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ABSTRACT

Archaeological attempts to describe the cultural ecology of 

prehistoric cultures have often been of lim ited value because basic 

assumptions and hypotheses have not been examined. In th is  study, 

the v a lid ity  of using palynology for cultural and environmental 

in terpretation  is tested in a number of archaeological sites in 

central Arizona. Pollen from flo o r samples and pollen samples from 

other a rtifac tu a l contexts are compared with pollen from modern 

surface samples in order to determine whether pollen from plants in tro ­

duced by people is found in predictable cultural associations. The 

v a lid ity  of employing palynological techniques to in terpret occupa­

tional and post-occupational environments is examined by comparing 

pollen from flo o r samples, from surface samples, and samples from 

stratigraphic columns in structural f i l l .  Consideration is given to 

the tree-ring  record and sediment size changes of samples from the 

stratigraphic columns as compared with the pollen record.

D efin ition  of the present and past environments of the sites 

is  aided by examination o f the geology and flo ra l resources of the 

area. The location of sites is examined with regard to natural 

resources including water and arable land, clim ate, available l i th ic  

sources, and other physical parameters. Plants collected in 

association with sites and transects across the Miami Wash and Pinal

x
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Creek valleys are compared with the archaeological pollen data and 

with vegetal samples in order to discern possible clim atic change.

This synthesis of palynological, dendrochronological, 

geological and botanical information supports the need fo r examination 

o f the premises and assumptions of methods employed to in terpret the 

relationship between prehistoric cultures and th e ir  environment.

Before i t  is possible to define the ecology o f a culture i t  is 

necessary to define its  environment. The accuracy of th is d e fin itio n  

is  dependent upon the use of techniques whose basic hypotheses and 

assumptions have been tested and ve rified .



CHAPTER 1

INTRODUCTION

Men are biological and cu ltu ra l creatures; when studying 

h is to rica l or prehistorical people i t  is necessary to view than w ithin  

th e ir  physical and biological environment as well as within th e ir  

cu ltural environment. Steward (1955) ca lls  th is  approach "cultural 

ecology." Ecological techniques have been applied to archaeological 

problems with varying degrees of success. Karl Butzer asks (1975): 

"The ecological approach to archaeology: are we re a lly  trying?" As 

the negative im plication of the question suggests, Butzer feels  that 

the combination of ecology and archaeology has not succeeded due to 

lack o f communication and well-coordinated investigations.

Butzer1s doubt appears ju s t if ie d . Ecology has been defined in 

various ways, a ll  of which en ta il the study of the relationship of an 

organism with its  physical and biological environment. I t  is  in 

dealing with the environmental aspect that cultural ecology as applied 

to archaeology has fa ile d . To understand the ecology of man i t  is 

necessary to define the environment in which he lived or is  liv in g ,  

and in order to accurately define the environment i t  is necessary to  

examine the means by which that d e fin itio n  is reached.

Of the various methods available fo r study of the clim atic  

and b io tic  environment, one which appears to have great potential fo r

1
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use in archaeology is palynology. Pollen is  ubiquitous and, fo r the most 

part, id e n tifia b le ; i t  preserves w e ll, i t  is easily  sampled, and i t  is 

amenable to analysis. Based on the assumption/hypothesis that the wind 

blown pollen rain  re fle c ts  the local or regional b io tic  environment, 

palynology has been used to in terp re t the vegetational environment and 

environmental changes, the climate and clim atic changes reflected in 

the vegetational environment, and the dates of those clim atic and 

environmental changes. This method has been applied to archaeological 

sites in the Southwest (H il l  and Hevly 1968; Schoenwetter 1962, 1965) 

without examining the assumption/hypothesis that the pollen rain  in 

a cu ltural context re fle c ts  the environment in an arid  area. The 

prevalence o f pollen analysis in archaeological sites in the arid  

Southwest suggests that th is  hypothesis should be tested before further 

in terpretations of the pollen record are made.

This dissertation has three principal goals;

1. To test the v a lid ity  o f using palynology in archaeological 

sites in the arid Southwest for cultural and environmental 

in terpreta tion .

2. To examine the modern geological and vegetal environment 

of the sites in order to compare and amplify the 

archaeological and palynological evidence.

3. To f u l f i l l  the ultim ate purpose o f any study involving 

environment and archaeology: the understanding of the 

ecology of the cu ltu re , i . e . ,  the e ffec t of people on the 

environment and of the environment on the people.
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In examining the f i r s t  goal and the methods used to achieve i t ,  

three questions must be answered: (1) why are palynological techniques 

being used, (2) how are they used, and (3) what hypotheses are 

formulated as a result?

In Europe and North America palynology has been used to in te r ­

pret the environment of sites and to date postglacial time periods, 

some o f which are based on hypothesized environmental changes caused 

by man (Davis 1961; Frey 1955; Godwin 1944; Keef, Wymer, and Dimbleby 

1965; Mehringer 1967; Smith 1970; Turner 1970). In the Southwest 

United States i t  has been used fo r in tra -  and in te r -s ite  dating (H ill  

and Hevly 1968; Schoenwetter 1962, 1965; Schoenwetter and Eddy 1964), 

for studies o f cu ltural plant use (Bryant 1974 a and b; Kelso 1971), 

and fo r defining the e ffe c t of man on the environment (Kelso no date; 

Martin and Byers 1965).

. In th is  study the v a lid ity  of the use of palynology in 

archaeological sites in the desert Southwest is tested in two contexts: 

(1 ) cu ltural usage of plants and (2) in terpretation of the environment. 

Comparing samples from flo o rs , buria ls , vessels, metates and manos, 

with modern surface samples should give information on the use or 

introduction of forage and food plants by man. The hypothesis is that 

pollen from plants used or introduced by man is present in a predic­

table cu ltural context, i . e . , w ill be found on flo o rs , in buria ls , 

vessels, metates and manos.

The use of pollen analysis to in terpret environment and 

environmental and clim atic changes and to derive dates from these
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in terpretations should be contrasted with its  use in the in terpre­

tation o f man's e ffe c t on his environment. I f  flo o r samples and 

samples collected from stratigraphic columns in sediment deposited on 

house floors record and re fle c t vegetation during occupation and a fte r  

abandonment, then the following hypotheses can be tested: (1) man's 

e ffec t on the vegetation in a s ite  is  so profound that the pollen 

rain in the s ite  re flec ts  th is disturbance rather than the natural 

pollen rain  and (2) pollen deposited on a flo o r a fte r  abandonment of 

that structure w ill not prim arily  re f le c t c lim atic change but rather 

other factors such as local deposition, erosion, continued occupation 

of the s ite , and plant succession.

Two techniques which are used in th is  study to examine these 

hypotheses are dendrochronology and stratigraphy. Dendrochronology is  

recognized as a major dating technique in the Southwest (Wilson 1975). 

Recent use o f the computer by F ritts  in the subdiscipline o f dendrocli- 

matology allows more precise in terpretation  of the climate of the past 

in areas where tree -ring  records are p len tifu l (Bannister and 

Robinson 1975). In th is  study prehistoric and modern tree -rin g  records 

from nearby locations are compared with the archaeological and 

surface pollen records in order to in terp re t possible c lim atic  changes.

Stratigraphic analysis is  generally used to construct a 

re la tiv e  chronology and to in terp re t changes in the environment o f 

deposition and changes in c lim atic  (Antevs 1955; Haynes 1964).

Partic le  size analysis of the sediment is one means! of observing 

depositional changes in the s tra ta . Assuming that p artic le  sizes
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are affected by changes in e ffec tive  p rec ip ita tio n , such changes are 

recorded in the same sediment th at is  collected fo r pollen samples.

A sieve analysis of the sediments from stratigraphic columns is there­

fore compared with the pollen record.

The second goal is the description of the modern environment 

using geology and botany. The geological investigation included study 

of the topography,hydrology, and petrologic sources. As stated by 

Weide and Weide (1973) the study o f topography and watershed systems 

is  used for surveying and locational analysis. The location of sites  

is examined with regard to natural resources including water and 

arable land, clim atic e ffe c ts , and other physical parameters. The 

topography and hydrology was studied using maps and making f ie ld  

reconnaissance.

Information derived from these studies is synthesized with 

botanical and zoological data. A botanical survey is made in order to: 

(1) obtain knowledge o f the varie ty  of plants in the area, (2) com­

pare local vegetational associations with the modern pollen ra in , and 

(3) compare the modern plants with the fossil pollen and plant 

flo ta tio n  study to determine possible changes in vegetation over time. 

In addition plant transects are compared with associated pollen 

samples.

The th ird  goal involves the determination o f the human ecology 

of these s ites . At the present time such a goal is not tru ly  r e a l i ­

zable. The to ta l relationship of an organism with its  environment, 

as previously stated, is the ultim ate purpose of ecological studies.
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and should be the purpose of environmentalists working in archaeology. 

Up to the present time, however, no ecologist has succeeded in fu lly  

describing the ecology of an organism, large or small, simple or com­

plex. This report, because of technical and theoretical lim ita tio n s , 

is mainly concerned with an attempt to define a restric ted  part of 

the environment and to demonstrate how certain techniques can be used 

to tes t hypotheses involving man and.his environment. My approach to 

th is  goal therefore only p a r t ia lly  confronts Butzer's challenge con­

cerning the ecological approach to archaeology.

My data were gathered during the highway salvage archaeological 

excavation of Sal ado sites located along Pinal Creek and Miami Wash 

in central Arizona. This set of sites offered the following 

advantages and opportunities:

1. A number o f sites can give more comparative information than 

one or two s ites .

2. The Pinal Creek-Miami Wash drainage is an area which is  

po ten tia lly  a good source o f vegetal and animal resources.

3. Preliminary surface and subsurface sampling indicated th at 

pollen was well-preserved and p le n t ifu l.

4. The good communication with and cooperation of the 

archaeologists involved in th is  particu lar salvage project 

was also important. Meetings to discuss the purpose of the 

study, sampling techniques and proveniences, and mutual 

goals,were held before excavation started. Data collection  

began on the sites before excavation commenced and afterwards
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I returned period ically  for more co llecting . In addition, 

the archaeologists allowed me access to the l i t h ic  materials 

and to the paleobotanical and paleozoological analyses 

necessary fo r the synthesis of environmental information.

This dissertation makes use of academic tra in ing  and practical 

experience in a va rie ty  of subjects, such as geology, archaeology, 

climatology, and palynology. One of the s k ills  this background has 

made possible is the synthesis o f information from many fie ld s  and its  

integration into a more comprehensible whole. In order to succeed, the 

ecological approach to archaeology must be based on studies in various 

disciplines which, through increased communication and understanding, 

are combined so as to become more than the sum of th e ir  parts.



CHAPTER 2

ENVIRONMENTAL DESCRIPTION OF SITES 

Geographic Location

The nine sites studied are located in east central Arizona, 

north of the town o f Miami and overlook the drainages of Miami Wash 

and Pinal Creek, Range 15 East, Township 1 North, Sections 4, 5, 9, and 

16 o f the Globe Quadrangle. Eight o f the sites are w ithin the rea lign ­

ment right-of-w ay of State Highway Project S-214-503 (Miami Wash 

Section), Miami, Arizona ( Doyel 1974). The ninth s ite  is outside the 

realignment area on land leased by the Inspiration Mining Company.

According to Sellers and H i l l 's  (1974) description of the 

physical features o f the s ta te , the sites are located in a transition  

zone between the mountains and plateaus to the north and east and the 

deserts to the south and west. This is  considered to be some of the 

most rugged te rra in  in Arizona (Martin and Plog 1973; Peterson 1962; 

Sellers and H ill 1974).

Physiography and Topography

The area is characterized topographically by moderate to 

steep h i l ls  cut by stream valleys, several o f which have narrow flood- 

plains (F ig . 1 ). The maximum r e l ie f  in the sections in which the 

sites are located is circa 155 meters (500 fe e t) .  The highest point

8
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in the quadrangle, circa 1525 meters (5160 fe e t ) , is  an unnamed 

mountain northeast of Crash-up Mountain in the Globe H il ls .

The drainages o f Miami Wash and Pinal Creek are trib u taries  

of the Salt River to the North. Along the stretch of Miami Wash 

where four o f the sites are located, the floodplain is approximately 

800 meters (0 .5  miles) wide, with shallow terraces flanked by h ills  

on e ither side. The slope of the h i l ls  varies from about 45 meters/ 

kilometer (250 fee t/m ile ) west of the wash to a maximum of 175 

meters/kilometer (925 fee t/m ile ) to the east. At the junction of 

Miami Wash and Pinal Creek the va lley  widens in places to circa 1200 

meters (0.75 m iles). Steep slopes, circa 190 meters/kilometer (1000 

fe e t/m ile ), continue on the western side of Pinal Creek, but the 

eastern slopes decrease to circa 55 meters/kilometer (300 feet/m ile  

as they grade into the Globe H il ls .

Though the wash arid the creek are presently dry most o f the 

year, Pinal Creek had, w ithin the la s t twenty years, substantial under­

ground flow (Peterson 1962). Some flow apparently s t i l l  ex ists , since 

a spring, not id en tified  on the topographic map, was found on the 

western side of Miami Wash near the s ites. I t  is also possible that 

the lack of surface water in the drainages is a recent occurrence 

(w ithin th is  century), since local informants say that th e ir  parents or 

grandparents reca ll both Pinal Creek and Miami Wash flowing much or a ll  

of the year in the area o f the s ites . The drop in the water table  

might be due to clim atic change, but could also have been caused by 

increased use of ground water fo r mining and smelting operations.
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Geology

The geology o f the Globe Quadrangle is complex and can best be 

reviewed in three parts: the rock types, the structure of the area, 

and the geologic history.

Rock Types

Geologic column o f igneous, metamorphic, and sedimentary rocks in 
the Globe Quadrangle and surrounding areas (Peterson 1962)

Igneous and metamorphic rocks:

Age Rock Type Description

Quaternary Basalt Found as scattered small outcrops 
of o liv ine  basalt flows over the 
Gila conglomerate.

Tertia ry  (?) Dacite Light brownish gray, aphanitic 
with phenocrysts of feldspar, 
quartz and b io t ite . May be 
welded tu f f .

Tuff Two members:
(1) White t u f f ,  pyroclastic orig in  

(ash and ashflows)
(2) Yellowish-gray, deposited in  

shallow bodies of water.

P e rlite Black with vitreous luster and 
conchoidal fracture .

Cretaceous or D iorite Light gray to medium gray d io r ite
T ertia ry Porphyry emplaced as s i l ls  and dikes.

Deeply weathered and extensively  
altered .

Diabase Dark gray or greenish gray diabase,
with aphanitic to coarse-grained 
texture. Intruded into faulted  
areas as dikes and s i l ls .  Wide­
spread, soft and easily  weathered.
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Precambrian

Sedimentary rocks 

Quaternary

T ertia ry  and 
Quaternary

Carboniferous 
Pennsylvanian

Lost Gulch 
monzonite

Apache group 
basalt

Varies in texture and composition 
from porphyritic quartz monzonite 
with large orthoclase phenocrysts 
in a coarse-grained groundmass to 
quartz monzonite porphyry with 
orthoclase and plagioclase 
phenocrysts in a fine-grained  
groundmass.

Brownish gray to brownish black 
basalt which is highly altered  
and weathered. I t  may have been 
the resu lt o f m ultiple flows.

Ruin granite Coarse-grained porphyritic granite 
found in the north part o f the 
quadrangle. Highly weathered.

Madera d io r ite  Medium-grained granodiorite which 
appears bright gray. Intrusive  
into the Pinal schist.

Pinal schist " ...w id e  range of gradational
v a r ie t ie s .. ."  (Peterson 1962:8). 
Correlates in age with the 
Yavapai series in central Arizona 
and the Vishnu schist in the 
Grand Canyon.

Alluvium and 
talus

Gila conglo­
merate

Naco lim e­
stone

Localized deposits of s o il,  gravel, 
slope wash, and ta lu s . The com­
position of the sediment varies 
according to the source rock.

Formed as coalescing a llu v ia l fans. 
The composition, which depends on 
the source and the degree of 
transportation, varies from un­
sorted, unconsolitated rubble to 
w e ll-s tra t if ie d , well sorted 
deposits of sand and pebbles.

Red shale base overlain by th in  
interbedded layers of gray marl and 
calcareous shale. Is fo s s il i -  
ferous with macrofossils and 
fusulinids.
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Mississippian Escabrosa
1imestone

Devonian Martin lim e­
stone

Cambrian Troy quart­
z ite

Precambrian Mescal lime­
stone

Dripping Spring 
quartzite

Apache group

Barnes conglo­
merate

Massive gray fo ssiliferous lime­
stone base topped by bedded lime­
stone with shalev lenses.

Has fiv e  major members: (1) a basal 
conglomerate o f reworked material 
derived from local sources, (2) a 
lower limestone which varies from 
dolomitic limestone to layers of 
sandstone and conglomerate, (3) a 
middle layer of gray to brown 
crossbedded quartz ite ; (4) a 
medium to th ick bedded upper lime­
stone with fossils  of brachiopods 
and corals, and (5) an upper 
deposit of very th in bedded 
(paper) shale.

Grades from a basal conglomerate 
derived from the Pioneer formation, 
the Barnes conglomerate and the 
Dripping Spring qu artz ite , to a 
sandstone of variable composition, 
ty p ic a lly  brownish-gray medium- to 
coarse-grained sandstone or 
quartz ite .

Found as small faulted blocks of 
variable composition; includes 
crys ta llin e  and siliceous lime­
stone, cherty limestone and 
limestone with fossil algae.

Two members: (1) a lower one which 
varies from a lig h t-g ray  to lig h t-  
brownish gray coarse- to medium­
grained qu artz ite , and (2) an 
upper member which is a th in -  
bedded f is s ile  arenaceous shale.

Of uniform texture with "smooth, 
well-rounded, e llipso ida l pebbles 
in a matrix of coarse arkosic sand 
so firm ly  cemented by s ilic a  that 
fractures generally cut through 
pebbles and matrix a like"
(Peterson 1962:15).
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Pioneer forma- A fin e - to medium-grained arkosic
tion quartzite

Scanlon conglo- A thin conglomerate composed of
merate reworked local material with

fragments of white vein quartz 
and schist.

Geological Structure (Peterson 1962)

The Globe Quadrangle consists of three major structural blocks: 

the Globe H ills  block, the Globe Valley block, and the Inspiration  

block. The Globe H ills  block comprises the northeastern h a lf of the 

Globe quadrangle. Its  boundary, the Pinal Creek fa u lt zone, follows 

the course o f Pinal Creek from the north edge of the quadrangle south 

to the junction of Pinal Creek and Miami Wash. In th is  area the fa u lt  

is covered by recent alluvium and its  exact location is uncertain; 

i t  apparently follows the trend of Pinal Creek to the southeast. The 

Globe Valley block is a graben bounded by the Pinal Creek fa u lt  zone 

on the east and the Miami fa u lt  on the west. A trace o f the Miami 

fa u lt  follows the contact o f the Quaternary deposits with the T ertia ry  

and Cretaceous c rys ta llin e  rocks in the western quarter o f the 

quadrangle (Peterson 1954). The inspiration block is bounded on the 

east by the Miami fa u lt and extends beyond the boundaries of the 

quadrangle in the other directions.

Geological History (Peterson 1962)

Early Precambrian. The oldest known rock, the Pinal schist, was 

formed from deposits of c la s tic  sediment derived from an unknown source 

The Mazatzal revolution ended deposition when southeast-northwest
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compression formed a northeast trending mountain range which 

became a divide between the northern and southern sedimentary basis in 

Arizona from the la te  Precambrian period into the Paleozoic. During 

th is tectonic episode the c las tic  sediments were metamorphosed into  

the Pinal schist and intruded by g ran itic  rocks (Madera d io rite  and 

Ruin g ran ite ). At the end o f the Mazatzal revolution the topography 

consisted o f rugged mountains with folded and faulted blocks. Deep 

weathering and extensive erosion followed, leaving unconsolidated 

sediments mantling the bedrock.

In the Late Precambrian the sea advanced, depositing the 

various members of the Apache group. The Scanlan conglomerate and 

Pioneer formation were formed during the in i t ia l  advance o f the sea. 

Subsequent elevation o f the land and re tre a t of the sea resulted in 

increased erosion and consequent deposition of the Barnes conglomerate. 

The basal layer of the Dripping Spring quartzite  was formed during 

subsidence and readvance of the sea. This sandstone was buried by the 

subsequent deposition of fine-grained sandstone and shales, followed 

by Mescal limestone, as the sea continued to advance.

A new period of u p l i f t  accompanied by basaltic extrusions 

but with no apparent folding or fa u ltin g  produced an erosional d is- 

conformity which removed most of the Mescal limestone.

Paleozoic. During the Mid-Cambrian period the land subsided 

and the sea advanced. The Troy qu artz ite , derived from the reworked 

Mescal limestone and Barnes conglomerate, was deposited. The absence of 

rocks dating from the Late Cambrian, the Ordovician, the S ilu rian ,
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and the Early to Mid-Devonian periods made geologic history subsequent 

to the Mid-Devonian d i f f ic u lt  to in terp re t. In addition, there is no 

evidence of folding or fa u ltin g . Heavy erosion of the Troy quartzite  

indicates that the area was above sea level a t least oart, i f  not 

most, of that time.

During the la te  Devonian and early Mississippian the sea 

advanced, depositing f i r s t  the Martin and then the Escabrosa lime­

stones. In the Late Mississippian some erosion occurred, but by the 

Pennsylvanian period the area was again covered by shallow seas.

During th is period frequent changes in depositional conditions must 

have occurred to produce the alternating  limestone and shale layers 

of theNaco limestone.

From the Upper Precambrian to the Pennsylvanian, there is no 

evidence of complex structural movements. Disconformities are the 

resu lt o f regional u p l i f t  and subsidence.

Mesozoic and Cenozoic. No lith o lo g ic  evidence of the Permian, 

the T riassic , the Jurassic, and the Early to Mid-Cretaceous periods 

exist in the Globe Quadrangle. Any rocks which were formed during 

th is time must have been completely eroded. In the Late Cretaceous(?) 

igneous bodies, including the Lost Gulch quartz monzonite and the 

diabase, were intruded into the area. This igneous a c tiv ity  was 

accompanied by fa u ltin g , producing fracture zones which became channels 

fo r hydrothermal m ineralizing solutions in la te r  times.

These intrusions were followed by u p lif t  and broad folding of 

the sedimentary strata over the c rys ta llin e  rocks to form an a n ti­

c lin a l arch, the Pinal Mountain elevation. This movement was
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accompanied by fau lting  on the north side of the range. Intrusions 

of Schultze granite and d io r ite  porphyrys into the fa u lt  zone and 

along the margins of the u p li f t  were followed by copper m eta llization  

of the fracture zones.

During the Mesozoic era erosion of the area produced detritus  

which accumulated in the low areas to form the W hitetail conglomerate. 

The erosion was interrupted by two major stages of volcanic eruption. 

The f i r s t  stage consisted of repeated ejections of t u f f ,  rh yo lite  and 

p e rlite  glass interspersed with short periods of erosion. Then, the 

second, more extensive, eruptive phase began. F irs t , pumaceous 

material was ejected; th is  was followed by dacite flows and ejection  

of bombs and l a p i l l i ,  which formed a massive sheet.

At the end of the major volcanic a c tiv ity , large scale fau lting  

occurred at in tervals into the Pleistocene. Recent sedimentary 

formations—Gila conglomerate and alluvium—are the resu lt of erosion 

of local rocks. This erosion was accompanied by some minor volcanic 

a c tiv ity  which produced flows o f o liv in e  basalt.

The sites are , fo r the most part, located on terraces along

Miami Wash composed of Gila conglomerate. The topography formed on

the Gila conglomerate is  (Peterson 1962:5):

...c h a ra c te r is tic  o f that formed in the destruction 
of a gently sloping plain of a nearly homogeneous rock.
The surface is in tr ic a te ly  dissected by a uniform, dendritic  
pattern of arroyos separated by smooth rounded ridges and 
spurs. The lower reaches of the main channels have broad 
gravelly beds of nearly uniform gradient.

Archaeologically and physiographical1y the G1obe-Miami area 

is related to the Tonto Basin, circa 48 kilometers (30 miles) to the
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north. Their geological re lationsh ip , i f  any, is unknown. Available  

archaeological reports fo r the Tonto Basin (Steen 1962; Haas 1971) 

include l i t t l e  geological data. In addition, I was unable to find  

any geological information on the Tonto Basin area in a lib ra ry  search 

which included United States Geological Survey and Arizona Geological 

Survey lite ra tu re . I t  is  therefore highly desirable that subsequent 

archaeological excavations in the Tonto Basis should include geo­

logical investigations.

Climate

No weather station is located in e ither Miami Wash or Pinal 

Creek, but records (S ellers  and H il l  1974) are available for both 

Miami and Globe, Arizona, located, respectively, 5.7 kilometers 

(3 .5  miles) southwest and 5.8 kilometers (3 .6  miles) southeast of the 

southern-most s ite . Miami, which is 1085 meters (3560 fe e t) above 

mean sea le v e l, has two seasonal maxima o f p rec ip ita tio n—winter and 

mid- to la te  summer. Late spring is  very dry. The predominant 

seasonal ra in fa ll occurs in July and August, when there are short, 

heavy rains associated with a high pressure zone over the Gulf of 

Mexico. Rains in the winter are normally gentler and longer, but 

also less regular than the summer rains. The average precip itation  

in Miami from 1931 to 1972 was 45.85 centimeters (18.05 inches). The 

sunmers are warm, though not nearly as hot and withering as those in  

the Sonoran desert near Tucson, circa 130 kilometers (80 miles) to 

the south. The d a ily  mean temperatures top 26.7°C (80°F) only in
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July and August. Winter days are m ild, with maximum mean temperatures 

ranging from circa 12.8?C (55°F) to greater than 21 °C (70°F). Minimal 

nighttime winter temperatures may fa l l  near or below freezing. The 

record high of 43°C (110oF) was recorded in July, 1958, and the record 

low o f -13°C (8°F) in January, 1962. The growing season, which extends 

from the la t te r  part o f March to mid- to la te  November, averages about 

245 days.

