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Figure 11. Metate fragment of Dockum sandstone, a possible well-digging tool found in Well 4.

sticks, the well in which this artifact was found was dug in the softer marls that do not preserve
any digging marks.

Overall, this assemblage of tools had reached the end of its use life, and was discarded (though
not necessarily used) on the Altithermal surface. Hence, it is not demonstrably a representative
sample of Altithermal human activities, though taken at face value it indicates processing (grinding)
of plant materials and scraping activities.

Thoughts on the Altithermal Adaptive Response

Although additional archaeological evidence is required, the available data, along with paleoen
vironmental evidence, make it possible to suggest the kinds of adaptations one might expect to see
under these circumstances. It appears that the Altithermal fauna and flora were similar in structure
to the modern mixed to short grass prairie (Johnson 1987:94). Most of the animals that now inhabit
the southern High Plains can survive drought conditions (by minimizing heat load and water
expenditure, and/or by deriving moisture from plants), though some aestivate when faced with
water loss (e.g., the western harvest mouse), while others have their reproductive cycles slowed or
disrupted (e.g., Hispid cotton rat and eastern cottontail). A few key economic resources, however,
almost certainly were rare or absent. These include the bird species that inhabit deeper surface lakes
and marshes (such as herons, geese, and swans), and bison.

Bison were abundant on the southern High Plains in the late Pleistocene and early Holocene, but
were scarce during the Altithermal (Dillehay 1974: 185: MacDonald 1981 :250; Meltzer and Collins
1987:21-22). No doubt a scarcity of surface water drove them from the region (bison must drink
regularly), though that was probably not the only factor. While I tread very carefully in using the
decade-long Dust Bowl as an analog for the 2,500-year Altithermal, during that recent drought,
when rainfall deficits were highest during the summer months, the plant taxa hardest hit were the
warm season (C4) grasses that dominate the region, notably Buffalo grass and Blue grama grass.
During the Dust Bowl, the loss of these species was almost total (Tomanek and Hulett 1970:208;
Weaver and Albertson 1956:79, 93).

A large proportion (80 to 90 percent) of modern bison diet is Buffalo grass and Blue grama grass
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(Peden 1976:228). lJthe Altithermal was characterized by summer rainfall deficits (Kutzbach and
Guetter 1986: 1755; Meltzer and Collins 1987:23), and ifbison diets were then as they are now,
then clearly the preferred forage of these animals was reduced. Dental abnormalities indicative of
poor range conditions have been observed in a sample of Altithermal age bison (Johnson 1987:94;
Johnson and Holliday 1986:43). Coincidentally, the high plains grasshopper (Dissosteira longipennis)
is an obligate feeder on buffalo and blue grama grass (Shelford 1963:346), and its numbers also may
have been reduced during the Altithermal.

While it is not known how important grasshoppers were in earlier Paleoindian subsistence strat
egies, bison hunting clearly was very important, as numerous late Paleoindian bison kills attest. The
reduction or disappearance of bison would have necessitated some alteration of subsistence.

It is difficult at present to say how those subsistence strategies changed. The foraging literature
sends mixed signals on the expected responses to drought suggesting, for example, that groups either
will expand the diet (O'Connell and Hawkes 1981: 115); contract the diet (Belovsky 1987:Figure 5);
concentrate on plants (Gould 1980:66; Pate 1986: 110); or concentrate on animals (Belovsky 1988).
All of these occur in certain settings, which suggests that changes in subsistence wrought by drought
or ecological stress are dependent on the particular ecological conditions. In this case, unfortunately,
there is little to go on. Perhaps all that reasonably can be argued about Altithermal subsistence
strategies is that hardy plant species such as yucca, prickly pear, and thistle, along with drought
resistant ground- and brush-dwelling birds, turtles, snakes, lizards, rodents, jack rabbits, and prong
horn antelope likely figured in the resource base of foragers or collectors.

More might be said about settlement mobility. There is general agreement that a lack of water,
and not food resources or foraging efficiency, is the limiting factor in arid settings (e.g., Gould 1989:
17; Kelly 1989:14; Lee 1979:120; Silberbauer 1981:221; Wedel 1963:9). As Gould (1989:17) put
it, "drought stressed populations ofarid land foragers characteristically seek to ensure and safeguard
known or existing supplies of water."

Humans require substantial amounts ofwater on a daily basis (Larson 1977: 184; Schmidt-Nielsen
1964) and are at greater or lesser risk on waterless landscapes, depending on the amount of trans
ported water, the distance between water sources, and the availability, reliability, and predictability
of those sources. Under drought conditions the number, timing, and distance of settlement moves
is determined, perhaps in large part, by these factors (Kelly 1989: 14; Lee 1976:84-90).

