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centered on an area farther north, was to refine the existing ceramic
chronology.

Two other archaeological visits were made to Black Mesa prior to
BMAP investigations. Milton Wetherill visited Standing Fall House, a
55 room cliff dwelling, where he wrote his name along the cliff face and
the date, 1932. In 1968, Jeffrey S. Dean of the Tree-Ring Laboratory,
University of Arizonma, collected tree-ring core samples and assigned
Museum of Northern Arizona number NA 10,105 to this same ruin (Klesert
and Cowan 1978:74).

In 1967, Peabody Coal Company, which has extensive coal leases
on northern Black Mesa, requested that Prescott College initiate ar-

chaeological survey and excavation so that this company could obtain

clearance for future mining activities. Drs. Robert Euler and George

Gumerman were principal investigators for the project until Prescott
College closed and Dr. Gumerman moved to Southern Illinois University at

Carbondale, where the project now is based. Dr. Stephen Plog was

director of the project at the time the data for this research were
collected.

Almost 160 km? have been surveyed, 2,500 sites recorded, and
120 excavated by the Black Mesa Archaeological Project (Klesert and
Layhe 1980). Although the areas chosen for archaeological investi-
gation on Black Mesa are a direct result of mining activity locations,
they cover substantial portions of the northern part of the mesa and
cross-cut the major environmental zones, from the floodplains of major

washes to upland areas. The lead time and funding provided by Peabody






(particularly kivas and jacals), the presence of masonry rubble ceased
to be a major factor in selecting sites for excavation (S. Plog 1977a).
Once this change was instituted, the wide variety of site coﬁfigurations
recognized today became apparent. In addition, a larger number of sites
that had been occupied early in the sequence are purposefully being
chosen for excavation. Little was known about early adaptations on
the mesa because few of these sites had been investigated. This added
information from early sites has altered conceptions of subsistence
strategies and site location patterns.

The original phase sequence as developed by Gumerman and Euler
(1976) is illustrated in Table 2 and will be outlined in detail after

a brief discussion of Paleo-Indian and Archaic periods in the Kayenta

area.

Paleo-Indian

Although no Paleo-Indian materials have been recovered by the
Black Mesa Project, there is evidence of these early populations from
surrounding areas (Agenbroad 1967). A Clovis point was discovered in a
wash east of Kayenta. It was below an outcrop of Navajo chert, the mate-
rial from which it was made (Ayres 1966). In addition, a Folsom point
was recovered near Mishongovi, Second Mesa (Gumerman 1966). Thus, it is

possible that materials of this age may one day be found on Black Mesa.
Archaic

Little or no information on Archaic sites, or the potential

for them, is presented in the reports listed earlier. This is not
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surprising, given that most Archaic sites are open-air sites that ex-
hibit few, if any, traits other than projectile points, truly diagnostic
of the Archaic period. For example, a single San Jose point was found
in the Chinle area (Lofton 1974); it may indicate use of the area by
Archaic populations or it may have been brought in later from elsewhere.
Generally there is no secure way to date a lithic scatter. A novel
approach, for the area, was taken by the Glen Canyon project (Jennings
1966). Lithic sites tentatively were assigned the same date as the
habitation site with which they shared a trail.

Concrete evidence of Archaic occupation comes from the Navajo
Mountain area where several open twined sandals were radiocarbon dated
between 5000 and 6000 B.C. The name Desha Complex has been assigned to
these assemblages from Sand Dune and Dust Devil Caves in the Navajo

Mountain area. Similar artifacts also have been found in the Glen

Canyon area.

Artifacts apparently diagnostic of this assemblage, and not found in
later assemblages in the area, include open twined sandals, warp-
faced sandals, elongate and shallowly side-notched projectile
points, basketry with a one rod foundation and interlocking
stitches, twined grass matting, a painted pebble, worked bobcat
scapulas, and worked mountain sheep hyoids. Other artifacts asso-
ciated with the above, but also found in later (particularly Basket-
maker II) assemblages, include wider side-notched points; round and
square based kives; shallow, basin grinding slabs; one-hand manos
(typically wedge-shaped); fur; fiber and human hair cordage; bone
awls; coal pendants; abalone shell ornaments; and a host of minor
artifacts. Judging from the high percentage of small mammal bones,
relative paucity of projectile points, and large numbers of grinding
stones, the subsistence pattern was one of primary dependence on
wild plant foods and small game, with large game being only occa-
sionally utilized (Lindsay et al. 1968:120).

The only other good evidence of man's presence in or near the

region is that of the split-willow twig figurines from the Grand Canyon
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Smiley, personal communication). Other material culture items consid-
ered diagnostic of this period, but not yet found on Black Mesa, include

atlatls and square-toed sandals (Guernsey and Kidder 1921; Morss 1927;

Colton 1939).

Dot Klish

The Dot Klish phase on Black Mesa dates from A.D. 600 to 750 and
is considered the equivalent of Basketmaker III. The Basketmaker III
period in Long House Valley extends from A.D. 550 to 850 (Dean et al.
1978) and may not have existed in the Navajo Mountain area where the
Basketmaker II life-style may have lasted until A.D. 700 or later
(Lindsay et al. 1968).