Globe, a t nearly the same elevation as Miami—1802 meters 

(3550 fee t) above sea le v e l—has a sim ilar clim ate. The average yearly  

precip itation  is 39.82 centimeters (15.53 inches), occurring, as at 

Miami, in two peak periods— during July and August and December and 

January, Precip itation is , lik e  that in the desert, e rra tic . Since 

1930, monthly ra in fa ll has exceeded 20.32 centimeters (8 inches) three 

times—in August, 1963, and in December, 1965 and 1967—while less than 

22.86 centimeters (9 inches) fe l l  during the en tire  year of 1948. The 

normal winter snowfall is 5 centimeters (2 inches); however, extremes 

of 28 centimeters (11 inches) were recorded in February, 1939, and 

December, 1967, and 61 centimeters (24 inches) were estimated fo r  

January, 1937. Average maximum d a ily  temperatures in the winter vary 

from 10 to 16°C (50 to 60°F). A record low temperature o f -12.77°C 

(.9°F) was recorded in both 1968 and 1971. Though temperatures from 

April through October may exceed 32°C (90°F), the hottest months are 

normally June, July, and August. A record high of 45°C (113°F) was 

recorded in July, 1970. The length of the growing season averages 228 

days, extending from the f i r s t  week in April to the middle o f November.
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The climate of the sites is probably very sim ilar to that of 

Miami and Globe. The towns and fiv e  of the sites are located on the 

same geological formation—Gila conglomerate—so the lith o lo g ic  e ffe c t, 

which includes insolation and albedo, is essentia lly  the same. Four 

of the sites are on a local outcropping of diabase which is surrounded 

by the conglomerate. The microclimate of an area is affected by the 

underlying litho logy . For example, dark rocks absorb sunlight and 

emit heat, raising the a ir  temperature above them. Lighter colored 

rocks re fle c t sunlight. The major physiographic difference between 

the towns and the sites is  that Globe and Miami are on north-facing  

slopes, while the sites are prim arily on east- and west-facing slopes 

in a north-south trending va lley . I t  would therefore be expected that 

daytime temperatures at the sites would be warmer in both summer and 

winter. However, cold a ir  drainage down the valley may cause cooler 

temperatures a t night. This drainage may also cause shorter growing 

seasons than in Miami and Globe.

Vegetation

The vegetation re fle c ts  the transitiona l nature o f the environ­

ment. The flo ra  consists o f components of f iv e  of Lowe's (1964) 

plant communities: the Lower Sonoran Desert, the Desert- and Plains- 

Grassland, the Chaparral, the Evergreen Woodland, and the Riparian 

environment. Plants common both to Lowe's fiv e  communities and to the 

area of the sites are:

1. Lower Sonoran Desert, blue paloverde ( Cercidium floridum) ,  

crucifix ion  thorn (Canotia holocantha), jojoba (Simmondsia
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chinensis), and various species of cactus such as hedgehog 

( Echinocereus), barrel ( Ferocactus), cholla ( Opuntia) and 

prick ly  pear (Opuntia)

2. Desert- and Plains-Grassland. sotol ( Dasylirion w heeleri), 

beargrass ( N olina), and grasses such as three-awn (A ris tid a ), 

fescue ( Festuca) , brome (Bromus) and others

3. Chaparral. l iv e  scrub oak ( Quercus tu rb in e lla ) , mountain 

mahogany (Cercocarpus betuloides), brickellbush (B r ic k e ll ia ) , 

barberry ( Berberia), and squawbush (Rhus tr ilo b a ta )

4. Evergreen woodland, juniper ( Juniperus)

5. R iparian, mesquite ( Prosopis ju l i f lo r a ) ,  cottonwood 

( Populus freem ontii) , and willow ( Salix)

The plant associations within the s ite  area vary, a t times 

with re la tio n  to the topography, but other times fo r no immediately 

obvious reason. Generally, more mesic types of vegetation are found 

on the northwest-facing slopes. These include juniper (Juniperus), 

crucifix ion  thorn (Canotia holocantha) ,  mountain mahogany ( Cercocarpus 

betuloides), and scrub oak ( Quercus), though a ll o f these may be found 

in isolated instances on slopes facing other d irections. Common 

plants on east- and southeast-facing slopes include catclaw (Acacia 

g re g ii) ,  white thorn (A. co n s tric ta ), cacti (Opuntia spp., Echinocereus, 

Ferocactus), sotol ( Dasylirion w heeleri), and blue paloverde 

( Cercidium floridum ). One west-facing slope was dominated by wait-a  

minute ( Mimosa c f. b iu n c ife ra ), though i t  was found only ra re ly  in
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other locations. Juniper (Juniperus) and cruc ifix ion  thorn ( Canotia 

holocantha) were two other plants which occurred infrequently on the 

slopes. Cottonwood ( Populus Freemontii).e lderberry ( Sambucus) , 

willow ( S a lix ) , and c a tta il (Typha) were present, though not common, 

on the floodplains. Basques dominated by mesquite (Prosopts) 

associated with nightshade ( Solanum) , catclaw (Acacia g re g ii) , 

Haplopappus, and white thorn (Acacia constricta) were found in the 

broader valleys a t the mouths o f tr ib u ta ries  of Miami Wash and Pinal 

Creek.

As should be indicated by the review of the vegetation, i t  is  

d if f ic u lt  to describe the plants in the s ite  area as belonging to 

any pa rticu la r association or community. Associations are present— 

juniper and crucifix ion  thorn,acac:ias and mesquite—but even these 

are not consistent over the h i l ls  and valleys. The variations p a rtia lly  

re fle c t the topography, but some occurrences, such as the Mimosa, 

must be related to other factors such as variation in soil composition.

Fauna

According to Martin and Plog (1973), over f i f t y  percent o f 

the animal biomass within the tran s itio n  zone consists o f small 

rodents. (Substantiation fo r th is statement was, however, not 

apparent.) These include (Lowe 1964): va lley pocket gopher ( Thomomys 

bottae), various types o f pocket mice ( Perognathus) , and mice 

( Peromyscus) . Larger mammals present are: rabbits (Legus_), cotton­

ta ils  (SylviTagus) ,  squirrels (C ite ll us ), coyote (Canis la tra n s ),

bobcat ( Lynx rufus) ,  mule deer (Odocoileus hemionus), skunk ( Mephitus),



and javelina ( Pecari ta jacu ). Amphibians which might be present 

include spade foot toads ( Scaphiophus) and toads ( Bufo) . Both 

lizards and snakes were sighted in the f ie ld .  Reptiles common to 

the area are: banded Geckos ( Coleonyx variegatus), collared lizards  

( Crotaphytus c o l la r is ) , chuckwalla ( Sauromalus obsesu) and other 

liza rd s , blind snakes ( Leptotypholops), garter snakes (Thamnophis), 

gopher snakes ( Pituophis melanoleucus), and rattlesnakes ( Crotalus) ♦

As previously mentioned, springs in the area do not presently 

form ponds or lakes, and the washes and creeks are often dry.

Informants indicate that Pinal Creek and Miami Wash were perennial in 

in the past. Native fish  in Arizona streams which might have been 

present in Miami Wash and Pinal Creek include (Lowe 1964): Gila trout 

CSalmo g ila e ) ,  Colorado chub ( Gila robusta), longfin dace (Agosia 

chrysogaster), spikedace (Meda fu lg id a ), and suckers ( Catostomus) .

This area is well described by the phrase "transitional zone," 

as is indicated by the physiography, topography, geology, climate, 

f lo ra , and fauna. The region comprises neither a dry, hot Basin and 

Range topography lik e  that found to the south and west, nor a cool, 

high mountainous area lik e  that to the north. The land has, instead, 

microenvironments common to both areas, which o ffe r a wide varie ty of 

vegetal and animal resources to those liv in g  in the area today and to 

those who lived there in the past. I t  is thus not surprising that 

there is abundant evidence of prehistoric man inhabiting th is area fo r  

hundreds of years.
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CHAPTER 3

ARCHAEOLOGICAL BACKGROUND AND SITE DESCRIPTIONS1

The nine sites excavated within the transitiona l environment 

show evidence of habitation by two prehistoric cultures—the Hohokam 

from circa A.D. 700 or 750 to 1150, and the Salado from circa A.D.

1200 to 1400 or 1450. In addition, the Miami cultural phase, dating 

circa A.D. 1150 to 1200, appears to Doyel (1976a) to form a transition  

between the Hohokam and the Salado. Continuous or in term itten t 

occupation of an area fo r hundreds o f years implies the presence of 

some factor or factors which are a ttra c tiv e  to the occupants. In 

order to develop a basis fo r understanding the relationship of these 

cultures to th e ir  environment, i t  is necessary f i r s t ,  to review what 

is known of the cultures in other areas and then, to examine the 

evidence from the sites themselves.

The Hohokam

The Pima and Papago, who are possible descendants of the 

Hohokam, referred to them as "the ancient ones," "those who have 

vanished" (Wormington 1947) or less rom antically, "those who are a ll

1. This is a summary of the archaeology. For a fu l le r  tre a t­
ment, see Doyel 1976a.
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used up" (Maury 1976). The Hohokam lived  on the floodplains o f the 

desert rivers  and in the in te r io r  o f the Sonoran desert fo r over 

a thousand years (Maury 1967). They practiced irr ig a tio n  agriculture  

where perennial streams made i t  possible and subsistence co llecting  

and lim ited  farming where water was scarce (Maury et a l . 1950).

Evidence from the sites along Miami Wash indicates that they entered 

the Tonto Basin region between c irca A.D. 550 and 700 (Doyel 1976a).

The Hohokam culture varied over both space and time. I t  was 

f i r s t  defined by Gladwin et a l . (1937) during excavations a t Snaketown, 

south of Phoenix, Arizona. Other reports (DiPeso 1956; Maury 1932, 

1945, 1976; Wasley and Johnson 1965) have broadened that d e fin itio n , 

though they have not always c la r if ie d  i t .  Diagnostic cultural 

attributes  are Red-on-buff pottery, the aforementioned water­

managing ca p ab ilities , domesticated plants, cremation, highly developed 

shell work, stone sculptures,semi-subterreanean houses, turquoise 

mosaics, and, a t the peak o f its  development, knowledge of etching 

shell and the importation o f copper.

Recent excavation a t Snaketown (Maury 1976) suggests the 

following chronology fo r the Hohokam culture:

Approximate Duration

A.D. 1450-1300 
A.D. 1300-1100

A.D. 1100-900

A.D. 900-700 
A.D. 700-550

Period

Classic

Sedentary

Colonial

Phase

Civano.
Soho

Sacaton

Santa Cruz 
Gila Butte
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Pioneer Snaketown 
Sweetwater 
E stre lla  
Vahki

A.D. 550-350 
A.D. 350-200 
A.D. 200-1
A.D. 1-300 B.C

A transitional Gila Butte-Santa Cruz phase and the Sacaton phase are 

in evidence in  the Miami Wash s ites .

The Colonial Period, encompassing the Gila Butte-Santa Cruz 

phase, was a time of change marked by an in ten s ifica tio n  of 

Mesoamerican influence and te r r i to r ia l  expansion (Haury 1976; Martin 

and Plog 1973). Additions to the cultural repertoire which indicate 

Mesoamerican influence include ball courts, platform mounds, and 

s ty lis t ic  changes in pottery and clay figurines. The fin e ly  

decorated pottery and carved stone receptacles and palettes are in d i­

cative o f a peak in a r t is t ic  achievement.(Haury 1976). A new freedom 

of expression in pottery decoration, as well as increased imagination 

and s k ill  in other cra fts  cause Haury to state  (1976:354-355): " I t  is  

my opinion that pottery painting, stone sculpturing of receptacles 

and palettes reached a state o f highest elegance toward the end of the 

Colonial Period, from A.D. 700-900. Thereafter there is a decline in 

exce llence ..."  During th is period the Miami Wash area was occupied as 

part o f the expansion northward toward F lagstaff, eastward into the 

Tonto Basin and Gila River area, and southward toward the valleys of 

the Santa Cruz and San Pedro rivers (Haury 1976).

The Sedentary Period, Sacaton Phase, shared in the "golden 

age" of the Hohokam (Haury 1976:265). Animal fig u rines , previously 

of minor ceremonial importance, were elevated to seemingly magical
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significance during the tran s itio n  into the Sacaton phase. They be­

came more abundant and were more care fu lly  modeled and fire d ; even 

the clay was changed. Acid etching o f shells became a hallmark o f 

the Sedentary Period. At the same time the quality  of pottery  

decoration declined. The wide varie ty  of bold designs are poorly exe­

cuted, with brush vrork showing l i t t l e  precision and frequent paint 

dribbles. At the end of th is phase, Snaketown was abandoned and there 

was a withdrawal o f peoples from the exterio r regions to the desert 

valleys. This phase marks the beginning of the Hohokam cultural 

decline (Haury 1976).

The Sal ado

The next culture occupying the transition  zone below the 

Mogollon rim, the Sal ado, is one of the least known and most contro­

versial o f the early Southwestern cultures. Haury (personal communi­

cation) feels that there are more Salado s ites  in Arizona than those of 

any other cu ltu re , yet l i t t l e  is w ritten  of them. Present controversy 

concerning these people centers on the basic questions of who they were 

and where they came from. Doyel (1976b) summarizes the question of 

orig in  by c itin g  the various theories th at have been advanced.

According to Gladwin's in terp re ta tion , the Sal ado culture came to the 

Tonto Basin during a migration prompted by Apachean raiders of the 

L it t le  Colorado culture into the Tonto-Globe area. Hawley's in terpre­

ta tio n , cited in Doyel, saw the Sal ado as a combination of people from 

the upper Gila River who made Black-on-white pottery with L i t t le  

Colorado people who made Black-on-red pottery. Haury (1945) views
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the Sal ado as a blend o f the Anasazi and Mogollon cultures. McGregor 

(1965) says that they were a southern extension of the Ansazi people 

who mixed with the Mogollon and Hohokam producing a new culture. 

According to Di Peso (1956), the Hohokam were the invaders, not the 

Salado. The Salado—who Di Peso (1956) includes in a group called the 

Ootams, part of the Gran Chichimecans (Di Peso, 1974)—were a people of 

indigenous origin inhabiting much of the Southwestern United States and 

northern Mexico. The Hohokam entered th is group's homeland around 

A.D. 1000 and were driven out by a reassertion o f th is  indigenous 

group around A.D. 1300. This reassertion resulted in cu ltu ra l mani­

festations which have id en tified  by other archaeologists as a new 

culture, i . e . , the Salado. Martin and Plog (1973) promote a completely 

d iffe re n t thesis. The "so-called Salado developments," they state , 

were in situ  developments, part of the natural evolution of the 

Hohokam. Instead o f an invasion of new peoples, or the reassertion 

of an indigenous one, there was a development of a hierarchy: "social 

s tra tif ic a tio n , an e l i t e ,  a 'chiefdomf stage of social evolution" 

(Martin and Plog 1973:317). These theories are a ll  presently viable  

because so l i t t l e  is  known about the Salado cu lture. Many thorough 

investigations with subsequent communication and publication are 

necessary before the controversy w ill move toward resolution.

The Salado culture is most capable of d e fin ition  w ithin its  

heartland, the Tonto Basin. Cultural aspects attributed  to the Salado 

in th is  area include (Steen 1962; McGregor 1965, Doyel 1974, 1976b): 

Roosevelt Black-on-white, Pinto, G ila , and Tonto Polychrome pottery.
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painted basketry, large cotton blankets, fin e  stone and shell work, 

both cremation and inhumation buria ls , fie ld s  in a llu v ia l va lleys, and 

small and large compact pueblos. These settlements often consist of 

rectangular, contiguous rooms with an adjoining c o rra l- lik e  enclosure 

or compound. The compound might, in fa c t, be considered a defining  

element of the Sal ado, except that there is no general agreement on 

what a compound is and there is the p o ss ib ility  that some sites were 

not enclosed by them (Doyel 1976b).'

The Sal ado abandoned th e ir  homes—as did many other Southwestern 

groups—around A.D. 1450. As a d is tin c t cu ltu re , they had a very short 

history compared with the Hohokam, the Mogollon, or the Anasazi.

Whether th is  b rie f cultural l i f e  span is a re a lity  or an a r t ifa c t  of our 

lack of knowledge can only be resolved by further investigation.

The Salado cu lture, as indicated by the presence o f Pinto 

Polychrome pottery occupied the Tonto-Globe area by A.D. 1200, although 

there are less certain  indications of e a r lie r  habitation (Doyel 

personal communication).

In addition to the Hohokam phases, three other phases—the Miami 

phase (tran s itio n a l from Hohokam to Sal ado), and the Roosevelt and 

Gila phases of the Salado cu ltu re—are represented in the Miami Wash 

sites . The Miami phase (A.D. 1150 to 1200) has been formulated and 

defined on the basis of the excavation of the Miami Wash and other 

local s ite s J  A ttributes include non-contiguous surface and p it  rooms 

grouped within an enclosing w a ll, Gila Plain and Gila Red as well as 1

1. See Doyel 1976a fo r detailed discussion.
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intrusive ware, clay and stone figurines, and extended or flexed  

burials with offerings. This new phase appears to represent a mixture 

of Classic Hohokam and Puebloan attribu tes  with elements thought to 

be uniquely Saladoan. Evidence of the subsequent Roosevelt phase 

(A.D. 1200 to 1300) argues fo r some continuity from the Miami phase. 

Shared a ttribu tes  include extended burials and cobble masonry 

architecture. D iss im ila rities  are evidenced by the appearance of Pinto 

Polychrome, Pinto Black-on-red, Sal ado Red and associated ceramics, 

lack of enclosing w alls, and other changes in material culture.

Components of the Gila Phase (A.D. 1300 to 1450) occur in over 

50 percent of the sites (Doyel 1976a). The houses consist o f a base 

of w et-laid  cobble masonry walls b u ilt  about 1 meter high. The walls 

are completed with perishable materials topped with a roof supported 

in te rn a lly  by wooden posts. Pottery vessels are mainly small bowls and 

ja rs , with few large storage vessels. The phase appears to be charac­

terized by a varie ty  o f settlement patterns suited to d iffe re n t purposes 

The sites in Miami Wash were probably oriented towards agriculture and 

u tiliz a t io n  of natural resources.

S ite Descriptions

Of the nine sites sampled, seven small sites located on 

terraces above the floodplains of the drainages were excavated com­

p le te ly . One work s ite  on a northeast-facing slope above the Pinal 

Creek floodplain had no apparent structures, but was sampled and 

collected. In addition, two rooms in one large (greater than 50 room) 

s ite  on the top of a h i l l  west o f Miami Wash were also excavated.



31

Descriptions of location, vegetation, s ite  features, and ceramic dating 

fo llo w .1

Runway Ruin, Arizona V:9:55

Runway Ruin—elevation circa 1000 meters (3275 fe e t ) , is  

located at the end of a narrow terrace overlooking the Miami Wash 

floodplain. The terrace, on Gila conglomerate, is  heavily eroded, with  

steep slopes to the north, south, and west. I t  is  bordered to the east 

by a h i l l  which rises more than 130 meters (425 fe e t) above the terrace. 

Modern vegetation (see Chapter 5 fo r s c ie n tif ic  names) on the s ite  in ­

cludes mesquite, white thorn, desert broom, prick ly  pear, cholla , 

starflow er, and Phacelia (no common name). The s ite  has two components, 

with one Hohokam pithouse p a r t ia lly  overlain by two contemporary 

Salado cobble-walled structures b u ilt  in p its . Dominant ceramic types 

found include Gila Polychrome, Gila (?) Black-on-red, Salado Red and 

Four-mile Polychrome fo r the la te  Salado component, and Sacaton Red-on- 

buff and Snowflake Black-on-white fo r the early  component. These 

pottery types indicate that the s ite  was occupied circa A.D. 1000 to 1150 

and again between circa A.D. 1250 and 1350. The absence of Tonto Poly­

chrome narrows the range to around A.D. 1300 or e a r lie r .

Monitor, Arizona V:9:56

Monitor is located circa 700 meters (2300 fe e t) north of Run­

way a t the same elevation on a broader west-facing terrace composed of

1. S ite features and ceramic dating are from Doyel 1974, 1976a.
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Gila conglomerate. Vegetation a t the time of excavation included gray 

thorn, mesquite, s a lt bush, catclaw, desert broom, cholla , starflow er, 

and heron-b ill. The s ite  is  (Doyel 1974:19): "dual component Salado 

s ite  with indication of use by e a r lie r  Hohokam groups." There are 

two p it  rooms, one Hohokam pithouse, remnants of a cobble alignment 

on the east side of the s ite , f i r e  hearths, and f ir e  p its . The pre­

sence o f a large quantity o f Gila Butte, Santa Cruz, and Sacaton phase 

(A.D. 500 to 1100) Red-on-buff pottern and a Hohokam pithouse indicate  

Hohokam occupation o f th is  s ite . According to the ceramics—which 

include corrugated and smoothed pia inware, Sal ado Red slipped ware, 

sherds o f Gila Polychrome, Gila (?) Black-on-red, Roosevelt Black-on- 

white, and some White Mountain redwares—the las t occupation of the 

s ite  occurred between A.D. 1250 and 1420. An e a r lie r  date is suggested 

by sherd collections including Cibola White ware types, St. John's 

Polychrome, San Carlos Red-on-brown, Casa Grande Red-on-buff and Pinto 

Polychrome, made in areas adjacent to the s ite .

Columbus, Arizona V:9:57

Columbus, a t circa 1000 meters (3300 fe e t) above mean sea 

le v e l, is  located circa 1000 meters (3300 fee t) north of Monitor, on 

diabase bedrock. The diabase forms a northwest-facing terrace, which 

slopes on the northwest, north, and southeast sides, down to Pinal 

Creek, I t  is backed by a h i l l  on the west. The vegetation prior to 

excavation consisted of fewer shrubs and trees than other s ite s , but 

there were numerous grasses and desert marigolds. I t  is a large , com­

plex s ite  in which th irty -th re e  features, including rooms, pithouses,
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cobble structures, buria ls , ashpits, f ir e p its ,  and a surrounding wall 

were excavated. Three phases o f occupation in  the s ite  are documented: 

Cl) the Sacaton phase, p rio r to A.D. 1100, (2) the Miami phase,circaA.D. 

1100 to 1250, and (3) a f in a l Salado occupation circa 1300 to 1350.

Refugia, Arizona V:9:59

Refugia—elevation circa 990 meters (3250 fe e t )—is  located 

circa 200 meters (985 fe e t) north o f Columbus.on a steep, northwest­

facing slope overlooking Pinal Creek. Two rooms, plus rock clusters, 

ashpits, and one burial were found on a level area of the underlying 

diabase. The walls of the rooms were b u ilt  o f the diabase rock and 

of dacite from ups!ope outcroppings. The vegetation, including 

juniper, c ruc ifix ion  thorn, mesquite, yucca, jo joba, desert broom, and 

grasses, is  the most mesic o f a ll  the s ites .

Refugia is one of the most recent o f the sites excavated. An 

archaeomagnetic date o f A.D. 1375 + 25 obtained from Feature 1 

CDoyel, personal communication) is  corroborated by pottery which includes 

Tonto and Gila Polychrome. Roosevelt Black-on-white, Four-mile 

Polychrome, Salado Red, small quantities o f Gila Red, and some uniden­

t i f ie d  white ware.

Multigrade, Arizona V:9:60

Multigrade, at approximately the same elevation as Runway Ruin 

and Monitor, s its  on an east facing terrace of Miami Wash which is  

formed on Gila conglomerate. The terrace slopes down to the wash on 

the north, south and east sides, and is backed by a moderate h i l l  to
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the west. The terrace at the time of excavation was overgrown with 

white thorn, catclaw, mesquite, and yucca; plants in areas adjacent to  

the s ite  include elderberry, nightshade, and milkweed. According 

to Doyel (1974:37): "Excavations a t Multigrade were the most d i f f ic u l t  

o f any accomplished during the project due to the predominance of 

terrace gravels and to the complicated and often superfic ia l nature o f 

the archaeological remains." Excavated features include four struck 

tures, two buria ls , several p its , and a trash area. The architectural 

evidence indicates in term itten t Sal ado occupation. The ceramics, which 

include a large quantity o f Pinto Polychrome, some Gila Polychrome and 

Gila Black-on-red, Roosevelt Black-on-white, San Carlos Red-on-brosn, 

Four-mile Polychrome, and Salado Red, suggest occupation of the s ite  

from approximately A.D. 1150 to 1350.

Shaft, Arizona V:9:61

This small s ite  is located about 500 meters (1640 fee t) north 

o f Refugia, a t the same elevation , on a narrow diabase ridge. I t  over­

looks the Pinal Creek floodplain to the north and east, a small valley  

to the west, and is backed by a h i l l  to the south. The s ite  has been 

disturbed both by a mining shaft sunk into the s ite  and:by the trun­

cation o f the terrace during previous highway construction. At the 

time of excavation the area was covered with catclaw, mesquite, cruci­

fix io n  thorn, gray thorn, grasses, and barberry. The one p a rtia l room 

found indicates a single Salado occupation, probably of a lim ited  or 

seasonal nature s ite . Most of the ceramics collected were e ither  

unidentified types or plainware. Doyel states (1974:42) "since no
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special diagnostic material was located, the s ite  is provisionally  

dated to A.D. 1200 to 1350."