During the Altithermal, permanent and reliable surface water sources were rare, if not unpre
dictable, ephemeral, and not always potable. Obviously, under certain conditions Altithermal hunter
gatherers could and did enhance the water supply by well digging. Doing so required an ability to
recognize near surface aquifers. There may have been surface clues. As Marcy (1859:46--47) later
advised travelers crossing the southern High Plains during the dry season who needed to dig wells,
"The lowest spots should be selected for this purpose where the grass is green and the surface earth
moist."

Over the period the water table stayed within reach of hand-dug wells; these would have been
predictable and relatively reliable water sources, and likely a focal point of settlement. The duration
of occupation at a well site (or the number of settlement moves between sites) would, therefore,
have been determined by the availability of water elsewhere and, secondarily, the density of food
resources available locally (Kelly 1989: 15). In ethnographic settings, where water is scarce overall,
known water sources are occupied longer and there are fewer settlement moves (e.g., Lee 1979:355
360).

But an individual well has limited pool life, owing to infilling ofsediment and debris, slow recharge,
and organic contamination. Moreover, on a landscape where biomass was low, thinly scattered
(drought-resistant taxa would not have to tether their movement to water holes), and difficult to
predict, the food resources available around a water source would become exhausted rapidly under
foraging pressure.

Human groups-whether foragers or collectors-would have a choice: either stay longer where
water is known to occur, or not stay in anyone locality for very long but move quickly from one
to next. There are compromises to each. In the former, existing wells would have to be cleaned out
or new ones dug nearby (itself not a significant limiting factor). But a longer stay in one place and
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the attendant pressure on the local resources might require an increase in the foraging radius
surrounding the camp and possibly even an increase in the diet breadth (Kelly 1989: 15). In the
alternative case (move quickly and often), groups would have to gamble on well digging producing
water elsewhere (or finding rare pools of surface water by following rainstorms [Gould 1980)), and
on the presence of forage elsewhere. Obviously, if water is the critical resource, hunter-gatherers
might select the former option, although if water sources (good places to dig wells) were known in
the region the latter might be preferred.

A longer duration of occupation should produce evidence for cleaning out old wells (e.g., Gould
1977:76; Green 1962:232) or digging new ones. If a number of wells are dug during a single period
of occupation, they should all bottom out at the same elevation- the piezometric surface. 3 U nder
ground water, unless in a confined aquifer (absent in this unconsolidated valley fill), will lie on a
horizontal plane (at least on a scale relative to humans), and wells dug to that relatively stable plane
will have the same bottom elevations. In contrast, wells dug to different depths would imply groups
cycling through the site repeatedly, but staying only briefly at anyone time. Not knowing precisely
the rate of water-table fluctuations, it is impossible to say whether the cycles were seasonal, annual,
or longer.

The bottom elevation of the wells at Mustang Springs ranged over 2.17 m. But this figure is
slightly misleading since most (47 wells) bottomed out in a relatively short vertical range (between
elevation 819 and 819.5 m), producing a peaked distribution (kurtosis = 10.637, Table 3). Not all
were dug to the same plane, even assuming a ± 10 em margin in which the water table could be
tapped.

None of the wells at Mustang Springs showed evidence of cleaning out and reuse. That absence
might speak to the ease of digging new wells, the difficulty of relocating old wells filled in with
sediment, or the fact that different groups were using the site and had no knowledge of the location
of another groups wells.

The wells were dug to different stratigraphic units: 4 bottom out in Stratum 1 (basal sands); 10
in Stratum 2 (diatomite); and the remaining 39 in Stratum 3 (marl). Yet, this does not necessarily
mean the wells were dug to different depths since the elevation of these units varies across the site
(as earlier discussed). A well that bottomed out in Stratum 1 sands at the north end of the site
would, at that same elevation 200 m south in the main excavation area, bottom out in marl.

Statistical analysis (ANOVA) comparing bottom elevation of wells dug into the various strata,
however, shows there are significant differences in the bottom elevations of wells dug into Stratum
3 and those dug into Strata 1 and 2 (F = 6.923, p = .002). Altogether, there is variation in bottom
elevations among all wells. Surprisingly, of the eight wells with bottom elevations significantly
shallower or deeper than the mean bottom elevation (as measured by z scores), four were not from
the main excavation area. Given the stratigraphy of the site, this is not unexpected.

In essence, the argument can be made that at Mustang Springs the wells do not bottom out at
the same elevation, and one can thus infer the wellfield as a whole does not represent a single episode
of occupation, but was repeatedly used over different times.4 Given the clustered distribution of
bottom elevations within the main excavation area, I would speculate that many of these particular
wells were dug over a short period of time.

This situation is slightly different than that reported at Blackwater Locality No.1, where "the
wells all bottomed out in the same stratigraphic horizon and at nearly the same actual elevation
indicat[ing) an essentially stable position in the water table throughout the period during which the
wells were being dug" (Evans 1951 :6). Evans (1951 :6) concluded that the Blackwater wells had been
"dug within a relatively short period of time." However, wells later recorded there bottomed out
in several horizons (Hester 1972).

