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Introducllon 

PolIGn samples were gathered In 1964 from a serIes of locall-

ties north and west of Westplalns, Colorado, In TownshIps II and 12 

North I Ranges SS and 56 West. Collections were made In stratl-

graphlo sarles below I wIthin. and above archaeologIcal horIzons al 

sites SWL32. 5WL33 and SLOt, and a single sample was collected 

from a burial at .slte SLR99. Seventy-one subsurface and nine sur-

faCE) samples were submitted to this laboratory of which slxty-elghl 

were processed and analyzed. 

The obJecllve of the project was two lold: first. to obtl3ln a 

pollen chronology "","Ie" mIght be useful In the relatIve cross-dating 

of future archaeologIcal work In the area l second, to obtaIn paleo-

ecological Info,..msllon whIch might have a relevance for the Interpret-

etlon of the arChaeological data. 80th obJectives. J�ave been fulfllfed 

In large part. but the relatively small number 01 pollon samples of 

• any gIven paleoecological horizon necessitates the recq.Qnltlon thai 

the Interpretations sel lorth In thIs report as yet requlr() e respectable 
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measure 01 lurther substantiatIon, 

Because thIs Is 8 pIoneer research project In thIs area, and 

because thIs reporl Is destined lor modification before publicatIon, 

I havo purposely attempted e liberal approaoh to tho Inlerpret' stlon 

01 the palynologIcal dats, A rIgId conservatIsm, VIkIlJe respectably 

scIentifIc, \I\Ould seem to 1It1le serve our present purposes, We are 

here searchIng out Ihe potentialities 01 new approaches In an attempt 

to 91:11n new perspectIves and InvestIgate new problems, If the I"tor-

pretatlons come to be seen, In futuro. as erroneous becauso based 

upon too' Ilttlo date It should not be surprIsIng, 

ExtractIon and onalysls procedures 

The method used In extracting the pollen from tho sedIment 

samples Is that with whIch thIs laboratory has had wIde sucCGOss on 

alluvIal and colluvIal materials In the Southwosl, II basIcally consIsts 

01 four steps: 

(J) passage of materIal through 80 micron mesh screening 

(2) removal or majorIty of the mInerals with Her: and HF 

(3) heavy liquId flotation to remove the light, organIc, fractIon 

01 the sampl� 

(4) standard acetolysis and KOH treatment, 

Of the sIxty-eight samples processed In this manner, sixty 

yielded sufflclent pollen for an analysIs, Five of the recalcitrant , .  ' : " �; . .. � .... 

.J 

samples were from one particular slrlltlgraphlc horIzon" so It appears 

that tho extraction method was not at fault In this case, but thGO samples 
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aclually did not conlaln much pollen. 

Counllng and Idenllficatlon of the pollen laxa was done at 450 

magnlllcallons. The small number of pollen taxa recognIzed may 

partly be a function 01 the poorly preserved con dillon of much of the 

anclenl pollen. The category Gremlneae probably Incorporales a lew 

Cyperaceae pollen graIns I lor scabrete grass pollen and crushed, 

0... 
baltered and brokon Cyper;ceae pollen sometIme s are much alike. 

" 

The totel lack of Cype,...;';ceae pollen In Ihe fossil record t the9 t Ie 

probebty nol meaningful, bul I would doubt thai more Ihan a dozen 

Cyperacoae pollen graIns were Included In the Gramlneae In any case. 

In the Southwest Ihe sIze of pIne pollen Is an Index to species 

withIn the genus I smaller graIns are usually referred to the pInyon 

• pines and larger graIns to the other Southwestern pInes. TI-ure Is 

• 

a largo range 01 variation In the size of the Plnaceae pollen In Ihose . 

samples, with mosl graIns beIng of a small sIze. but I have been 

reluctanl 10 assume Ihal the· sIze-frequency slatlstlcs worked oul for 

ArIzona species (MartIn, 1963. p .  20) are applicable In northeastern 

Colorado. Incorporated In the Plnacaae taxon Is an occasional occur .. 

ence 01 spruce (Plcaa) pollen--undoubtedly a matter of long-distance 

transport. 

In poorly preserved materIal the pollen 01 ArlemjJill! exhibits a 

great range of morphologIcal variation and has caused no little trouble 

to Southwestern palynologlets. I have been rather liberal In allocating 

poorly preserved pollen to thIs taxon. and have undoubtedly made a 

number of errors In Ihls regard. Some 01 tho grains I have called 

1 
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Artemisia ere prObably Cornpoaltae grains of the other calegory. 

and othors are probably of completely different lamllle!$ . for the trl

colporato scab"ele-mlcrorellculale 'morphology Is a very common one. 

Tho morphology of oak (Quercus) pollen Is va,.lant and pollen 

of complotely un,.elated taxa closely resembles It. The "cf. Quercus" 

cl:\tegory. then I relates 10 polkm graIns which lool< like Ihose of oak 

but may nol actually be so. Grains oli this type were found In the 

surface samples. though no oalf, was reported for Ihe area on Ihe 

vegelatlon forma. 

The pollen diagrams are somewhat unorthodox. The double 

bar segregates taxa inclUded In the pollen sum. on the left. from 

tu)(a excluded. on tho rlaht. The pollen sum Is the number on which 

the percentages havG beel' basad; taxa excluded from tho sum are 

dIagrammed on the same porcentaae basls as those to the left 01 tho 

double bar. Thus If the pollen sum of the Included taxel was 200 

gralns--the usual IIgure--the porcentage o! an e>(oluded taxon lNOuld 

be greater than 100 per cent " more Ihan 200 graIns of that type wore 

observed. The diagrams also Includo a shaded (lrea for certaIn taxa 

which Is the confidence Interval at the 95 per cent level of confidence. 

This confidence Inlerval Is based on Ihe assLlmption Ihat pollen statistics 

follow tl blnomlnal dlstrlbutlon. as has been IndIcated In a number of 

studies (Faegrl and Ottestad. 19481 Moiseman. 1962). The bar rep

resl)ntlng the freqUency 01 the pollen 01 a laxon will fall below. within. 

• or £1bove the shaded area. As Is discussed below, the shaded area 

represents the present conditlor: I so the pollen frequency may be 
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evaluated as less than pr-esenl, like pr-ssont. 0,. mo,.e than present 

Immedlately Il"'Om tho dla!'lram. A cross on tho dlllgram IndIcates I!I 

pollan frequency of less than 2.5 per cent, \.Inless other-wlsG Indicated 

In the text. 

All ot the sllrlace samples, and the maJorlly 01 subsurface samples • 

were "counted" until 200 grains 01 the taxa Includ�d In the pollen sum 

ware obser-ved. This has become th� standard fixed count of both 

this labor�lory and thnl of the Unlverslly of l\rl+on8. However, not 

all samplas wers equally pollen productive, and It SQcmed that thIs 

mIght be an Important varIable which could be used as a horizon marker-. 

I accepted one 22 x 22 mm area on the mlcl'oscope slide as a standard. 

" more Ihan 200 pollen 91'alno could be observed on this area a 200-

9raln count was maoo j if 0101'0 than 100 bul less than 200 grains 

cOI�ld be observed the count was t5topped at 100 I If more than 50. but 

les$ than J 00. the count was stopped at 50 I If less than 50 grains oc

curred Ihe sediment was considered st<;>rlle. There has been somo 

concarn in the paiynologicat literature ihat counls of less than 150 

grains may be statistically meaningless. It 15 true thai the more grains 

that are observed the more meanIngful are Ihe resultant frequencies 

by l,'lny standard, but when few taxa <!lre involved this rule s<>er!"lS to 

lose its force. soon recognized th�1 the frequencies 01 the pollen 

taxa w�r� remarkably stable ov"'n with small 0:>unt8, so I pvt the rule 

to the empIrical test. FIgure \ shows the variation in pollen frequen

cIes lor counts 01 50. I ()o and 200 grains on the same �ample (5110 

5WL32. sample 2). 
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I leol that thIs demonstrates relrly \'Vclt Ihal the smaller counts 
Ie 

arQl reliable In the C8$$ or thfr$e materIals. The cOllf1dence limits, 

01 courso, wIden as the sarnpl0 size decreases. This Is expressed 

on all dill!)rems. 