Because "neither flo o r nor flo o r features could be located in 

the 20 cm of f i l l  between the present ground surface and s te r ile  so il"  

(Doyel 1974:42), no archaeological pollen samples were collected.

Tinhorn Wash, Arizona V:9:62

This s ite  is located on a Gila conglomerate terrace a t an 

elevation of circa 1000 meters (3300 fe e t ) , ju s t south of the con­

fluence of Tinhorn and Miami Washes. I t  is bordered by washes on 

the west, north, and east sides. Vegetation on the s ite  consists of 

mesquite, gray thorn, desert broom, and barberry.

Tinhorn Wash s ite  has been somewhat disturbed by recent con­

struction and channelization, and i t  is therefore not apparent whether 

the s ite  is in ta c t. From the features excavated—one Sal ado cobble 

structure, a ramada, and one Hohokam pi thou se—the s ite  appears to have 

been occupied by both the Hohokam and the la te r  Sal ado cultures.

Several periods of habitation are also indicated by the ceramics. An 

in i t ia l  occupation by the Hohokam around A.D. 700 to 750 is suggested 

by the presence of Gila Butte Red-on-buff ware in association with the 

pithouse. Subsequent Salado occupation circa A.D. 1250 or la te r  is  

indicated by the presence o f P into, G ila , and Tonto Polychrome pottery, 

Roosevelt Black-on-white, G ila (?) Black-on-red, and Salado red ware.
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Shurban, Arizona V:9;63

Shurban is a multi-component lim ited use s ite  with no definable 

architectural features. I t  is  located on a diabase outcrop of a north­

east-facing h ills id e  above the confluence of Miami Wash and Pinal 

Creek. The s ite , circa 1025 meters in elevation (3350 fe e t ) , covers 

a large part o f the slope, but only the area which showed heavy use, 

circa 60 square meters, was mapped and sampled.

As on other slopes, the vegetation, which includes mountain 

mahogany, white thorn, mesquite, snakeweed, catclaw, gray thorn, 

jun iper, yucca, sotol, jo joba, and various herbs such as zinn ia, 

desert marigold, nightshade, and grasses, is  variable.

Shurban has no apparent architectural features, but consists 

of a number of bedrock mortars and metates, numerous cobble metates 

and manos, much chipped l i th ic  m ateria l, and potsherds. The presence 

of charcoal, animal bone, and f i r e  cracked rock suggests lim ited  

camping for the purpose of food processing. The ceramics, which in d i­

cate considerable time depth, include Santa Cruz Red-on-buff, Salado 

PI ainwares, Roosevelt Black-on-white, and several sherds of, Apachean 

material (Doyel 1976a). The varied cultural materials indicate periodic 

use from c. A.D. 700 to the mid-nineteenth century A.D.

East Ruin, Arizona V:9:68

This s ite , one o f numerous sim ilar sites along Pinal Creek and 

its  tr ib u ta ries  which contain more than 50 rooms, is located on the top 

of a h i l l  a t an elevation o f circa 1075 meters (3550 fee t) and circa
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2400 meters (7275 fe e t) west of Pinal Creek. From the s ite  there is 

good v is ib i l i ty  in a ll  directions and ready access to the higher 

mountains above and floodplains below. The vegetation o f the h illto p  

includes blue paloverde, mesquite, yucca, catclaw, snakeweed, prickly  

pear, hedgehog cactus, barberry, s a lt bush, jun iper, fa lse mesquite, 

grasses and herbs. The two rooms excavated suggest a la te  Sal ado 

occupation, circa A.D. 1300 to 1400. One room (Feature A) was a habi­

tation area, the other ( Feature B) was a storage room f i l le d  with 

vessels.

Summary

The sites indicate m ultiple occupation o f the area beginning 

circa A.D. 700 to 1100 or 1150 with the Hohokam. Later Sal ado occu­

pation began circa A.D. 1150 and ceased circa A.D. 1400 to 1450.

The sites,on the whole,were small, possibly being used fo r seasonal 

occupation associated with farming o f the a llu v ia l floodplains or 

yearly habitation by small groups o f people. One s ite ,  Shurban, 

suggests that certain  areas were used sp ec ifica lly  fo r the processing 

of some native vegetal m ateria l. The two rooms excavated a t East 

Ruin provide seme lim ited knowledge of large-scale occupation of the 

area, but leave many tan ta liz in g  questions—such as to ta l population 

of the areas a t any one time—unanswered.



CHAPTER 4

POLLEN ANALYSIS

Palynology has been used as an archaeological tool in the 

Southwest fo r over twenty years. With the development of pro- 

cessual archaeology in the early 1960's archaeologists have tended 

to re ly  even more heavily upon the palynologist fo r assistance in the 

reconstruction of past environments. Increasingly, .clim atic change 

has been cited as a key causal factor in the explanation of processes 

of culture change ( e .g . , H il l  1970). Nonetheless, there are s t i l l  a 

number of unresolved problems inherent in the use of pollen analysis 

in paleoenvironmental reconstructions. In  order to understand these 

unresolved problems, i t  is necessary to review the basis fo r pollen 

analysis in the Southwest and the history of its  use.

Assumptions and Basic Problems 

The palynologist assumes that when one examines the pollen 

present in sediment one is viewing the pollen rain  in that area a t 

the time the sediment was deposited. I f  one knows what types of 

pollen are present in the sample, one can define, or a t least des­

cribe , the wind-pollinated vegetation in the area from which the 

sample was taken . From the in terpretation  of the vegetation present 

in the environment, i t  is thus possible for the palynologist to
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reconstruct aspects of the climate of the area. The relationship may 

be expressed as follows:

Pollen Samp!el;Pollen Rain ^Vegetation Environment^Cl imate. 

Unfortunately, as is the case with many assumptions, th is  equation 

has not been fu lly  tested. The palynologist cannot always predict 

other elements of the equation from knowledge of only one element.

This problem is currently  being studied (Bryson and Kutzbach 1974; 

Davis, Brubaker, and Webb 1974).

In the arid Southwest, several problems arise which do not 

normally occur in other areas. The most basic of these is the low
i

concentration of pollen in the sediment. There are several reasons 

fo r low pollen counts. F irs t , a large number of the desert flo ra  is  

animal- or insect-pollinated (zoophilous), while many of the pollen 

types in the pollen rain are wind-pollinated (anemophilous), Second, 

as the Southwest is a r id , there is a low density of plant cover; this  

fu rther decreases the amount of pollen in the a ir .  A th ird  factor is  

the e ffe c t of drought, extended drought, or other abnormal precip i­

ta tion  on p o llin atio n . I t  is probable that a short period of abnormal 

(high or low) ra in fa ll would be averaged in most samples because the 

pollen rain  from a number of years is normally present in any one 1

39

1, Soil is  defined by Compton (1977:550) as, "the loose 
s u rfic ia l mixture of mineral and organic substances that support plant 
roots." Sediment is defined as (549): "Loose partic les  that may be 
moved by water, wind, or g lac ie rs , ch ie fly  grains of rock, soil or 
organic remains." "Soil formation implies a period of s ta b ility "  and 
development of a soil p ro file ; "the more general term 'sediment' is  
therefore preferable fo r archaeological purposes" ( Shack!ey 1975:3).



sediment sample. The e ffe c t of a prolonged drought would presumably be 

greater, but what that e ffe c t is is  not presently known, as th is source 

of low pollen counts has not been given careful study. Fourth, summer 

ground surface temperatures in the desert can exceed a ir  temperatures 

because of high albedos of the surface. I t  is possible that high temper­

atures in it ia te  oxidation of many pollen types; e.g., cottonwood pollen 

deposited under the trees during one spring disappears before pollination  

begins the next spring (Hevly, personal communication). This disappear­

ance may be caused by a combination of heat and a lka line  sediment. High 

sediment a lk a lin ity  is the f i f t h  factor responsible fo r low pollen counts. 

Pollen is well preserved in acid sediments, but corrodes in a lka line  

sediments. Corrosion of pollen grains in the Southwest is  common since 

much of the sediment in th is  arid region contains calcium carbonates.

A sixth fac to r, not exclusively found in desert conditions, is  

laboratory technique. Since Sears (1937) f i r s t  attempted to extract 

pollen from desert sediments, the method has had to be changed drasti­

c a lly . The basic extraction technique used in  the Paleoenvironmental 

Laboratories at the University of Arizona was formulated by Mehringer 

(1967). B rie fly , i t  combines treatments of d ilu te  and concentrated hydro­

chloric acid, 50 percent to 70 percent hydrofluoric acid, 30 percent n itr ic  

acid, and 50 percent to 7 percent potassium or sodium-hydroxide separated 

by d is t il le d  water washes (see page 49). I t  is possible that the use of 

caustic acids combined with d ilu te  hydroxides may cause diready corroded 

grain e ither to become corroded beyond recognition or to disappear en­

t i r e ly .  Further experimentation with the method is therefore necessary.

40
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Historical Sketch

Sears (1937) was the f i r s t  to attempt to extract pollen from 

a llu v ia l samples^ collected in the Southwest. Pollen was present in 

several o f his slides, but not in quantities su ffic ien t fo r s ta tis ­

tic a l analysis. The f i r s t  successful extraction of a llu v ia l pollen 

from Southwestern samples was performed in conjunction with an 

archaeological excavation a t Ramanote Cave, Santa Cruz County, 

Arizona, by Anderson (1955).

Since 1955, the use of pollen analysis in archaeological 

studies has grown considerably in volume and scope. In the la te  

1950's and early  1960's Martin (1963) analyzed samples from early man 

sites in southeastern Arizona; work in th is area has been continued 

by Jelinek (1966), Mehringer and Haynes (1965), and Mehringer, Martin 

and Haynes (1967). A new dimension was added by Martin and Sharrock 

(1964) when they analyzed prehistoric human feces. Kelso (1971) 

studied human ..coprolites in re la tio n  to flo o r f i l l  and has recently  

formulated an absolute counting method fo r pollen in human excrement 

(Kelso, personal communication). Human coprolites from a rock 

shelter in southwest Texas analyzed by Bryant (1974b) have been used 1

1. By geological d e fin itio n  "A lluvia l deposits are formed in 
stream channels and associated floodplains o f individual streams, or 
as broad a llu v ia l fans or plans where stream braidino dominates an 
appreciable area." (Krubein and Sloss 1963:255). "A lluvial samples" 
in th is  chapter refers to those samples which contain a large amount 
of sand, s i l t  and c lay , from which small amounts of pollen must be 
separated.
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to determine aboriginal d ie t patterns and seasonality of s ite  occu­

pation. Other palynological research in archaeological sites includes 

the comparison of archaeological and lacustrine samples (Hevly 1964), 

in tra -s ite  comparisons (H il l  and Hevly 1968), and ethnobotanical re ­

constructions of seasonally controlled cultural cycles (Bohrer 1970).

At the present time, pollen analysis in Southwestern 

archaeology may be divided into four non-mutually exclusive areas:

1. In terpretation  o f paleoenvironment and clim ate.

2. In tra - and in te r -s ite  correlation and dating.

3. Introduction and use of plants by man.

4. In terpretation of man's disturbance o f an area.

The derivation o f paleoenvironment and paleoclimate is  based on the 

previously mentioned assumption that pollen samples re fle c t the 

environment and climate o f an area a t a certain time. In te r -s ite  

dating is in turn based on the paleoclimatic in terp re ta tion . The 

assumption here is  that sites y ie ld ing samples which show a sim ilar  

climate or change of climate when compared with e a r lie r  samples are 

contemporaneous or near-contemporaneous. Some reports which i l lu s ­

tra te  th is use of palynology include Hevly (1964), Schoenwetter 

(1962, 1965), and Schoenwetter and Eddy (1964).

Analysis concerned with information about man's use of the 

vegetation in his environment are best exemplified by the previously 

mentioned human copro lite  studies (Martin and Sharrock 1964; Kelso 

1971; Bryant 1974a 1974b). Unfortunately, recognizable foss il human 

coprolites are rare or nonexistent in most archaeological s ite s , "but
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probably contributed to refuse to an unknown degree" (Jelinek  

personal correspondence). However, in terpretation of man's use of 

plants is s t i l l  possible under the assumption th at the pollen rain  

in a s ite  w ill include pollen present from vegetal material that man 

brought into the structures. This is an acceptable assumption, since 

both corn pollen, which is not carried far by the wind ( Raynor, Ogden 

and Hayes 1972), and squash pollen, which is insect-po llinated , have 

been found in numerous lo c a lit ie s  in archaeological sites (Schoenwetter 

1962; Bohrer 1970; Martin and Byers 1965; Hevly 1964). H il l  and Hevly 

(1968) employed th is  assumption in dating and identify ing structures 

within Broken K Pueblo, Arizona.

F in a lly , the use o f pollen analysis to measure man's dis­

turbance of his immediate physical surroundings is based on the idea 

that in an area where man is present, disturbance w ill favor the 

growth of certain plants, which in turn w ill increase the amount or 

amounts of that type or types of pollen in the pollen rain of the 

s ite . In the Old World, the in terpretation  o f pollen diagrams for 

Mesolithic and la te r  sites has been based on the hypothesis that man 

not only caused disturbance, but also caused major changes in vege­

ta tion  by the cutting and clearing of trees and shrubs (Godwin 1944; 

Keef, Wymer and Dimbleby 1965; Smith 1970; Turner 1970). This aspect 

has been neglected in pollen interpretations of Southwestern sites. 

Jelinek (1966) in the grasslands of New Mexico, estimates a 35 

percent to 40 percent increase in pollen from plants favored by d is­

turbance. Martin and Byers (1965) in te rp re t vegetational changes at 

W etherill Mesa, Colorado, as due to man's presence. Kelso (no date)
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reexamines pa1eoenvironmenta1 interpretations and decides that in te r ­

pretations based on man's disturbance of his environment are as valid  

as those based on clim atic changes.

Pollen analysis in Southwestern archaeological sites has pro­

gressed from an in i t ia l  experimental stage to a stage where re­

examination of the basic assumptions is  not merely desirable, but 

necessary fo r fu rther advancement o f the science. Controlled studies 

in archaeological as well as in modern sites where prim itive l i f e  

styles are practiced would greatly  expand our knowledge of environ­

mental disturbance caused by man and enhance our in terpre ta tive  

a b il i t ie s . My investigations over the past few years in both types 

of sites have led me to reconsider several o f the basic assumptions 

that underlie the in terpretation  o f pollen samples from archaeological 

contexts (see Appendices A and B). These e a r lie r  studies la id  the 

foundation for the sampling and extraction methods used and fo r the 

hypotheses tested in the sites along Miami Wash and Pinal Creek, 

Arizona.

Pollen Sampling, Extraction and Analysis Methods 

Sampling Methods

For surface and subsurface samples collected prior to exca­

vation i t  was determined that 25 to 75 grams o f sediment were 

necessary for pollen recovery su ffic ien t fo r s ta tis tic a l analysis.

A ll samples were collected using a trowel washed with d is tille d  water or 

saliva and wiped with clean tissue or clo th . Sediment samples were 

placed in a Whirl-pak (trade name) bag, sealed, and labeled. Samples



were recorded in f ie ld  notebooks and checked a t the end of each day. 

Each provenience required d iffe re n t co llecting techniques, which are 

explained below.

Floor Samples. Floors present special problems in sampling, 

problems which have not been thoroughly investigated. A flo or might 

be sampled by taking a single sediment sample in one location or by 

collecting one or two centimeters of d ir t  immediately above the floor  

over the en tire  flo o r. A method providing more information than the 

former but requiring less f ie ld  time than the la t te r  was chosen. 

"Composite" samples, consisting of trowel tips  of d ir t  taken in a 

c ircu la r pattern, were collected from the quadrats of each flo o r. 

Generally two composite samples were extracted and analyzed per flo o r.

Metates and Manos. A ll whole and several fragmentary metates, 

as well as many manos, were wrapped in p lastic  bags on the sites and 

brought to the f ie ld  laboratory. In the laboratory excess d ir t  was 

removed. The a r tifa c ts  were washed with d ilu te  hydrochloric acid to 

dissolve calcium carbonates and scrubbed with a clean wire brush. The 

wash water was collected in  a trough and drained into Whirl-pak baigs. 

The trough was cleaned a fte r  each sample co llec tion . The liq u id  

samples were extracted within one month of co llection . A ll metate 

and mano samples collected were extracted and analyzed.

One sample (Arizona V:9:57:D8-5) from under a metate was 

collected, with the supposition that pollen from plants ground on the 

metate might also be present in adjacent flo o r d ir t .
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Vessel Samples. The assumption was made th at vessels used 

fo r storage of vegetal materials were not f i l le d  with d ir t  during use. 

Sediment samples were collected from the sides and bottom of the 

vessels where pollen from u t iliz e d  plants would be most l ik e ly  to 

concentrate, instead o f from the vessel f i l l .

Stratigraphic Column Samples. Sediment samples from s t r a t i ­

graphic columns in archaeological structures were collected in order 

to test the hypothesis that the pollen in the f i l l  in a structure does 

not prim arily re f le c t the e ffec t o f c lim atic  change on the vegetation 

of the area surrounding the structure.

Columns of f i l l  were l e f t ,  when possible, in the center of 

one or more structures in each s ite  excavated. The center was 

chosen because, th e o re tic a lly , i t  is  least affected by rock or d ir t  

f a l l  from the w alls . The column o f f i l l  was prepared fo r sampling 

by removing the outermost two centimeters on one side of the column. 

This allowed the sampler to work with a "clean" (uncontaminated) 

sediment face. The column was then measured and flagging or nails  

were placed at those in tervals  to be sampled. Sampling was done a t  

a rb itra ry  intervals because no stratigraphic bedding was apparent in 

the f i l l  o f the structures. In most columns the sediment was s u ff i­

c ie n tly  compact to allow co llection o f samples at 5 centimeter 

intervals,though in one column (Arizona 7:9:60-69) the sediment was 

so fr ia b le  that i t  could only be sampled every 10 centimeters.

Samples were collected from the bottom of the column to the top to 

avoid contamination o f the bottom by sediment fa llin g  during



47

collection o f top samples. Before the sample from each in terval was 

collected, the trowel was cleaned, another one to two centimeters 

were removed from the face, the trowel was cleaned again, and then 

the sample was taken. In order to measure short periods of deposition 

the horizontal length of the samples collected was about four times 

the vertical thickness.

Modern Surface Samples. Modern surface samples are necessary 

fo r a number o f reasons, a primary consideration being an indication  

o f what the present vegetation contributes to the pollen ra in . Given 

that information, i t  is then possible to theorize about the vegetation 

of the past. The probab ility  o f plant use can also be studied by com­

paring the occurrence—both in terns o f consistency and frequency— 

of rare , animal-pollinated pollen types in flo o r or a r t ifa c t  samples 

with th e ir  occurrence in surface samples.

Modern samples can best be collected by establishing permanent 

a ir  sampling stations and co llecting  period ica lly  fo r f iv e  to ten 

years in order to get an accurate picture of the pollen rain  in wet 

and dry years. This, however, was not possible in th is  study. 

Archaeological samples are best compared with surface samples 

collected from areas which show no apparent sigh of mechanical d is­

turbance on or around the location sampled. In th is  study the sur­

face samples with which the s ite  samples are compared were collected  

from the surface o f the sites before excavation began. These samples 

may contain ten, twenty, f i f t y ,  or possibly more, years of pollen, 

depending on the rate  of deposition. The requirement that the surface
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be undisturbed was fu l f i l le d  in a ll but two cases. Shaft (Arizona 

V:9:61) was sliced by a mine shaft and a road cut, and Tinhorn 

Wash Site was cut by a stream channel, as well as being extensively 

disturbed by nearby mining operations. The surface samples collected  

on these sites are therefore suspect.

Surface samples were collected in three general areas, on each 

s ite , and in conjunction with two plant transects consisting of nine­

teen sixteen-meter square p lots . A ll surface samples were composite 

samples composed of trowel tips  o f d ir t  taken every two paces.

Samples collected on the s ites  were taken from the in terio rs  of those 

structures which were indicated by wall remnants. In te rio rs  of rooms 

were sampled because p rio r to excavation wall remnants were usually 

the primary indicator of s ite  location and s ize . Sampling was done 

prio r to excavation, since fly in g  dust from shoveling and screening 

could contaminate the surface around the sites with redeposited pre­

h is to ric  pollen.

Burial Samples. Sediment samples were collected adjacent to 

various parts of burial remains in an attempt to discern ceremonial 

use of plants. The samples consisted of approximately 50 to 100 

grams of sediment collected with a trowel next to the fe e t, hips, and 

shoulders of the skeletons (when possible), and from associated 

pottery vessels.

Extraction Method

Pollen was extracted using a variant of the method described 

by Mehringer (1967). The primary consideration in the extraction



process is to prevent contamination or destruction o f the pollen.

The following variations in the extraction method contributed to 

fu l f i l l in g  th is  c r ite rio n .

The sediment was thoroughly mixed in the bags and placed in 

p lastic  beakers. F irs t d is t i l le d  water, then hydrochloric acid, was 

added to obtain approximately a 50 percent solution of water and 

acid; samples were then s tirre d  until a l l  reaction ceased.

Variation 1. These samples were covered and allowed to s i t  

fo r circa 24 hours to ensure that a l l  carbonates were dissolved, be­

cause a la te r  step in the process involved the addition of hydro­

flu o ric  acid, which reacts v io le n tly  with carbonates.

Next the samples were swirled into centrifuge tubes as de­

scribed by Mehringer (1967), washed a lte rn a te ly  with 60 percent and 80 

percent strength solutions of hydrochloric acid, and then washed twice 

with d is t il le d  water. A fte r each washing, whether with acid or water, 

the samples were s tirred . When each step was completed, the samples 

were centrifuged and decanted before proceeding to the next step. To 

dissolve the s ilic a  minerals a 50 percent concentrate solution of hydro­

flu o ric  acid was added.

Variation 2. A 10 percent solution— instead of Mehringer's 

suggested 50 percent solution o f hydrofluoric acid—was in i t ia l ly  

added to those samples collected from the floodplains o f Miami Wash 

and Pinal Creek. These floodplains are presently the overflow sites  

fo r the se ttlin g  p its  of the copper m ills , and thus reaction between 

chemicals used in the smelting process and the acid was possible.
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The samples were allowed to s i t  fo r  24 hours before the 50 percent 

hydrofluoric acid was added.

Variation 3. A 50 percent solution o f hydrofluoric acid was 

used fo r the second acid wash instead o f 70 percent, because the 

e ffec t of the combination of 70 percent hydrofluoric acid, plus the 

la s t reagent added, a weak base, may cause already corroded grains to 

become unrecognizable or to oxidize completely. With careful and 

precise hydrochloric s w irl, only the smaller or less dense s ilica tes  

were present in the samples in the tubes, and a second or th ird  wash 

of 50 percent hydrofluoric acid was su ffic ien t to dissolve the 

s ilic a te  minerals.

In addition to the extra acid washes, the samples were set in 

a boiling water bath fo r 20 minutes to ensure complete dissolution of 

the s ilic a te s , then washed twice with boiling d is t i l le d  water to  

remove the acid and dissolved m ateria l. Next, concentrated hydro­

chloric acid was added to remove colloids from the samples; the 

samples were s tirre d , and then placed in a boiling water bath un til 

bubbles appeared. A fter centrifuging and decanting, the samples were 

washed twice with boiling d is t i l le d  water. Next, 30 percent n it r ic  

acid was added; the samples were s tirre d  and rested for ten minutes, 

then centrifuged, decanted, and washed twice with boiling d is t il le d  

water to remove the acid and any material in solution.

The fin a l step was the addition of 5 percent to 7 percent 

sodium- or potassium-hydroxide to remove soluble basics in the samples 

Though a ll  basics were not removed, a stronger solution might have
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destroyed the pollen by causing oxidation. The samples, with the 

hydroxide, were placed in the boiling water bath fo r two to three 

minutes, then centrifuged and decanted. Each sample was then washed 

with boiling d is t i l le d  water until the decant was c lear.

Analysis Method

Preparatory to making slides, a few drops of a g lycero l- 

based fuschin solution were added to the samples in the v ia ls . The 

samples were then thoroughly mixed to achieve randomization of pollen 

grains. A few drops were drawn from the via ls  with a p ipette , placed 

on a clean s lide, and covered with a 22 m illim eter square cover s lip . 

Each corner of the cover s lip  was tacked down with glue to prevent 

slippage.

The pollen grains were counted using a Zeiss microscope with 

XI2.5 eyepieces and a X40 lens. Two hundred grains, which are usually 

considered to be su ffic ie n t fo r s ta tis tic a l analysis (Martin 1963), 

were counted. In addition, each s lide was completely scanned using 

a X12.5 eyepiece and a X20 lens to id en tify  rare pollen types, such 

as corn, which are of economic importance. Pollen grains found while 

scanning but not in the count are denoted by "+" in the tables and 

graphs.

Pollen

The in terpretation  of climate and climatic-changes derived 

from analysis of pollen samples collected in archaeological sites  

(Schoenwetter 1962, 1965; Hevly 1964) is  based on the im p lic it  

assumption that c lim ate, as reflected  in the vegetation, is the
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determining facto r o f the pollen types and percentages found in soil 

samples; a coro llary  assumption is that the effects of th is  factor 

can be determined from those of other factors. I do not think th is  

is  possible when dealing with re la tiv e  frequencies of pollen types 

(Lytle  1971). Two other major factors influencing pollen rain in 

areas associated with man are the importation and use of plants by 

man (the cu ltural factor) and the e ffe c t that man's presence has on 

vegetation in an area (the disturbance fa c to r) . Hypotheses concerning 

the effects o f these two factors are tested in the Miami Wash samples.