Ifthe general pattern Evans reported holds, it may reflect differences in the hydrology ofBlackwater
and Mustang Springs (perhaps a confined aquifer at Blackwater), or differences in the duration of
well use (with the Mustang Springs wellfield used repeatedly and over a longer period of time). It
would be valuable to gain better data on the variation or lack thereof in well depth at Blackwater
Locality No.1, if possible, and at other sites, if found.

If artificial water wells were the main sources of water on the landscape, and if the groups who
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dug the wells at Mustang Springs were cycling through the site, traveling from water source to water
source and not staying for significant lengths of time at anyone, then one conclusion seems ines
capable. The Mustang Springs wellfield must not be unique. There should be other wellfield sites in
similar geological settings across the southern High Plains. There appears to have been one at
Blackwater Locality No.1, where a total of 19 wells have been reported (Evans 1951; Green 1962;
Hester 1972). More almost certainly once existed there, but must have been destroyed in the
commercial excavations of the site. Only single wells were reported from both Marks Beach and
Rattlesnake Draw (Honea 1980; Smith et al. 1966). Where are the other wellfields, and why have
so few been found?

Lost in the Dust?

The answer to these questions returns the discussion to the geological conditions that allowed
well digging. It could take place only in those settings where the caprock has been removed enabling
access (by hand-dug wells) to the underlying aquifer. Recent field studies along the draws of the
southern High Plains, which have the greatest potential for providing such settings, indicate that
these kinds of localities are rare and not closely spaced (Holliday 1990; Meltzer, unpublished data).
That in itself suggests the distances traveled for water were great, an inference substantiated by the
observation that the artifacts associated with the wellfield are worn heavily and recycled, and made
of stone from sources in some cases at least 70 km distant.

The Mustang Springs wellfield shows how easy it is to miss the Altithermal. On the southern
High Plains, an archaeological record of the Altithermal has the best chance of being preserved in
the draws, but almost all early and middle Holocene surfaces in the draws are buried under meters
of late and post-Altithermal aeolian and lacustrine deposits. This renders the Altithermal archaeo
logically invisible, often inaccessible, and usually encountered only by chance, as the discoveries at
Mustang Springs and other sites attest. Thus, the very settings where one would expect to see a well
preserved Altithermal archaeological record are those settings where the archaeological record often
is unseen. On the southern High Plains, geoarchaeological evidence suggests that the Altithermal is
not absent, just unseen and largely unexamined.

SUMMARY AND CONCLUSIONS

On the southern High Plains of North America, there is little doubt that the Altithermal-as
conceived by Antevs (1948)-occurred (roughly) when he said it did and was as extreme as he said
it was. The paleoecological evidence from Mustang Springs and other sites on the southern High
Plains (Holliday 1989a) testifies to a dry, bleak, windswept landscape. Beginning soon after 8000
B.P., lake levels at Mustang Springs began to fall, the water became more brackish and by 6800
B.P. disappeared altogether. Once the water table dropped below the surface, wind erosion scoured
the dry lake bed, sculpting its surface.

Just how far the water table dropped, and the rate at which it fell, can be inferred from the
stratigraphic evidence in concert with the archaeological evidence (also Haynes 1975:76-78). To
gether, that evidence bespeaks a decline of nearly 3 m, over a period of approximately 200 years
(roughly 1.5 cm/yr). Those estimates, of course, are only as robust as the underlying assumptions,
and will change if those assumptions are wrong. What will not change is the fact that these were
harsh times on the southern High Plains.

It was onto the dry lake bed at Mustang Springs that human groups came. Antevs's Altithermal
is no longer the blank page it once was. Well digging at Mustang Springs occurred in the midst of
the Altithermal, with wells following a dropping water table. It took place later than the latest
available radiocarbon date (6600 B.P.), but how much later is unknown. Given the fact the wells
were all dug from the same surface, and none were dug from atop stratum 4 sediments, there is no
reason to suspect it lasted that much longer.

Speculation, based on available evidence, suggests that well digging at Mustang Springs ceased
around 6500 to 6000 B.P. There are a number of reasons why this might have occurred. Water
tables at Mustang Springs simply may have dropped beyond the reach of hand-dug wells. Alter-
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natively, perhaps more sources of water became available on the High Plains. There is evidence
from other sites on the southern High Plains-but not from Mustang Springs-ofa mid-Altithermal
wet phase (Holliday 1989a), with a short-term increase in precipitation and available surface water.
Such an increase had no appreciable impact on the water levels at Mustang Springs (given the very
slow aquifer recharge rates), save that it might have made well digging unnecessary since surface
water could be had elsewhere.