'i1�e Surface S<'lmi?les (Fig. .2) 

One of the jnhor�nl cIIfficultio5 01 <!IllY plonCler effort Is the lack 

of cornparatlv.e chIs. In Iil poll<.lln study thts dtrffcuhy Is compounded by 

Ih<3 reallzalton that pollen cnal)-'si$ Is eflsonliolly a slctis!IC£l1 technique, 

doellng with the relative fr�quencks of pollen iaxa. and I;lSl such Is 

opon to all of the prOblems of sampling and muthar.1Ullcal manIpulatIon 

Ihat the fiold of statistics Is hetr 10 In addlllon 10 thQ bolot'\lcal problems 

01 tdenlirIcatlon and the physIcal probleme; of extractIng poll�n from the 

secllrncn!. To ovol'come Iho luctor of loch of compDratlv� dala, and to 

IndIcate w;'131 statlstiClll problems wOl'e Involved, II waS neccGuary 

10 on<llyzo a rcspecl1!\bl" series· 01 sQmplcs rQPr-csonllng known, rnodern, 

pollon roln-VSDc!lltlon associatIons. ihb was tho only avallablo control 

on lhe subsurf€lcQ samples. 

The sur-Soce samplos wore colloctod In Iho Droa ot the sites them-

solves. ,hus conUltlons 01 topography. dralnt'lg0 and sediment Iyp-, 

should bo roughly approxlrc'lote for tho surface and Sllbsurta� samples 

Ir?m any gIven site, and the major fluctuating varIable through "rna 

should be the vogotallon psttorn Its�.Jf. Also. v<1riatlon II' pollen content 

botwe>cn burlace sample$ from a glvon sit", should b.!) a funcllon of 

variations In the Imnwdiala v.l>golc;tlon of tho GcImplo area. Since records 

are avallablo 01 the vegetation of the $Qmpled areas, we CEln define Ihe 
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"presenl" condition nnd see how It varlos Ell e site end for all sites. 

Obt3orvlng the pollon spectra from all Ih03 sites (FIg. 2) It Is 

ovldont that some ta.'<Q are quIte consIstent In frequoncy ""hila others 

v<lry from one sample to Ihs next. Clearly, those that vary lenGt 

must be mosl raponslve to regIonal ecoioolcai fnetor's while Iho$o that 

vary most are mora responsIve 10 local oeD log/c al 'aclors. Our major 

concern Is with roglonal, not local, paleoecology Glnce we wIsh 10 re
(" 

lata to rcglonal aroha�0109lcal rocord. Local ocolo:3lool vnrlatlon, 
1\ 

While of Import, may bo considered "nolso". Because we perforce 

deal with Ihe frequencIes of pollen taxa, however, and becauso the 

tolal of all freqUencies rnusl equal 100 p<;>r co"t. (;lach pollon frequency 

13llecl9 nil the othQrs. II all of thu ta�:Q wcpo coneldered equnlly, the 

"nolGo" taxa mlaht bo so Important os to drown oul the meanIngfulness 

of the "rcalonal" taxa. Tho simplo solullon to thIs problem Is to seg-

regate t:,o obvious "noiso" taxa fpom the olhers and treat them sep-

apately. _ The "noise" taxa cannot be Ignored allogatner baCl!\usa they 

have some e:oologkal sl�nUlcance; thus theIr varIation through time may 

be useful In the palco0cological reconstructIon. SuI too many taxa 

carmol be Included In tho "nolso" celago,,), lor tills will ( 1) leave us 

with very few potlen groIns to observo In Ihe "r0910nal" category, 

making tha enalysls long and tedious. and (2) allecl the stallstlcs 01 

the "regIonal" category In iii drCJstlc manner. 

For' Ihe "noise" category Ihon, I have selected only the lew taxa 

whIch vary most drastically: Compo sitae I C:leome, Ceroals, Atnus • 

and rfiletula. Alnus, Oetula, Cleome and Ceroals only occur once each 

• 
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In the enUre pollen record. Th0 former two are spocfallzed rIparian 

plants, geomo Is an Inseci-poilinated planl whose occurrence 15 

p:--obably a dlrecl function 01 Ihls sIngle sam'pllng situation. end Iho 

cereal poll",n is a fundlon 01 tho ml:ln-lnflUi:mced onvlronmer'ltal con

dItIon. Compositae> Is thQ taxon whIch shows tho greatest variation tn 

the surface samples and Is also the one which Shows t11(t greatost 

varlallon In the subsurface samples. These: taxa ere diagrl;lmmed to 

the righl si dG of oS! doublo bar on the f1s;Juree. Their percentage fre

quencies do not aflecl the taxa oli the left sldo of the bar, \'\Ihosa per

c;entagGs are calculatod on the basis of the pollen s�lm--u5Uelly 200. 

The best Indict)$ to the presont r0210nal condition are the Plna

ceQe und tho Graminoae v;;l!t.les. At the 05 per cont level of confl

denco all cf the PinClceoo and ':"�ram!noae values for the surf�ce sam

ples fall \viihln the same statIstical rangEl. All 01 tl)o AI'tom-isla values 

except those from SWLJ2-42 arid SLADS, which are higher, end SL01-

19, \il/hlch Is lower, fall Inlo the �ame range. 5WL:l2-42 Is from a 

locality which haG more Artemi,sla CQvorage than the others I 5LR99 

Is from a locality of above average elevation; 5LO 1-19 yields an 

/.�rtcll1r,' §Ia value significantly lower than 5LO 1-1 Q, from the SamG site, 

and thus S�E>ms v�ry anomalouG. From Iho presenl disli-lbLillon 01 

Artem;·sla It Is cleiSr thai this plant has Q relatIonship 10 th<D areal 

ecology. It Is norr:lelly found In ynusual fr(lquoncy at cUher hIgher 

elevations or north facing slopes and thus can be rec:ogl,lzed as a 

cold-pl'oference element in tho areal vegetatlon panern. Like any 

living plant, It must reapollo to (he local conditions of the sIte, but It 
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may be eonsldel"ed as oCClJpytng a niche In the regional ecology. 

Tho ChonopodTaceae, of the "regional" taxa. varies the moe;t 

wIdely from sampillt to sample. ThIs Is In part. of course, due to 

lIs local ecologloal requlremenls, but It Is also a function 01 the malhe

matlcal syslom 01 tho pollen analytic technique. As tha lotal percentage 

of all 01 the "I"eglonal" taxa must equal 100 per cenl, the fl"equenolee 

01 some taxa must very If tho frequoncles 01 other taxa vary. Plna

coae and Gramlneao vary wIthIn statlstlcal IImlls, but th ey do wry I 

Artemj sll! var-Ies sIgnificantly; Juniperus, Quercus, Ephedra; LII

IIsceas, and other taxa also have some aflecl on the lolal of 100 per 

cent. Some taxon. or taxe, must take up the statistical slack j In 

those samples Ii Is the Chenopod!aceae • 
What Intorpretatlons of pnleoecologlcal significance can be derived 

from t}:le v�rlatrons In the surlace samples? First I th$ present con

dTtlot1S IiIrEl best demonstrated by Plnaceae and Gramlne;ae values. 