Radiocarbon dates on several of the Lolomai phase sites indicate
occupation only until about A.D. 1. There appears to have been a hiatus
in occupation on Black Mesa from about that time until A.D. 800, which
encompasses the latter half of the Lolomai phase, all of the Dot Klish
phase, and the early part of the Tallahogan phase. Three hypotheses
have been advanced to explain the lack of sites in the Black Mesa study
area dating to this period: (1) sites exist but have been buried under
alluvium (Karlstrom et al. 1976); (2) the area was abandoned during this
period (Ware 1976); and (3) Lino Black-on-gray, which is diagnostic of
Basketmaker III sites elsewhere, may not have been used on Black Mesa
(Klesert 1979a). The first explanation assumes that sites of this phase
were located only in the lowlands or at least in areas where they might
have been covered by alluvium. This assumption seems unwarranted

because sites of preceding and subsequent phases also were located in
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Sites of this period, as represented by Small Jar Pueblo, are
usually the front-oriented unit pueblos consisting of a small room
block of jacal-built 1living and storage units, an adjoining work
area, a fully subterranean circular kiva and beyond the structures
a trash area. Subterranean pits were probably used as granaries
(Lindsay et al. 1968:364).

Masonry generally was of the Kayenta style, which consists of undressed,
irregular stones held together by the generous use of mortar.

Pithouse shapes were quite variable, even within a single site,
and included circular, oval, D-shaped, subrectangular, and rectangular
shapes. Pithouses that functioned as habitations were larger than those
of the Lolomai and Dot Klish phases but were about twice as large
volumetrically as those of the Dinnebito phase, with mean dimensions of
3.2 m east-west, 3.6 m north-south, and 78 cm in depth. (The Dinnebito
pithouse dwellings actually may have beeﬁ as large‘as those of the three
surrounding phases, but the inclusion of pithouse storage facilities
in the calculations may have lowered fhe mean.) In most instances,

evidence of postholes encircling the pithouse suggests a superstructure

of jacal, which was observed at earlier sites also. Although plaster-

ing of walls and floors occurred at some sites, it was not a common

practice.
Kivas became more common and kiva feature associations became
more formalized during this period. The features included hearths, ash

pits, sipapus, ventilators, deflectors, foot drums, ladder holes, and

three-quarter and full benches. Kivas averaged 5.5 m east-west, 5.1 m

north-south, and 168 cm deep. Trash areas were more well defined at

Wepo phase than at earlier sites.
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after A.D. 1250 were found on the Shonto Plateau survey, it is believed

that limited activity sites related to the sites in Long House Valley

were located there until the area was abandoned at about A.D. 1300 (Dean

et al. 1978; Effland 1979).

Tsegi Canyon was one of the last places in the region to be
densely populated. This may be related to the narrowness of the canyon,
which made it less desirable for farming than the valley floors; it was
one of the last places to which people moved before they left the area
entirely. Tsegi Canyon is upstream along Laguna Creek and thus would

have been one of the last places to be affected by the erosional cycle

that culminated in a fully developed arroyo system by A.D. 1300. All

sites during the Tsegi phase (A.D. 1250-1300) were built either in caves

or on eminences above the valley floor, possibly to avoid the arroyo

cutting. Immigration into the area apparently came in waves (over the

period from A.D. 1250 to 1272) as evidenced by tree-ring dates from

construction activities. Building sequence analysis has demonstrated

that people who inhabited Kiet Siel Pueblo came and left as household

units, whereas Betatakin evidently was settled basically at once by a

previously existing community.
Rooms occurred in clusters, usually with one living room, from

one to four storage rooms, and a courtyard. In cave-site masonry rooms,

more mortar than stone was employed, in effect to ''glue'" the structure
to the cave wall. At open sites, the reverse was true. Jacal walls

usually were used for only one or two walls of a structure due to the

difficulty of sinking posts into a bedrock floor.
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the fact that settlements moved upstream was, in all likelihood, the
erosional cycle. Farming in the lowland localities was reduced greatly
after A.D. 1225. Settlements mainly were 10 to 40 rooms and more, but
they were spaced farther apart than during early and middle Pueblo III.
Villages typically were at some distance from arable land. In addition
to masonry and jacal structures, there still were a few semisubterranean
pithouses for habitations. Both plaza- and courtyard-oriented large
villages were present in the area. The plaza sites consisted of masonry
rooms or pithouses oriented around at least three sides of a plaza that
had one or more kivas. They had no recognizable room clusters. Dean
(1969) suggested that this represented a localized lineage and that if
this form persisted while the nonlocalized lineage was developing it
must mean that more stable population conditions obtained in this area

than in others. By A.D. 1270, population was leaving, possibly for

Navajo Canyon or Tsegi Canyon. By A.D. 1300 the area was abandoned.

