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Although the Holocene climate history of orth America is fairly well known 
in general outline, there remain many regional lacunae. Climate history of 
the central Great Pla ins, for example, is based largely on pollen sequences 
obtained in eastern Kan a , Nebraska, or even Iowa (e.g., Wedel 1986). The 
western portion of the Plains, wh ich lies closest to the Rocky Mountains, is 
not well documented. Because of this, interpretations of western Plains pre
hi tory may be flawed by reliance on inappropriate understandings of the 
climatic context. 

In this paper we present evidence that suggest · that the climate history 
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of eastern Colorado, especia lly over the last 2,000 years, was significantly 
dilferent from that documented farther east. We speculate that thi discrepancy 
resulted from the varying local effects of the rela tive dominance of the Pacific, 
Gulf, and Arctic a ir rna ses. 

Background 

The evidence we present consists of pollen diagrams (Cummings 1988, 1991 a, 
1991b) a nd particle analysis from three archaeological sites located near the 
base of a prominent sandstone cliff in eastern El Paso County, Colorado (Figure 
1). This cliiT, known locally as Crow's Roost, is a west facing scarp ofCretaceou 
sandstone that extends north to south, then outheast, for about I km. At 
its northern end it reaches a max imum height of almost 20 m. Here, two 
stab ilized dune have formed, one in front of a la rge rock helter (5EP2) and 
the other a t the northern end of the clilf, where it bends to the east (5EP935). 
The height of the clilf declines to the south, where there a re extensive colluvial 
deposits banked at its base. The third site (5EP576), is located in these colluvial 
deposits. Black Squirrel Creek, a tributary of the Arkansas, flows (when it 
flow ) directly a t the base of the northern portion of the cl ilf (M cDonald 1992). 

C raw's Roost has extensive archaeological rema ins dating from approximate
ly 5,000 years ago to the present. A a general rule, prehistoric components 
bur ied in the colluvium a re older a nd date to the Archa ic period, while the 
more recent components are found both on the surface and buried in the 
sta bilized dunes. 

Climate history at 5EP576 

5EP576 is a two-component site located towa rd the southern end of the 
cl iff. Here, the colluvial deposits have a maximum depth of about 2 m, thinning 
toward the cliff face. Two buried Archaic components, separated by about 
20 em of sterile sand, have yielded uncalibrated radiocarbon dates of 
2640 ± 80 B.P. (Beta -26579; bone) and 4690 ± 270 B.P. (Beta-26578; bone). 
For the date 2640 ± 80 B.P. , the two pos ible calibrated age ra nges a re 
976- 751 cal B.C. (p = .73) and 726-538 cal B.C. (p = .22). (Calibrated at 
2 sigma with the program CALIB 2.1 [Stuiver and Reimer 1986]. The single 
calibra ted age i 2754 cal B.P. (805 cal B.C. ) (Stuiver and Becker 1986). For 
the date 4690 ± 270 B.P.,t the two possible calibrated age ranges a re 4040-
2860 cal B.C. (p = .97) and 281 5-2733 cal B.C. (p = .02) (Stuiver and Reimer 
1986). The single calibrated age is 5360 cal B.P. (3411 cal B.C.) (Stuiver and 
Becker 1986). Artifactual and faunal remains indicate that both components 
represent short-term, butchery camps (M cDonald 1992). 

Figure 2 presents a pollen diagram (Cummings l99l a) derived from 11 
subsurface samples taken at lO em intervals from one 1x1 m excava tion unit; 
a surface sample provides control. At the out et it is necessary to note that 
this diagram has very low resolution: the 12 samples span a period of over 
5,000 years. Moreover, the chronology i fa r from certa in because the 
radiocarbon samples consisted of bone fragment , which were combined 
from each of the components. evertheless, the diagram is u eful because it 
reveals in a general way how plant communities have varied in rela tion to 
one another in this a rea of the Pla ins. It also provides a very coarse picture 
of climate change. 
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Thi diagram corrobora tes an observation made previou ly (Cummings 1987; 
Zier 1989) that the vary ing proportions of Cheno-ams (amaranth a nd pigweed 
families) and Artemisia (sagebru h) are the best indicators of climate change 
in thi portion of Colorado. In genera l, declines in Cheno-am pollen are 
accompanied by increa es in Artemisia. Because Cheno-ams a re more tolerant 
of dry conditions than Artemisia is, the increases in the former can be used 
as indicators of drier conditions. To some extent the grass pollen supports 
this int rpretation, showing a genera lly inve rse rela tionship with Cheno-am . 