Any statistically slgnlllcant variatIon In Ihese taxa through tIme can be 

reliably accepted as "differenl from pres""nl". As a 'amlly the Gram

Ineae hav0 a very wIde range of ecological tolerance. II we could 

delermlna what genera or species of grasses were Involve d we mlghl 

know the direction of 0001091cal varlellon IndTceled by a grester or 

lesser frequency of GI"amineae pollen, but p ollen ldentlncatlon will nol 

I;lllow thIs rellnement. 

The Plnaceae, on the olhe.r hen d , has a less wide ecologIcal 

range. Granting thai we are not here dealing with other genera than 

• 
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now occur In the western plains area, e significant decrease In the 

number 0' Plneceae should be Indicative of a slgnfllcant decrease In 

effectIve moisture. vvhlle e sIgnificant Increase should be Indlcetlve of 

e significant Increase In effective moisture. Of course elfectlve mols-

tUl"e Is iii complex varlcbl". It rs at once III function of competitIon, 

amount of \·vator available et thc rools of the trees, and temperalure. 

The amount 0' water available Is Itself contl"OIIed by the naturo tine! 

perlodlclly ollhe raInfall, the amount of raInfall, and tho height of the 

waler table. Thus variations In Plnaceae frequency are rroanlngrul. 

but only In a general way. 

VClf"latlons In Artem i �Ia frequency till�ough limo should bo a re-

liable Ind .. xto temperature values, slnoe Ihls plant Is today temperat-

uro sonsltlvG In Ihls area. However, it can be expected thai sites 

�D-( Ay ('to'" $.'0.. 
whIch presently supporllf'!ght weH have sUpported more Artel!)i .!iliL 

In the pasl. ThIs must be taken into account In determIning the stat-

Istlcal "present" condition at each site. tv1or� 6rlemi .sl§ Ihen present 

should Ihen be an Index of cooler conditIons, less than thc present 

should bo en Index to warmer ones. 

Th<:>re Is a valuable clue to the ecologloal sIgnificance of the 

Composltae taxon In the dlslrlbutlon of maxImal and minImal frequencies 

In the surface samples. Composhae Values arG rt>axlmal at the hIgh 

elevation sIte end In the canyon bottom; Ihe.1' are mTnlrnal In the rock 

shelter locality and bbove the canyon rIm. l.'Vhen It Is realized that 

• these Composltee polleh graIns are shed prImarily by annual, rather 

than perennIal i plants It is ciear that thIs taxon must represent local 

• 
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ecologIcal conditIons durIng the summor growing season only. The 

maximal values come 'rom th" wettest localitIes I Iha mInImal values 

from the d,..f(/)$I ones. Thus cOmpo sitae values should be a r"IIabl a 

Index to welt$1" than prosent S1Jm�rs If statistically higher values are 

found. and dryer than prj;lsent summers If statistically lower values 

are found. The value for "present" will be different at each slt0 

sInce the Composlta", :are a local ecologIcal Index. 

5LR99 

The sIngle subsul'face sample from Ihls site did hot yield sufflc

lenl pollen '01'" enalysls. INhlle thIs Is disappointing, a succ",ssful 

analysis 01 Ihls sample might have raIsed mora problems thon It re'" 

solved. _ The samplE) was 01 sediment associated with a burIal. Ex

tremj;lly low sodllnon! s",mples from burials have beon successfuHy 

anl;3ly;zod for pollen content anywhere In the world. and Ihose v • .h Ich 

have been successful hi the Southwest have sometimes yielded <;om

parable resu.lts to 011'101'5 of ih¢ semo �ge, and other time� havo not. 

5WL3J (Ffg. 3) 

In the surfaeo samples from this site Artemj sis values range f rom 

13.5 to 22.5 per Cenl. These frqquenct€t� do overla,p at the �5 pOl'" 

cent level of confidence. e.nd IndicatE) Q single "present" conditIon with 

frequencIes ranging between 6.0 and 35.0 per cenl. SubsurfilC<9 

ArlemLsla frequemclos below 6.0 pOI' cent would thon Indicate warnwl'" 

• 
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condlllons than pres�nt and values above 44.0 per cent would Indicate 

\lll'eUer summer condilions than present. As with tho other slles. AP 

values below 12.0 pel" cant would IndIcate less efFective moisture 

areally than al prasen'. and AP values above 45.0 per cont would 

lndtcate more effeotlve molsturo areally Ihan at present. 

The sample from the sod tayer thus> s!lowa conditions like Ihe 

present exlsllng at the time 01 doposltlon . The uppermost sample IrQm 

the tan compact layer Is sIgnIficantly different ""om the present In its 

Compo sItae frequency but tn other ways Is like the present. thus �t 

thl!) tIme of tIs depOsition there was more water available durIng the 

summer but no other var'ldlon. 

The lower two samples from the Ian compact layer have 61g-

nlllcantly lower AP values than the surface samples. as well as slg-

nlllcnntly hlaher C'-ol1iposllae values and sIgnificantly higher Arlcmi� 

values. The Indications are. Ihen. thai during the oarller deposition 

of Ih(l tan compact layer cooler conditIons than present occurred wIth 

V"allOr summers t but lessened affective motstwl'a values. 

In the samples frolo'\ tho ashy gray layer. the AP frequency Is 

sIgnifIcantly lower. Ihan present. the Composltee frequency Is slgnlll-

contly hI811or. and the Arterni sia freqUency not sIgnificantly differant. , 
The Interpretation of the poll<m stalizHcs Is onE> of a conditlon with the 

same reasoned effective moIsture and high summer $OO$on moisture 

values evl�nced In the lower tan compact leyer bl<1 no cooler or warmer 

than present • 

• 
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In the ten sandy layor the uppermo/ill snmple diffore from those 

01 the t\shy gray 16yor In Its significantly lower Art9m i,sl� valyes, an 

Indication of warmer condillons 0 The lower two samples 0.·. thIs sedi

ment have slgnlflcanlly low AP values. sIgnificantly· hIgh Cornpositee 

values, and ArhilrThi sla values like those 01 IhEl present. Thwe, like 

the ashy gray layer. they Indicate a oonditlon 01 less offectlve moisture 

but hIgher summer season moisture values yet IiIlmliar temperature re-

latlonshlps 10 the pr'esent. The lower tan sandy layer samples dllfer 

from those of the fishy gray layer and tho .I;lurface In havIng GIgnlll�ntly 

hlghor Grumineae values. 8eoCluso tho Graminoae values do not vary 

elgnlflcaf1l1y In Ihe S1.lrfaoe sarnplGs, we;; have no controls to determln$ 

the meanIng of theIr variation In the sUbsurface S(lllTlples I all WG Can 

recognlzG 15 thaI the vC)f'latlon must have � meaning. ·.So It be-

somes olear that Ihe ecologIcal conditTon evIdenced In the lower tan 

sandy layer' $amples Is distInct from the ecologIcal condition evidenced 

In the ashy grny layer' I even t:�ough the AP, Ar-temi .sla and Com-

positae voOllues are Indicative of tha same ph<momena. Just what the 

dlstlnctfon Is, we do not know • 
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It was pointed out In the dtscusslon 01 Ihe surface S(lrnples Ihat 

surface sample �LO 1 - 1 9  was anomolous In IIs
'
slgnlncantly low Art� 

m j,sle re cord. My suspicions regarding this sample vvere heightened -, -

.... .h en sample 8 from thIs site was analyzed and II Qhso evidenced a 

sfgnlficantly low Arlem,j � frequency. Sample a is a subsut'face 

sllinple from a dlslurbed sedimentary horl.;:on such as quite commonly 

occurs at Ihe top 01 rockshelter Gcqu�nce9 . It :;;eerns highly probabll5 

that 5L.O 1 - 1 9  is nc;>1 representallve 01 tho modorn condition but Is Ii! 

sample of the disturbed I�yor . like 5L.O 1 -8 .  Therelore . only 5LO 1 -

t 6 Is utilized as the slandard for "pres enlll conditions at this site . 