Culture History Summary

No evidence of Paleo-Indian occupation and only limited evidence
of Archaic occupation, the period during which the Kayenta region was
first inhabited, has been found on Black Mesa. Diagnostic projectile
points suggest Paleo-Indian use of other parts of the region, and

remains dating to the Archaic period have been found at Navajo Mountain

and in the Grand Canyon.
It has been suggested that farming potential rather than wild

resources was the major attraction held by Black Mesa. The earliest

occupants practiced corn agriculture in both the lowland and upland
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depletion of resources, and 'other external factors' (which are unde-

fined) led to the abandonment of the area. Swedlund and Sessions

basically argued that the population exceeded the carrying capacity of
the available resources, and the people had tolleave. -Similar models
(with somewhat different time frames) have been presented for Navajo
Mountain (Lindsay et al. 1968) and Glen Canyon (Jennings 1966).

Recent research (Catlin 1978; Moore 1978) has explored more

fully the potential for the resource-depletion component of the Swedlund

and Sessions model. Catlin (1978) assumed, for the purposes of his

research on the locations of habitation versus limited activity sites,
that sagebrush had invaded what once were grasslands on Black Mesa.
This assumption, although not critical to his analysis, helps support
his argument that these areas once were desirable for agriculture. Sage

flats are not as suitable for agriculture as grasslands because sage-

brush depletes soil moisture and nutrients. Catlin's assumption is

based upon studies conducted elsewhere in the Southwest that indicate

that sagebrush is an invader plant tending to colonize disturbed grass-

lands (Johnson and Payne 1968; Castetter 1957). More specifically, in
the Glen Canyon region, ''sage is seen as subclimax vegetation having
taken over a garden plot after its abandonment' (Jennings 1966:48).

Consequences of a sagebrush invasion of grasslands cum agricul-

tural fields would have been severe for prehistoric populations. Not

»
only would agricultural potential of the land have decreased, but

economically important grasses no longer would have been readily avail-

able in times of crop failure. Reversion to a hunting-and-gathering
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This model, particularly with the adoption of expanded social
networks, appears to apply to the Black Mesa data and also may apply
more widely throughout the region. The increase in population has been
documented (Swedlund and Sessions 1976; Layhe 1977b). Prior to about
A.D. 900, the more permanent settlements appear to have been concen-
trated along major washes. Upland resources also were exploited at this
time, but most sites in that zone were small and may have been occupied
only séasonally. Although there is evidence of cultivated plants at
these upland sites, wild plant resources were used heavily.

With the increased population, upland areas became occupied more

permanently. Cultivated plants became a major portion of the subsis-
tence base, although the only upland areas suitable for floodwater
farming are catchment basins much smaller than those of the major
washes. Thus, upland floodwater and dry farming would have suffered
more easily from erratic rainfall. The entire system would have been
more susceptible to environmental variability because (1) lowland
populations no longer could have relied upon upland resources in times
of need, (2) upland farming provided a less stable resource base, and
(3) stress felt by upland populations would have been felt rapidly by
their lowland contacts.

There is evidence on Black Mesa that redistributive networks may
have been functioning to alleviate some of the difficulties in utilizing
these more marginal areas. Phillips (1972) developed a model that

recognizes two site types in existence during the Toreva phase. Primary

sites have been defined as
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Evidence from the Glen Canyon region in the form of trails pecked into

the canyon walls demonstrates links between sites and between sites and

resource areas:

The trails argue that there was habitual travel from one center to
another, to say nothing of wide-ranging hunting and collecting
trips, and we can postulate a vast network of now forgotten trails
(some routes were metamorphosed into modern stock or primitive
roads) over the whole of Kayenta land and the rest of the Pueblo
domain. The ease and frequency of inter-village contact observed
ethnographically has apparently never been fully appreciated or
sufficiently stressed as being equally true in prehistoric times,
but the highlighting of the Glen Canyon region trail system puts
emphasis on an important ecological and sociological point—the
canyon dwellers were not confined to the canyons (Jennings 1966:45).

Evidence for a wider network of ties also exists on Black Mesa
in the form of Standing Fall House, the 55 room cliff dwelling on the
north rim. Several lines of evidence including room function, the great
abundance of corn, and the long use span, but few artifactual remains,
have been used to infer that this site functioned as a storage and
integrative center for a large nonlocalized population (Klesert 1979b).
Religious functions at the site were served through the use of two
kivas.

Tree-ring cutting dates for Standing Fall House range from A.D.
971 to 1058 (Dinnebito to early Lamoki phase), which indicates that this
larger integrative network would have been operative even earlier than
the smaller scale networks postulated for the Toreva phase. In fact,
limited survey in the rim area suggests a population peak during the
Dinnebito phase (A.D. 875-975) and abandonment of the area by the Lamoki
phase (A.D. 1050-1075). This decline in population in the north, early
on, may have contributed to the population expansion beginning A.D. 950,

to the south, in the eastern and western lease areas (Swedlund and
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Sessions 1976; Layhe 1977b). If this had been the case, the increase in

population, when considering all of northern Black Mesa, may not have

been as considerable as once was believed. However, unless another site

like Standing Fall House is found, and Klesert's interpretation is

correct, a major change in organization took place from the larger
single integrative network to a larger number of smaller networks.
Similar integrative sites, such as Promontory Ruin in the Chinle Valley
(Morss 1927; Lofton 1974), NA 8604 on the Shonto Plateau (Anderson
1969), and NA 8171 in the Cow Springs area (Ambler and Olson 1977), were
discussed in the Culture History chapter.