The beginning of the sequence, a t the base of the lower component, a ppear 
to have been rela tively moist, but the moi t conditions were succeeded by 
drier conditions, ra pidly reaching a peak of dryne s a t the stra tigra phic level 
from which Sample #9 was obta ined, which is still low in the profile. A econd 
peak of dryness is ma rked in the sample taken from the sterile layer separa ting 
the two components, after which conditions genera lly became moister. Given 
the dearth of tree pollen, thi second dry peak may have been drier than 
the fir t (Cummings 199la ). Da ting these dry peaks is difficult. Given the 
date for the .upper component, we can conclude with some confidence that 
the second d ry peak is no more recent than a bout 2754 B.P. (calibra ted). 
Similarly, it seems likely tha t the earlier peak in dryness occurred a t orb fore 
5360 B.P. (calibrated). 

The earlier dry peak may repre ent the second drought of Benedict's " two
drought" altithermal (Benedict 1979). The da te of 5360 B.P. is a little too 
la te for this episode, but this da te may actually post-date the pollen peak. 
The a mel iora ting conditions tha t occurred during the course of the upper 
component may represent the moi ter conditions of the Sub-Atlantic period, 
which began about 2760 B.P. (Wendland 1978:271 ; Wedel1986:43). This would 
fit with the date for the upper component. In these re peers, the pollen record 
a t 5EP576 corre ponds to the genera l climatic history of the Pla ins. What 
does not correspond i the period between the peaks of dryness, from about 
5500 to 2600 BP. According to the general model, this wa a period of cooler 
and moister conditions (Wendland 1978; Greiser 1985; Wedel 1986). The 
diagram from 5EP576 uggests, to the contrary, tha t in ea tern Colorado thi 
was a period of rela tive dryness. 

Climate history at 5EP935 and 5EP2 

Sites 5EP2 a nd 5EP935 oa th contain multiple prehistoric components buried 
in tabilized aeolian dunes that appear to have formed within the last 2,500 
years. The dune a t 5EP935 conta ins an Archa ic component a t the base and 
an Ea rly Ceramic component low in the profile. The 5EP2 dune conta ins 
an Early Ceramic component a t the ba e and a t lea t two sub equent 
component of indeterminate cultural affilia tion. 

Figure 3 i the pollen diagra m from 5EP2 (Cummings 1988). Single samples 
were taken from each of six identified natura l stra tigraphic levels. The lowest 
levels, E and F, represent a single a rchaeological component that has yielded 
uncali bra ted radiocarbon agee timates of 1350 ± 60 years (Beta-19348) and 
1530 ± 60 years (Beta -1934 7). The alibrated age ranges for these two estima tes 
a re cal A.D. 558-779 (p =.98) and cal A.D. 411-640 (p = 1.00), respectively 
(cali bra ted a t 2 sigma with CALIB 2. 1 [Stuiver and Reimer 1986]). Charcoal 
from Level D returned an uncalibrated radiocarbon age estima te of 900 ± 
50 years (Beta- 26577) (calibra ted age ra nge of cal A.D. 1002-1260 [2 sigma; 
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Stuiver and Reimer 1986]), a nd charcoal from Level A5/ B returned an 
uncalibrated radiocarbon age estimate of 360 ± 60 years (Beta- 26576) 
(cali brated age range of cal A.D. 1436-1644 [2 sigma; Stuiver and Reimer 
1986]). Although the chronology of the sequence is well established through 
radio a rbon dates, the pollen diagram, itself, is less informative. The very 
high percentages of Cheno-am pollen tend to mask the relative frequencies 
of other pollen types. Macrofloral remain from the site indicate that large 
quantities of Chenopodium had been brought to the ite by the prehi toric 
inhabitants, producing a strong cultural bias in the pollen sequence (Cum
mings 1988). The pollen sequence from 5EP2 can be compared directly with 
the equence from 5EP935. 