Climate in terpreta tion  derived from stratigraphic samples 

collected in house f i l l  draws upon the additional assumption that 

a fte r house abandonment, the influence of climate can be distinguished 

from that o f other contributors such as pollen incorporated into house 

walls which is deposited in the f i l l  when the walls erode, pollen in 

sediments which is deposited in the f i l l  during runoff, and pollen 

from natural plant succession a fte r  s ite  abandonment. Until the 

extent of the contribution o f these other factors is known, the 

e ffec t of clim atic change cannot be c learly  distinguished.

Cultural Pollen

Assumptions, Hypothesis and Prediction

As previously stated, one application of palynology is the 

in terpretation of human u t il iz a t io n  of plants. The im p lic it assump­

tion is that plants—such as corn or squash— introduced by the 

inhabitants of a s ite  into storage, work, or habitation areas,
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contain pollen which then becomes part of the pollen deposition in 

these areas. These plants may be cu ltivated , encouraged ( i , e not 

sown, but allowed to grow in f ie ld s ) , or gathered. The hypothesis to 

be tested is that pollen from those plants used or introduced by a 

cultural group w ill be present in a predictable cultural context, i . e ., 

w ill be found on flo o rs , in b u ria ls , vessels, metates or manos. The 

prediction generated is that when the pollen spectra of plants used or 

introduced into cu ltu ra l features is compared with the pollen spectra 

of the modern surface samples the cultural pollen w ill (1) be present 

in larger frequencies or (2) be consistently present in smaller 

frequencies.

I t  is  necessary fo r purposes o f c la r i ty  to define and discuss 

several of the terms of th is  prediction. What quantities are meant 

by larger and smaller frequencies? These anraunts w ill  vary, depending 

upon whether the source plant is  anemophilous or zoophilous. Several 

of the plants used fo r cu ltural purposes as recorded by ethnobotanists 

(Castetter and Bell 1942; Whiting 1939) are animal- or insect-pollinated, 

and therefore l i t t l e  pollen would be an tic ipated , even in a known 

cultural association. For the d e fin itio n  of economic pollen types in 

pueblo kivas H il l  and Hevly (1968) accepted types which were found in 

above average amounts when compared with those found in storage 

rooms, but did not state how much above average they were. Referring 

to pollen samples associated with a prehistoric Indian culture in 

west Texas, Bryant (1974b:413) says:

...p o lle n  from zoophilous plants such as cactus, agave,
yucca, so to l. .  .are ra re ly  found in either modem or
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fossil pollen counts. S p ec ifica lly , th is  investigator 
has not been able to recover more than 2% pollen 
from any o f these zoophilous plants in soil - from non- 
cultural zones or archaeological s ites , a llu v ia l 
sediments, or surface soil samples.

Pollen from wind-pollinated plants which have an ethno- 

botanic record of cu ltural use may be found in large quantities , 

whether or not they are used c u ltu ra lly . Grain amaranths were found in 

a large bowl a t Snaketown (Castetter and Bell 1942), but th e ir  pollen 

type is also found in frequencies of 50 percent or more in surface samples 

from arid  and semi-arid areas (Appendix B).

Id en tifica tio n  o f the cultural use of both zoophilous and 

anemophilous pollen types are based on a comparison o f the archaeo­

logical pollen spectra with the modern surface samples and with the 

other archaeological samples. Those which occur in larger quantities  

than expected—based on comparison with surface samples—or in 

s ig n ifican tly  greater frequency in one or more cu ltural associations, 

are judged to have been used or introduced by man. Those " s ig n if i­

cantly greater" are defined on the basis o f the chi-square test fo r  

fitness .

A statement can now be made regarding the types of plants used 

by man which might be expected in th is  archaeological context. One 

of the best o f the few botanical investigations available fo r the 

Salado culture in th is  region is  Bohrer's (1962) analysis of vegetal 

material from Tonto National Monument, Arizona. Four use groups of 

plants—medicinal plants, w ild food plants, cu ltivated crops and

agricu ltura l weeds, and plants in other cu ltural contexts—w ill be 

discussed.
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According to Bohrer (1962), two medicinal plants, s ilk  

tassel ( Garrya w riq h tii in the dogwood fam ily) and sagebrush 

(Artemisia sp. in the Compositae fa m ily ), were found. Wild food 

plants include acorns (Quercus s p .), agave or mescal (L ilia c e a e ), cacti 

such as pricklypear ( Opuntia enqelmanii), cholla (0. vivipara and 0.

versico lor) , hedgehog cactus ( Echinocereus s p .) , fishook cactus 

(Mammillaria s p .), and saguaro ( Cereus giganteus) .  Others id e n ti­

fied  are catclaw acacia (Acacia g r e g ii) , various grasses ( Setaria 

spp.), cocklebur (Xanthium sp.ih  the Compositae fam ily ), hackberry 

(C eltis  sp .), jojoba ( Simmondsia chinensis), juniper ( Juniperus s p .), 

and mesquite ( Prosopis ju l i f lo r a ). In addition, there are yellow  

paloverde (Cereidiurn microphyllus) , pinon pine ( Pinus s p .), th is t le  

(Cirsium sp ., Asterae-type p o llen ), walnut ( Juglans major) ,  buffa lo- 

gourd ( Cucurbita foetid iss im a), canyon grape (V it is  arizonica in the 

Vitaceae fam ily ), and yucca ( Yucca sp .).

The cu ltivated crops include six types of plants: maize ( Zea 

mays) , pumpkins and squash ( Cucurbita spp.), tepary, kidney, and lima 

beans ( Phaseolus spp.), jackbeans (Canavalia spp.) ,  grain amaranths 

(Amaranthus leucocarpus), and gourds ( Lagenaria s ice ra ria ) . The two 

agricu ltura l weeds, both grasses, are barley (Hordeum pusillum) and 

Carolina canarygrass ( Phalaris ca ro lin ian a ). Pollen types occurring 

in other contexts include the common reed ( Phragmites communis) ,  

willow ( Salix s p .), sotol (Dasylirion s p .), bluestem "beardgrass" 

(Aridropogon s p .), screwbean mesquite ( Prosopis pubescens), and bear- 

grass (Nolina sp .).
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Of the plant types cited here, not a ll  could be id en tified  

through pollen analysis. When i t  is well preserved, s ilk  tassel is  

id e n tifia b le . Oak, though i t  often does not preserve well in a llu v ia l 

soil (Havinga 1964), is d is tin c tly  d iffe re n t from other grains. The 

l i l y  fam ily includes four of the plants lis te d : agave, beargrass, 

yucca, and so to l. I f  the preservation is good, i t  may be possible 

to id en tify  the genus: i f  preservation is poor, then only the family 

can be discerned. Of those in the cactus fam ily , the pricklypear 

and cholla are d is tin c t. Many others can only be id en tified  as 

Cereus-type grains. The catclavv acacia cannot be distinguished from 

white thorn acacia (Acacia c o n s tric ta ).. Pollen from grasses 

(Setaria spp., barley, Carolina canarygrass, bluestem "beardgrass," 

maize, and common reed) are notably s im ila r, the only accepted 

difference being size . Cultivated grass is normally defined as being 

greater than 60 to 70 microns in diameter. Operationally, cu ltivated  

grasses may have other characteris tics , such as an enlarged, thickened 

rim (annulus) around the single pore and a thicker body (exine) than 

that found in wild species. Thus grass grains or fragments of grains 

less than 60 microns, but larger in diameter than other grasses, may 

be id en tified  as cu ltivated  i f  the other two properties are found to 

be consistent in the large whole grains. Plants in the Compositae 

family include cocklebur, th is t le ,  and sagebrush. Compositae pollen 

are d iv is ib le  into fiv e  groups; d e fin itio n  of three of these types is 

related to the length of the spines on the surface of the grains. 

Spines in the Ambrosia-type (w ind-pollinated) pollen are circa 1.5



to 2 microns in length. Asterae-type (both wind- and insect- 

pollinated) are greater than 2 microns in length, but have no " ta il"  

on the spine. He!ianthus-type (insect-po llinated) has a very long 

spine (generally greater than 3 microns) which is  elongated into a 

long spindly t a i l . The fourth group, L ig u liflo ra e , is d is tin c tly  

d iffe re n t, having both spines and large windows or fenestre.

Artemisia, the f i f t h  group, is id e n tifia b le  to genus but not 

to species. The cocklebur (Ambrosia-type) and th is t le  (Asterae- 

type) can be id en tified  as part of th e ir  respective groups.

I f  the hackberry and jojoba are well preserved they may be 

id en tifiab le  to th e ir  respective genera. Juniper-type pollen can be 

id en tified  as belonging to the Cupressaceae fam ily , and, considering 

the local vegetation, probably indicates the genus Juniperus.

Mesquite and screwbean mesquite may both be id en tified  as members of 

the genus Prosopis i f  the pollen is well preserved. Pollen from the 

yellow paloverde closely resembles the genus Holocantha and is  

id e n tifia b le  only with d if f ic u lty .  For present purposes, pollen 

from pinon pine trees is indistinguishable from that o f other pines. 

Pollen grains from the gourd and squash fam ily (Cucurbitaceae), 

including Cuburbita spp. and Lagenaria s iceraria  are th eo re tica lly  

id e n tifia b le ,b u t the grains are large (usually over 60 microns) and 

are often found in small fragments which can only be id en tified  as 

to fam ily . Canyon grape pollen is id e n tifia b le  i f  preserved. The 

t r ie d  pate (three furrowed) grains o f the tepary, kidney, and lima 

beans, are average in dimension with few distinguishing
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characteristics. Apparently, those characteristics they do possess 

do not preserve w e ll, fo r th is  investigator has no recollection of 

th e ir occurrence in the pollen record in archaeological sites in 

the Southwest. Cheno-am pollen is a group which includes plants 

in the genus Amaranthus and the fam ily Chenopodiaceae, with the 

exception of greasewood ( Sarcobatus sp .). Pollen with th is  group is  

essentia lly  indistinguishable. Willow ( S a lix ) pollen is id e n tif ia b le , 

i f  well preserved, by the coarse re tic u la tio n  o f the surface.

Of the plants cited by Bohrer (1962), the wind-pollinated  

types such as pine, the grasses, jun iper, and the cheno-ams, would be 

of significance only i f  th e ir  pollen occurred in re la t iv e ly  high 

frequencies. Lower pollen frequencies of the following insect- 

pollinated plants might be s ig n ifican t: the l i l y  fam ily , c a c ti, 

acacias. He!ianthus-type, hackberry, jo joba, mesquite and paloverde, 

walnut, the squash fam ily , canyon grape, and beans.

I t  is possible, though not necessarily p ro fita b le , to regard 

any vegetation in a s ite  area as having been of potential use to a 

people. Pollen analysis is  a means by which the "probables" and the 

"possibles" can be separated from the mere potentials of speculation.

Relative Frequencies of Pollen in Floor Samples

Both major and minor pollen types are operationally  

defined for th is  study on the basis of the frequencies of anemophilous 

and zoophilous pollen types in the p ro files . Major wind-pollinated  

grains occur in frequencies greater than 5 percent and major animal- 

or insect-pollinated types are greater than 2 percent. Minor types



occur in lower frequencies in more than 25 percent of the samples.

Rare types occur in less than 25 percent of the samples.

Chi-square tests were performed on the pollen frequencies

both among flo o r samples and between surface averages and flo o r

samples.. The equation for the chi-square test is :

»2 _ (Observed-Expected)
Expected.

The expected frequency in the flo o r samples is e ith er the average of 

the observed frequencies o f a l l  samples or the average of the f re ­

quencies of the surface samples, depending upon which comparison was 

made. The tes t is considered to be a measure of the "goodness of f i t "  

of two or more variables (Steel and Torrie 1960).

Theoretica lly , the pollen frequencies among flo o r samples w ill 

vary i f  d iffe re n t plants were used in d iffe ren t flo o r areas. Tests 

between surface and flo o r samples are based on the premise that large 

scale disturbance or plant use increases the pollen frequency of the 

involved vegetation in most or a l l  of the flo o r samples and that 

modern surfaces represent undisturbed conditions. The level accepted 

as s ig n ifican t is  0 ,05.

Date are presented in Tables 1 and 2 and Figure 2 (in  pocket).

In terpretation and Discussion o f Pollen in Floor Samples

Runway Ruin, Arizona V:9:55. The chi-square value of the com­

parison of the frequencies o f cheno-ams in the flo o r samples with the 

average of the surface samples is s ig n ifican tly  d iffe re n t. This 

variation could be explained in three d iffe re n t ways: (1) cultural use
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Table 1: Pollen Frequencies o f Floor Samples and Related Surface Samples 

S ite  and
Sample Number Relative frequency o f pollen type (in  percent)

Runway Ruin, Arizona V:9:55
1-74, NW 1/4  
1-89, SE 1/2 
3-28, m  1/4  
3-29, SE 1/4  
Surface, EW 
Surface, NS

Monitor, Arizona V:9:56

1-41, NW 1/4  
1-58, NE 1/4  
3-37, N 1 /4 *
3-39, E 1 /4*
3-67, W 1 /4 *
Surface, W room, NE-SW 
Surface, W room, NW-SE 
Surface, E roan, N-S 
Surface, E room, E-W

Cheno-ams Ambrosia-Type

88 8.5
87 10.5
86 9
80 17
35.5 27
32 30

Cheno-Ams Ambrosia-Type

87 9
91.5 7
85.5 11.5
79 17.5
86 7.5
47.5 21.5
45.5 24.5
44 15
37 18.5

Cultivated Grass L ig u liflo rae

<2
+ < 2

< 2
•f < 2

Cultivated Grass Abies
+

+
+

<2

♦Though N 1/4 , E 1 /4 , and W 1/4 are the f ie ld  id en tifica tion s  given to these quadrat samples, 
"N," "E," and "W" normally indicate room halves rather than quarters.



Table 1, cent.

Columbus, Arizona V:9:57 Cheno-ams Ambrosia-type Juniperus Liliaceae
1-66, Floor #2, SE 1 /4 ** 89.5 7.5 +
1-85, Floor #2, SE 1 /4 ** 91.5 6
6-43, SE 1/4 82.5 12 < 2 + clump
6-77, Floor #2, E 1/2 80 12 <2 <2
6-78, Floor #2, W 1/2 92 5.5 <2 +
24-42, NE 1/4 87 10 <2 <2
24-44, SE 1/4 91.5 5.5 <2
24-45, SW 1/4 67.5 20 8 +
Surface, NS 27 31.5 7
Surface, EW 43.5 27.5 10

Refugia, Arizona V:9:59 Cheno-ams Ambrosia-type Juniperus Cultivated Liliaceae
Grass

1-55, Floor #1, NW 1/4 78 15.5 <2
1-90, Floor #2, NW 1/4 69 19 2.5 + + clump
1-94, Floor #2, SW 1/4 71 19.5 2
1-222, Floor #3, NE 1/4 62.5 20.5 8
Surface, EW 25.5 20
Surface, NS 27.5 22.5

**F ie ld  id en tifica tio n s  of samples 1-66 and 1-85 indicate they are from the same flo o r and quadrat
though i t  is apparent that two d iffe re n t samples were collected.



Table l,c o n t.

Multigrade, Arizona V:9:60 Cheno-ams
3-28, Total flo o r 70.5
9-45, SE 1/4 87
9- 71, Total flo o r 84.5
Z - l l ,  W 1/2 81
Surface, NS 43.5
Surface, EM 37

Tinhorn Wash, Arizona V:9:62 Cheno-ams
6-47, Floor contact 92
6-59, SE 1/4 93
10- 18, SE 1/4 85.5
10-28, NW 1/4 86
10-30, SE 1/4 86.5
10-39, NE 1/4 81.5
Surface, NS 27.5
Surface, EM 40.5

East Ruin, Arizona V:9:68 Cheno-ams

A-57, S 1/2 89.5
A-66, N 1/2 92
B-39, SW 1/4 93.5
B-41, NW 1/4 88
B-49, SE 1/4 92.5
B-50, NE 1/4 96

Ambrosia-type
17
8.5

11.5
17.5
25.5 
22

Cultivated Grass

Ambrosia-type Cultivated Grass
6
6

10
11
10.5
15.5 
31 
18

<2

Ambrosia-type Cultivated Grass Cholla

7.5
5.5
4.5
7.5  
5

2

+
+
<2

+ +
+
<2

cnro



Table 2 .  P o lle n  Counts in  F lo o r Samples, Miami Wash, A rizona

Provenience

Runway Ruin, 
Arizona V:9:55 
1-74 NW 1/4 
1-89 SE 1/4  
3-28 NW 1/4 
3-39 SE 1/4 
E-W Surface 
N-S Surface

Monitor 
Arizona V:9:56 
1-41 NW 1/4 
1-58 NE 1/4  
3-37 N 1/4 
3-39 E 1/4 
3-67 W 1/4 
NE-SW Surface, 

W room
NW-SE Surface, 

W room 
N-S Surface,

E room 
E-W Surface,

E room

2L
*

E  «o ra •*—
I CZ)

o  o  
c  u
<U JD

5  M.

176
174
178
160
71
64

<y
<D
c
EfO
6

17 
21
18 
34 
54 
61

<Dfd
CD CD 10
-M C =3id #r- L-
>  e  <y

•r- id Q.
4-> S- *r-
•— CD C3 3O D

2
4

10

174 18 1 
183 14 1
171 23 1 
158 35 4
172 15 4

95 43 8 

91 49 .2 

88 30 10 

74 37 6

3
+
+
+

+
+
1

1

17
13

3
1
2

5

10

23

18

to
3O
CJ
3

cr]

04->
Uc

<y
CL

i<ufdL<U-M
to<C

6 1

1

4

9

12

20

c
o4->OL-o
4—
U

<UO->>
E >> cu -M
3 CU 4-> cu fd 1 fd
c CL fd to cu •* fd

cu o >> to •r— u m s- E
fd E E Ol 4-> fd 3 o t- cu id fd cu c fd
c. 3 3 o 1 cu fd fd c CU JC 0 O to
QJ fd C E JD 4-> fd 4I c cu U  -M cr u 3 CJ

4 - 4-> 4-> o S- 3 $- C 4-> CJ C7) fd 0 fd 40
3 cn cr LU •r- O fd fd fd fd 4-> to 3 >

u CJ id o T3 JZ 3 > 4-> cn cu c OJ JD
Z3 to •r- O Q- JQ O) y fd 0 fd "O
s. 3 u 4 - S- 3 cu fd 4- fd c 5- 4 -

o O LU LU U LU LU DC —i —J u 5= 0 Q. H h- U

+ 1 + + 1 +
1 1 1 2 1

1
2 + + +

6 + 3 3 + + 6 + 1 + + +
4 2 2 3 2 + +

2 + +
+ +

+
+

1 + +

1 1 +

+ 1 + + 1 2 1 +

1 2 4 1 1 1 3 1

3 2 5

3 + + 8 + 1 + + + cnco



Table 2 . P o llen  Counts in  F lo o r Samples, Miami Wash, A rizon a , c o n t.

Provenience
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Table 2 .  P o lle n  Counts in  F lo o r Samples, Miami Wash, A rizo n a , co n t.

Provenience
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Table 2 . P o lle n  Counts in  F lo o r  Samples, Miami Wash, A rizo n a , c o n t.

Provenience
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Table 2 .  P o llen  Counts in  F lo o r Samples, Miami Wash, A r iz o n a , c o n t.

Provenience
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Table  2 . P o llen  Counts in  F lo o r Samples, Miami Wash, A rizon a , co n t.
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Table 2 . P o lle n  Counts in  F lo o r Samples, Miami Wash, A rizon a , c o n t.

Provenience
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Table 2 . P o llen  Counts in  F lo o r Samples, Miami Wash, A rizon a , con t.

Provenience
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Table 2 . P o lle n  Counts in  F lo o r Samples, Miami Wash, A rizona , c o n t.

Provenience
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Table 2 . P o lle n  Counts in  F lo o r Samples, Miami Wash, A rizon a ,

Provenience
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Table 2 . P o lle n  Counts in  F lo o r Samples, Miami Wash, A rizon a , c o n t.

Provenience
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Table 2 . P o lle n  C o u n ts .in  F lo o r Samples, Miami Wash, A rizon a , co n t.

Provenience
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of grain amaranths or other cheno-am plants during occupation,

(2) increased numbers of s im ila r "weed-type" plants due to occupa­

tion disturbance, or (3) a change in climate causing fewer o f these 

plants to grow in the area today. These possible explanations 

w ill be discussed a t a la te r  point in the te x t.

The high occurrence (17 percent) of Ambrosia-type pollen 

in sample 3-39, when tested against its  s im ila r occurrence in other 

flo o r samples, was not found to be s ig n ifican t. Cultivated grass, 

probably maize, is present in both features 1 and 3. In studies 

of corn pollen d r i f t  from corn f ie ld s , 63 percent o f the pollen 

liberated was deposited within the f ie ld  area (Raynor, Ogden and 

Hayes 1972). This implies that corn pollen found in an archaeological 

context e ither originated in close proximity (less than 60 meters) 

to that location or else was introduced by man. L ig u liflo rae  

occurs in three of the four feature samples, but is absent from both 

surface samples. Though its  frequency is too low to be s ig n ifican t 

according to the chi-square te s t, its  consistent appearance sug­

gests th at i t  might have been introduced into the sites by man.

Monitor, Arizona V ;9:56. The frequencies of both Ambrosia- 

type and cheno-am pollen, when tested against th e ir  averages in 

the surface samples, show cheno-ams but not Ambrosia-type to be 

s ig n ifican tly  d iffe re n t. Of the minor groups, cu ltivated grass is 

present, indicating probable presence of maize during s ite  occupation.



One grain of spruce was found while scanning the slide for the north­

west quadrat of feature 1. Spruce pollen was found in  only one 

other sample a t the top of a stratigraphic column. The closest 

spruce trees are, according to Kearney and Peebles (1960) and L i t t le  

(1950), in  the White Mountains. However, L i t t le  (1971) records Abies 

concolor in the area of the Dripping Springs Mountains less than 16 

kilometers (10 miles) south o f Globe. Though no in terpretation  

may be based on a single grain, the ethnobotanical study of the sites  

(Chapter 5) supports a cu ltural o rig in .

Columbus, Arizona V:9:57. The 20 percent occurrence of 

Ambrosia-type pollen and 8 percent occurrence of Juniperus pollen in 

sample 24-45 vary s ig n ifican tly  a t the 0.05 level from the average 

frequencies of these types on flo ors . These figures indicate  

cultural introduction or a c tiv ity  using these plants. The frequencies 

of cheno-ams on the floors are s ig n ifican tly  d iffe re n t at the 0.05 

level from th e ir  average surface occurrence.

On the minor types, Gramineae and Pinus are consistently 

present, but these are wind-pollinated plants and th e ir  frequencies 

are sim ilar to or less than th e ir  present contribution to the pollen 

rain at Columbus. One occurrence, not easily  tested but o f d e fin ite  

in te res t, is the clump of grains of the l i l y  fam ily found while 

scanning the slide for feature 6-43. Plants in th is  family are
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insect-pollinated and the presence of a clump indicates that a 

portion or a ll o f an anther was present in the sample. Anthers 

could have been carried on blossoms brought into the structure to 

be processed for a meal or for some other a c t iv ity . No other minor 

type in the floor samples a t Columbus is considered to be of 

cultural significance.

Refugia, Arizona V:9:59. The high frequencies of cheno- 

ams a tta in  s ta tis tic a l significance when compared with surface 

samples. The 8 percent frequency of juniper in sample 1-122 is 

sig n ifican t in comparison with samples from other floors. Cultivated 

grass is present, as is a clump of L iliaceae in one o f the samples.

No other minor or major type is o f apparent significance.

Multigrade, Arizona V :9:60. Cheno-ams d if fe r  s ig n ifican tly  

from th e ir  frequencies in the surface samples. The Ambrosia-type 

frequencies from floors are also s ig n ific a n tly  d iffe ren t when com­

pared with each other. Cultivated grass is present in one sample, 

indicating the probable presence of maize.

Tinhorn Wash, Arizona V:9:62. The cheno-am percentages in 

the floor samples are s ig n ifican tly  d iffe re n t from those in the 

surface samples, but Ambrosia-type pollen is  not. Of the minor 

types,only cultivated grass is of apparent importance in te rm s  o f  

c u ltu ra lly  u tiliz e d  plants.
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East Ruin, Arizona V:9:68. Because the decision to excavate 

th is s ite  was not made u n til the end of the season, no surface 

samples were collected prio r to excavation. Cheno-am frequencies 

are at least 88 percent, probably indicating use of cheno-ams plants 

or extensive disturbance. The cultivated grass grains found support 

the presence of maize in th is  s ite . Choi la pollen was found in low 

frequencies while scanning each o f the six samples in th is  s ite , but 

in only four of the other th ir ty  flo o r samples. This consistent 

occurrence suggests cultural introduction or use a t th is  s ite .

Pollen-in'M etate and Mano Samples

Metate and mano samples are compared among themselves in orider 

to tes t the hypothesis that they were used to grind d iffe ren t plants- 

I f  th is is true , the percentages of each pollen type should vary 

s ig n ifican tly  among the samples.

Data are in Tables 3 and 4 and Figure 3.