Phillips' results have been criticized at another level as well.

S. Plog (1977a) noted that some Toreva phase sites do not fit into

either the primary or secondary site category. His analysis has shown

that masonry rooms are the best predictors of other site features.
Standardized site plans generally are found when presence of masonry
rooms is the criterion used in selecting sites for excavation. Exca-
vation of sites with a wide variety of surface features indicates
there was much more variation in site plan than had been recognized
previously.

In partial support of Phillips' hypothesis about sites with
kivas serving an integrative function, Plog found that kivas on sites
with masonry (storage) rooms are larger than on sites without them and
may have served a larger population than that residing at the site.
Thus, although some of the details of Phillips' model may be incorrect,

the basic hypothesis of intercommunity integration still appears quite

reasonable.
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large numbers of people and not household-by-household movement. He
argued that a depopulation or abandonment of the area caused by environ-
mental degradation would have been much slower and would have stopped
when the number of people remaining could have been supported under the
changed conditions. (Dean [1969] would disagree with this; he felt that
the exodus was self-perpetuating in that, after a certain point, people
would have left merely to join their relatives.)

Nelson argued instead in support of a situation of hypercoher-
ence, which results from overresponsiveness among system components.
He suggested that such a situation may have occurred because of the
large percentage of the population depending upon high-risk, low-yield
agricultural plots and, as a result, on each other. If a few bad years
had been experienced by a part of the population, this would have put a
strain on the rest.

S. Plog (1978b) studied patterns of population increase in an
effort to understand population stability. Three models of population
growth were examined: (1) changes in population (AN) become constantly
smaller as population smoothly moves toward equilibrium; (2) absolute
value of AN is increasingly smaller as population overcorrects for suc-
cessive positive and negative values of AN; and (3) AN is increasingly
greater rather than smaller, alternately in positive and negative
directions, a positive feedback system. The first two models are
deviation-counteracting and lead to an equilibrium situation. The third
model, however, is a deviation-amplifying system in which the population

is heading toward extinction resulting from too low a negative value

from which recovery is impossible. Statistical tests indicate a
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Thus, if raw materials with distant sources were obtained when’ the

marriage network covered the greatest geographic area and then the

marriage network contracted, the area from which these materials had

been obtained no longer would be included in the marriage network and

they should not appear in the assemblages. Recent analyses of both

ceramics and chipped stone raw materials provide support for this model.
Hardy et al. (1980) examined the distributions over time of
Black-on-red ceramics, specifically San Juan Redware and Tsegi Orange

Ware. San Juan Redware was obtained from southeastern Utah and south-

western Colorado (about 80 to 120 km away) where it figured prominently
in assemblages dating between the eighth and tenth centuries A.D. Tsegi
Orange Ware also was imported but its origin was significantly closer
than that of San Juan Redware, although it has not yet been determined

(Shirley Powell, personal communication). Black-on-red ceramics were

present on northern Black Mesa sites from A.D. 800 to abandonment,
about A.D. 1125-1150. San Juan Redware was more abundant early in the

sequence, until about A.D. 900 when frequencies of Tsegi Orange Ware,

the import with the closer source, began to increase. Thus, the dis-

tance from which at least certain ceramics were obtained decreased over
time and may be a reflection of the contraction in the marriage network.

Fernstrom (1980) had similar results in her analysis of chipped

stone raw materials from 12 excavated sites. As population density

increased, the geographic extent of the procurement area for chipped

stone raw materials decreased. This general phenomenon is common even

among twentieth century populations (Haggett 1971).





















CHAPTER IV

THE DATA BASE

- Modern Climate

Black Mesa lies in the northeast corner of Arizona on the Nava jo
and Hopi reservations. Apparently there is some disagreement as to
whether Black Mesa was named for its dark appearance, attributable to
its dense cover of pinyon and juniper that provides a stark contrast
with surrounding areas, or as a result of the all-important coal with
which it is richly endowed. Gregory (1916:190) presented the name
as a translation from the Navajo Dzilijini, which means black streak

mountain, presumably in reference to the coal beds.

The mesa is approximately 120 km east-west and 80 km north-
south. It is basin-shaped; the maximum altitude of 2,440 m occurs at
the northern rim, with altitudes at the interior ranging from 1,980 m
to 2,130 m. The steep escarpment on the north side is not evident to
the west and to the south, where the mesa gradually slopes down to the

Hopi Mesas, the southermmost extensions of Black Mesa.