The wells testify to the fact that at times during the Altithermal and in certain places, there were
hunter-gatherers in the region. It was not wholly abandoned although it remains an open question
whether the site was occupied by foraging groups living on the southern High Plains, or collectors
intermittently exploiting its resources. Regardless, the wells were the solution to the problem of
obtaining water on the dry southern High Plains.

But how a wellfield figured into the larger adaptive strategies remains unresolved, as are the precise
details of the adaptive response. The issues remain unresolved because of the generally poor pres
ervation of organic materials that might inform on subsistence, and the apparent tendency of these
groups to leave most of their artifacts on upland surfaces, which nearly 7,000 years later are shallow,
deflated, and badly mixed (Collins 1971). Even so, the presence of a wellfield, which appears to
have been dug over a period of time of at least 200 years, and perhaps even by different groups,
suggests frequent settlement moves, which by the evidence from the lithic artifacts was over a range
of at least 70 km.

More important, the apparent mobility on the part of these groups points directly to the fact that
there must be other well sites that were used during this period. Blackwater Locality No.1 was one.
Why have so few other Altithermal well sites been found? The geology of Mustang Springs, which
made this a predictable water source during the Altithermal, and that preserved the record of wells,
makes the answer to that question obvious. Wedel (1983a:223-224) was correct. Many sites may
still lie deeply buried by centuries and millennia of deposits, awaiting discovery and recognition.

What becomes crucial at this juncture is the development of ways to locate and systematically
test these deeply buried, difficult-to-discover low spots in the draws that have the potential to yield
Altithermal age materials. This will test the hypothesis that there were other wellfields, and perhaps
even recover a greater artifact sample and preserved organic remains that might reveal the nature
of the subsistence strategies.

Ultimately, what may prove to be truly remarkable is not the particular wellfield at Mustang
Springs, but the number of sites that will be just like it.
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NOTES

I Samples from Strata 2 through 4 were analyzed for pollen at SMU and Texas A&M University. The analysis
at Texas A&M was undertaken after the SMU effort was unable to detect pollen. Despite additional precautions,
pollen was still not found by the A&M team, but since Lycopodium spp. tracer spores were abundant, it seems
apparent that the pollen was not destroyed during processing, but had not preserved in the sediments (John
Jones and Vaughn Bryant, personal communication 1988). Poor pollen preservation, unfortunately, is common
in the region (Bryant and Holloway 1983; Bryant and Schoenwetter 1987:39--40; Hall 1985:97-98; cf. Oldfield
and Schoenwetter 1975).

2 Notably, a radiocarbon date (SMU-1664) on sediment from the bottom of Well 81 (Trench 2), and the
theremoluminescence (TL) dates on sediments 1 m higher in the profile but from the same depositional unit
differed by 2,800 years. Taken together these dates implied that Well 81 was dug and initially began to fill
around 7600 B.P. (as indicated by the radiocarbon date), and took the next 2,800 years to fill to the surface (as
indicated by the TL dates at 4800 B.P.). There was no stratigraphic or sedimentological evidence to support a
2,800-year filling episode, implying either the radiocarbon date was too old or the TL dates were too young
(Meltzer and Collins 1987: 16). At the time, we suspected the radiocarbon date was too old, and favored the TL
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dates (Meltzer and Collins 1987: 17). Subsequent testing has indicated that the radiocarbon sample exhibited a
high amount of fulvic acids, more in character with Stratum 2 sediments than Stratum 4 sediments, thus
corroborating the suspicion ofcontamination by older sediments. The addition ofa series ofessentially consistent
radiocarbon dates on Stratum 4 sediments now makes it clear that the TL dates are also too young.

3 The wells would bottom out at the same surface, as long as the water table was not fluctuating rapidly. Also,
I assume that wells were dug to just at or below the level of the water table (within, say, 10 cm), but not
significantly lower, and that this always was true. While that assumption seems reasonable, it need not be the
case, and if it is not, my discussion will require revision.

4 Alternatively, this evidence could be interpreted as wells dug to different depths but which tapped water at
the same level (violating the assumption made earlier). This would imply that the deepest well was dug down
2.17 m below the water table. While this might have produced a fine pool, it would had to have been dug under
half a meter of standing water at the site. There is no evidence for that. Alternatively, they could represent the
same episode of occupation during which time the water table fluctuated rapidly. This latter possibility is not
quite so farfetched as the excruciatingly slow rate ofaquifer recharge might imply. The site is in a valley bottom,
and intense rainy episodes quickly could have raised the groundwater level in the valley fill, which then might
have been tapped in shallower wells. The sheer number of wells at different depths suggests far more rainfall
than is indicated by other lines of evidence. Neither of these possibilities seem, a priori, as likely as different
episodes of occupation, but at this point neither can be dismissed entirely.
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