The cheno-am frequencies within the metate and mano samples 

are s ig n ifican tly  d iffe re n t. This supports the hypothesis of variable  

use of the a r tifa c ts . Sample 68-B-60 has a very high cheno-am 

frequency (94 percent) and might have been used for grinding grain 

amaranths or some other cheno-am type plant.

Variations o f Ambrosia-type pollen are also s ig n ifican t at 

the 0.05 leve l. This may indicate that a rtifa c ts  with high re la tiv e



Table 3: Important Pollen Types in Metates and Manos 

Sample No. Relative Frequencies o f Pollen Types (in  percent)
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Arizona Cheno- Ambrosia- Cul t i  vated
V:9: ims type Grass Prosopis Liliaceae

55:3:63 87 10.5
55-3-64 78.5 13 2
55-F3-8 67.5 18.5 2
56-3-79 79 12.5 2
56-15-3 78.5 14.5
56-11-6 65 25.5 + 2
57-F9-26 81 10
57-H8-5 52 17 10.5
57-H10-15 84.5
57-J9-14 83 10,5 2
59-1-79 73 18.5 + 2
59-1-80 55 17.5 17
62-3-7 85 10.5 + +
62-7-79 88.5 6 2
68-B-60 94 3

frequencies—1 ike 56-11-6— were used fo r grinding Ambrosia-type 

plants, or i t  may merely re fle c t a low cheno-am percentage. When the 

re la tiv e  frequency of one type o f pollen increases or decreases 

absolutely, a ll  other types must decrease or increase respectively  

in percentage, even though they remain the same in actual numbers.

The presence of cultivated grass in four o f the samples from 

metates and manos supports the premise that the a rtifa c ts  were used 

for grinding maize. The clump of L ig u liflo rae  in 57-H10-15 may 

also indicate use of that type o f p lant.

Two other occurrences o f in terest are the presence of 10.5 

percent mesquite pollen in 57-H-5 and 17 percent L iliaceae type in
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Fig. 3 Pollen in a r t i f a c tu a l  associat ion, Miami Wash, Arizona



59-1-80. The mesquite percent is  s ta t is t ic a lly  d iffe re n t from the 

other samples a t the 0.05 le v e l, but caution must be exercised in 

in terpreting its  meaning because a grain of Morus (mulberry) was 

found during scanning. Though mulberry may be native to the area 

(Kearney and Peebles 1960), i t  is  normally present only in modern 

samples, due to its  increased use as an ornamental. Further evidence 

of modern contamination is  the presence of a grain of Rhus glabra 

type, a pollen group which is otherwise found only in the modern 

surface samples o f th is  study. F in a lly , two d iffe re n t and d is tin c t  

stages o f preservation were noted in the sample. For the above 

reasons contamination o f the sample is estimated to be a near 

certa in ty , and therefore any cu ltu ra l or other archaeological in te r­

pretation o f th is sample would be in va lid .

The high frequency, 17 percent, of L iliaceae pollen in 

sample 59-1-80, is fo rtunate ly , not best explained by contamination. 

Liliaceae grains were found in only two other metate and mano 

samples. From preserved characteristics the pollen most resembles 

yucca. This occurrence supports the premise that yucca or a related  

plant was used by the Indians.

No other pollen type c le a rly  indicates use or introduction 

by the inhabitants.

Pollen in Vessel Samples
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Data are in Tables 4 and 5 and Figure 3.



83

Vessel Relative Frequencies o f Pollen Types (in  percent)

Table 5: Im po rtan t P o llen  Types in  Vessels

Number
Ambrosia- Cultivated

Arizona V:9: Cheno-ams type Grass Cylindropuntia

68-A-80 92 5 <2 .
68-A-84 88.5 8.5 + +
68-A -l02 88.5 6.5 <2
68-B-69 96 6.5 +

The vessel samples contain only four pollen groups of 

apparent in te res t. Like other samples taken from cu ltural contexts, 

the frequency o f weed-type pollen .is very high, above 88 percent.

In addition, clumps of cheno-am pollen are present in three samples: 

68-A-80, A-84, and A-102. Both the cheno-am frequency and the 

presence of clumps support the cu ltural use of introduction of 

Chenopodiaceae family and/or Amaranttms-type plants.

Of the minor types, cu ltivated grass pollen is found in one 

sample, 68-A-84, possibly indicating storage of maize a t some time. 

Cylindropuntia pollen is present in a ll  four vessel samples in low 

frequencies (less than 2 percent) of was found while scanning. Its  

consistency supports cultural use, but its  frequency does not. At 

best th is  can be interpreted as signifying that i t  was possibly 

introduced.

The vessels, which presumably were used to store food or 

other m aterials, were disappointing in terms of the few pollen types 

which allowed cu ltural in terp re ta tion . I t  is  possible that too much 

f i l l  material instead of vessel wall material was co llected , thereby 

masking the presence of rare or infrequent cu ltu ra l pollen types. On
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the other .hand, the food may have been prepared fo r storage in a 

manner which eliminated most o f the pollen clinging to i t .  The 

lite ra tu re  on th is subject (Bohrer 1962, Bryant 1974b) indicates 

that fru its  or seeds (which may no longer have pollen) are often 

stored, whereas flowers (which contain the reproductive structures 

carrying pollen) are usually prepared to be eaten rather than to be 

stored.

Pollen in Burial Samples

Data are in Tables 6 and 7 and Figure 4.

Table Important Pollen Types in Burials 

Burial
Sample No. Relative Pollen Frequencies (in  percent)

Arizona V:9: Cheno-ams
Ambrosia-

type
Typha angustifo lia  

type
55-6-3 vessel 87 9.5
57-12-18 

vessel #2 88.5 9
60-7-7, Below 

skull 76.5 18.5
62-9-7, next 

to fee t 85.5 11
62-9-9, next 

to skull 92 7.5 +
62-9-10, under 

vessel 87.5 8

As with vessels, the burial samples are somewhat disappointing. 

The usual high frequency of cheno-am pollen is present, but any 

varia tion  w ithin both the cheno-ams and the Ambrosia-type counts is  

not s ta t is t ic a lly  s ig n ifican t. One grain of Typha angustifo lia-type

pollen found in 62-9-9 is not unexpected in that c a tta ils  are presently
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growing next to the s ite . I t  could have been transported by a ir  or 

introduced by water or mud gathered in the stream.

Numerous reasons fo r the lack o f varie ty o f pollen types in 

the samples are possible. Perhaps the samples were not collected in 

the "righ t places,"—i^ lo c a t io n s  where offerings of plants or th e ir  

products were la id —or possibly no vegetal g ifts  were made. A 

satisfactory answer is not obtainable from the present information.

Conclusion

Representative pollen indicating probable use of three plant 

types are cheno-ams, cu ltivated grass, and L iliaceae . Plants possibly 

used or introduced by man include Ambrosia-type, Cylindropuntia,

L ig u liflo ra e , and Juniperus.

Bohrer's (1962) study a t Tonto Basin, Arizona, includes a ll  

but two of these pollen types, i . e . , Abies and L iguli flo rae . Bryant 

(1974a) cites evidence that dandelions (included in the L ig u liflo rae )  

were eaten by aboriginal inhabitants in the area of Mammoth Cave, 

Kentucky. L ig u liflo rae  type plants are found growing in the Miami 

Wash area today. According to ethnobotanical evidence, spruce also 

seems to have been used. Most o f the pollen groups o f the other 

plants are present in the samples, but th e ir  re la tiv e  frequencies 

and/or occurrences do not indicate economic importance.

Pollen and the Environment

One of the ways in which pollen analysis is used by archae­

ologists in the Southwest is  to in terp re t the environment o f a s ite
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during the time of its  occupation. Such in terpretation  is  subse­

quently used to in terp re t clim atic  conditions and, when enough sites  

and samples are ava ilab le , fo r chronological assessment and placement 

(Schoenwetter 1970). The assumption upon which such interpretations  

are based is that the pollen rain  in a s ite  prim arily  re fle c ts  or 

represents the native vegetation and the regional pollen ra in . At the 

same time other palynologists use pollen analysis to describe the 

vegetal disturbance in a s ite  as i t  a ffects the pollen rain  (Martin 

and Byers 1965; Kelso, personal communication), the premise being 

that pollen re fle c ts  man's disturbance of the environment more than 

i t  re flec ts  the native vegetation or the regional pollen ra in .

Before fu rther analyses of th is  type are made, these theories need 

to be tested. Based on the preliminary data o f a short-lived  

investigation (Appendix B), I formed two main hypotheses concerning 

the pollen rain in  sites during the course of human occupation: (1) 

man's e ffec t on the vegetation on a s ite  is  so profound that the 

pollen rain in a permanently or frequently occupied s ite  re fle c ts  this 

disturbance more than i t  re fle c ts  the natural pollen ra in ; and (2) 

pollen deposited in a structure a fte r  i t  is abandoned does not p r i­

m arily re f le c t the e ffec t of c lim atic change on the local and 

regional vegetation, but rather very localized factors including 

continued occupation o f the s ite  and disturbance around i t ,  redeposi­

tion from eroding house walls and surface sediments, and natural 

plant succession a fte r  the s ite  is abandoned, as well as regional 

factors such as clim ate.
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Two predictions can be generated from these hypotheses:

(1) pollen from those plants favored by disturbance w ill  occur in  

larger frequencies in s ite  samples than in modern samples from un­

disturbed areas; and (2) the pollen pro files  from stratigraphic  

columns in room f i l l  w ill be d iss im ila r, since they each re f le c t  

very localized as well as regional conditions.

Hypothesis and Prediction  
Relating to Environment 
During Occupation

Two phrases need to be defined: "plants favored by d is­

turbance," and "larger frequencies." F irs t , what plants grow 

especially well in disturbed areas? One pollen study (Appendix B) 

done on the Papago Reservation at San Xavier Mission, Tucson, 

Arizona, suggests that the pollen frequency of plants in the family  

Chenopodiaceae and the genus Amaranthus increased because of man's 

presence. Another investigation into the pollen of abandoned 

Indian fie ld s  in northern New Mexico (Appendix B) indicates th a t, 

when compared with control samples, the two major contributors to 

the increased frequency o f herb pollen in the fie ld s  are cheno- 

am and Ambrosia-type pollen. The Miami Wash-Pinal Creek area has 

aspects in common with the locations of both of these Southwestern 

studies, but from personal observation, the vegetation is more 

sim ilar to the Sonoran D esert-riparian environment o f San Xavier 

than to the plateaus of northern New Mexico. Therefore, fo r th is

>
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study, the d e fin itio n  of "plants favored by disturbance" w ill be those 

plants which produce cheno-am pollen.

Actual estimates of increases in pollen from plants favored 

by disturbance are based on both theory and empirical data. Hevly 

(1964) estimates that the frequency of cheno-am pollen in cultural 

contexts is 15 percent greater than its  occurrence in the natural 

pollen ra in . Jelinek (1966), re fe rring  to grassland environment in  

New M exico,attributes cheno-am frequencies above 40 percent to 

sedentary occupation. In the San Xavier Mission study the difference  

between cheno-am pollen in the mission samples, when compared with  

the control samples, is  a t least 30 percent in a l l  but one sample. 

"Larger frequencies," then, should be cheno-am pollen on the order o f 

30 percent to 40 percent above those in the modern surface samples 

from the same area.

Considering the above d e fin itio n s , the revised prediction  

is : the frequency of cheno-am pollen on occupation floors w ill be a t 

least 30 percent greater than its  frequency in surface samples 

collected on the same s ites .

Data. Man's e ffe c t on the vegetal environment is reflected  

in the pollen ra in  aroung his liv in g  areas. Pollen extracted from 

flo o r samples was probably deposited during-jor d ire c tly  a fte r  

occupation, and can therefore supply information about the nature of 

the wind-pollinated vegetation o f the sites at that time.
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The prediction stated above can be tested by determining 

the difference between the frequency of cheno-am pollen in the flo o r  

samples and its  average frequency fo r each s ite  in modern surface 

samples. This prediction assumes that there has not been s ig n if i­

cant clim atic change causing a concomitant vegetational change. This 

p o ss ib ility  w ill be discussed la te r . Data are in Tables 2 and 8.

In terpretation  and Discussion. The prediction concerning 

disturbance during occupation is supported by the data. The archae­

ological samples re f le c t a very d iffe ren t pollen rain  from that found 

in the modern surface samples and support the hypothesis that th is  

difference is  due to man's disturbance of the area.

However, one problem is encountered in th is  in terpreta tion . 

E arlie r in th is  chapter the existence of high frequencies of cheno- 

ams in flo or samples was used to support the supposition fo r use and/ 

or introduction o f Chenopodiaceae and/or Amaranthus plants by the 

inhabitants, yet the same frequencies are now interpreted as supporting 

extensive disturbance. But these two sources of high frequencies need 

not be mutually exclusive. I f  disturbance increased the amount of 

weed-type plants whose seeds were used for food, then one would 

expect more of those types to be collected and brought into houses 

and storage rooms. The probab ility  of such use is supported by the 

very high differences (40 percent and 50 percent) between many o f the 

floor samples and the surface samples. At San Xavier (Appendix B) 

the present vegetation is not generally u tiliz e d  by the Papagos
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Table 8. Differences in Cheno-am Frequencies and Floor Dates

Percent Cheno-ams in Floor
S ite  Provenience 
and Sample Number

Samples Less Average Percent 
Cheno-ams in Surface Samples Dates

Runway Ruin
Arizona V:9:55 54.25 A.D. c .l
1-74 54.25 . c . l 250-1350
1-89 53.25 c . l 250-1350
3-28 52.25 c .1250-1350
3-39 46.25 c . l 250-1350

Monitor 
Arizona V:9:56 
1-41 43.5 c .1350-1450
1-58 48 c . l 350-1450
3-37 42 c . l 250-1350
3-39 35.5 c . l 250-1350

Columbus 
Arizona V:9:57 
1-66 54.25 c . l 150-1200
1-85 56.25 c .l  150-1200
6-43 47.25 c .l  150-1200
6-77 44.75 c .l 150-1200
6-78 56.75 c .1150-1200
24-42 51.75 c . l 000-1150
24-44 56.25 c . l 000-1150
24-45 32.25 c .1000-1150
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Table 8,. cont.

Percent Cheno-ams in Floor
Site Provenience Samples Less Average Percent
and Sample Number Cheno-ams in Surface Samples Dates

Refugia
Arizona V:9:59 .

1-55 52.5 A.D. c .1350-1450
1-90 42.5 c .1350-1450
1-94 44.5 c .1350-1450
1-22 36 c. 1350-1450

Paleomagnetic Date 1375+25

Multi grade 
Arizona V:9:60
3-28 30.25 c .1150-1350
9-45 46.75 c .1250-1350
9-71 44.25 c .1250-1350
z-n 40.75 c .1150-1250

Tinhorn Wash 
Arizona V:9:62 
6-47 58 c.750
6-59 59 c.750
10-18 51.5 c .1250-1350
10-28 52 c .1250-1350
10-30 52.5 c .1250-1350
10-39 47.5 c .1250-1350
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(Fontana, personal communication). The pollen found on floors is a 

combination of airborne pollen and pollen tracked in by fe e t. The 

increase in disturbance pollen a t San Xavier is 10 percent to 20 

percent less than the increase of disturbance pollen in the Miami 

Wash sites when compared with the surface pollen in both areas. I t  is  

possible that disturbance accounts for 30 percent to 40 percent of 

the difference between the floor and surface pollen, the rest being 

due to plant use, or the increased cheno-ams could also be due to 

differences in the amount o f disturbance around the sites as compared 

with San Xavier.

One other factor must be considered. There are three possible 

sources o f pollen in a s ite . Two o f these, cu ltural introduction  

and disturbance of p lants, are used to in terp re t the flo o r samples.

The th ird , the natural pollen ra in — i.e . , the pollen from those plants 

unaffected by man—is used to in terp re t the vegetal environment o f 

sites (Hevly 1964; Schoenwetter 1962, 1965). The p o ss ib ility  that 

th is source explains the high cheno-ams values and other s ig n ifican tly  

d iffe re n t frequencies must be also explored.

There is no additional d irec t evidence concerning the environ­

ment of the sites during occupation other than the pollen analysis 

and the ethnobotanical and zoological m ateria l. Wood found in 

association with structures during excavation is  not suitable fo r  

dating (Doyel, personal communication). However, there is  

dendrochronological/climatological evidence fo r the period A.D. 1100 

to 1400 in the S ierra Anchas, approximately 32 kilometers (circa 20
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miles) north of the s ites . Modern tree -ring  records from Grasshopper, 

Arizona, approximately 43 kilometers ( circa 30 miles) northeast of 

the Sierra Anchas, are also availab le (Drew 1976). The cross­

correlation o f the data from these two areas is  estimated to be a t 

least 0.90 (Robinson, personal communication).

Robinson (personal communication) made the following in te r ­

pretation of the Sierra Ancha record:

The major features seem to me to be the lengthy average to 
below average conditions between 1170 and 1300 with the 
exception of a b r ie f spurt around 1200 and the very 
favorable period between 1300 and 1330 or so.

This chronology is formed from Douglas-fir and 
ponderosa pine. These species, especially D ouglas-fir, 
integrate the climate of the en tire  year up to the summer 
of growth including the prior simmer...So I believe that 
we are seeing in th is  p lo t a representation of the to ta l 
annual e ffec tive  moisture—and e ffec tive  moisture fo r  
trees is  closely related to d irec t p re c ip ita t io n ] .

I t  is  also his opinion that the modern record (the la s t 50 

to 100 years) fo r the Grasshopper area indicates a climate not sub­

s ta n tia lly  d iffe re n t from that recorded in the Sierra Ancha data.

In comparing the pollen pro files  with the tree -rin g  records 

three topics w ill  be explored: (1 ) the approximate dates of the 

archaeological structures from which the pollen samples were collected, 

(2) apparent differences between the pre-1300 and post-1300 A.D. 

flo o r samples, and (3) a comparison of the modern pollen pro files  with 

the pollen p ro files  from the flo o rs .

Robinson in his in terpreta tion  o f the S ierra Ancha dendro- 

chronological record, notes a change from average to below average ring 

width before 1300 to  an above average width from 1300 to 1330. I f
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the pollen record on house floors during occupation prim arily re flec ts  

clim ate, then a change in the record fo r th is  period should be noticeable. 

Id ea lly  th is  would simply be a matter o f comparing those samples from 

floors which are dated as pre-1300 with those samples from floors in the same 

s ite  dating to post-1300. However, two problems ex is t: (1) i f  one 

assumes that floors were swept occasionally during occupation, the 

pollen samples would be a combination o f occupational and post- 

occupational deposition and therefore would not be s t r ic t ly  contem­

poraneous with the floors; and (2) the dating o f the floors is  based 

on seriation of ceramics and a few archaeomagnetic dates (Table 8 ) .

These dates encompass a minimum of 50 years (Arizona V :9:57-l and 6 

and the archaeomagnetic date from Arizona V :5 9 :5 9 -l), up to a 

maximum of 200 years. Many o f the floors span the A.D. 1300 period 

of c lim atic change noted by Robinson. No s ite  has a flo o r (w ith  

pollen samples) which is dated prior to 1300 and a separate flo o r with 

samples dated a fte r  1300.

I t  is  possible, however, to compare the modern tree -rin g  and 

pollen records with the older records. Robinson states that the modem 

tree -ring  record indicates a climate which does not d if fe r  sub­

s ta n t ia lly  from the S ierra Ancha record. Yet, in th is  study, a change 

in the pollen frequencies is  very noticeable, fo r cheno-am frequencies 

from floors dating to A.D. 1100 to  1400 d if fe r  from modern cheno-am 

frequencies by 30.25 percent to 56.25 percent. Such large variations  

are not found even when comparing pollen samples from pre- and post- 

1300 floors among s ite s 1 which now have d iffe re n t vegetation.
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I t  is evident from th is  discussion that in order fo r valid  

comparisons to be made between dendrochronological records and 

archaeological pollen samples, the dating o f archaeological s ites and 

structures must be precise. I t  is also evident that though no sub­

stantia l d ifference in climate is apparent between the modern tree ­

ring record and the past tree -ring  record, the pollen rain  has 

changed over time.

There is yet another problem associated with an environmental- 

clim atic in terpretation  of the data. Environmental in terpretation  and 

cultural in terpretation  o f the same samples are usually mutually 

exclusive. I f  the in terpretation  of pollen through cu ltural use is 

accepted, then,subsequent environmental in terpretation is unacceptable 

unless the percent of introduced pollen types is  known. Means of 

circumventing th is problem have been suggested. Schoenwetter and 

Eddy (1964) devised an "equalized adjusted pollen sum" which eliminates 

plants thought to have been introduced ( e.g ., Zea, Cucurbita, and 

others), plants that re f le c t riparian  or cienega conditions, and other 

plants whose interpretations are controversial. But they retained  

in toto the cheno-am frequencies. This is  not a satisfactory solution  

unless the types included are known not to have been introduced or 

affected by the presence of man.

Jelinek (1966) proposes a method which correlates pollen f r e ­

quencies with the existence of hunting and gathering as opposed to 

c u ltiv a tio n . He in terprets the increase in cheno-am frequencies 

coinciding with occupation by cu ltivato rs  as ind icative of d is­

turbance, and the decrease in cheno-am frequencies coincident
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with hunter/gatherer a r t ifa c ts  as re flec tin g  increased.natural pollen

ra in . He then attempts to (1508):

. . . is o la te  c lim a tic a lly  s ig n ifican t re lations in the 
remaining pollen groups, which can be assumed to represent 
the natural pollen ra in .

As a tes t o f th is  hypothesis, the pollen percentages 
were recalculated for each sample, with the assumption that 
a ll grains of cheno-am exceeding 40 percent.. .re flec ted  
cultural a c t iv ity , as did a ll  Zea pollen.

I feel that th is  is more valid  than the previously mentioned method,

but s t i l l  see a problem with re la tiv e  frequencies. In any case, th is

method is not applicable "in areas of more intensive cu ltiva tio n  where

re la t iv e ly  great quantities o f sherds might obscure the relations of

other m aterials (Jelihek 1966:1509)," i . e . a t the Miami Wash s ites .

Hypothesis and Prediction
Relating to Climate 
A fter Occupation

As pollen samples gathered on floors of archaeological struc­

tures are used to in terp re t climate during the occupation of a s ite ,  

pollen samples collected from stratigraphic columns in prehistoric struc­

tures are used to in terp re t post-occupational c lim atic  history o f an 

area (Hevly 1964",- Schoenwetter 1962, 1965). This kind of in terpre­

tation is based on the assumption that the pollen deposited in these 

structures re fle c ts  clim atic  change a fte r  the structures were abanJ. 

doned and that th is  contribution can be discerned. I re jec t th is  

assumption and hypothesize that pollen p ro files  from stratigraphic  

columns do not only re fle c t c lim atic  change, but instead re f le c t both 

local and regional conditions including: (1) house f i l l  composed of 

debris and waste deposited by la te r  occupants o f the s ite  as well as
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material eroded from the house w alls , (2) plant succession subse­

quent to s ite  occupation when plants favored by disturbance are 

replaced by more natural vegetation, (3) the e ffe c t of local 

deposit!onal conditions such as slope, rock type, a ttitu d e  (as the data 

in Figure 5— in pocket—show), and (4) c lim atic change.

My prediction is : I f  only one common factor is reflected in 

the pollen profiles of the stratigraphic  col urns then the p ro files  

should be s im ila r, i . e . , though the actual pollen frequencies w ill 

d if fe r ,  the e ffe c t of the changes w ill be the same and the curves fo r  

a single pollen type w ill  be s im ila r.

Percent Cheno-ams:

Surface

Floor
House 1 House 3House 2

I f  one factor is not common and/or more than one factor is controlling  

pollen deposition in the house flo o rs , then the pollen diagrams w ill  

be d iffe ren t both in actual frequencies as well as in th e ir  p ro files :

Percent Cheno-ams:

House 1 House 2 House 3
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Stratigraphic Data. Samples were collected from one column 

from a t least one room in each s ite . Samples were taken a t fiv e  

centimeter in tervals in a ll  but one column; the column in Arizona 

V:9:60, Feature 9, consisted of very loose material and was therefore  

sampled at 10 centimeter levels only. Two columns were collected in 

Arizona V:9:68, Feature B. The resultant data are shown in Figures 6 

and 7 (in  pocket) and Table 9.

The dominant pollen type in most samples is cheno-am. I t  is  

followed and, in some cases, superceded in frequency by Ambrosia-type. 

Types which occur in a m ajority o f the samples, but generally in f re ­

quencies less than ten percent, are Gramineae, Pinus, Juniperus, Asterae? 

type, Erioqonum or c f. Erioqonum, and Nyctaginaceae. Other types 

occur in less than half the samples a t frequencies under ten percent.

What s im ila rit ie s  are apparent in the pollen profiles? There 

are two obvious features which most of the p ro files  have in common:

(1) cheno-ams are re la t iv e ly  high in frequency on the floors and 

generally decrease towards the surface, and (2) both Ambrosia-type 

and the arboreal pollen types tend to increase toward and a t the 

surface.

There are more apparent d is s im ila rit ie s  than s im ila r it ie s .