The slr;::tloraphy 01 the rochshcJtcr sediments ( see stratigraphic 

profile l Is cornplicnled by the mass of roc!� lall whIch oCct./l"'rod sometime 

In Ih"" past . The absolute depth from the surface in this case Is not 

necessarily a reliable Il1dex to the relative Qge of tho sample . 111e 

relative ages of S<lmples , . to a are proven by theil"' strl:ltlgr€\phic re-

lationshlps . as are the relatlv3 ages of samples 1 0  to 1 5 .  but the two 

series are noi necessarll)' synchronous . The oldast l5an"lp le may bCl 

either 1 or 1 0 ;  samples 1 1  10 1 3  may be older , younger . or syn-

chronous with samples; 1 and 2 ; an d sampleS! 1 4  and I S may be older • 

yo�nger . or synchronous with samples 3 10 S .  The only reliable 

stratIgraph ic event 15 the rock fa ll . Sarna of the SQmples ar-a younger 

than the rocl< fal l and others are . o l�r--noihln9 more Is known to be 

• tru e .  The Upper Republican horizon IS! below the rock fall . 

• 

, 
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On the basIs 01 61mllarUy In pollen conlenl wIth the surface 

sample , I have srouped samples 0 ,  ' 5 ,  t 4 ll1nd 7 �s the youngest 

01 the serIes aboye tho rock fall and samplo$ 3 and 6 as the oldGr 

of t"lc £;c rlelS .abova the rock fall . All 01 the sample!ii of thee tan. com-

pact sacllmant abovo the rock lal l  have AP frequencIes within the stat-, 
(\ :' .\. 

lstlcal ranae of present Va1Ual5 , Artemi ,gIl!! froquencl<l!5 l;o(ow the range 
[I 

0 1  present values . The reconstructed envlronm",nti:ll condItions durIn$) 

the depositIon of Ihl$ unit lADul d  bo 01"10 of effective molstLH'e values Ill<� 

the present , bLlI warmer and with wetter sumrrers . S<lmples 3 and 6 

have lower AP frequencies than the others , and mil)' bQ consIdered 

transitlo'II:l1 to the oldor samples t but fall wU:, ln the statistIcal range 

of "present " conditions . 5::3c!l-:1ples /. and S v/o ra not pf'occssed but 

they may be pres'-Imed :0 havo been s!mllar to somples .) and 6 .  

Of Iho samples COllected below the rock fall sample 1 3 must bl) 

the younC0st and samples 1 2 ,  1 1  and 1 0  must be Increaslnnly older. 

Samples 1 1  anq 10 yIelded only 50.-grdn counts ; It thcwc!ore seems 

reasonable to suppose Ihat £"..c.mpte 2 ,  \,vhich !liloldcd a 200-graln count , 

Is mere ot an age wUh sr.;mf)les 1 3  and i .a  than w1!h I t end 1 0 .  Sam-

1"10 1 ,  which may be older or of a simIlar CIao as samples 1 1  and t o ,  

WillS pol len steri le.  So' there llre two , possibly thra"" horizons below 

the rock fall : Ihe youngest . evldenced .in samples 1 J / 1 2  and 2 t yields 

200-9raln count s ;  en older one , evIdenced In samples J 1 and 1 0 ,  

yIelds 50-graln counts l an olcksl one may be representod by the 

sterile sample 1 .  V\lhlle the AP froquencles are slSnlflcantly le,;.s thun 
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pressnt values and the ComposltlSe frequencIes are slgnlflcanlly more • 

thon presenl values In both the younger and older horIzons below tho � 
rock fall . the Artem i sla frequenoles or'e less than present values In 

the older one . Thus for the earliest hor'lzon evfdenced by pollen In 

the rooksheller serIes we may reconstruct an envlronm�t of less 

effectIve moIsture , more summer moIsture , and temperatures like 

the present , v.h lie somevvhat laler th ere are conditions of less ef-

fectlve moIsture , more summer moIsture . and temperatures warmer 

than the present . 

FIve samples were collected at SL0 1 In assoCIatIon wth Upper 
" 

R epublican orlllacts . All ,but one were pollen sterile as that term Is 

used In thIs report . " would seem that there Is a horIzon at the 

• site In whIch thIs Is a characterIstic condItion . as In sample I .  Per

haps the pollen sterile condltlon Is Itself some kInd of an artifact of 

• 

the ear'ly cultural horIzon .  A sample contaIns fewet·. ' pollen graIns bo-

cause ( 1 )  the pollen In It has been destroyed, presumably by <;l><ld-

€Ilion or mIcro-organIsms I or ( 2 )  because the sediment was deposited 

too t apldly to entr,ap pollen In reasonable quanllt y ,  Cultural . modUlo-- , 

allon of fhe rockshelter sediments co'uld have thus produced Ihe pollen " 

slerlle conditIon as an artifact,. 

The· sample from burIal 2 et thIs sIre yIelded a SO-graln pollen 

count . The A P .  Artem,1.§..@. and Co'mposltae frequencIes lall withIn 

the range 01 present values .  IndIcatIng the occurrence 0' envIronmental 

conditions not demonstrably different Irom those of the "resent clay . In 

thIs regard . thIs sample Is quIte anomalous .  relatIng to no other subsur face 
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sample from the sll • •  

There ere 8 series 01 alternat ive conclusions thl!lt mIght be 

. drawn . FIrst , that the sample has been contamInated In the cot-

lectlon and represents present conditions because present pollen was 

Incorporated. It would otherwise have been pollen sterile like the 

other samples assocIated wllh artifact s .  Wllhout supportIng evIdence 

acceptance of such a conclusIon th rows doubt upon all of the samplas 

and so should only be thought o f  as a last resort . Second. that Ihls 

sample Is statlsllcally non-representatIve I that If Is Ihl!lt one-In-twenty 
, . 

defiance of the odds that can be expected to occasIonally oocur . This 

conclusIon Is Incredibty naleve . but remaIns a possIbi lity . ThIrd . 

that the sample--belng from the dIsturbed provenIence of burial 1111--

• blends pollen from different horizons and Is not comparable to samples 

• 

whIch were deposited u nder "natural" conditions . Fourth , that Ihe 

sample accurately represents envIronmental conditIons occurring al , 
the time Ihe burIal was Interred. 

If the thIrd alternatIve were true . the only blend of horIzons 

that cou ld occur wou ld be 01 horIzons as old. or older than the true 

horIzon of Ihe burIal . All data available agreeS Ihat from the be-

gInnIng of depo slllon In the rocksh elter through the end 01 the Upper 

Republican perIod �P values were low and Compo sitae values were 

hIgh . " seems Improbable , then , Ihat any blend 01 such horIzons 

would produce the hIgher AP values and the lower Composltae 

values obt�lned In Ihls burIal sample . HIgher A P  valu es are 

recognIzed In the samples ebove the rock lall , so It Is possIble that 

• 
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TABLE II 

--- --- _._----_. __ . ---•.... -... -.-.----.... r-··-·--·--·---··-·--

Effect! \I('J Summer 
Sediment Moisture Moisture Temperature 

- ---

Surfece Present Present Present 

[--
Disturbed II " Cooler 

Tan Compact " Greater " 

BLlrlal 2 Present Present I --r-----------� ------... --�- .. -. 
Gray to Slack Lower Greator " ; 

" " Cooler '1\ 1\ Present 

• _____ , _ _ . _ _ _ L,,_. ____ 

• 
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the Burial 2 sample represents a period laler than the olher Wpper 

Republican samples I but the blend 01 horizons hypothesIs Is stili In-

adet/Uete 10 explain the low Composltae 'requenoy . 