Figure 4 presents the pollen diagram from 5EP935 (Cumming 1991 b). The 
total depth of the dune is slightly over 4 m, and pollen samples were taken 
every 20 em, beginning at a depth of 70-80 em below the surface of the 
dune; the upper end of the climatic sequence is, therefore, not represented 
in the diagram. Charcoal from the lower archaeological component, located 
at the base of the equence (Level 19), returned an uncalibrated radiocarbon 
age estimate of 2230 ± 80 years (Beta - 39965), and charcoal from the upper 
component (between Levels 14 and 15) returned an uncalibra ted age estimate 
of 1,890 ± 60 years (Beta-39964). The calibrated age ranges for these two 
e timates a re 410-74 cal B. C. and 88 cal B.C.-cal A.D. 315, re pectively. 
(Calibrated at 2 igma with CALIB 2. 1 [ tu iver and Reimer 1936]). The dia
gram is therefore based on 20 samples spanning a period of slightly over 2,000 
years; it thus gives considerably greater resolution than the ·pollen diagram 
from 5EP576. The decl ine in Artemisia and rise in Cheno-ams (and ubsequent 
r ise in low-spine Compo itae) evident in Levels 9-8 correlate with Level F 
a t 5EP2. An estimated date of about 1400 B.P. for Level 9 would fit well 
with the dates obta ined for Level 14. 

Based primar ily em the picture presented by the pollen diagram from 5EP935, 
we can sketch the clima te history of Crow's Roost for the Ia t 2,000+ years. 
From the base of the sequence to the level of Sample #14 (about 2230- 1800 
B.P. [Sample 14 post-dates the radiocarbon age estimate]) the climate was 
relatively dry, as indicated by higher Cheno-am frequencies relative to Artemisia 
a nd Cramineae. The interval from Sample #13 to Sample #9 (about 1800-1400 
B.P. ) was one of more mesic, though fluctuating, conditions. Sagebrush and 
the grasses requ ire more moisture to thrive than do Cheno-am . After 1400 
B.P. , there was a much drier episode: Cheno-am population increased rapidly 
while Artemisia populations declined. This was followed (date uncerta in) by 
a return to more mesic conditions. The marked increase in a rboreal pollen 
at the top of the sample, in conjunction with the decrease in Cheno-am and 
increa e in sagebrush, probably represents the " Little Ice Age" (400-100 B.P. ). 

Correlation of5EP935 to 5EP576 is diiTicult. The lower component at 5EP935 
and the upper component at 5EP576 have omewhat similar radiocarbon age 
estimate (2,230 ± 80 years a nd 2640 ± 80 years, re pectively), but it is likely 
that the entire equence at 5EP935 is represented at 5EP576 by only three 
or four pollen samples. The increase in arboreal poll n and decline in Cheno
am pollen seen in Sample #1 a t 5EP576 probably correspond to the increase 
in arboreal pollen and decline in Cheno-am pollen seen in Sample #4, or 
perhaps Sample #1, a t 5EP935. The coar e resolution of the 5EP576 sequence 
confounds more precise correlations. 
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Particle analysis of the ediments from 5EP935 corroborates the results of 
the pollen a na lysi . Figure 5 show tha t the entire sedimenta ry sequence consists 
of a typical sand dune forma tion that has grown incrementally over the Ia t 
2,000+ years. Additiona lly, the plot of individual sedimenta ry levels (identified 
by depth below surface) indicate tha t pa rticle sizes are smaller in the lower 
levels than in the upper levels. The marked change occurs a t a bout Level 
220-230, which falls between Pollen Samples #8 a nd #9. The implication of 
this gra in size a rrangement is significant. During the more mesic episode that 
preceded Pollen Level 9, gra in sizes were larger. The rela tively greater moisture 
or the mesic period may have promoted greater chemical and physical 
weathering of the sand. In addition, hydrometer analysi indicate that clay 
percent increase a t or a bove Level 220-230; again, this corre pond to the 
per iod following Pollen Level 9. The decline in moisture may have re ulted 
in a decrease in the eluvial activity that prev iously had removed the clay 
from the profi le. In sum, the particle analysis enhances the picture of a mesic 
episode followed by a drier episode a t about the level of Pollen Sa mple #9. 