Topography on the mesa consists of rolling hills dissected by
small washes. There are no permanent streams on Black Mesa, although
water can be obtained, usually the year around, from the major washes,
either in standing pools or from pits dug into the wash bottom. The

sirgle known permanent spring on northern Rlack Mesa is located in the

e 29 0































RS
ke ‘éﬁwaﬂ‘df
Km '
Key:
Kmv = Mesa Verde Group
Km = Mancos Shale
Kd = Dakota Sandstone
Jm = Morrison Formation
Jdsr = San Rafael Group
JThec = Glen Canyon Group
Tpe = Chinle Formation
Tpes =
Pct = Cutler Formation

Chinle Formation PJ

Figure 3. Geologic map of Black Mesa and vicinity.
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Mancos Shale

The Mancos Shale (Km), which also dates to the Upper Cretaceous,
ranges from 145 to 235 m in thickness. It is composed of slope-forming
grayish mudstone and siltsone of marine origin (R. F. Wilson 1974).
Selenite (gypsum) is common in the Mancos Shale, and thin beds of

bentonitic clay have been noted in the lower part (Beaumont and Dixon

1965).

Dakota Sandstone

The Mancos Shale grades into the Dakota Sandstone (Kd), which is
from 15 to 45 m in thickness and caps the bench of Black Mesa. It
dates to the Lower and Upper Cretaceous and has been divided into
three members, which are: (1) a lower cliff-forming sandstone member;
(2) a slope-forming carbonaceous shale member of lagoonal origin; and
(3) an upper sandstone member of probable beach origin (R. F. Wilson
1974). Within this beach layer of the Dakota sandstone is an oyster

(Gryphaea newberryi) death-bed layer containing millions of fossilized

shells (Beaumont and Dixon 1965). The Dakota Sandstone was deposited on

an irregular erosional surface cut into the Morrison Formation beneath.

Morrison Formation

The Morrison Formation (Jm) has been divided, in ascending
order, into four members: Brushy Basin, Salt Wash, Recapture, and
Westwater Canyon. Only the Westwater Canyon and Recapture Members
outcrop on Black Mesa (Schafer et al. 1975). However, the Brushy
Basin Member may be present along the northeast flank of Black Mesa

(Harshbarger et al. 1957). The Westwater Canyon Member, a cliff-forming
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gray to yellow sandstone and mudstone, is of fluvial origin. It may be
as much as 90 m thick in certain areas but is only 8 to 11 m thick at
the southern end of Long House Valley. Below this unit is the Recapture
Member, which is more than 180 m thick at the northern end of Black Mesa
and about 90 m thick at the southern end of Long House Valley. It is a
slope-forming unit also of fluvial origin and contains a mixture of

lenses of reddish sandstone and sandy mudstone (R. F. Wilson 1974).

San Rafael Group

The light gray slope to cliff-forming sandstone at the base of
Black Mesa is the Cow Springs Sandstone. It was formed from windblown
sand during the Middle and Upper Jurassic and is the uppermost unit of
the San Rafael Group (Jsr). The Cow Springs Sandstone is the lowest
visible stratigraphic unit on Black Mesa; it is covered by alluvium in
Long House Valley and at Marsh Pass.

The two units of the San Rafael Group immediately beneath the
Cow Springs Sandstone are the Summerville Formation and the Entrada
Sandstone. They are covered in many areas by sand, alluvium, and
landslide debris and where exposed often are difficult to distinguish.
The Summerville Formation is "a soft reddish-orange very fine grained
silty sandstone" (Beaumont and Dixon 1965:A11). The Entrada Sandstone
is reddish-orange, very fine grained, clayey, silty sandstone and sandy
siltstone. In addition to the difficulty in distinguishing the Entrada
from the Summerville, the contact between the Entrada and the Carmel

Formation, below, is not readily observable.
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red in color. It is 41 m thick in the Kayenta area and 61 m thick at

Marsh Pass.
The Kayenta Formation rests on the Lukachukai, the uppermost

Member of the Wingate Sandstone, also of the Glen Canyon Group.

South of Laguna Creek the Wingate consists of two members: the Rock
Point and the overlying Lukachukai. North of Laguna Creek, however,
the Wingate consists only of the Lukachukai and the Rock Point is
treated as the Church Rock Member of the Chinle. The Lukachukai
Member consists of resistant cliff-forming, thick-bedded, cross
stratified reddish-brown sandstone composed mostly of fine- to
medium-grained quartz that contains scattered coarse grains through-

out (Beaumont and Dixon 1965:A6).
It is 87 m thick near Kayenta and 60 m thick at Marsh Pass. "The

Lukachukai Member is of eolian origin, deposited by winds blowing from

the northwest" (R. F. Wilson 1974:199).

Chinle Formation
The Chinle Formation (TRc) ranges in thickness from 320 to 425 m

and has been divided into a number of members, all believed to be of

fluvial drigin. In Monument Valley, five members are recognized and in

ascending order are: Shinarump, Monitor Butte, Petrified Forest, Owl
Rock, and Church Rock, all dating to Triassic age. Only the upper three
members are exposed near the study area, and these are the lowest

stratigraphic units visible in the area.