It vvould 'nus seem thaI this sample must be granted as much 

acceptsnca as [lny other and taken at 'ace value as truly represent-

atlve 01 an environmental condltlon v.h lch dld occur on Ihe Upper Re-

publican horizon . It seems probeble that It occurred very late In 

Upper Repllbllcan tlmo . about the time of the rock fall at Ihls site . 

for II Is onty altetr tho 
'
perlod of Ihe rock fall that samples contain A P  

'reejuencles in th e range of  those 0' this sample . It seems Important 

thet tho frequency 0' Arlomj .sls In sample 1 J Is sIgnificantly high or 

Ihan the other Upper Ropubllcan samples except lor the one from 

Burial 2 .  

SWL32 ( F ig .  5 )  

Of the three surface samples from this site Illus trated on fIgure -
2 .  that from the canyon rIm most closely approx.lmates the vegetation 

con dItIon at the site ( sample 42 ) .  When sample 44 was analyzed II 

was Immedl£llely apparent from the quanllty 01 po llen and the quality 

of preservation that thIs was a surface sample also . and the presence 

of Cleome pollen was an excellent Indication that It had been collected 

from the site proper. These !vvo surface samples were u tilized to 

establish the confidence InterVCIls for the "present" condition as evl-

denced In the Artemj,sta and Composllaa values • 

Stratu m I Is composed of two parts . above and below Lens IA . 
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Three samples . 39 . 38 and 37 . were processed from the upper pari . 
" 

Sample 39 was pollen sterile and sample 38 yIelded only a 100-graln 
T 

Samples 38 and 3_ lilustrate no variation from present Indlc-
, 

count . 

allons . 

The two samph,s from Lens IA have sIgnificantly lower Arterr:/ .sl!!! 

values thon the surlace samples , Indlcallng a warmor condItion than 

now occurs but otherwIse sImilar . Sample 34 also contained ten 

pollen graIns of some cultlvaled cereal . Dlllerentlatlon between maize 

and .. � eat pollen Is possIble by phase contrast microscopy and slze-

frequency analysIs but neith er seemed important In Ihls case . The 

gratns average about 58 mIcrons and are more probably Ihose 01 wheal 

than maIze . Lale srtllacts are recovered Irom Lens lA , and thus are 

probably of hlstorio age . 

Three samples were analyzed from the lower part of Stratum t .  

3 3 .  3 1  Elnd 30 . and Ihey are lSiI different . The youngest has AP and 

Artemi ela frequencies within the range of present values , but a Com-

posltaco frequency which Is sIgni ficantly hIgher . Samp le 3 1  has �-

mvsla and Composllae freqlloncies within the rango 01 present values 

but an AP frequency which is slgnillcantly lower . Sample 30 has 

Composltae frequencies within the range , of present volues put both 

AP and Artem i� frequencies which are slgnlflcantly lower . II 

WOUld Ihus appear that environincontal condltions varied widely through 

the deposillon of thle sediment unit . At thE;} end of the deposItion the 

present effective moisture values were first established . temp",ra!ures 

were \II�e the present . end summer moIsture was greater . In the 



earlier part 01 depositIon , however , oflGctlva moIsture VallleG wei"'o 

lower , temperatures wor� hlghor , and summ<!lr molstura was as at 

prosent . 

All samples from Stratum II , the Upper Republican horIzon , and 

all but sampte 20 lr'om Slratum III , Ire "Transitloroal" horizon , lIIus

Irate the same environmentaJ oondlllon . AP frequencies ell'e below 

th& range t;>f pl-esent v<llues , as are ArtemisIa frequenoles , and Com

posltae frequencies Qro wIthin Ihe range 01 present valu (!s . Thl) on

vi l'oliment Ih/'ouohbut this perIod seoms 10 have been ono 01 loss ef

fectlvo rnoi!;tu re. . summer moIsture values like Ihl) pl'OEmnt , and warmor 

temperature!:; • 

The lowermosl oampte from Sirstum III Is Gist lnci frorn IhOGO of 

• Slralum I! , but like Iho so from Stralum Iv In lis slgnlUcanUy higher 

Composl!ao values . Str<:ltum IV contains low frequencies of AP and 

Artemisia potier) tmd fr<1:qU<1:ncl:aos of Compositae pollen above U:',, ��i-tseJ 
01 prescnt values . It apP0ars Ihat lhroughout the depo:sHio:o of Ihl� 

• 

unit conditions W<lre of lower o!f�ctlV0 rnolslurtt . higher temper<Jtures 

and sImilar summer moisture rol<lilvG to the · present . 

Slr:lturn V ,  which contains \,yoodland artlfaC!f;; , can be divided · 

Into an (3ar(j�r end a iater horizon on the basis 01 its pollen content . 

the later horizon evl denced In samples 1 0 .  1 1 .  1 .3  end 14 and the 

earlier hor'lzon evidenced In samples 6 and . 9 .  The later horizon 

Is charactorlz3d by low AP and Artemisia frequencies and by Com

posllaa frequencIes which falWAthln� or Just abovGthe range;; 01 present 

• 
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Cross-SR. Correlations 

Cross-site correlation 's accomplished by conslderallon 01 the 

best-known horIzons . Woodland. Trensltlonal Dnd Upper Republican . 

In theIr stratIgraphIc contexts al the varIous sites. Pollen horIzons 

are smaller di screte units than the cultural horIzons and may be ex-

pecled to be absent at one site and present al another . Close at-

tentlon to stratigraphIc details . however . shou ld  allow the development 

01 an Integrated pollen chronology. 

The earllesl horizon at SWL32 Is pre-Woodland In age and Is 

Interpreted as representing condllJons of less effective moIstu re . more 

summer moIsture , end warmer temperatur�s \hlln thQ present . The 

next oldest horizon . also pre-Woodland In aoe , dlllers only In halJlng 

• effective moIsture values like the present. The only olher pre-Woodland 

• 

-' J. t � 
pollen spectra are thOse from th e ,.. an $Illndy layer at SWL33 . These '- I I • •  

I 

agree with those 01  the earliest horIzon at 5WL3� In effective moIsture 

and $umrner moIsture Interpretatton bUI a!'1it not In agreement In regard 

to temperature values . Also . the spectra from S'NL33 Il lu strate an 

unusual conditIon tn respect to Gramfneae polle n .  For \=>urposas () '  

cross�slle correlatio n .  only the reconstructIons concernIng the oroal 

en ylro nmental conditIons can be reliably U!II/2;ed. The local torn-
o", 

pONlture and summer moIsture Ni>constructfons lorm va luable adjuncts 

for cross-sltea correlations but cannot be expected to be In as good 

agreement as the areal envfronment Indicators. Th� dIstInctIon In 

Gramlneae values seems a reliable Indication Ihat the tan 5andy. , 

deposit at SWL33 Is actually not correlative wtlh Stratum VI at 

r i i 
'. '- \ 
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5WL32 and therefore of a different ag e .  Because the pollen 6t&1I8-

Ilcs . 01 the youngest pre-Woodland samples In Stralum VI agree 60 

well wIth those of the oldest Woodland samples In Stratum V at 

SWL 32 .  It seems Improbable that the pre-Woodland conditione evIdent 

at SWL33 cou ld be younger Ihan those at SWL 32. Th u s .  It W) uld 

appear that the ,,"tan $'�ndy sedIment at SWL33 Is the oldest pre-, 
Woodland sedi ment sampled. 