Though cheno-ams generaly decrease towards the surface, each p ro file  

has its  own particu lar configuration. The number o f peaks of cheno- 

ams varies from two to f iv e . In some samples the cheno-am maximum 

occurs not on the f lo o r , but from 5 to 30 centimeters above i t .
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Table 9 . P o lle n  Counts from  S tra t ig ra p h ic  Columns, Miami Wash, A rizo n a , con t.
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Table 9 . P o lle n  Counts from  S tra t ig ra p h ic  Columns, Miami Wash, A rizon a , co n t.
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Table 9 . P o llen  Counts from S tra t ig ra p h ic  Columns, Miami Wash, A rizon a , con t.
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Table 9 . P o llen  Counts from S tra t ig ra p h ic  Columns, Miami Wash, A rizon a , con t.
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I t  might be helpful to examine some individual cheno-am pro­

f i le s  in order to better understand the complexities involved. At 

Runway, Arizona V:9:55, three stratigraphic columns were collected  

from features 1 , 3 ,  and 5. A ll o f the p ro files  in these features 

have three cheno-am peaks, but feature 1 has a maximum on the flo o r, 

feature 2 has a maximum at 10 centimeters above the f lo o r , and in 

feature 3 the maximum is near the surface. At Multigrade, Arizona 

V:9:60, features 2 and 9 have, respectively, two and one peaks of 

cheno-ams. The p ro files  from feature B in East Ruin, Arizona V:9:68, 

are especially instructive because they were taken about one meter 

apart in the same structure. Even here, localized differences are 

apparent. Colurms and B2 have maxima o f cheno-ams a t , respectively, 

45 and 50 centimeters, above the flo o r . In column B^, the cheno-ams 

increase again a t  the surface, while in B2 there is a continuous 

decline. Considering the close proximity of these columns, such 

differences are surprising.

Additional differences are apparent in the pro files  fo r  

Ambrosia-type and arboreal pollen types. The number of peaks fo r  

Ambrosia-types varies from two to four (East Ruin, Feature A has six  

peaks, but the varia tion  between peaks and troughs is small and pro­

bably not s ig n ifican t) and the placement of the maxima varies from 5 

centimeters above the flo o r to surface contact. The changes in the 

arboreal pollen p ro files  are of lower magnitude than the previously 

mentioned types, yet some differences are apparent. While most of
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the p ro files  have one obvious peak, two pro files  have two peaks 

that are above 5 percent.

Though there are other d is s im ila ritie s  among the pro files  the 

ones mentioned above are most read ily  apparent and su ffic ien t fo r  

discussion.

In terpretation  and Discussion. The data support both the 

prediction and the hypothesis that the pollen rain in the s t r a t i ­

graphic columns does not predominently re f le c t c lim atic  change. The 

pollen profiles  vary both within and between sites and appear to be 

quite individualized .

Previously, three factors other than c lim atic  change were 

suggested as possible contributors to the pollen found in the s t r a t i ­

graphic colimns. Is i t  possible to decide which factor or factors 

in any one p ro file  or part o f a p ro file  is dominant?

Feature 2 a t Multigrade, Arizona V:9:60, and Feature 10 

a t Tinhorn Wash, Arizona V:9:62, contained cu ltural trash in a large  

part of the f i l l  (Doyel, personal communication). The trash could 

have been washed in , or the house may have served as a garbage dump 

during s ite  occupation. The pollen p ro files  must re fle c t th is  

disturbance.

The p o ss ib ility  that pollen from eroded house walls could be 

mixed with post-occupational pollen deposition was recognized p rio r to 

excavation. An attempt was made to minimize th is  e ffec t by estab­

lishing the stratigraphic columns in the center of the flo ors . I t  was 

hoped that wall fa l l  would be concentrated a t the perimeter o f the room,
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leaving the center clear. I t  is  not possible a t th is  time to make an 

accurate estimate of the actual e ffe c t of the wall f a l l .  In the 

future i t  would be advisable to co llec t a pollen sample from any 

id e n tifia b le  wall material in order to get some idea o f what pollen 

types and frequencies i t  is contributing to the pollen deposition.

I f  cheno-ams are the plants favored by disturbance in th is  

area, then they should be replaced by a more natural pollen rain  

a fte r s ite  abandonment. Thus the cheno-am pollen frequency should 

decrease and the other non-cultural pollen types rise  as one proceeds 

from the flo o r to the surface.

Trees and shrubs (arboreal plants) may have been gathered for 

firewood or used in building houses. This would resu lt in a reduction 

in the number of trees and shrubs, and a complementary reduction in  

th e ir  pollen frequencies. Upon abandonment o f a s ite , the aboreal 

pollen types should increase.

A decrease of cheno-am pollen in samples above the flo o r  

appears in eight of the fourteen samples, but there are subsequent in ­

creases of cheno-ams in most of them. Final decreases in cheno-ams 

close to the surface appear in ten o f the samples. Increases in 

arboreal types are most evident toward the surface, i . e . ,  in the top 

10 to 15 centimeters o f the columns. I might conclude that in the 

samples from Miami Wash the e ffec t of plant succession is most . 

apparent close to the surface, though no d e fin itiv e  evidence is  

present. . •* '

Lithologic differences could also have an e ffe c t on local 

depositional patterns. Five o f the sites ex is t on the same rock type.
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Gila conglomerate. This should minimize local lith o lo g ic  factors, but the 

conglomerate is variab le , and some local e ffec t cannot be discounted.

Four o f the s ite s , two o f which have pollen samples collected from 

stratigraphic columns, are on diabase bedrock. Some variational 

e ffec t between the diabase and the conglomerate might be present. 

Investigation on a micro-environmental scale may thus prove f r u i t f u l .

Slope v a r ia b il i ty  is another facto r which affects  local 

erosion and deposition. Increased slope w ill increase the a b i l i ty  

(capacity and capab ility ) o f rain water to carry its  sediment load.

The sediment size analysis, to be discussed, may also be pertinent 

here. In any case, more intensive investigation is necessary.

With reference to the e ffec t of c lim atic change on the pollen 

ra in , some independent indicator with which to compare the pollen 

record is required. There are no complete tree -rin g  records available  

fo r the Miami Wash area, nor is the stratigraphic control tig h t  

enough fo r comparative analysis of dendroclimatic with palynologic 

data. Another independent indicator of climate which is associated with 

the stratigraphy is needed. Theoretica lly , sediment deposited in p i t -  

house floors should re f le c t p rec ip ita tion  or available moisture, as 

well as surrounding vegetation a f te r  abandonment. Such sediment 

would probably be transported as sheet-wash (Hadley and Schumm 1961:144), 

" . . . th e  removal of soil and weathered rock material as a th in sheet by 

surface flow that is not concentrated in w ell-defined channels" or in 

r ivu le ts  of varying size (Haynes, personal communication). The quantity 

o f water in sheet-wash appears to be controlled prim arily  by
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vegetation—in terms of both type of cover and density—and 

secondarily by sediment characteristics such as grain size and in ­

f i l t r a t io n  capacities (Hadley and Schumm 1961). The sizes of sediment 

affected are not apparently known, because l i t t l e  research on present 

rates of erosion and deposition has been done. LaMarche (1968:341) 

states: "Despite the importance in comparing past with present rates 

of soil erosion, natural rates of slope degradation during the past 

several thousand years are l i t t l e  known." The sediment sizes commonly 

found in the samples that are most affected by changes in flow in 

streams and rivers are gravel and clay sizes. I t  is  assumed that these 

are the sizes affected by changes in sheet-wash and r iv u le t flow. I f  

both sediment size and pollen frequency are dependent on available  

water and vegetation, then there should be a s ta t is t ic a lly  s ign ifican t 

relationship,whether d irect or inverse, in th e ir  changes in re la tiv e  

frequencies. Data are in Figure 7 (in  pocket).

Samples from the stratigraphic columns which contained

su ffic ien t sediment fo r sieving a fte r  pollen analysis were placed in

nested sieves in a Ro-tap machine and sieved fo r  10 minutes, the

sieve sizes used were:

-1 .5  0 = 2.828 mm 
-1 .0  = 2,00 iran
-0 .5  0 = 1 . 4 1 4  nm

0 0 = 1.00 mm
1.0 = 0.50 mm
1 . 5 0 =  0.345 iran
2.0 0 = 0.250 mm
2.5 0 = 0,177 mm
3.0 0 = 0.125 nm
3.5 0 = 0.088 mm
4.0 0 = 0.088 nm = s i l t  and clay size
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Using the Spearman Rank Correlation C oeffic ient te s t, re a ltiv e  

frequencies of sediment sizes greater than or equal to 2.828 millimeters 

and less than 0.88 m illim eters in samples from stratigraphic columns 

were compared in d iv id ua lly  with re la tiv e  frequencies of cheno-ams, 

other non-arboreal pollen types (NAP^s) and arboreal pollen types 

(AP's).

Spearman's C oeffic ient of Rank Correlation

r s = 1 - '6 i d12
(n -1 )n (n + l)

r g = Spearman's rank correlation co effic ien t 

d̂  = difference for the ith  pa ir  

n = number o f d's

This tes t determines both d irec t and invers . relationships between two 

variables. I f  two curves are d ire c tly  re la ted , i . e . ,  they have 

sim ilar shapes, a positive decimal results from the calculations. I f ,  

on the other hand, the two pollen types are acting in an opposite 

manner— i . e . , are inversely re la ted—a negative decimal is  the resu lt. 

The calculations are corrected for tie s  where necessary (Gibbons 

1971:232:235) and are compared with the c r it ic a l values a t the 0.05 

level o f significance.

Of the 54 comparisons, only one is s ta t is t ic a lly  s ig n ifican t. 

In column Arizona V :9 :5 5 -l, the changes in the re la tiv e  frequencies of 

arboreal pollen and sediment sizes less than 0.088 m illim eters were 

s ig n ific a n tly  d iffe re n t a t the 0.05 level (Table 10).
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Table 10. Spearman's C o e f f ic ie n t  o f Rank C o rre la t io n

Column
2.828 nm

0 . 088 mm . C ritic a l 
val ue 

+Arizona
V:9

Cheno-
ams

NAP* AP Cheno-
ams

NAP* AP

55-1 -0.309 0.236 0.402 -0.534. 0.573 0.768 0.736
55-5 0.788 -0.439 0.091 -0.045 0.538 0.091 0.893
56-1 0.381 -0.095 -0.565 -0.690 0.178 0.750 0.833
57-1 0.371 -0.175 -0 .683 -0.517 -0.588 0.196 0.783
59-1 -0.100 -0.625 -0.300 -0.275 -0.300 -0.275 0.900
60-2 -0.786 -0.750 0.259 0.384 -0.312 0.098 0.893
62-10 0.143 -0.125 -0.149 -0.042 0.036 0.208 0.833
68-A 0.508 -0.423 -0.297 -0.387 -0.316 -0.231 0.673
68-B1 -0.351 0.470 0.405 -0.601 0.678 0.440 0.738

The lack o f correlation between the pollen frequency and the

sediment size indicated that e ither sediment size or the pollen per­

centages—or both—are less influenced by vegetation and available  

precip itation  than was hypothesized.

Conclusion. Pollen samples from stratigraphic columns re fle c t  

a complex depositional h istory. In order fo r the work and time which 

is spent co llec ting , extracting , and analyzing pollen samples from 

stratigraphic columns to be worthwhile, extensive micro-environmental 

investigation into the factors involved in deposition in an archae­

ological structure is needed. U ntil th is  has been accomplished, those 

contemplating such pollen analysis should seriously consider the 

problems involved and results  envisioned.



CHAPTER 5

GEOLOGY, PALEONTOLOGY, AND BOTANY

The d iscip lines of geology, paleontology, and botany can be 

used to define the modern environment, to c la r i fy  palynological in te r ­

pretation, and to o ffe r  a new source o f evidence for man's re la tio n ­

ship with his natural envimoment. Consideration of the location o f 

sites and the analysis of the sources of material fo r l i t h ic  a r tifa c ts  

offers information about the relationship between the prehistoric  

inhabitants and th e ir  physical environment. Comparison of id e n ti­

fia b le  faunal remains with modern geographic and seasonal 

te rr ito r ie s  give information about possible c lim atic changes or 

seasonality of s ites . Botanical co llection  and concurrent pollen 

analysis of modern samples gives insight into the varie ty of vegetation 

in a transition  zone, changes in plant association, contiguous 

changes in the pollen ra in , and increases our knowledge of the re la ­

tionship between the vegetation and the pollen rain  in the past. 

Comparison of modern vegetation with the paleobotany of the s ite  

aids in in terpretation  of environmental changes.

Geology

One geological question to be asked when examining a s ite  is , 

why did the inhabitants s e ttle  in th is  p articu lar location? In the

130
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Miami Wash-Pinal Creek area there are three types of lo c a lit ie s  to be 

considered: terrace s ites , a h ills id e  work s ite , and sites on the tops 

h il ls .  The most logical reason fo r the placement of the terrace sites  

is that they were near areas of potential cu ltiv a tio n . This in te r ­

pretation is supported by the presence of corn pollen, which indicates 

corn plants in close proximity to the terrace s ites . There is no sign 

of a r t i f ic ia l  terracing around the small creeks or on the h i l l  slopes 

near the s ites . Each o f the natural terraces is situated 11 to 22 

meters ( circa 25 to 50 fe e t) above the floodplain . I f  the fie ld s  were 

located on the floodpla in , the Indians would be near th e ir  crops, yet 

th e ir  shelters would be high enough to escape most of the floods.

One work s ite —Shurban, Arizona V :9-63—with no sign of 

temporary or permanent shelter is  located on a h ills id e  above the 

terraces. Though some l i t h ic  debris is  present, the amount does not 

ju s t ify  designation o f the s ite  as a quarry. I t  is more l ik e ly  that 

explo itation o f the vegetal resources of the area was the primary 

reason fo r  th is  s ite  location.

The h i l l  s ite s — in comparison with the terrace s ites—are 

large, containing more than 25 rooms. They are located over a kilom­

eter from potential fields on the floodpla in , with elevational changes 

of more than 175 meters (400 fe e t) .  According to local informants, 

they are close (less than one kilometer) to springs that existed 

before the copper companies changed the water course; these springs 

would have been sources of permanent water. The only large storage 

room found during the excavation was in a h i l l  s ite . Considering both
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the s ite  locations and the excavation evidence, i t  is probable that 

the h i l l  s ites were permanent dwellings, while the terrace structures 

were b u ilt  fo r farming purposes and perhaps were only seasonally 

occupied.

Another avenue of investigation into the relationship between 

the Indians and th e ir  environment is through a comparison of the 

available raw m aterial found in the area with the material actually  

used fo r tools. This may indicate knowledge that the inhabitants 

may have had about th e ir  physical environment, give insight into  

th e ir  resourcefulness in using th is environment, and suggest possible 

trade or travel outside the area fo r exotic m ateria l. Inquiry into  

the chipped l i th ic  industry should be especially productive because 

chipped tools require special raw m aterials.

M aterials used fo r chipped tools at Miami Wash were obsidian, 

basalt, qu artz ite , indurated s ilts to n e , indurated breccia or conglo­

merate, chert, jasper and other chalcedony, and limestone. Only a 

few small tools were made from obsidian. The quartzite  used was 

reddish, gray, or black. The black quartzite  was d i f f ic u l t  to 

distinguish from the basalt and id en tifica tio n  was based on the 

shape and color of the individual grains or crystals under a hand lens 

or microscope and/or presence of o liv ine  crysta ls , which are 

frequently associated with basalt. S iltstone is an unusual material 

for chipped a r tifa c ts  because i t  is generally too soft to be 

u tiliz e d  fo r th is  purpose. This reddish-brown s ilts tone is , however, 

very well cemented, possibly metamorphosed, therefore suitable for
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chipping. The breccia or conglomerate-is, lik e  the s ilts to n e , suitable  

because of extreme induration. Though the rock was composed o f a 

matrix with single grains of gravel size or la rg e r, i t  broke across 

the grains, again indicating strong cementation or possible meta­

morphism. Few limestone a r t ifa c ts , e ither tools or flakes , were 

id e n tifie d . This may be because l i t h ic  material was washed in d ilu te  

hydrochloric acid before id e n tific a tio n  was made. Corrosion o f sur­

faces by the acid would e ffe c tiv e ly  destroy evidence of flaking or 

working.

With one possible exception a ll  of the l i t h ic  material used 

for chipped a r tifa c ts  is found lo c a lly  (see page 1 1 ). Id en tifica tio n  

of available raw material is based on Peterson (1962) and personal 

observation. Basalt flows with o liv in e  crystals (one of the tr a its  

used to distinguish basalt from black quartz ite ) are in trusive into  

the Gila conglomerate or l i e  d ire c tly  over outcroppings of dacite. 

Possible sources o f quartzite  include the Dripping Spring q u artz ite , 

which varies in color from lig h t  gray to lig h t  brownish-gray, the 

brownish-gray Troy q u artz ite , and the various quartzites in the 

Pioneer formation. The indurated s ilts to ne  is most probably a fine  

grained constituent of the Pioneer formation. The l ik e ly  source of the 

well-cemented conglomerate is  the Barnes conglomerate, which fractures  

across both pebbles and matrix (Chapter 2 ). The breccia appears to 

derive from the Troy quartz ite .

Chert, jasper and chalcedony are found in various formations. 

The Barnes conglomerate contains pebbles o f jasper and chert, and both
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the Mescal and Escabrosa limestones include nodules o f chert; the 

massive Escabrosa limestone is also a lik e ly  source fo r any lime­

stone tools made.

The source fo r the Gila conglomerate is  the outcroppings o f 

the previously formed formations. While co llecting plant samples arid 

doing prelim inary pollen sampling, I noted that large and small cobbles 

of various rock types—limestone, q u artz ite , chert, basalt, and other 

materials suitable fo r a r t ifa c ts —were eroding out of the Gila 

conglomerate. I t  is  thus possible that the Indians could have 

gathered much of th e ir  raw material a few steps from th e ir  homes.

This p o ss ib ility  lim its  the amount of information that can be gained 

from the l i t h ic  investigation,because i t  means that only general knowl­

edge o f the area was necessary fo r the co llection of material 

suitable fo r chipping, and that in most cases trade was unnecessary.

One possible source material that was not lo ca lly  obtained is  

the obsidian. Peterson (1962:37) mentions both a T e rtia ry  p e rlite  

which when fresh "is black, has luster and conchoidal fracture" and 

a "black vitrophyre" from a subsequent eruption which looks lik e  

"clearglass" in some places (Peterson 1962:40). No obsidian is  

mentioned by name and now was found in the v ic in ity  during f ie ld  

reconnaissance. Considering the small size (less than 3 by 3 cen ti­

meters) of the obsidian a r tifa c ts  i t  is  possible that the source 

was "Apache tears" from the Superior area.

The Miami Wash-Pinal Creek area offers  a varie ty  of physical 

attribu tes  including f l a t ,  watered areas suitable fo r f ie ld s , springs
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with fresh water, raw material suitable fo r chipping, locations for 

habitation sites close to the f ie ld s , and f la t  areas fo r larger s ites  

on the h i l ls .  The extensive prehistoric habitation o f th is  area was 

at least partly  due to  the physical advantages i t  offered.

Paleontology

Faunal^ remains from sites give information about the nature 

of the environment and seasonal use of areas. Discrepancies between 

modern te rr ito r ie s  and past occurrences may have environmental s ig n if­

icance..

Four of the vertebrate remains id en tified  are environmental 

indicators. Lophortyx gambelii (Gambel's quail) wich was found in 

three s ites , is  (Lowe 1964:192), "resident in a l l  areas where mesquite 

occurs, lo c a lly  higher (along foot o f Mogollon P lateau.)" Kinosternon 

sp. (mud tu r t le )  and Bufo c f . woodhousei (Woodhouse's toad) are 

associated with permanent or semi-permanent water or streams. Wood- 

house's toads are "rare ly  found a t any great distance from th e ir  

channels or floodplains" (Lowe 1964:156). A nti1 ocarpa americana 

(pronghorned antelope), an inhabitant of grasslands (Lowe 1964), is  

found a t two s ites .

The fauna—with the exception of the antelope, a highly mobile 

animal which could have wandered or been carried to the s ite s — 

indicates an environment which is lik e  that described by natives of the 

region fo r the recent past (e .q ., before the extensive modern mining 1

1. Faunal id e n tific a tio n  was done by Sparling, no date.



operations). Running water was present in Miami Wash and Pinal Creek 

most or a ll o f the year and mesquite bosques were abundant near the 

edge of the floodplain.

The examination o f seasonal indicators found in the terrace  

sites does not support the hypothesis that these sites were seasonally 

occupied. A c f. Meleagris qallopavo (possible turkey) was found a t 

Monitor. Lowe (1964) says that turkeys are usually found in forested 

areas, but descend to valleys in the w inter. Three birds—Cathartes 

aura (turkey v u ltu re ), Aquila chrysaetos (golden eag le), and 

Aphelocoma coerulescens (scrub ja y )— excavated a t Columbus are today 

found in  th is  area a t d iffe ren t seasons. The turkey vulture is more 

common in summer, the golden eagle is more common in w inter, while the 

scrub jay  "migrates across the Mogollon Plateau some autumns (Lowe 

1964:215)." Three other birds—Buteo c f. regal is (Ferruginous hawk), 

Colaptes c f. "cafer" (red-shafted f l ic k e r ) ,  and Buteo jamaicensis 

(red ta iled  hawk)--found a t Tin Horn are more common to th is  area in 

winter than a t other seasons. The tooth eruptions of the jaws of an 

inmature Odocoileus hemionus (mule deer) indicate that death occurred 

around September. The faunal evidence thus supports the supposition 

of habitation o f the terrace sites beyond spring and summer, and 

possibly year round.

Four fauna types whose presence do not coincide with th e ir  

modern d istribu tion  were found during excavation. Thomomys umbrinus 

(va lley  pocket gopher) is presently found (Lowe 1964) in the Santa 

R ita , Patagonia, Huachuca, and Pajarito  mountains in the southeast
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Sparling (no date) feels that they may be intrusive into the area.

Falco mexicanus (p ra ir ie  falcon) is now scarce (Lowe 1964), but was 

formerly more coninon. Neither c f . Vulpes vulpers (red fox) nor the 

c f. Aumospermophilous h a rr is s ii (Yuma antelope squ irre l) are mentioned 

by Lowe (1964). Their presence in the sites could e ith er be due to  

m isidentification or to correct id en tifica tio n  of species formerly 

more common in  the eastern part of the state .

Over 85 percent of the species recovered during excavation 

are found in the area today, according to Lowe (1964). The presence 

of four anomalous species could be due to minor c lim atic  changes or 

to other causes, such as a decrease in d is tribu tion  due to the 

encroachment of man into th e ir  natural te r r ito r ie s  or to human trans­

port. Faunal evidence on the whole does not support any obvious 

clim atic or environmental s h if t .

Botanical and Modern Pollen Rain Analysis

Plant collections and plant transects correlated with sampling 

of the surface pollen rain  were made fo r the following reasons:

(1) in order to make potential ethnobotanical comparisons which might 

indicate environmental or c lim atic change, i t  is necessary to know the 

varie ty  o f vegetation in the area of the s ite s , (2) I wished to learn  

about plant associations in a tran s itio na l zone, and (3) fo r better 

in terpretation  o f the archaeological pollen samples, i t  is  necessary 

to study the variation o f re la t iv e  frequencies of the modern pollen 

and th e ir  relationship with plant associations.
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To study the va rie ty  of vegetation near the sites in the 

time a llo tte d , plants were.collected on the surfaces of sites before 

excavation, near the s ite s , and as part of transect plots across 

Miami Wash and Pinal Creek. The composite l i s t  thus created is not 

to ta lly  representative o f the flo ra  which p o ten tia lly  could be in the 

area, because the winter and spring rains were below average, thereby 

reducing the number and varie ty  of spring and early summer annuals. 

Plants were id en tified  by Caryl L. Busman and the author (marked by * ) .  

They are alphabetized according to whether they are herbaceous or 

woodyJ

Herbs: *A llio n ia  incarnate (S tand i.) Standi.
Ambrosia sp.

* Amaranthus palmeri Wats.
*Arqemone sp.
* Artem isia ?
Arristida ?

*Asclepius asperula (Decne.) Woodson 
A trip lex  c f . canescens (Pursh.) Nutt. 
Baccharis sarothroides Gray 
Berbesina encelioides (not in Kearney 
B ric k e llia  sp. ?

* Bromus ruHens L.
Chenopodium sp.

* Cirsium sp.
Croton texensis (Klotzsch) Muell, Art. 

*Cucurbita c f . foetidissima H.B.K. 1
* Datura sp,

Encelia frutescens Gray 
*Eriastrum diffusum (Gray) Mason 

Eriogonum sp.
Eriogonum trichopes Torr. 

*Erodium cicutariiim ~(L.)  L'Her

T ra ilin g  four-o 'clock  
Ragweed 
Careless weed 
P rickly  poppy 
Sage
Three awn grass 
Milkweed 
Saltbush 
Desert-broom 

and Peebles)

Brome grass
Goosefoot
Th is tle
Dove-weed
Buffalo-gourd
Thorn apple

Wild-buckwheat
Wild-buckwheat

1. The designation o f herbaceous or woody was based on Kearney 
and Peebles (1960) with seven exceptions. A trip le x , Baccharis, Encelia, 
Hymenoclean, Menddora, T r ix is , and Zinnia are woody plants, but th e ir  
pollen is considered to be non-arboreal.
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*Euphorbia sp.
* Erysiuni capita turn (Dougl.) Greene 

c f. Festuca octoflora ? Walt. 
G utierrezia sarothrae (Pursh.) B r it t .  
— Rusby
G utierrezia microcephala ( DC.) Gray 

(IT. Sarothrae varTlnicrocephal a 
Haplopappus g ra c ilis  (N u tt.) Gray 

* Hymenoclea sp.
Menodora scabra Gray 

*Mentzelia sp.
* PenstemoF parryi Gray 

c f. Perezia W rightii Gray 
* Phacelia sp.
* Psoralea‘ tenu iflo ra  Pursh.
*Rumex sp.
* Salvia sp.
*Solanum c f . Xanti Gray 
* Sphaeralcea sp.

