Upper !
Republican Present Greater Higher
very late  Present - Present - Present
late  Less . Greater Higher
Upper middle ! “ i @ - Present
Republican early : - : Frasent Higher
Transltional W " B
. . late . " Greater 7
Woodland mlddle i " Present ?
early Present Greater : ?
| |
: Pre- late u ; " | 2
| Woodland middle Less f = & l ?
' - ear'ly* n , " g’ ?
e e R S5 U
TABLE IV
* Ewvidencing different, but unknown, condltlons on the basls of
Cramlneae velues.




Absclute Datlng of th onolo

Absolute dating of an environmental chr'ondlogy Is posgible by
(1) direct assoclatlon of the samples of which the chronology Is com-
posed with radlocarbon, tree-rlng or cross-dated ceramic dates; (2)
assoclation of the samples with serrlated artlfact types whilch have been
glven dates Independently; or (3) correclation of the reconstructed en-
vironmental conditlons with slimilar ones which have been Independently
dated by (1) or (2) elsewhere. At present, C-14 dates are not avall-
able for the sites Inwlved though they wlll be avallable shortly. There
ls no assurance, however, that the C-l4 dates will have sufficlently
narrow confldence Intervals to be of i"{mudﬁ direct beneflt In defining
the absolute age of partlcular sectlons of the reconstructed ,L.‘g:hr'onology.
and any Independent dates will be very useful as checks on the radio--
carbon analyses.

Method (2) has ylelded some generallzed dates for parts of the
chronology. £Esilmatod dates for the entire Woodland horlzon are
AD 500»1000; for the Transitlon horizon AD 1000-1200, and for the
Upper Republlcan horlzon are AD 1200-1500.

Palynological Investilgations in North Amerlea covering the perlod
of AD 500 to the present are not rare. Fow of those from the
Unlted States w/hlch have been pub!lshed; howsever, have been suc-
cessfully cross-corrclated since most are dependenti upon rjadlo~car-bon

analyses for an absolute chronology and have few dates for any glven

horlzon. In general, the last two mililenla have been rather neglectad




of dated alluMal unlls; with varlations In perlodicity of ralniall and
varliations In total annual ralnfall., The Southwestern chronology Is
wall dated by assoclation ol tha pollen samplea with datable ceramic
styles, In the Mlsslssipp! Valley' a few poilen samples of the chron-
ology warse assoclated with radlocarbon dates and others could be

dated by assoclatlon with ear'ly; veérsus late; Misslssipplan artifact
styles., The environmental reconstruction In that area Is proferred

in vegetational terms {(wet pralrie; diry pralrle; disturbed prairle) be-
cause there was Insufficlent data to reconstruct the causal environmental
factors,

In tho Mississipplan chr*onology; a major snift In vegotatlve covar
from wot pralrle (late) to dry prairle (early) Is bpacketed by rfdio—
carton dates as necessarily occurring sometime betiveen AD 12;’.55
and ag; « In the Douthwestorn chronology a major shifi In effective
molsture walues from rore mo!sn.fr'e (fate) to less moisture (early)

Is bracketed by ceramle and tree-ring dates as nscessarlly cccurring
betweon AD 1410 and 1375 In response to a shift in rainfall porlodiclty
trom a winter—-domihant storm pattern (late) to a summer-dominant
storm pattern (carly). Closer corrclatlon between these disparate
regions could hardly be expected, Conslderlng the estlimated date

for the Upper Republlcan horlzon, and considaring that the direcilon
of the shlift In elicctive molsture valucs at the end of the Ulppar Repub-

llcan herlzon Is In the same directlon as the AD 1410-1378 =hilt In

the Southwest, It Is almost a surety that the two are correiative
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by the paleobotanist. With the recent concern of North American
archaeologlsts In pollen analysis, more work has been accomplished
on the last two millenla; unfortunately for this repor! the majority of
the relevant data Is yet unpublished.

Publlshed pollen chronologles for the {f‘/\mertcan Southwest for
the time span of the past tvwo millenla ware recantly Integrated by
Schoenwetterr and Tddy (1964), It was shown that a gap existed
In the chironology between AD 110 and 1550; with only slight Inform-
atlon--poorly dated and scanty--for the 1550 to present horlzon., More
recent work (Hevly; 1964} Schoenwetter, n.d,; Schoenwetter'; MSa
Schoenwelter, MSb; Schoenwetter, MSc) has closed the 1100 to
1550 gap In the Southwestern chronology and has added to our under-
standing of the early hisioric perlod to 1775 but is unavallable in pub-
lished form. Another yet unpublished study which is of critical value
to this report Is concerned with the pollen analysls of Middle Mlsslsskpign
sites on the Arnerican Botloms near Cahokla (Schoenwetller, MSd).
This r‘e-;;imr'l cannat attempt to récap!tulam mare than the highlights of
argument of thesa unpublished studlies, but must utlllze the concluslons
dirawn In tham In atterpting absolute dates for the chronology doveloped
In the precoeding section ef this report.