The Woodland horIzon at S\VL32 Is divided Into two pollen horl-

zons , an earlier one In which AP frequencies are withIn the rang" 01 

present values , and a later one In w, lch AI'=> frequencIes are below 

the ranoe of present valu es . In both horizons , as In all horIzons at 

thIs site . Gral"'r)lneae frequencIes are withIn the range o f  present values . 
. \ ell': ·botO .. horlzons f" as · In . . all. horizons at .thl, site r" Grarnlneae ... frequencles '. 

1.- : . ,  . 
i -al'e-wllhln .. the . range· 01 present values . The Woodland ho rIzon samples 

from SWL33 have low AP frequencies and Gremfneae frequencIes 

within the range of present valu es . They cannot , then I be correlative 

with the oilrll"r V/oodland pollen spectra from 5WL32. But they need 

not necessarily be correl<ltlve with the upper spectra from Stratum V 

on cultural , stratigraph Ic , or palynolog ical grounds . 

On cultural grounds . the Woodland horiz(;n at 5WL33 could be 

correlatlve with either the Woodland or the TransItional horIzons at 

5WL32 . sInce recognlllon 01 the Transitional hor izon Is based o n  tho 

addlllon of culture traits to tho Vvoodland horizon . and such trails mfght 

have sImply been missIng at 5WL 33 at a lale perio d .  On stratigraph Ic 

I 
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groun� there Is no direct correlallon thai cen be made by vIrtue 

of lithology or .Index fossils between 5VJL32 and 5WL3 3 .  sO there Is 

no evi dence thai the ashy g,.oy laye'" at the laller slle relates 10 any 
" 

given stratum al the former elte . On �1;Y�OI09Icel grounds the com-

e.. 
blnallon of lower AP Irequencles and "present" Gramlnea frequencIes t. 
occurs In Strala I ,  II , III and tv as woll as Stratum V .  so there 

Is no rellabie Indlcatlon of which unit the ,Woodland horizon ot 5WL 33 

Is correlative to . 

Sut complete cynicism Is nol necessary. The pollen records 0' 

Strala /I-V vary In reSponse to local condlllons as well as areal ones . 

and II Is not Impossible Ihat local conditions at Ihe two sites could be 

responses to oorne sing le t regIonally operative I factor . The local 

lomp<;>reture evidenced by the \Voodlaf1d horIzon samples at 5WL32 Is 

within the range o' prescnt valu es , and .tho\summer moisture evidenced 
,-

1$ above the range of present values . On coltural grounds we can 

3 
arguo that the 'Woodland horizon at SWL3r may be equivalent to the 

Woodland through TransitIonal horIzons at 5WL 32 but cannol be as 

lale as the Upper Republican horizon . Within thiS span of the po llen 

chronology fro m 5WL J2 there are no periods evidenced In which tem-

perature values are similar to the presenl , but there Is a perlod--

that of the deposillon 01 Stratum IV --whon summer moisture values 

are higher than the present . Though It cannot ba c:;onslder"d as con-

elusively proven , It would appear probable on palynological grouncl$ 

Ihat the Woodland horizon at 5WL33 Is eqUivalent In age to Stratum IV 

at 5WL32 . Thus the Woodland erll facts at 5VJL32 would be younger 
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than thoss from 5WL33 , find the entire Woodland horh!:on In the erea 

would be reoognlzed In the envIronmental chronology 85 begInnIng 

during tl perIOd when affecllve moIsture valuos Bnd $ummer rainfall 

valuos wore hIgh , progr()sstng throUSlh a period when bolh eflectlV<ll 

moIsture values and summer moIsture valucs decreased ( later horIzon 

of Stratum V ) , Qnd an<:nng vllth e period 01 low effective moisture 

values but Increased summer moIsture . 

The c;"tvlronmental conc.litlons evlde'1ccd In the TransitIonal 1101"'1-

zo n ,  Stratum III ; at 5'NL3 2  ( lower .,,/fectlva moIsture· and $urr,mer 
," ,z 

moisturo liko tho present ) ere not I llustrated In spoctra from 51;VL 33 

above the Woodlend horizon . Sinco the lo-"vor snrnples from tho Tan 

Compact iaycr at 5\VL.:)3 Seem corr elative with Stratum i 5elrr\ples ell 

5\/'1'L.32 . tiS Is dl�Cl\Ssod below. II appcl1rs that Iho period of tlm o en-

compassed by Strnta III and II at 5WL 32 , Qnd by the Upper Republl-

cpn horizon at sLo 1 • Is mlssln!) In the 5V'IL33 sequence . 

Th� Upper Republlc",n horIzon , Stratum If , at 5WL32 Is not 

cllfferentlated ,palynologically • from the TransitIonal horIzon of Stratum 

III . The envlronm�nl seems 10 have continued as ono with less ",,-

lectlv� moIsture and summer MOI5turo like the present . AI 5LO 1 the 

stratified upper Republican horizon samples which were not Pollen 

sterile Hh.JstrElte a slightly ellneront conditIon t less dfectlVG moisture 

but hlghor summer moisture values and cooler tempe ratu res . 8ecause 

the temperaiure and summer moisture varIables may be locally con-

trolled. the discrepancies between thi) Upper Republican ho rizon 

l 
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samples at Ihe tlNO sites cannot be said to delinltely rele.gate them to 

dlfferenl perfods of I!Ibsolute time . Sut on Ihls bOGls tho vvI10le 01 the 

laler Stratum V through early Slr(ltum I period Is homogenous paly-

nologtcally , SQ It cannot be 531d U1al the Upper Repu blican horizons at 

tho t\M:) sites are of th� san ... €! ab solute tIme , either . 

TI)are ere Gomo InterG$tlng corrQspondGnces between samples 31 

and 33 , fron'1 lower Stratum 1 at 5WL 32 , and the olde,' Upper Repub-

IIcen horIzon samples from SL0 1 . The ol dost samples at SLO t have 

AP frequen<;:.tes b"loIN th e range 01 prasent va lues o,l,d Artemlsll:! 11'19-

quencles withIn tho range of presenl valuez--as does sample 3 1 --but 
l . ,  'I�; hlah Cornposllae valu es , vvhich sample 3 1  ctoos 110t have . Sample 

33 has the hIgh Composhao values and th e high ArtemIsia values--as 

do the ol dest s . .amples frorn SLC l --but has high A P  valu es , w.!ch those 

samples do not . The discrepancies between the two sites ar� , 11,-

ter<t:stlngly enouoh , the {;L\n1e discrepancles which occurred betwe<1n the 

stNlltgrar)htc samples at SLOt from the Upper RepUblican horizon and 

t;'la. $;;).r.-.pl .. from Surlnl 2. In other UpP'3r RepubllclSn sarl'lples AP 

frec,uenclos are below the r,1nS)El of present values , but In the CurIal 2 

samplo arId fr. si':\mple 23 from Str?llum I the AP frequencies are withIn 

the range of present value!'; . In' most Upp",r Republican sartlpl�s Com-

posltae frequencies are above the range 01 present values but In the 

Burial 2 sample and In sample .31 tT'Qm stratum the Compositeo Ire-

quencles are wl.th the ral1!J0 of present vnlues . do not oelieve Ihat 

these correspondenc0s <lre o\.te to chance i thore Is no reeson 10 suspoct 

that Ih� lower Slra!um I se dlrnent was deposited much lator th an the 
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Upper Republican horizon on the besls 01 cultural evidence , end there 

16 no rcason 10 Guspact that similarities 01 potontlally limo -equivalent 

polf" n Gamplos from dlfferenl DlleB are tnexpl!cable . , . boll ov\!) thnt at 

tho porlo d 01 absolute time Involved a d�a:'lDe In orwlronmonlal condItions 

WilS occurrIng . The Inte rval bolwecn samples 3 1  and 33 mIGht en

compass a respo ctubre length of lime , and I thInk It probable that both 

£iampJes 3 1  and J� ropr¢scnt the t ram;ltlon perlQd In collapsed form 

v.thlch Is mOl"e adecr_Jiltely sampl6d In the Upper nepubtican horizon at 

SL01 . 