The Church Rock Member consists of siltstone, mudstone, and thin

to medium beds of very-fine-grained sandstone and silty sandstone. It

is brownish red except for small leached white spots and streaks.

In the Kayenta area it is 60 m thick. Any depositional break that oc-

curred between the Church Rock Member and the Owl Rock Member, beneath,

-- masss N NI
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probably was insignificant. The base of the Church Rock Member is

placed above the limestone-pebble conglomerate of the Owl Rock Member.

The Owl Rock Member is a ''reddish-brown silstone and mudstone

with lesser amounts of greenish-gray claystone, limestone and limestone-

pebble conglomerate" (Beaumont and Dixon 1965:A5). Near Kayenta this

member is 46 m thick.
The lowest stratigraphic unit exposed in the area is the Petri-

fied Forest Member of the Chinle Formation. It is visible only in a

small area north of Laguna Creek and in two places north of the Tsegi

trading post. It is slope-forming and consists of red, purple, and

greenish-gray bentonitic claystone, clayey sandstone, and mudstone.

It is about 154 m thick on the flanks of Skeleton Mesa, the area just

north of Laguna Creek.

Igneous Rocks

In addition to the sedimentary rocks, there also are some

igneous rocks in the area.

Three volcanic necks and a group of igneous dikes occur along the
north edge of the area and in the southeastern part. These igneous
bodies are of Tertiary age and belong to two main centers of igneous
activity: the Monument Valley and Hopi Buttes volcanic fields

(Beaumont and Dixon 1965:A17).
Included in this category are Black Rock (Standing), located

3 km east of Kayenta, Church Rock, about 13 km east of Kayenta (both of

which are classified as minettes), and Porras Dikes, about 8 km east of

Kayenta.
The geologic strata described above cover most of northeastern

Arizona and the Four Corners area. For this reason, many of the
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sources, although not the specific outcrops, of chipped stone to be
described in the following section should be of interest to others
working in the region. In order to locate outcrops of material in other

areas within the region, detailed geologic maps should be inspected for

strata producing specific raw materials, and the field observation

techniques outlined below should be followed.

Chipped Stone Raw Material Source Survey

Methodology

A chipped stone raw material source survey, conducted inter-
mittently by J. P. Schafer of USGS and me, began during the summer field
season of 1976 and continued through the summer of 1978. Briefly, the
first summer's work focused on resources available on Black Mesa and in
the immediate vicinity; the second, on sources at greater distances, in-
cluding the Four Corners area and Cameron; and the third, on information
more specifically relating to possible obsidian sources in Colorado and
northwestern New Mexico.

The success of this survey can be attributed largely to the
detailed knowledge of the study area possessed by J. P. Schafer that was
accumulated over several years of research on and around Black Mesa.
The survey was accomplished partially through an extensive examination
of the literature on the geologic strata of the area and by field
checking '"likely" spots. "Likely'" spots within formations with the
potential to yield chippable materials, as deséribed in the literature,
usually were recognized in the field as being, or being associated with,

rock more resistant to weathering than the ubiquitous sandstones of the




area. For example, limestone, with which chert usually is associated,
will produce fairly flat ridge tops rather than the rounded hill tops
that sandstones produce. In addition, the hardness of gravels (which
include chert, quartzite, jasper, chalcedony, etc.) allows sunlight to
be reflected from their surfaces. Both of these phenomena can be
recognized at a distance (J. P. Schafer, personal communication).
Intensive study of the lithic artifacts found on Black Mesa sites aided
in the search for sources, as did discussion with Marilyn Collyer,
research associate at Mesa Verde National Park, Grant Heiken, research
scientist at Los Alamos, and Gene Foushee, geologist and proprietor of
Recapture Lodge, Bluff, Utah. The results of the survey, including

material descriptions, will be presented below. (Source locations are

illustrated in Appendix A.)

Raw Materials

Baked Siltstone. The first objective of the survey was to iden-

tify materials available on Black Mesa. These occur primarily in the
Wepo Formation which caps Black Mesa and upon which the majority of
sites are located. Although the consensus prior to this source survey
was that chipped stone raw materials, of necessity, were imported to the
mesa, a single local type was recognized (Gumerman et al. 1972). This
type is white baked siltstone or clinker, which is siltstone that has
been naturally thermally altered by fires that spread along coal seams.

The material occurs in a softer, inferior form in a variety of
colors--notably pink, gray, and yellow, depending upon iron content.

The colorful variety occurs in a multitude of localities across Black
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Mesa and is used widely today for gravel. Although the colored variety
certainly was visible to earlier archaeologists, a limited interest in
lithic artifacts may have caused its utility as a chipped stone raw
material to go unnoticed.

Both types of the material fracture naturally from layers
exposed in the Wepo Formation, in which the majority of coal on Black
Mesa occurs. Often they exhibit pot lids (spalls) that result from
poorly controlled natural heating conditions (Purdy 1974). In addition,
the ongoing natural fracture process results in an absence of weathered
cortex on the material as well as naturally caused ''flake scars.'" These

combine to cause difficulties in studying the stage of manufacture that

these ''flakes'" represent.