StephanomeFia pauciflora (T o rr.) A. 
T rix is  ca lifo rn ica  Kellogg 

*21nnia pumila Gray

Spurge
Western wallflow er 
Fescue grass 
Snakeweed

Snakeweed 
L. Benson)

Burro-brush

Scruf-pea
Dock
Mint
Nightshade 
Globe-mallow 

Nels Stickweed

Woody: *Acacia constricta Benth.
Acacia qregii Gray 

*Berberis sp.
*Caesalpinia b i l l i e s i i  Wall 

Calliandra eriophylla Benth. 
Calliandra sp.
Canotia holacantha Torr. 

*Cercocarpus betuloides Nutt.

Cercidium floridum Benth.
Condalia lycioides (Gray) Webert. 

*Dasylirion wheefiri Wats.*
Ephedra sp.
Ephedra tr ifu rc a  Torr.

*Ferocactus c f . W izlizeni (Engelm.)
B r i t t ,  and Rose 

Juniperus ?
*Juniperus c f . osteosperma (T o rr .) 

L i t t le
Krameria c f . lanceolata Torr. 
Krameria parv iflo ra  Benth.
Mimosa c f . biuncifera Benth. 

*Nicotiana glauca Graham 
No! ina sp.
Opuntia c f. engelmanii Salm-Dyck 

*Qpuntia c f . phaecantfiaTEngelm

White-thorn 
Catclaw
Barberry, holly grape 
Bird-of-paradise flower 
Flase mesquite

"Paloverde"
B irch -lea f mountain 

mahogany 
Blue t>alo verde 
Gray thorn 
Sotol

J o in t - f ir  
Barrel cactus

Juniper 
Utah juniper

Ratany
Ratany
Wait-a-minute 
Tree tobacco 
Tree tobacco 
Prickly-Pear 
Prickly-Pear
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Opuntia sp.
Opuntia c f . spinosior (Englem and 

B ig e l.) Tourney
* Opuntia c f . Whippelei Englem, and Bigel 
*  Po pu1u s fremontii Wa t s .
* m)sopis ju l i f lo r a  (Swartz) DC 

Quercus spl
Quercus c f . tu rb ine!la  

* Rhus tr ilo b a ta  Nutt.
* Sa1ix sp.

Sapindus saponaria L. var. drummondii 
* Simmondsia chinensis (L in k .) Schneid. 
* Tamarix pentandra P a ll .
*Typha sp.

Yucca baccatta Torr. ???

Cholla

Choila 
Cottonwood 
Common mesquite 
Oak 
Oak
Squaw bush 
Willow 
Soapberry 
Jojoba

C atta il 
Da t i l

Four o f the plants on the l i s t —Caesalpinia, Bromiis rubens, 

Nicotiana, and Tamarix—are not native to Arizona (Kearney and 

Peebles 1960). Of the remaining plants, a wide varie ty  of both 

herbaceous and woody types, many of which have been used during 

historic  times by Indians, are present (Castetter and Underhill 1935; 

Whiting 1939). Some other herbs, especially grasses, are present in 

the area, but the specimens were dry when collected and lack features 

necessary fo r id e n tific a tio n .

The varie ty  o f woody plants, ranging from cacti to mesquite 

to juniper, indicates an equally wide range of environments. D ifferent 

environments are often correlated with d iffe re n t plant groups or plant 

associations.

Are there any plant associations a t Miami Wash, and, i f  so 

in what environment do they occur and what e ffe c t do they have on the 

pollen rain? From personal experience I hypothesize th a t, due to 

changing elevation, differences in exposure to sunlight and the pres­

ence of the floodplain, d iffe re n t plant associations are variations
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occur across the va lley . Specific differences include concentration 

of mesquite near the floodplain , more mesic plants on the north 

facing slopes, and a dominance of desert vegetation on the south and 

southeast facing slopes.

Method

Location of p lo ts . Two transects with a to ta l of nineteen 

plots were planned with consideration toward proximity to archaeolog­

ical sites and to differences in elevation, aspect, slope, and valley  

size , a ll  of which should produce plant varia tio n . A varie ty  of 

vegetation is more l ik e ly  to contain plants which might have been 

used by the Indians (Chapter 4 ) , to be useful in comparing changes in 

pollen with changes in vegetation, and to provide more complete in fo r­

mation about the vegetation in the transition  zone. Transect AC 

(ten plots) crosses the northern section o f the floodplain below the 

junction o f Miami Wash and Pinal Creek. Transect B (nine plots) crosses 

the valley of Miami Wash and a smaller valley east of Miami Wash.

Plot s ize . O rig in a lly  I had planned to determine an ideal 

plot size which would ensure maximum varie ty of vegetation with 

minimal p lot s ize (Solomon, personal communication). This is  done by 

starting with a square o f a given size , counting a ll occurring types 

within i t ,  doubling the side o f the square, counting new types, un til 

few or no new types occur. I f  graphed, the relationship  between 

size and number of new plant types per plot would appear as follows:
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142

I started with a p lo t 2 by 2 meters, which contained 6 

d iffe ren t species of plants. Each time the plot size doubled, 2 or 3 

new plants were added. When the p lo t size was doubled 5 times and 

was 16 by 16 meters, one new varie ty  was added. I f  the dimensions 

had been fu rther enlarged, i t  would not have been possible to com­

plete a ll the plots in the time a l1 owed. Some varie ty  was sacrificed  

because of the time fac to r; how much is  not known. However, i t  might 

be d i f f ic u lt  to have the ideal curve as discussed previously because 

of the varie ty  of vegetation found in a l l  o f the p lots , i . e . , each 

time the plot is enlarged new plants are added.

In Transect A, Plot 1A was located on the side of a promon­

tory above Shurban (Arizona V :9:63). Because Shurban was thought 

to be a food collecting s ite , i t  was necessary to know what vegetation 

occurred on the h ills id e . Plots 2A and 3A were located near Shurban 

and Columbus (Arizona V:9:57) respectively. Plot 4A was located 

across the-floodplain between the modern stream channel and the mesquite 

bosques progressively fu rther northeast o f the floodplain. Plot 7A 

was located in the low h ills  northeast of the floodplain on top of a 

northwest facing terrace. One more p lo t, 8A, was located in the low 

h ills  further northeast of 7A.



A second leg o f Transect A west of Pinal Creek was added, with 

plots 1C and 2C located, respectively, above and around Refugia. 

Visually , Refugia (Arizona V :9:59), had a vegetation d is tin c t from 

that of other locations on the west side of the creeks, and 

accordingly more information was desired.

Transect B was located east of Runway, across the Miami Wash 

floodplain to the low east facing h i l ls  on the other side. The plot 

locations chosen included two h illto p s —Plot IB , circa 800 meters east 

of Runway, and 3B, circa 300 meters east of Runway—three east-facing  

h ills id es  (Plots 2B, 8B, and 9B), one va lley  (P lo t 5B), a floodplain  

(P lo t 7B), and Runway Ruin i t s e l f  (P lo t 6B). The vegetation in each 

plot is presented in Table 11.

Data

The predominant herbs id en tified  are Compositae—p a rticu la rly  

G u tierriz ia  sarothrae—and various grasses. Chenopodiaceae are locally  

abundant. Woody plants are lo ca lly  dominant, though a few types of 

trees are found in numerous plots. Acacia spp., p a rtic u la rly  A. 

constric ta , are not only lo c a lly  abundant, but are also almost 

ubiquitous, being absent from only two plots. Prosopis ju l i f lo r a  

is also found in many plots. Woody plants which are dominant in  

specific plots are DasyTirion w heeleri, Condalia lyc io ides, Krameria 

spp., Quercus sp ., and Mimosa c f . b iuncifera . Juniperus sp. and 

Canotia holocantha rare ly  occur in any p lo t.

The plant associations appear to be dependent on three envi­

ronmental conditions: the a ttitu d e  of the slope, the elevation and the
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Plant # Individuals %

Plot IB, northeast facing slope, elevation circa 1045

Table IT . V ege ta tion  in  T ransect P lo ts

Cirsium sp. 1
Compositae: Gutierr zia sarothrae 1, 3

and others
Gramineae: A ristida sp. 
Sphaeralcea sp.

and others
2

Unknown 1 11

Cercocarpus betuloides 6
Dasylirion wheeleri 6
Nolina sp. 4
Quercus sp. 3

Plot 2A, northeast facing slope, elevation circa 1015

Baileya m ultiradiata 70 
Euphorbia sp. 2 
Gramineae
Gutierrezia sarothrae 71 
cf. Perezia w riq h tii 2 
Solanum c f. xanti 9 
Sphaeralcea sp. 6 
Unknown 4 36 
Zinnia pumila 1

Acacia constricta 20
A. g reg if 5
Condalia lycioides 1
Juniperus c f . osteosperma 1
Prosopis ju l i f lo r a  2

Ground Cover 

meters (3425 f t . )

30-40%

meters (3325 f t . )  

25%
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Table IT . V e g e t a t i o n  i n  T r a n s e c t  P l o t s ,  c o n t .

Plant

Plot 3A, northeast facing terrace, 
(3300 fe e t)

Eriastrum diffusutn 
Gramineae: Festuca sp. and others 
Gutierrezia sarothrae 
cf. Perezia w righ tn  
Sphaeralcea sp.
Unknown 3 
Unknown 4

Acacia constricta  
A. gregii 
Mammillaria sp.
Prosopis ju l i f lo r a

# Individuals % Ground Cover 

elevation circa 1005 meters

1
circa 50%

82
1
4
1
1

9
16
1
4

Plot 4A, east of floodplain , elevation circa 975 meters (3200 feet)

5%
5-10%

Acacia g re g ii; 4 
Caesalpinia q i l l ie s i i  1 
Condalia lycioides 3 
Mimosa c f . biuncifera 1 
Prosopis ju l i f lo r a  1

Compositae
Erodium circutarium
Gramineae

10

Gutierrezia w rig h tii 2
Mentzelia sp. 6
Salvia sp. 2
Solanum c f. xanti 1
Unknown 4 5
Unknown 6 4
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Table 11 . V e g e t a t i o n  i n  T r a n s e c t  P l o t s ,  c o n t .

Plant # In d iv id u a ls  % Ground Cover

Plot 5A, bosque east o f floodpla in , elevation circa 985 meters 
(3225 fe e t)

Compositae 
Crucifera
Eriastrum diffusum 
Erodium cicutarium  
Solanum c f. x a n t i" 
Unknown 4 
Unknown 9

11
1
1

13
1
1

Acacia constricta 2 
A. gregii' 2 
Caesalpinia g i l l ie s i i  5 
Prosopis ju l i f lo r a  11 
Sambucus c f. neoroexicana 1

Plot 6A, bosque east o f floodplain , elevation circa 990 meters 
(3250 fe e t)

Arqemone sp. 1
Gramineae circa 1-2%
Mentzelia sp. 2
Solanum c f. xanti 1
Unknown A circa 5%
Unknown 0 1%
Unknown K 1%
Unknown L 1%
Unknown M 1%

Acacia constricta 5
Prosopis ju l i f lo r a 16
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T a b l e  1 1 . V e g e t a t i o n  i n  T r a n s e c t  P l o t s ,  c o n t .

Plant # In d iv id u a ls  % Ground . Cover

Plot 7A, west facing slope, terrace top, elevation circa 1005 
meters (3300 fe e t)

A ll ionia incarnata 1
Eriastrum dilffusum
Gutierrezia sarothrae circa 50
Penstemon p a rry ii 1
Sphaeralcea sp. 2
Unknown 14 20

Acacia constricta 7
A. g re g ii . 2
Berberis sp. 2
Calliandra sp. 6
Condalia lycioides 1
Dasylirion wheeleri 3
Krameria sp. 8
Nolina sp. 8
Opuntia c f. enqelmanii 1
Prosopis ju l i f lo r a 6
Quercus sp. 6
Rhus tr ilo b a ta 4

1%

Plot 8A, southwest facing slope, 
1020 meters (3340 fe e t)

broad v a lle y , elevation circa

c f . Encelia frutescens 1
Gramineae: Bromus rubens 1%

ftr is tid a  sp. 15%
others 33%

Gutierrezia sarothrae 35
c f. Menodora scabra 1
Acacia constricta 9
Berberis sp. 2
Canotia holocantha 
Simmondsia cn mens is

1
4

“Yucca baccata ??? 6



Table 11 .. V e g e ta t io n  in  T r a n s e c t  P lo t s ,  c o n t .

Plant # Individuals % Ground Cover

Plot 1C, east facing, steep slope. elevation circa 1070 meters
(3500 fe e t)

Euphorbia sp. 5
Gramineae: Bromus rubens 1%

A ristida sp. 4%
Others 7%

c f . Perezia w riq h tii 1
Sphaeralcea sp. 4

Calliandra sp. 2%
Canotia holocantha 1
Dasylirion wheeleri 5
Ephedra sp. 1 .
Prosopis ju l i f lo r a 1
Simmondsia chinensis 25

'

Plot 2C, east facing terrace top. elevation circa 1020 meters
(3350 fe e t)

Gramineae: Bromus rubens circa 1%
Festuca sp. U
Others 5%

Guterrezia sarothrae 34

Acacia constricta 4
A. greggii 10
Berberis sp. 3
Canotia holocantha 6
Condalia lycioides 2
Ferocactus c f. w iz lizen i 1
Juniperus c f . utahensis 2
Prosopis ju l i f lo r a 5
Simmondsia chinensis 7
Yucca sp. 1



149

Table 11 . V e g e ta t io n  in  T r a n s e c t  P lo t s ,  c o n t .

Plant # Individuals % Ground Cover

Plot IB , west facing slope, f l a t  area, elevation circa 1130 meters 
(3700 fe e t)

Artemisia ?
Mentzelia sp.
Psora!ea tenuiflora  
Stephanomeria pauciflora

3
15
10
4

Trix is  ca lifo rn ica  
Unknown 9B

9

Acacia constricta 2
Cercidium floridum 14
Dasylirion wheeleri 15
Kromeria c f. lanceolata 11
Krameria sp. 5
Nolina sp. 2

Plot 2B, steep va lley , east facing slope, elevation circa 1110 meters 
(3650 fe e t)

Ambrosia sp.
Baccharis sarothroides 10
B rik e llia  sp. 3
Eriogonum sp. 2
Unknown 9 8

Acacia constricta 2
Calliandra sp. 1
Canotia holocantha 1
Cercidium floridum 1
Dasylirion wheeleri 24
Prosopis ju l i f lo r a 2
Sapindus saponaria

n

circa 1%
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Table 1 1 . V e g e ta t io n  in  T r a n s e c t  P lo t s ,  c o n t .

Plant # In d iv id u a ls  % Ground Cover

Plot 3B, top of h i l l ,  elevation circa 1135 meters (3725 feet)

c f. Ambrosia sp. 29
Baccharis c f. sarothroides 2
Compositae 2
Erioqonum sp. 3
Gutierrezia sarothrae 1
Menodora scabra ' 23
Psora!ea tenu iflo ra  4

Acacia constricta 1
Calliandra sp. 21
Dasylirion wheeleri 17
Ephedra tr ifu rc a  5
Krameria sp. 2
Mammillaria sp. 2
Nolina sp. 3
Opuntia c f . engelmanii 2
0_. c f. spinosior 2
Sapindus saponaria var. drummondii 30.

Plot 4B, west facing slope, elevation circa 1050 meters (3450 fe e t)

Artemisia ?
Eriastrum diffusum 
Gutierrezia microcephala 
Menodora scabra 
Sphaeralcea sp.

Acacia constricta  
Calliandra erioph'ylla 
Krameria c f . lanceolata 
Krameria sp.
Opuntia engelmanii 
0. c f. spinosior 
Prosopis ju l i f lo r a

circa 5%
10
22
1
6

29
6
1
1

circa 5%
1
3



Table H .  V e g e ta t io n  in  T r a n s e c t  P l o t s , c o n t .

Plant # Individuals % Ground Cover

Plot 5B, narrow va lley  east of Runway Ruin, elevation circa 1030
meters (3375 fe e t) 

Compositae 22
Encelia frutescens 5
Eriastrum diffusum 1%
Erysium capitatus 6
Gramineae: Brumus sp. 1%
Gutierrezia sarothrae 40
Phacelia sp. 1
Sphaeralcea sp. 2
Unknown 16 11
Zinnia pumila 2

Acacia constricta 23
A. gregqii 2
Berberis sp. 1
Calliandra sp. 1
Condalia lycioides 1
Dasyliirion wheeleri 1
Opuntia enqelmanii 1%
0. c f . spinosior 8
Prosopis ju l i f lo r a 2
Quercus sp. 3
Rhus trilo b a ta 2
Yucca sp. 4

Plot 6B, Runway Ruin, west facing terrace top,elevation circa  
1035 meters (3400 fee t)

Eriastrum diffusum 
Eriogonum trichopes 
Erodium sp. 
Gutierrezia sarothrae 
Phacelia sp.

c i rca 2%
18

circa 1% 
circa 20% 

1%

Acacia constricta 20
Opuntia c f . phaecantha 1
0. c f. spinosior 7
0. whipplei ? 2
Prosopis ju l i f lo r a  2
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Table 11 . V e g e ta t io n  in  T r a n s e c t  P lo t s ,  c o n t .

Plant # Individuals % Ground Cover

Plot 7B, Mesquite bosque, elevation circa 990 meters (3250 feet)

2
1

35-40%
1/2%

1%

A trip lex  c f . canescens 
Berbesina encelioides ? 
Chenopodium sp 
Croton texensis 
Gramineae
Happlopappus g ra c ilis  
Hymenoclea sp.
Mentzel ia~sp.
Solanum c f. xanti

Acacia constricta  
A. qreqqii"
Condalia lycioides  
Prosopis ju l i f lo r a

Menodora scabra

Acacia qreqqii 
Berberis sp.
Krameria parv iflo ra  
Prosopis ju l i f lo r a "  
Quercus c f. tu rb ine lla

4
2
3
15

2
7
3
15

circa 1010 meters (3300 fe e t)

1

6
2
29
3
15

Plot 8B, east facing slope, elevation

Plot 9B, east facing slope, elevation circa 1020 meters (3350 fe e t)

Baccharis c f. sarothroides 1

Acacia constricta 1
A. greqgiT 1
Berberis sp. 1
Mimosa c f . biuncifera 45
Quercus sp. 8
Rhus tr ilo b a ta  3
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topography. The more mesic vegetation is found on northeast-, east- 

and north-facing slopes a t elevations above 1130 meters (3700 fe e t) .  

Drier environments occur a t lower elevations on southwest- and west­

facing slopes. In addition, the shape of the va lley , ( i . e . ,  broad or 

narrow) must be considered because the narrow valleys o ffe r  more shade 

and produce more mesic vegetation than do open slopes with a s im ilar  

elevation and a lt itu d e .

In terpretation

From the plant associations centain indicators of micro-envi­

ronmental conditions can be discerned. Juniperus sp., Canotia 

holocantha, Dasylirion wheeleri, Cercocarpus betuloides, Quercus sp ., 

and Berberis sp. indicate more mesic conditions, though Juniperus 

sp. and Canotia holocantha seem to demand the most specialized of these 

environments. Abundant Prosopis ju l i f lo r a  is associated with bosques 

near floodplains, and abundant Mimosa c f. biuncifera with specialized  

conditions of unknown parameters. Acacias are predominant on the 

d rie r west- and south-west facing slopes a t elevations less than 1035 

meters (3400 fe e t) , but are also found in almost every micro­

environment, as are the cac ti; th is  was the most surprising development 

of the plant association study. The indicators fo r p o ten tia lly  dry con­

ditions are not as obvious as those fo r the cooler, moister conditions.

In comparing these results with the hypothesis and predictions, 

i t  can be seen that the f i r s t  two predictions—that mesquite w ill 

maximize on the floodplains and more mesic plants lik e  juniper w ill 

be found on north facing slopes—are supported, but the th ird
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prediction—that d rie r, more d esert-like  vegetation appears on the 

south- and west-facing slopes— is not supported. The vegetation on 

these slopes is indeed d iffe re n t, but the de fin itio n  o f "desert-like  

vegetation" is  not specific  enough. Acacia spp. is found in a varie ty  

of locations, and though cacti are prevalent on south- and west-facing 

slopes, they are present in other areas as w ell.

Pollen Rain

Several general predictions concerning variation in the pollen 

rain  associated with changing environments are based on previous 

studies of a s im ilar nature. Hevly, Mehringer and Yocum (1965), in a 

10 mile transect with 20 stations extending from the top of a desert 

peak near Tucson, Arizona to the center of a v a lle y , found differences 

of: cheno-ams (maximum frequency minus minimum frequency), 76.5 per­

cent; low-spine Compositae (Ambrosia-type and Asterae-typ e ), 71 

percent; Gramineae, 33 percent; and high-spine Compositae (Asterae- 

type and Helianthus-type), 28.25 percent. Arboreal differences were 

much lower: Simmondsia, 13.25 percent; Quercus, 61.75 percent; Ephedra, 

2.2 percent; Juniperus, ! .25 percent; and Acacia-Mimosa-Krameria, 0.5 

percent. Because the r e l ie f  in the Miami Wash area was less than the 

1130 meters ( circa 2800 fe e t) in the desert transect, the difference  

in re la tiv e  frequencies should probably be subdued. The frequencies 

of herbaceous pollen types w ill  vary more than the frequencies of 

woody pollen types. Cheno-ams and Ambrosia-type w ill  reach maximum 

frequencies near and on the floodplains. Animal-pollinated types, both
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arboreal and non-arboreal, w ill be high in transect plots which con­

tain the contributing plants.

Additional predictions o f pollen rain variation can be made 

by examining the plant transects themselves. One would expect wind- 

pollinated types (such as Ambrosia-type) which occur in many transects 

to be consistently high (> 10 percent), while those which occur less 

frequently, lik e  Gramineae and cheno-ams, to be variable, but s t i l l  

present in the background. Of the six woody plants which dominate the 

area or are lo c a lly  abundant, only Quercus sp. is wind-pollinated.and  

therefore everpresent in the background, though lo ca lly  abundant. 

Because the other arboreal types are anim al-pollinated, th e ir  re la tiv e  

frequencies w ill not be greater than 10 percent and probably closer to 

2 percent. Pollen of Juniperus and Ephedra spp., both wind-pollinated, 

should contribute to the background ra in  and w ill be high, though not 

dominant, where the plants are present.

In comparing the re la tiv e  frequencies of the pollen samples 

with the vegetation, some predictions are f u l f i l le d ,  although 

differences from what was expected also occur (Table 12). Animal- 

pollinated herbs are not well represented in the pollen rain ; Of the 

wind-pollinated types. Ambrosia-type pollen is present in a ll  samples 

and generally higher frequencies occur with greater numbers of plants. 

Asterae-type frequencies are much lower than Ambrosia-type and there 

is l i t t l e  apparent association with the numbers of plants. In one 

case, 70 Baileya plants are associated with less than 2 percent

Asterae-type pollen. Data are in Table and 13 and Figure 5.



Table 12. P o lle n  Counts from  P la n t T ransec ts , Miami Wash, A rizona
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Table 12. P o llen  Counts from P la n t T ra n se c ts , Miami Wash, A rizona , c o n t

Provenience
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Table 13. P o lle n  Counts from Surface Samples, Miami Wash, A rizona
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Table IS  P o llen  Counts from  Surface Samples, Miami Wash, A rizona , c o n t .
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Table  13. P o llen  Counts from Surface Samples, Miami Wash, A rizona , c o n t
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Table 13. P o lle n  Counts from  Surface Samples, Miami Wash, A rizo n a , c o n t .
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south of 
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north o f 
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Table 13. P o llen  Counts from  Surface Samples, Miami Wash, A rizona , c o n t .

Provience
74-3-9-1,180 meters 
north o f Tinhorn
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fd
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74-5-9-2,180 meters 
south o f Tinhorn 

74-5-9-4,180 meters 
north o f Tinhorn 

74-5-9-5 , along 
game t r a i l ,
Shurban

74-5-9-6,180 meters 
south of 
Columbus

74-5-9-7,180 meters 
west o f Columbus 

74-5-9-8,180 meters 
north of 
Columbus

+ +

1 +

1 1
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Table 13. P o lle n  Counts from  Surface Samples, Miami Wash, A r iz o n a ,

Provience
74-5-8-5,180 meters 

east o f M u lti­
grade

74-5-8-4,180 meters 
south of M u lti­
grade

74-5-8-5 ,90 meters 
west o f Monitor 

74-5-8—6, 180 meters 
south of Monitor 

74-5-8-7 , 180 meters 
east o f Monitor 

74-5-8-8,180 meters 
north of Monitor 

74-5-8-12,180 meters 
south o f Refugia 

74-5-8-12,180 meters 
east of Refugia 

74-5-8-14,180 meters 
north o f Refugia
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The association of re la tiv e  frequencies of grass pollen with 

the presence of grasses is  not consistent. An instance of 50 percent 

ground cover is associated with 4 percent pollen, 33 percent ground 

cover with 16.5 percent pollen, and zero plants with 11 percent pollen. 

This lack of association might be due to dry conditions during the 

collection year.

This same clim atic factor might also have affected the cheno- 

am pollen/plant association. The maximum amount of pollen, 80 percent, 

correlates with no id en tified  cheno-am type plants. However, the 

next highest re la tiv e  frequency is associated with the highest number 

of id en tified  plants.