Thus , Stratllm II , and samplo 30 from !;:lrilhJm I ,  ¢viden ce the 

environmental conditions III the besinnlne 01  the Upper RcpubJlcEln 1101'1-

zon : low effectlve moisture values , hIgh tiOlmperatllrQS , and summQr 

moiGtul'G values lI!�o t!1o present . TIHl cLlcc cdlng conditIon was or'lG o f  

low effective moIsture values also , but with htgh summel� molstllr';, 

values and cooler lempel'otupes . Delore thQ end of th�� UppGr R e 

PlJbll�1l1l horizon tem:�e ratures I�evcrted 10 the war-metr con dition , and 

In vory Icte UpP0r Repub licU!, tIme conditionG like those of tho pr .. �sent 

b ... c:.amo established .  The lov1fer sar,'pr.�s fl�om the tun ¢OI11Pl3ct layer 

at 5\VL 33 ( samples 6 and 7)  seem to be cCI'I'ela!iv0 v.lith the oldost 

Uppe r Ropubllcan samplGS from !JLo t end thus bc of the mIddle �pper 

RepublIcan serIes . 

The post-Upper Republican hor izon Is characterIzed at all sites 

by AP Irequencies illustrative 0' effective moIsture withIn the range 01 

present valu es . 8y Integration of the samples from the various slles 

we can subdivIde this horIzon Inlo an earlier condl tlR with high er 
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temperatures and higher effectlva moisture values ( Site 5LO 1 .  samples 

3 - 1  S ) , and a HIstorIc horizon with temperature vellues and summe/'" 

moIsture values like the present ( Site 5'NL 32 , lens IA and upper 

Stratum 1 :  5LO 1 ,  Samplo e ;  5WL32 . samplll 9 ) ,  

Teblc IV Integrates the reslJ ltent paleoecol091cel chrono logy , The 

elfectlve moIsture reconstructIon Is the most secure , -Fhe-sYmt:t:lJt.r. 
( .. , ..... \: 

me�sture-re constr_lJctlon Is . tha-_moSt ·_cure , The summer molstu r-e 
!\ 

reconstruction Is made possIble by agreement between two or more 

sites In regerd to Composltae values for any gIven horIzon . nIt Is leslS 

secure , The temperature reconstruction Is mad", po ssIbl e by 8gree-

ment between two or more sites In ArteMlsi"" values on any given horl-

zon and seems only applicable on post-Woo dland horizons , II Is Ihe 

l eaol secure reconstruction • 
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Hlstorlo 

Posl Upper 
Republican 

Upper 
Republican 

Transitional 

Woo dland 

Pre� 
Woodland 

- -

very 
lete 

-_._- -

late 

mi ddle 
early 

late 
middle 
early 

late 
middle 
early* 
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Ell . MoIsture Summer Molsl . Temperature 

Present Present ! Present 

Present Greater Higher 

--- ._--- -_ .. ------ ---_. - - - -- --._. 

Present 
Less 

... 
" 

" 

" 

II 

Present 

" 

Less 
" 

--. - --

TABLE IV 

Present Present 
Greater Higher 

" Present 
Present Higher 

.. ------ .. 

" II 

Grealer 1 
Present ? 
Greater 1 

-_._--_._-_ . .. _--------- ---- ---
" ? 
II ? 
" ; 

I '7 
! r-- -·  .. _. _--- --

'" Evl dancing diffe rent . but unknown . conditions on the basis of 
Gramlneae values • 
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Absolutl} Dating of the Chronology 

Absolute dating of an environmental chronology Is possible by 

( 1 )  dlrect association of the samples 01 Wl l ch the chronology Is com

posed with radiocarbon . tree-rIng or cross-dated ceramIc dates ; (2 )  

assoclallon of Ihe samp les wi th  serrlated artllact t:pes Vlihlch have been 

gIven dates Independenlly I or ( 3 )  correlatIon 01 the reconstructed en

vironmental condltlons wIth similar ones Vlihfch have been Independently 

dated by ( 1 )  or ( 2 )  elseVlihere . At present . C-14 dates are not avail

able for the sites Involved though they will be available shortly . There 

15 no assurance . however . that the C-14 dates will have su fflclenlly 

narrow confi dence Inlervals to be of -:,mud1 direct benefit In defining 

Ihe absolute B!)e of partIcu lar sectIons of the reconstructed ,.'chronology • 

and any Independent dates will be very useful as checks on the radio-

carbon anaiyses . 

"�thod ( 2 )  has )'Ieldcd some generalized dates for parts 01 the 

ch ronology . Estimated dales for the enllre Wo�dland horIzon are 

AD 500- 1 000 . for the Transition horizon A D  1 000- 1 200 . and lor Ihe 

Upper Republican horizon tU'I.II! AD 1 200 - 1 500 . 

Palynological InVestigations in Norlh America covering the period 

01 AD 500 10 the present are not rare . Few of those II-om the 

Unlled Siaies whTch have boon published , how19ver . have been suc

cessfully cross-correlated sinCE) most erG depen dent upon r-adlo-carbon 

analyses for an absolute chrollOlogy and have few dates for Dny given 

horIzon . In general , the last two millenia have been rather n<!>glectod 
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of dated alluvfal units , with va,..Iatlot'l$ In perIodicity of raInfall and 

varIatIons In lotsl annulll raInfall . The Southwestern chl"'Onology Is 

we ll dated by ee;soclatlon 01 the pollen samplos wTth datsbl'" oor-emle; 

styles . In the MissIssIppI Valley " few pollen samples of the chron-

ology w<!>re associated wIth rac11ocarbon dales an d others could be 

dated by association wIth early . versus late I Mlsslsslpplan j:lrllfact 

styles. The envIronmental reconstructIon In that area Is pl"'Oferred 

In vegetatIonal terms (wet praIrIe I dry praIrIe I Q1s!tlrb<Dd pre!rTe ) be-

cause there was Insulficfent di!\te to re=nstruct the causal env!l"'Onmental 

In the MIssIssIppIan d,rono logy . a malor si'll,. In vegotatlve cover 

Irom wet preTrle ( late )  to dry prail'le ( early) Is b" acl<cled by r-edio

carbon dates as necessarily occurrIng sometime belween 
/'1-85 

AD 1 ltrJ5 
/'3 b S

and 1 �?S . In the Southwestern chronology a major shift In effective 

molslure vulues from moro moIsture ( late ) to lesS moiElure (early) 

15 brQd<etcd by ceramIc and treo-rlng dalo!;; as necess<lrlty cccurrlng 

between AD 1 4  t o  end 1 375 In reSpon$e 10 a shl/t In rainfall perIodicity 

II'om a wi nter-do minant slorm pall ern ( I<lle) to a summer-domInant 

slorm paltern ( "':!lrly ) .  Clo$er corr-e1atlon betwee" these dlspa rQte 

regions could hardly I�e cxp,z,cte d .  Consld,z,r!no the esth..-'a!eo date 

for the Upper Republican horIzon , and considaring 'hat tho direction 

of the shllt In eficctive moisture va!u.;,s at the end of th e Upper Repub-

!lean horIzon 15 In the same direction as the AD 1 4 1 0- 1 375 shift In 

the Southwest , It Is . al most a surely th<:\t the tvvo are co l'relallve 
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by the paleobotanist � With the; rocent concern of North Amerlcen 

archeeolog lsts In pollen analysis , more \M:)rk hss been accompllshod 

on the last two millenia ; unfortunately lor thIs r�porl the majority of 

the relevant data Is yet unpublished. 