In the Souzhwest; environmental reconstiructlon on the basls of
pollen enalysis has reconstructed the sequence of varlations ln elfective
molsture d{Schoenwetter and Eddy; 1964; 1964; pp. 73-108; sdhoen-

wetter, MSa), and these have been correlated, through a conslderation

—



-36-

phanomena. Since the ehlit In effective molslure values Inh these
Colorado siteg occurs at the and ol the Ulpper Reopublican horlzon
samplcd; the Ulppar Republican horizon evidenced probably did not
last far Into thae ISth Century. A good terminal date would be AD 1425,
Datlng ol other phernomena In the Colorado chironology by cor~
relatlon Is more difficult,  Increases In effoctlva maisture In the South-
western chronology are dated at AD 1250-1200; 1150-1050 and 750~
360, A return to wel pralrie condillons is recognlzed In the Mlsslssippl
Valley chironology, but undaled except by assoclation with early ("Old
Village") dississlpplan artifacts. From the esthniated dates on the Wood-
land horizon it seerns unlikely that the shift to higher offective moisture

values on tive late pre-Woodland horizon would be correlative wwith

13 Hy ¢ entuey L th century
elther the AS——%—E&GI\OP tha A—.’-_‘%-’i’-‘rﬁo’\varlaﬂons In the Southwestern

chironology. §t is not too unillely, howaver, that it does corrclate
8th century -

with the %—?&Gfﬂuctuaﬂon In the Soutawesiern chronology , and what-
evar {ts actual absolute age R seems likely thal It s correlatlve with
the shift cccurring In early Missiscippian thnes In the Cahokia area.
Accepting the AD 750 dale for the early Woodland-middle Voodland
shift in effectiva molsture values allows rocognition that something over
600 years 65 time i1s Inwolved in the known Colorado cultural sequence
in this areca.

The amount of tima elapsed between the end of the early \Wood-

land hor{zon &nd the beginning of the late pre-Woodland horizon would

be--lf the Southweslern dironoclogy was accepted--about 450 years.



This might seem oxcesslve were it not for the fact that samples 6
and 9 B! 8WL.32 are scparated from samples 3 and § by a break In
a:ratlgraphy. 50 a seperatlon In abtoluta time of unknown duratlon Is
avident. Tho middla preoe-~V/oodland hor'lzon; then; Is llkely lo be as
old as AD 300 and the ecarly pre-Voodland horizon may well date

Lbelore the beginning of the Christlan era.

It may bo noted that desplie the reconstructlon of summer mojsture

L3 BN : B - I T N
(1%t Veper T {'M;‘--‘ S by and Tty Sl

valuea for both Colorado &nd the Southwestﬁlr\ the AD 750—13({5 perlod,
no attempt has been made_ at correclation. V&;ile such com*elat!i:h might
be posslble; the underlying assumptlon vwould be that Incireases and de-
creases In suramer molsture In the two areas wvould be functlons of
siimllar climatlc causes. /s thls nssumptlon Is hardly demonstirataeble
with avalilable matadi~ological data | have preiferred the cautlous appi~oach
In this casa. [t Is a lead that might be followed up in future palco~

ecological Inquiry on the Plains, however,

Cultural £ coloay

Ferhaps the most lnportant plece of cullural ecological data re-
covered In this dtudy was the complete lack of any Indication of egrl-
culture on the prehistoric horlzons., About 3450 pollen gralns of the
Upper Republlican hor'izon; 1150 of the Trénslt!ona! 'hor-lzon; and 3175
of the \Woodland horlzon were observed without notlng one of a cultl-
vated type. By contrast, 10 gralns of cereal pollen were observed

In a count of 500 gralns from lens IA. This lack o! prehlstorlc

agricultural orientatlon seems substantlated by the lack of cultural




indicatlons of socttled existence. As the eVvidenced effectlve molsture
values In the area were below those now occur‘rlng; It seems un-
lliwty that the Uipper Ropublican or Woodland cultures would have
had a reilabl@ aeconomic basis in agrlcultur:e.

' The presence of grinding implements ir'; greater quantlty in the
\'v’oudiand. ti‘man t!'\e Uppar Republlcan hprlzohs Is not clearly related
to environmental conditions on the basis of avallable data. i It could
bea _shqwn tha! most of the VWoodland yrinding Implements weore re-
covered fr.c.:»m the early Woodtand horizon, it might be argued that the
paople were prreparing food from a plant which was rnore plentiful
u-nd;ar 5—""{"’" conkiitlotis. Alter‘nanwaly; if the occurrence of grinding
tools Is correlative with the inciications ol greater surr;mcr rmolsture
values; the plant involved miight well be a member of the Compositae
such as 'sunﬁ(.)'wef‘; marsh elder or ragiwoeed, In any case, an ex-

planation of sitaple cultural preference could always be invoked. En-

vironmantal conditlons often offer econornic opportunities which are not

culturaily explolied.
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