Of the woody plants, Quercus is well represented in the re la tiv e  

pollen frequencies and its  association with id en tified  plants is  

generally consistent. A maximum frequency o f 46.5 percent is associated 

with the most plants, 15, id en tified  in a single p lo t. Other f re ­

quencies also correlate with plant occurrence, with the exception of 

one plot 15 percent Quercus pollen was found but no oak trees were 

id en tified .

Acacia pollen was found in a ll  but two p lo ts , but its  asso­

cia tion  is not consistent; 5 percent pollen occurs with 25 plants and 

< 2 percent with 29 plants. Due to the lack of close association 

between pollen and plants and the ubiquitous nature of the plants. 

Acacia pollen does not seem to be a good microenvironmental indicator.

Canotia pollen is ra re , as are the p lants , and the correlation  

is  not absolute. Six plants were associated with 2 percent pollen and 

1 plant with both 3 percent and 0 percent pollen.
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C eltis  is an oddity in the pollen ra in /p lan t association, in 

that i t  occurs in eight pollen samples but hackberry plants were not 

id en tified  in any plots.

A Cere idiurn pollen maximum of 4 percent occurred with the 

maximum of 14 palo-vefde plants, but a small quantity of pollen, 2 

percent, was found with zero plants.

Ephedra-type associations are not c lear. Eleven transects con­

tained Ephedra pollen, but no associated plants. Seven plants were 

found with < 2  percent pollen and 5 plants with 2 percent and <2 

percent pollen.

Juniperus pollen appears in the count of a l l  19 samples, but 

the plant is present in only two plots associated with 13.5 percent 

and 5.5 percent pollen, respectively.

Krameria sp. was found in 5 pilots with 1 to 29 plants, but 

was not associated with any pollen in these p lots. A frequency of 

< 2 percent Krameria pollen did occur, however, in a p lot with no 

id en tified  plants.

One o f the best correlations between re la tiv e  pollen frequency 

and associated plants is that o f the family L iliaceae. A maximum of 

33 percent pollen was associated with a maximum of 24 plants. Twenty- 

one percent pollen correlates with 20 plants, 11 percent with 5 plants, 

and 10 percent with 17 plants. From the data, one could predict that 

i f  greater than 2 percent L iliaceae pollen is found, then the 

associated plants w ill  be present.
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Another anim al-pollinated plant which produced surprisingly  

large amounts o f pollen associated with numerous plants is Mimosa.

The highest frequency, 16.5 percent, was found in a plot with 45 plants. 

The next highest frequency, < 2 percent, was in a p lo t without Mimosa. 

One s ite  contained a single p lan t, but no associated pollen.

Though pine plants were not id en tified  in any p lo t, a pollen 

frequency of less than 10 percent pine pollen occurs in a ll  samples.

Pine is found in the higher mountains surrounding the area, and the 

a b il ity  of pine to f lo a t for some distance in a i r  is  well known 

(Faegri and Iversen 1950).

The association o f Prosopis pollen with plants is inconsistent. 

Fifteen plants correlate with < 2 percent pollen; a high of 13.5 

percent pollen is found with fiv e  plants. Three plots which have zero 

mesquite plants have < 2 percent pollen, and 10 plots which have 

mesquite trees have no mesquite pollen. Higher frequencies of Prosopis 

pollen ( > 5 percent) appear to indicate the presence of the trees, but 

lack of the pollen cannot be construed as negative evidence.

Simmondsia po llen /p lant association is s im ilar to that o f 

Prosopis in the lack o f a c lear co rre la tio n , but in the opposite 

manner. A maximum of 18 percent pollen is associated with a maximum 

of 25 plants, but 7 plants were found with <"2 percent pollen and zero 

plants with 8.5  percent pollen. In a l l ,  11 samples had re la tiv e  pollen 

frequencies ranging from 0 to 8.5 percent with no associated plants.

What conclusions can be drawn concerning the hypotheses and 

predictions? F irs t , the magnitude o f the differences (maximum frequency
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minus mimimum frequency) for re la tiv e  frequencies of the herbs is  

reduced from Ambrosia-type and Gramineae, but increased fo r cheno-ams. 

Cheno-am pollen does, however, indicate proximity to the floodplain. 

Whether th is is  due to a difference in available water, disturbance, or 

alkaline soil is not known. Ambrosia-type pollen dominates the 

herbaceous pollen on both northeast- and west-facing slopes, and is  

lowest in frequency on and near the floodplain. I t  is not indicative  

of any particu lar microenvironment, except that i t  is not found in 

abundance on floodplains. M artin's (1963) supposition that cheno-am 

pollen indicates a low water table and Compositae pollen a high water 

table is not supported by the evidence at Miami Wash. Both types are 

present in close proximity to each other, but high cheno-ams are 

found on the active floodplain and high Compositae on the adjacent 

slopes. Though the Miami Wash-Pinal Creek system is not presently 

flowing, springs and vegetation indicate a t least localized high water 

tables under the floodplain. E ffective prec ip itation  must be nearly 

equal for both types of p lants, and might be even greater fo r the cheno 

a ms, since the drainage would be into the r iv e r  bed. I fee l that the 

dependent variable in the environment is not available moisture, but 

disturbance. In disturbed ground in the transitiona l zone, the growth 

of cheno-am type plants is  favored over that of Compositaes. Evidence 

in th is  study is suggestive, but not d e fin itiv e .

The association of woody plants and th e ir  respective pollen 

d iffe rs  from prediction. Though the frequencies of the individual 

types—with the exception of Quereus—vary less than the frequencies 

of the dominant herbaceous plants, they are not subdued when compared
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with the study in the Sonoran Desert (Hevly e t a ! . 1965). The 

difference (over 44.5 percent) between the maximum and miminum pollen 

frequencies o f Quercus is second only to cheno-ams. Liliaceae d iffe rs  

by 33 percent, Simmondsia by 18 percent, Prosopis by 13.5 percent, 

Juniperus by more than 11.5 percent, Pinus by 8 percent, Acacia by 

5 percent, and C eltis  by 3.5 percent.

Positive correlation between plant presence and pollen f r e ­

quencies is also less than predicted. Twenty types have pollen 

associated with plant presence, but only eight have plant and pollen 

maxima in the same plots. The correlation is higher fo r Iwoody types 

(12) than fo r herbaceous types (8 ) . This is probably due to the growth 

of fewer annuals caused by lower winter p rec ip ita tio n , and also to the 

season in which the collections were made.

The fin a l prediction of low variation  of arboreal types in the 

background count is not valid  fo r th is  area; th is is true not only of 

wind-pollinated types lik e  Quercus, but also of animal-pollinated  

types lik e  Liliaceae. I believe th is  is due mainly to the variation  

in microenvironments, which produces widely d iffe re n t plant associa­

tions both in terms of quantity and varie ty  o f vegetation, i . e . , th is  

is indeed a Transition zone.

Conclusions

The modern pollen rain  and vegetational associations are com­

plicated by microenvironmental conditions. In general, there is no 

constant background of arboreal pollen types, but rather a pre­

dominance of w ind-pollinated types. Individual anim al-pollinated
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pollen types are lo c a lly  abundant. The major feature of the pollen 

rain is the v a r ia b ili ty  of the frequencies, re fle c tin g  the d ivers ity  

of the environment.

Ethnobotany and Modern Plants

Eight o f the twenty plants id en tified  (Hall no date) from the 

excavation o f  the sites (Table 14) were not found in the survey of 

modern plants. These were Abies c f. concolor. Anemone tuberosa.

C eltis  re tic u la ta , Cleome seru lata, Dodonaea viscosa, Lotus sp .,

Lupinus sp ., and Portulaca s p ., and Quercus qambelli. Of these, Lotus 

might not have been present because of the low precip itation  during the 

collection year. A ll of the plants with the exception of Abies could 

be found in the environments present in the area today. As stated in 

Chapter 4 (p. 7 6 ) ,the nearest Abies is presently found in higher 

mountains approximately 16 kilometers (10 miles) from the Miami Wash 

area. Its  presence in one s ite  is not evidence fo r environmental or 

clim atic change, but is  best explained as cultural introduction, 

especially since Abies pollen was only found in that one structure. 

Other proposed cu ltural pollen types supported by the ethnobotanical 

evidence are L iliaceae , L iq u liflo ra e , and cheno-ams. Pollen found 

in s ite  samples but not proposed as cultural types include C e lt is , c f. 

Cleome, c f. Condalia, Dodonaea, Erodium-type, Juniperus, Leguminosae, 

Prosopis, Gramineae, and Quercus.

Comparison of the plants found in the excavation of the s ite  

with the modern co llection  and the pollen record shows l i t t l e  evidence 

for environmental or c lim atic  change.



Table 14. Plants Recovered and Id en tified  from the Miami Wash 
Project (a fte r  Hall,no date)

S c ien tific  Name Common Name Pollen Type

Abies c f. concolor White f i r Abies
Agave sp. Mescal Liliaceae
Amaranthus sp. Pigweed Cheno-am
Anemone tuberosa Wind-flower Rannunculaceae
C eltis  re tic u la ta Netleaf hackberry C e ltis
Cirsium sp. Th is tle L igu l{flo rae
Cleome Serrulata Rocky Mountain 

beeweed
Cleome

Condalia lycioides Gray thorn Condalia
Cuburbita feotidissima Buffalo-gourd Cucurbita
Dodonaea viscosa Hopbush Dodonaea
Erodium texanum Heron-bill Erodium-type
Juniperus monosperma One-seed juniper Juniperus
Lotus sp. Deer-vetch Leguminosae
Lupinus sp. Lupine Leguminosae
Portulaca sp. Purslane Portulacaceae
Prosopis ju l i f lo r a Mesquite Prosopis
Setaria sp. B ris tle  grass Gramineae
Spheralcea sp. Globe-mallow Malvaceae
Quercus qambelii Gambel 's oak Quercus
Yucca sp. Yucca Liliaceae



CHAPTER 6

CONCLUSIONS

The in i t ia l  goals of th is  study, as established in the in tro ­

duction, were: (1) to te s t the v a lid ity  of using palynology in 

archaeological s ites in the arid  Southwest fo r cu ltural and environ­

mental in terpretations; (2) to examine the modern geological and 

botanical environment in order to compare and amplify the archaeo­

logical and palynological in terpretations; and (3) to define the 

ecological relationships of the prehistoric inhabitants of the Miami 

Wash-Pinal Creek ares with th e ir  environment. The success o f th is  

study obviously depends upon achievement o f these goals.

An additional goal of any research is to amplify present 

knowledge in the d isc ip lin e . This study contributes to  environmental 

analysis in Southwestern archaeology in four areas: (1) i t  describes 

pollen sampling methods in d e ta il, explaining both practical tech'-, 

niques and th e ir  theoretical basis: (2) i t  examines previously untested 

hypotheses upon which prior investigations were based; (3) i t  in tro ­

duces a technique, sediment size analysis, which,though not new to 

geology, has not previously been used in conjunction with pollen 

analysis; and (4) i t  examines the modern pollen rain  in association 

with plant communities in order to enhance environmental in terpre­

tations of archaeological s ites .
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Goal s

One primary goal was to tes t the application of pollen 

analysis to the in terpretation  of cu ltural use and introduction of 

plants. Previous studies such as that by H i l l  and Hevly (1968) 

assumed that plants were introduced by man and based interpretations of 

function and age of archaeological structures on that assumption. No 

attempt was made in  these studies to predict pollen types or percentages. 

In th is study predictions of pollen types—based on prio r ethnobotanical 

analysis (Bohrer 1962)—and o f re la tiv e  frequencies o f pollen wich 

would define cultural types are made. Interpretations are based on 

comparison among pollen samples in specific cu ltural contexts and with 

pollen pro files  in modern surface samples. The data confirm the value 

of pollen analysis for the in terpretation of cultural introduction and 

use o f plants.

Another goal was to tes t the v a lid ity  o f making pre- and post­

abandonment evironmental in terpretations based on pollen samples 

collected in an area which man had occupied and therefore disturbed.

Two questions are involved here: (1) can the s ite  environment during 

occupation be interpreted from pollen samples found on house floors; 

and (2) can the s ite  environment a fte r  occupation be interpreted from 

pollen samples deposited in the sediment which f i l le d  the houses a fte r  

abandonment? Prior studies (H il l  and Hevly 1968, Schoenwetter 1962, 

1965, 1970) assumed both questions to be true.

The hypothesis of th is  study was that pollen deposited during 

occupation re fle c ts  a disturbed environment rather than a natural
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one. The pollen spectra from the sites studied support th is  pre­

diction. In order to in terp re t the natural environment from such 

samples, a means o f characterizing and compensating for th is  d is ­

turbance factor must be found. At the present time no such means is  

available.

The next hypothesis was th at the pollen in a stratigraphic  

column does not prim arily re f le c t  c lim atic  change. The data support 

th is  hypothesis and suggest that microenvironmental investigation of 

sediment deposition on house floors is needed. A stratigraphic  

technique, sediment size analysis, was introduced as a possible inde­

pendent indicator of environment. Comparison with the pollen samples, 

however, produced inconclusive resu lts , suggesting that more empirical 

research is necessary.

The question o f whether pollen analysis of stratigraphic  

columns is worthwhile may ju s t if ia b ly  be posed. Collection, extraction, 

and analysis of eight sediment samples from a short stratigraphic  

column may take over fo rty  research hours. Is the information gained 

worth the cost in time and money? There is no easy answer. I am con­

vinced by th is  study that i t  is  not possible to in terp re t pollen in 

stratigraphic columns based on single, universal variab le; nor should 

samples be analyzed simply to find out what is  in them. I would 

suggest, instead, two directions in which to proceed. The f i r s t  

involves the formulation of specific  questions and predictions about 

each column, questions such as "was th is  a food processing area?" 

coupled with the prediction that " I f  th is  was a food processing area
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then high frequencies of (a stated) cultural pollen w ill be present 

near flo o r le v e l."  The second direction ca lls  for extensive micro­

environmental investigation of the mechanisms which a ffec t deposition 

on house floors . Though each flo o r to some extent represents an 

individual s itu a tio n , i t  is possible that given some lim ita tio n s , 

parameters of the variables could be established. Both of the above 

directions w ill require continual communication among the investigators  

involved. Such communication would be, perhaps, the principal co n tri­

bution of such investigations.

The second goal was the examination o f the geological and 

vegetal environment and th e ir  comparison with the archaeological and 

palynological in terpreta tions. Geologically, the area offers land 

suitable fo r c u ltiv a tio n , permanent water, habitation locations, and 

raw material for l i t h ic  implements. The vegetal resources re fle c t a 

diverse environment, one not easily  defined in.terms of specific plant 

associations. Pollen samples were collected in conjunction with the 

plant transects in order to determine the extent of local and regional 

pollen contribution. The wide varie ty  of pollen types and pollen 

frequencies indicates that the local contribution is considerable. A 

comparison of the modern surface pollen ra in  with the archaeological 

samples and the plant co llection with the flo ta tio n  specimens* in d i­

cates that the vegetation was probably as diverse then as i t  is now. 

The varie ty  of plant groups and pollen rain  makes in terpretation  of 

pollen frequencies from pre- and post-abandonment samples even more 

d i f f ic u l t ,  because i t  means that the samples re fle c t very lim ited
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areas. Changes in pollen rain in one area over time could re fle c t  

microenvironmental varia tion  due to minor channeling or sediment 

deposition, or natural vegetational changes associated with plants 

growing, maturing, and dying, and then being replaced by other plants, 

rather than regional environmental or c lim atic changes.

As stated in the introduction, i t  is doubtful whether the 

th ird  goal, a d e fin itio n  o f the ecological relationship of the Salados 

with th e ir  environment is , or w ill ever be, possible, but some hypo­

theses concerning th is  relationship can be made.

The tran s itio n  zone o f the Globe-Mi ami area presented an 

unusual variety o f f lo r a l , faunal, and geological a ttrib u tes . The 

vegetation included plants found in higher northern climes, as well as 

those occurring in lower, more southern deserts. The gathering 

potential was thus greater than in e ither clime alone, with a supply 

of grain amaranths, composites, acorns, buckthorn, c a c ti, and other 

plants eas ily  ava ilab le , as well as more mesic plants lik e  f i r  at 

higher elevations, w ithin walking distance. Moreover, not only were 

these potential resources present, they were demonstrably exploited as 

is indicated by both the pollen analysis and the flo ta tio n  samples.

The physical environment o f the area also presented a varied 

poten tia l. Floodplains, with perennial streams and/or natural 

springs, ensured the inhabitants su ffic ie n t water fo r personal use 

and for farming. Terraces and mesa tops provided space fo r small-  

and large-scale dwellings, and there was an abundance of suitable  

raw material fo r chipped l i t h ic  tools. <



I t  is easy to  see what the environment offered the prehistoric  

inhabitants of th is  area. I t  is  more d i f f ic u lt  to define how that 

environment affected the people and how the people affected the 

environment. One unknown variable is population density. How many 

people occupied the area a t any one time? By personal observation, the 

Globe-Miami area contains many large and small s ite s , few of which 

have been s c ie n tif ic a lly  excavated. Were any of these sites contempo­

raneous? How many? When? At the present time i t  is impossible to 

answer these questions.

Considering the particu lar sites studied, how did th e ir  

inhabitants a ffec t th e ir  micro-environment? From the evidence of the 

pollen samples, i t  appears that abundant weed-type plants grew near 

sites while they were inhabited. There was probably l i t t l e  vegetation 

within the s ites themselves due to clearing of brush and ground packed 

hard by d a ily  t r a f f ic ,  but a dense c irc le  o f Palmer's amaranths and 

other "weeds" probably grew around the perimeter of the s ite s . These 

plants may have melded into the natural vegetation fu rther (about 30 

meters) from the s ite . The gathering of wood fo r fuel would have 

affected an even larger undefined area.-

The f in a l ,  h itherto unspoken question concerning the ecology 

of the Salados is ,  why did they abandon the area? This same question 

has been asked o f every early  culture in the Southwest, and a con­

vincing answer fo r e ith er the Salados or fo r the other groups, has yet 

to be found.
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The ecology of any single organism is a complex study. The 

ecology of a people, especially an extinct cu ltu re , is of greater com­

p lex ity . In order to study the ecological relationship o f a culture 

to its  environment, that environment must be well known, and well 

defined. And in order to define i t ,  the tools and techniques used 

must be tested and honed to a fine  degree of precision and accuracy.

In answer to Butzer's question, "are we re a lly  trying?" I would answer, 

"yes, we are try in g , but perhaps too hard." We have been trying to 

tes t hypotheses without knowing whether or not our assumptions and 

hence our techniques fo r testing these hypotheses are va lid . I f  

cultural ecology is to achieve its  goal, i t  must be based upon sound 

knowledge of the environment o f the past, and th is  knowledge is  

impossible without sound methods based upon assumptions v e rifie d  by 

empirical testing .

Three o f the four orig inal contributions of th is  study have 

been discussed. The fourth contribution—the how and why of sample 

co llec tion— is , to me, one of the major contributions. Id e a lly , the 

palynologist should be present during any pollen sample co llec tion . 

This is not usually possible. Archaeologists often ask palynologists 

how samples should be taken; how many are necessary; and where should 

they be located? A reasonable response is ,  "Why do you want to take 

pollen samples?" Once th is  question is addressed i t  is  possible to 

make some generalizations about specific aspects of pollen sampling.

A general understanding of the basis fo r sample collection w ill  better 

enable the archaeologist to formulate questions fo r each specific  

excavation.
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Heretofore I have mainly discussed the findings of my in ­

vestigations and th e ir  specific contributions to knowledge in the 

d isc ip line . But perhaps the greatest value o f th is  work derives from 

the process which was used to a rrive  at these findings. My p a r t ic i­

pation as an environmental sc ien tis t began in the formative phases of 

the excavation and continued with an active role in the excavation and 

f ie ld  analyses. The in terpretation  o f the findings was enhanced by 

further discussion and communication with the archaeologists. The 

rewards of th is process have been m ultip le . Not only has archaeolog­

ical and environmental knowledge been increased, but there has been 

increased comprehension by the investigators of mutual and individual 

problems. This comprehension has been of obvious benefit to th is  

p articu lar investigation, and w ill continue to benefit any future  

investigation.



APPENDIX A1

POLLEN ANALYSIS AT USHKLISH

In 1972, I conducted a pollen study a t Ushklish, a Hohokam 

s ite  in Tonto Basin, Arizona. The hypothesis for the analysis was 

that one sample per archaeological structure does not re f le c t the 

average pollen ra in  in that structure or in the s ite  and is therefore 

not su ffic ie n t fo r accurate in terpretation  of the environment, e ither  

cultural or natural. To test that hypothesis two or more samples from 

areas of the same flo o r were analyzed and tested, using a chi square 

test (p. ) .  The s ta tis tic a l te s t was applied to the Compositae,

cheno ams, and "a ll other types" in the samples of each structure.

Nine houses—2, 3 , 5, 7, 8 , 9, 10, 11, and 12—were included in the 

study. Houses 1 and 6 were excluded because one of the samples from 

each structure was collected from under an a r t ifa c t  and was therefore  

inherently biased. The following table gives the calculated chi 

square value fo r the samples in each house:

House X
no

2 . 2.313
3 1.440
5 19.064
7 4.451
8 4.145
9 16.901

10 33.572
11 0.067
12 11.219

1. From Lytle-Webb in press.
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The sets of samples from houses 5, 9, 10, and 12 were s ig n ifican tly  

d iffe ren t a t the 0.05 level o f significance. Houses 9 and 10 were 

especially notable, in that one sample from each house was high in 

Compositae pollen and low in cheno-am pollen and the other sample was 

high in cheno-am pollen and low in Compositae. >In e ith er case, 

opposing interpretations could have been made i f  only one sample had 

been analyzed.

I t  is obvious from th is  study that a single sample from a 

flo o r is not su ffic ie n t fo r in terpreta tion . How many samples are 

necessary is not known. At the present time some experimentation is  

necessary. Theoretica lly , however, a composite sample which includes 

pollen from many points should be acceptable as re fle c tin g  the pollen 

rain  over the whole flo o r.



APPENDIX B

POLLEN ANALYSES OF CONTEMPORARY INDIAN VILLAGES AND FIELDS

With the help of Dr. Bernard Fontana (Department o f Anthro­

pology, University of Arizona), samples were taken from structures in 

the Papago villages surrounding San Xavier Mission on the floodplain  

of the Santa Cruz River southwest of Tucson, Arizona. The native  

vegetation is  a typical lower Sonoran creosotebush-bursage community. 

Near the roads and v illages saltbush (A trip!ex s p .), careless weed 

(Amaranthus palmeri) and Russian th is t le  (Salsola k a li)  are common. 

Dense mesquite th ickets ( Prosopis ju l i f lo r a )  grow close to the r iv e r  

bed. Introduced plants in and around the villages include sa lt cedar 

(Tamarix pentandra) and Aleppo &ine ( Pinus halepensis) .

For the pollen study, three samples were collected from 

occupied houses (two from one house), one each from two abandoned 

houses, one from a storage room, four from areas around one house, one 

from a nearby cotton f ie ld ,  and one from beneath a ramada. Floor 

samples were taken by sweeping large parts of the rooms with wisk 

brooms in order to obtain enough material fo r analysis and to produce 

composite samples. Samples outside of houses were also composite 

samples, collected by combining trowel tips of d ir t  taken in a c irc le  

as described by Hevly et a l . (1965). The general lo c a lity  of the 

mission is becoming urbanized; a freeway transects the reservation and 

the mission is bordered by residentia l subdivisions on three sides.

I t  was therefore not possible to take a control sample which would
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re f le c t an undisturbed environment. The control sample used is from 

"Modern Pollen Rain in the Sonoran Desert" (Hevly e t a l . 1965). The 

sample consists of two pollen spectra (19 and 20) from a floodplain  

in the Avra Valley, circa 10 miles northwest of San Xavier. There is 

a p o ss ib ility  fo r error in comparing th is control with the v illag e  

samples, but the results of the comparison are so dramatic that the . 

implications are inescapable. In a l l  but one area, the samples from 

San Xavier contained over 20 percent more cheno-ams than did the 

control sample. Around Tucson, plants which contribute cheno-am type 

pollen to the pollen rain  are those which are favored by disturbance. 

They include careless weed and saltbush which, as previously mentioned, 

are found near roads and houses on the mission.

Another study which supports an increase in pollen from 

disturbance plants which grow near inhabited areas involves a com­

parison of f ie ld  samples from the f ie ld s . In the spring of 1974,

Drs. Allen Solomon and Gerald Kelso and I analyzed samples from 

nineteenth and twentieth century fie ld s  near Tesuque and Nambe Pueblos, 

north of Santa Fe, New Mexico. In almost a ll cases the percentage of 

non-arboreal (disturbance) pollen was much greater in the f ie ld  samples 

than in the control samples (up to 47 percent a t both Nambe and Tesuque 

Pueblos), In no instance was the ra tio  of arboreal pollen to non- 

aboreal pollen greater in the f ie ld  samples than in the control 

samples fo r e ither pueblo.
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Fig.5  PO LLEN FROM P L A N T  TR A N S E C TS , MIAMI WASH, ARIZONA
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Fig. 2 P O LLE N  IN FLOOR S A M P LE S , MIAMI W ASH, ARIZONA
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Fig.6  PO LLEN  FROM STR ATIG R APH IC  COLUMNS, MIAMI W ASH, ARIZONA
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F ig .7  PO LLEN  AND SEDIMENT PARTICLE SIZE FROM STRATIGRAPHIC COLUMNS, MIAMI W ASH, ARIZONA
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Fig. 8  P O LLE N  FROM SURFACE S AM PLES, MIAMI W ASH, ARIZONA
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