Published pollen chronologIes fer the :(\merTcan South .. '\Iest 'or 

the tlme span of  the past tWQ mi l lenia waro recently Integrated by 

Sd"loenwetler and Eddy ( t  964 ) . It was shown that 4 gap existed 

In the dlrono logy betwGen AD t 1 00 and 1 550 , with only slight Inform-

all(;m--peorly dated end scanty--for the 1 55 0  to present horIzo n .  More 

recent work ( Hevly , 196 4 1  ,Scheenwetter , n . d . ; Schoenwetter , MSa l 

Schoen\Arol!er . MGb ; Schoenwette r . MSc ' hos closed the t 1 00 to 

t 550 gap In tho Southwestern chrono legy end has added to our under-

standing of the early hIstorIc perled te 1 775 but Is unavailable In pub-

IIshed term . Anether yet unpublished study wI"lldl Is ef crItical value 

to Ihls report Is col1cerned with Ih", pQllen analysIs of Middle MIsslssb'p.!an 

sites on the American SoUoms near CahokIa (Sd\oenw-,�!lcr . MSd ) . 

This report cannol I'lttempt Ie re.cE:pltulate m<::>re Ihan the highlights of 

argument ol thesa unpublished studies , but must utilize the conclusIons 

drawn In thom In sllempllng absolute dates for the chronelogy doveleped 

In the preceeding section 01 !hls repo rt .  

In Ihe Southwest I environmental reconstructIon on the bewls ef 

pellen Elnalysls has reconstructed Ih� seqlJOnCe of varlatlens In effecllve 

melsture 4 ( Scheenwetler and E ddy , 196 4 ,  19G4 , pp . 73- 1 08 ;  Schoen

Weller , MSa ) , and Ihese htlvQ been correlated, through a conslder�l\on 

• 
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phenomena. SInce 1M., shift In effective moletul"O values In thoso 

Colorado 611e� occurs al Ihe end 01 the Upper Republican horIzon 

sarnpl",d . the Upper Republican horizon evidenced probably dld not 

last lar Inlo the 15th Century . A g'>od terminal dale wou ld be AD 1 425 . 

D<lllng 01 olher phenomena In tho Coloraoo chronology by co/'"-

I'elallon Is more difficu l t .  Increases In cflocllve moisture In the Soulh-

weslern chronology are daled al AD 1 250- 1 Z00 . t 1 50-1 050 and 7.50-

300 . A return to wei prairie conditions Is recognIzed In the MIssIssippI 

Val ley chronology . bul undated except by assocIation with early ( "Old 

Villag e " ) MissIssippIan artifacts . From the estl,natGd dates on the Vv'ood-

- land horizon It seems unlike ly thai the shill to hIgher effective moIsture 

values on the lole pre-Woo dland horizon "vou l d  be correlative with 
/ l  "I, (. .,-"'+ .... �: n. H, ""/I+�"1J 

e!t:,er the ,A.::::-- 12&Q or the ,01\,0 1-15()- varlallons In the Southwestern 
" . /'1 _ 

chronology .  II Is nol 100 unlikely . howover . Ihal II does correlate 
8 th cenhyy 

with the Al5 '7W- fiuctu&lIon In the Soulhw<;:slern chronology , and whet-
t' 

evar 115 aclual absolule age II seems likely that It Is oorrelatlva with 

tho shill occurring In early Mlssi5z1ppian tImes In the Cahokia area . 

Acooptlno the AD 750 da:e lor tho early VJoo dland-midcJle Vloo tlland 

shifl in effective moisture values al lows r..,cognltlon that som ething over 

600 years of time Is Involv�d in the known Colorado cultural sequence 

in Ihls area . 

The ",mount 0/ time elapsed between Ihe end of the early Wood-

lond horl2;on and Ihe beginning of the late pre-Woodland horl�on wou ld 

bo--If Ihe Southwestern ch ronology was accepted--aboul 450 years . 

I 
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ThIs mlghl seem exc$sslvo were It not for \hID fact Ihal samples 6 

end 9 b1 5VI/L.J2 are separnlod from samples 3 and 5 by a break In 

stratigraphy so a seperatlon In abt;o luta time 01 unknown duration Is 

evldont . Tho middle Pl'o-V/oodland horizon , then . Is likely to be as 

old 1il5 AD 300 and Ihc early pre-Woodland horIzon may well date 

b�fore the beginnIng of the ChrIstian ora . 
" 

II may be not�d that despl!c t h e  I'eccns\ructlon of summer moIsture \. 
C i k  � \, f fM ;- J ( .� ; �\ : ! ," .,.� .t ·i. : .A  I! of. " I  "r i,) ; J. 1 " .} 

valuClG for both Colorado end th e Southwest In Ina /,0 750- 1 3¢; perIo d ,  , " 7 
no auompt bas been mada at corralal/on . V,n, IIe such correlation might 

be possIble . the underlyIng assumption lfI,Quld be that Incl'eases and dc-

creases In summer molst�!re In the two or'cos VJould be functIons of 

simile!' climatic causes . As this assumption Is h"rJly domonstl'"table 

• with available l11ete�'oI00Ica' d<lta I hove pr'cferred tho cautlous app!'oacn 

In this caSGl . It Is a load that might be followed up In future paleo-

ecological Inquiry on the Plains , however . 

Cultural Eco!Qgy 

Perhaps the most Imporlanl pIece o f  cultural ecologIcal data re-

covered In this study was tho complete lack 01 any In dicaHon o f  8grl-

culture on the prehIstoric horIzons . About 3450 pollen grQlns of the 

.Upper RepUblican horizon , ! t SO of the Transitional horizon , and 3 1 75 

of the V"oodland horizon were observed without notIng one of a cultl-

vated type . Sy contrast , 1 0  graIns o f  cereal pol l en were observed 

fn a count 01 500 graIns from lens IA .  ThIs lacJ< 0 1  prehlstorlo 

• ag ricultural orIentation seems SUbstantiated by Iho lack of cultural 

l 
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Indlcallons 01 sottled existence . As the evfdenced effoctlve moisture 

values In tho area were below those now occurring . II seClrns un

II!�ClI>, that the Uppur Republican or Woodlan-d Cl:' ltures wou l d  havo 

had a rollablQ economic basis In agriculture . 

The presence 01 grinding Imp lements in greator quantity 1&1 the 

\Voodland Ihan the UFPor Republkt:trl horizons Is not cle&rly related 

to envll'onmantal condltlons on the basis of available dnta . \I It could 

be shown thol most of the Wo odland grinding Imploments wore re

covered from tho;) eady Woodland ho rizon . It mlsht be argued that the 

poople were pl'eparlng food from a plant vvhlch was mora plentiful 

unJer such conclitl0l15.  Alternatively , if  Iho occurrence of grlnqing 

tools Is correlative wilh the In�iicl;ltlons 0 1  greater summer moisture 

valu es , the plant invo lved miQ\)t well be Q member 01 (he Compo sitae 

such as sunflower , marsh eldor or raslwee d .  In any case , an ex

pl .. natlol1 0'1 eimpl� cu ltural prelerence coutu olways be Invol�ed .  En

vlronm<ontal cvnditlons often offer economic opportunities wh ich are not 

c'.lltl.wa:t�' exploited • 
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