The material was collected prehistorically either in large
chunks or in small, expediently useful pieces. The white baked silt-
stone is available in only a few areas and occurs in layers a few
centimeters thick; man-made flakes of white baked siltstone almost
always are extremely small. When the limited availability of the white
baked siltstone is contrasted with the great quantities of the colored
varieties, the white baked siltstone appears to have been the preferred
type, since it occurs in high frequencies at many sites. The colored
variety appears to be softer than the white type and perhaps, as a re-
sult, only a few crudely chipped bifaces of the former have been found,
_whereas the latter often are found in the form of finely chipped projec-
tile points. Several flakes and naturally fractured pieces of this mate-
rial have been found on sites in the Long House Valley, located to the

north at the base of Black Mesa (Czaplicki 1977). The transport of this
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material seems more significant when chert outcrops, which are in closer

proximity to Long House Valley sites, are taken into consideration.

Wepo Formation petrified wood. While inspecting a source of the

white baked siltstone along Dinnebito Wash, several large blocks of a

coarse-grained petrified wood were located. These were secondarily

deposited, so it was not until a bedrock source was located (near site

D:11:1161) that it became certain that this material is available on the

mesa.
The type of petrified wood found on Black Mesa differs consider-

ably from that in the Petrified Forest National Monument area. The

Black Mesa petrified wood is black and gray, very coarse-grained, and

often has quartz veins and quartz crystals in it. It has only poor

conchoidal fracture but is extremely tough, which may account for its

frequent prehistoric use as hammerstone material.

Petrified wood can be obtained in the Black Mesa vicinity, near
Kayenta and at the base of Skeleton Mesa; near Cameron; near Ganado;
and in the Petrified Forest National Monument (Sidney R. Ash, personal
communication). All of these other source localities occur in the
Petrified Forest Member of the Chinle Formation. The petrified wood in

the Chinle Formation at the base of Skeleton Mesa more closely resembles
that f;‘om the Black Mesa Wepo Formation than it does other Chinle
Formation petrified wood.

Dr. Sidney R. Ash, chairmman of the Geology Department at Wcber
State College, Utah, and authority on fossil plant material, examined

some of the Black Mesa petrified wood artifacts and source samples. Dr.
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Ash's analysis supported the majority of the identifications made by the
author. However, according to Dr. Ash, ". . . we can never be sure in
at least most cases what the source of petrified wood is when it has
been removed from the formation in which it occurred" (letter communica-
tion, September 24, 1979). None of the specimens showed structural
characteristics of the angiosperms (Random House 1978:31 definition:
"a plant having its seeds enclosed in an ovary") that developed during
the Cretaceous (and would indicate origin in the Wepo or some other
Cretaceous Formation). Thus, Dr. Ash had to rely upon color, preserva-
tion, and general appearance to make his identifications.

Given the uncertainties in even the microscopic identification
of these materials, it is necessary for analytical purposes to as-
sume that the coarse-grained petrified wood was obtained locally.
Association of the vitreous petrified wood with the Chinle Formation
was somewhat more secure and included the possibility of origin in the
Petrified Forest National Monument area. Vitreous petrified wood is,

therefore, assumed to have been available only at some distance from

the mesa.

Sandstone. Sandstone, abundant in all areas of the mesa, some-
times was used as a chipped stone raw material. Surprisingly, often it
evidences clear flake characteristics. Some of the sandstone debitage
may have resulted from ground stone rather than chipped stone manufac-
ture, but, until there is a basis by which to differentiate the two

manufacturing processes, sandstone debitage will be included with the

chipped stone.
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Baked sandstone. In certain areas fires in coal seams have

altered sandstone outcrops thermally. The heating toughens the material

considerably, apparently by fusing the sand grains. Thus, baked sand-

stone resembles quartzite, which is metamorphosed sandstone. This ma-

terial often was used as hammerstones, probably owing to its toughness.

Fused material. Coal fires, in some areas, have been intense

enough to cause siltstone layers and possibly also some sandstone
outcrops to become molten and, upon cooling and rehardening, to become

vesicular. This fused material sometimes is found on prehistoric sites

but rarely is suitable for knapping.

Siderite and iron concretions. Siderite, in nodules and layers,

is available in massive form in the Wepo Formation. Siderite is an iron

carbonate that is brittle with uneven to conchoidal fracture. Its hard-

ness is only 3.5 to 4, compared with chert's hardness of 7 (Sinkankas

1964). Calcite often is found adhering to siderite and sometimes

appears at prehistoric sites. Iron concretions also are available on

the mesa and sometimes are found on sites but were used infrequently
for chipped stone manufacture.

Quartzite and vein quartz. The Toreva Formation is the upper-

most stratigraphic unit along part of the western escarpment of the

mesa. Resting on the Toreva Formation is a secondary deposit of

quartzite and vein quartz cobbles and pebbles of chert. The origin of

these gravels is an unknown stratigraphic unit that has eroded away
completely, leaving the more resistant rock, the gravel, behind. Chert

is available in these gravels; however, the small sizes of the pebbles
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In this situation, one would, first of all, not expect the same
lithic tool types to be present. Second, the ratio of obsidian to
flint on each of these sites would expectably vary. . . . This is
probably due to the tasks performed at each site, that is, the
differences are functional (1969:51).