The p icture presented by 5EP935 disagrees in several respects from tha t 
provided by pollen data from further east in the P la in . Wedel (1986), for 
example, a rgues tha t the period between 2900 and 1600 B.P. wa wet. At 
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Crow's Roost, the climate was relatively dry. While Crow's Roost was more 
mesic during the per iod from 1800 to 1400 B.P., the eastern Plains were warmer 
and drier. Crow's Roost did not become drier until after 1400 B.P. , yet that 
was well before another peak of dryness documented in eastern Oklahoma 
at 1000 B.P. (Hall 1982:405). 

DISCUSSION 

While the sites at Crow's Roost present a relat ively continuous picture of 
climate history over the last 5,000 years, it is a picture that differs in several 
significant respect from the tandard model of climate change on the Plains, 
a model based largely on evidence from much further east. First, from about 
5500 to 2600 B.P. , the climate at Crow' Roost wa rela tively dry, which is 
not in keeping with the moister conditions predicted by the general model 
(though it may well have been slightly moister than the preceding Altithermal). 
Second, there appears to have been a dry ep isode under way by 2200 B.P. 
(the beginning of the 5EP935 sequence) that ended about 1800 B.P. , followed 
by a relatively mesic ep isode between 1800 and 1400 B.P. , followed by a 
significantly dry episode. This agrees very poorly with the general model, 
which, for example, describes a wet period between 2900 and 1600 B.P. 

While the climatic sequence at Crow's Roost disagrees with that documented 
further east, it agrees with the paleoenvironmental ev idence from other localities 
in eastern Colorado. Pollen ev idence from Recon j ohn helter, a site located 
approximately 40 km southwest of Crow's Roost, inpicates that there was a 
cooler, more mesic episode between 1800 and 1400 B.P. ·(Cummings 1987; 
Zier 1989:275). In northeastern Colorado, there was a period of sand dune 
formation between about 3000 and 1850 B.P. (Muhs 1985), which is suggestive 
of a dry episode and would correlate well with the one under way at the 
beginn ing of the 5EP935 sequence. This corroborative evidence indicates that 
the Crow's Roost is not unique (and, therefore, perhaps anomalou for some 
reason), but that it does in fact accurately represent local conditions. 

What, then , were the factors affecting local conditions such that the sequence 
in Colorado would differ from that in ea tern Kan as? The relative dominance 
of air masses appears to be one key. Climate and weather on the eastern 
Colorado Plains are currently affected by the Pacific, Gulf, and rctic air 
rna ses. Most of the prec ipitation ha a Gulf or igin, in the form of ummer 
rainfall and early and ltate winter snow. In the winter months, when Pacific 
air dominates weather, snowfall amounts tend to be low (Bryson a nd Hare 
1974). Change in the amount of time Pacific air dominate relative to Gulf 
air has a ignificant effect on total precipitation in any given yea r; by extension, 
average dominance will be an important character istic of clima te. 

For example, during the mesic period in eastern Colorado, which lasted 
from about 1800 to 1400 B.P. , Artemisia (sagebrush) frequencies were similar 
to tho e of the present, indicating a nowfall regime with predominance of 
Gulf moisture in early and late winter. As another example, the dry episodes 
that preceded and followed thi mesic episode were characterized by decreases 
in Artemisia and increases in Cheno-ams. The decrease in sagebrush, especially, 
indicates that there was a decline in winter moisture. Because winter moi ture 
is largely Gulf in origin, this decline suggests that Pacific a ir was dominant 
over eastern Colorado for a greater part of the winter than is cu rrently true. 
Thi conclusion supports that of Muhs (1985), who argue that clune for-
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ma tion in northeastern Colorado can be tied to a n increasing dominance of 
Pacific a ir. 

Why hould this pattern have been restricted to the western Plains? When 
Pacific a ir intrudes east of the Rockies it does so in the shape of a wedge, 
with a wide " ba e" against the Rockies and an a pex tha t extends to the 
east. Given this shape, an increase in the dominance of Pacific a ir would 
broaden the base, thereby seriously affecting the western Pla in without 
necessarily affecting the Pla in farther east. In other word , eastern movement 
of the base of the wedge would affect eas.tern Colorado, while eastern movement 
of the apex might not affect ca tern Kansas. Moreover, given the semiarid 
na ture of the western Plains climate, a slight change in the number of weeks 
of Pacific a ir domination would have a greater efTect here tha n farther ea t. 
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