It also has been argued (Green, in press) that the distance from
which the material was procured and the form in which it was procured
should be related to its ultimate distribution in the site system. If
nonlocal materials were brought to an area in large quantities, probably
they would be taken first to habitation sites where the majority of
manufacture would take place. Then, tools or utilizable flakes of the
material would be transported for use elsewhere. Conversely, materials
available locally would be available on demand, and evidence for their
reduction into usable pieces would be expected at any type of site.

The dispersal of nonlocal tools or flakes from habitation to
limited activity sites would create ''moise'" that must be factored out
before distributional patterns related to procurement from source and
interaction among sites can be understood. There is a sense, of course,
in which the habitation sites can be seen as sources of the nonlocal
materials for the limited activity sites. However, until secure means
for relating limited activity sites back to habitation sites are devel-
oped, this avenue of investigation is blocked.

A site configuration or, to use the term loosely, a site func-
tion, variable was developed in order to categorize the sites and test
for significant differences in raw material distributions across the
site categories. The categories were defined arbitrarily on the basis

of site size and architectural composition. Five groups were created,

the first three of which had no architectural features visible on
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time span covered by sites in these two groups probably is quite large,
it was considered desirable to retain these sites, believed to represent
the early end of the temporal sequence, in the analysis. The remainder

of the sites, dating between A.D. 800 and A.D. 1150 were divided among

seven 50-year-long time periods (see Figure 5).

Locational similarities were assessed as follows. Four major

drainages—-Moenkopi Wash, Reed Valley, Red Peak Valley, and Dinnebito

Wash--cross the study area. To facilitate discussion of spatial rela-

tionships between sites, the study area was divided into four parts

based on these drainages, and the site distribution was divided among

them (see Figure 5).
The Hierarchy procedure of the Clustan package was chosen to

group the raw material data.

Hierarchy starts with N clusters, each being a single individual,
which are numbered according to the input order of the individuals.
In each of N-1 fusion cycles the two clusters which are most similar
are fused, and the resulting union cluster is labelled with the
lesser of the two codes of its constituent clusters. It has been
suggested that the process can be stopped when a significant drop or
discontinuity in the fusion coefficient value is observed. With
this procedure, such selection is left to the user, since HIERARCHY
completes all N-1 fusions and permits the results to be sumnarized
in a '"dendrogram'" which can be printed by procedure TREE or plotted

by procedure PLINK (Wishart 1978:3).

This procedure uses variable transformations of the matrix of similarity

coefficients to produce fusion hierarchy. Ward's method wuas chosen

as the specific grouping formula because it finds minimum variance

clusters.

Ward (1963) proposes that at any stage of an analysis the loss of
information which results from the grouping of individuals into
clusters can be measured by the total sum of squared deviations of
every point from the mean of the cluster to which it belongs. At
each step in the analysis, union of every possible pair of clusters
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Figure 7. Percents of raw materials at all sites.
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have evidence of above-ground masonry construction). However, this test
was not valid because more than two expected values fell below five, and
one of these was less than two. Instead, mean number of rooms at sites
was compared across drainages, and the results indicated that Reed
Valley sites have higher than average numbers of rooms (see Table 9).

Significance of association of kivas with drainages also was
tested. Kivas on Black Mesa often are built without masonry linings,
and their presence would suggest whether all types of buildings were
distributed differentially across drainages or if the increased number
of masonry rooms in Reed Valley might have been facilitated by avail-
ability of construction materials. Number of sites with kivas did not
vary significantly across drainages, although Table 10 indicates the
same trend as Table 8. Finally, number of sites with ground stone also
was tested against drainage for significance of association with the
chi-square statistic. This result was significant at the .01 level (see
Table 11). Reed Valley sites also have greater per site averages of
ground stone than do sites in other drainages (see Table 9).

In sum, although not significant at the .05 level, Reed Valley
does tend to have more later sites than do the other drainages. There
are significantly more sites with rooms and ground stone in Reed Valley
as well. The abundance of sandstone lithics fits readily into this
pattern and can be either a result of whatever is causing these other
patterns or related directly as the '"debitage'" from the manufacture
of room blocks and/or ground stone. Contributing to the abundance of
sandstone at these sites might be natural factors such as the abundance

of this material in this particular valley and cultural factors such as
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Table 9. Mean Number of Rooms per Site and Mean Nunber of

Pieces of Ground Stone per Site in Each Drainage
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rrs
Sl

Rooms
Drainage %ﬁgﬁng
All Sites A.D. 793+
Moenkopi Wash .92 1.38 1.89
Reed Valley 1.35 1.45 2.87
Red Peak Valley .91 .82 W91
Dinnebito Wash .71 .83 2.57
Grand mean 97 1.12 2.02
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