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English Abstract. Research reported here is based on the stabl e isotope

(d**C, d**N) and radi ocarbon chemistry of Fremont burials fromwetlands
lining the eastern shores of the Great Salt Lake (GSL). Bone coll agen
stabl e i sotope signatures covary with reliance on mai ze and i ntake of
animal protein, facilitating useful reconstructions of past diet. Anpbng
the GSL Frenont, econonic strategies vary over tinme with an initial
increase in reliance on nmaize (A D. 400-850) followed by a period of

mar ked economi ¢ diversity (A D 850-1150) then a return to reliance on
wild foods (after A D. 1150). During the period of greatest econonic
diversity, male and female diets vary significantly and nale diets are
correlated with status differences evidenced by grave goods. There is
al so a clear tenporal correlation between the rapid abandonnent of naize
agriculture and significant noisture anonmalies in regional tree ring
chronol ogi es and pollen profiles. These results are discussed in the
context of recent argunents regardi ng econom ¢ diversity, social

conplexity and the dem se of the Frenont.
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Spani sh Abstract. Los estudios que estan regi strados aqui estan

formul ados de | os iso6topos stables (d®C, d®N) y radi ocarbono quinica de
|l os entierros de los pantano del orilla este del Lago Sal ado. E
proteina de | os huesos de | os isOtopos estables canbia de acuerdo con |a
cantidad de naize y proteina ani mal a que estaba disponible, haciendo
posi bl e averiguar |os dietos del pasado. Entre |los Frenont de Lago

Sal ado | as estrategi as econoni cas canbian con tienpo dependiente en |a
aunet aci 6n de mai ze (A D. 400-850) y despues una diversidad econm ca
(A.D. 850-1150) y de alli un regreso a |las comidas silvestres (despues
de A D. 1150). Durante el periodo de |a nayor diversidad, |as com das
de los honbres y de las mujeres varian nucho y | o que com eron | os
honbres tiene nmucho que ver con su estado social nostrado con | o que se
encuentra en |las tunbas. Tanbien hay una correl aci 6n tenporal entre e
abandonami ento del senbrar nmaize y el registro de los anillos de |os
arbol es yel perfil polen. Se habla de estos resultados en un contexto
respecto a |la diversidad econom ca, conplexidad social, y el fin de |los

Frenont .
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On Septenber 18, 1776, the Domi nquez-Escal ante expedition crossed
the northern Col orado Plateau at the foot of the U nta Muntains in
northeastern Utah. Father Escal ante nmade the followi ng entry in his
journal: "W continued upstreamalong the (Rio de San Cosne [Duchesne
River]), and after going west one | eague we saw ruins near it of a very
anci ent pueblo where there were fragnents of stones for grinding mize,
of jars, and pots of clay. The pueblo's shape was circular, as
i ndi cated by the ruins now al nost conpletely in nmounds" (Warner
1976: 47). Father Escal ante had cone upon a Frenont residential site.

The Frenmont cultivated maize in the eastern Great Basin and on the
northern Col orado Pl at eau between ca. A D. 400- 1350 (Jennings 1978)
practicing subsistence strategies difficult to characterize with a
uniformset of traits (see Janetski 1998; Madsen 1989; Madsen and Si mrs
1998; Marwitt 1980; Spangler 1995). Fifty years after Morss (1931)

recorded the first Fremont site, Marwitt (1980:9, 12) wote:

It is a striking but sad fact that the many man-years that
we and others have spent in the field and the | aboratory,
and the hundreds of thousands of dollars of other peoples’
noney expended by archeol ogi sts in studying the Frenont have
so far produced very little in the way of agreenent on the
nature of the prehistoric phenonena we have been dealing
with.. W cannot agree on cultural origins, chronology, the
ki nd and ampunt of internal cultural variation, subsistence
and | and-use patterns, external cultural relations, or the
ultimate fate of the human societies we are studying. Nor
do we even have a standard ternminology for the cultural
conplex we are investigating. These are all fundanental
requi renments for coherent archeol ogi cal reconstruction

Two decades have brought significant progress. |In particular Sinms has

argued for economic or “adaptive” diversity (Sinmms 1986, 1990; Sinms and
Bright 1997); work in Cear Creek Canyon has drawn attention to Frenont

soci al conplexity (Janetski 1998; Janetski and Tal bot 1995: 363-382) and

the denise of Frenont farmi ng has been extensively debated (Bettinger

1994; Bettinger and Baunmhoff 1982; Madsen and Rhode 1994; Sinms 1983,
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1990, 1994; Young and Bettinger 1992). Nonethel ess, the issues Marwitt
rai sed are not resolved, those surroundi ng the abandonment of farming in
particular; and work cited above rai ses an additional set of questions
regarding the relationship between econom c diversity and soci al
conplexity. Here we use the isotope signatures of dated burials from
the Great Salt Lake (GSL) wetlands to explore the tenporal relationship
bet ween reliance on nai ze, gender and soci o-econonic status. The GSL
nortuary assenblage is well-suited for this purpose since it spans the
transition fromnmaize farmng to foraging and represents a | ocal Frenont
popul ation with unexpectedly high | evels of social and econonic
conpl exity.
The Fremont Archaeol ogical Compl ex

The Frenont conplex is comonly distinguished from precedi ng
Archai ¢ and subsequent Late Prehistoric foragers by material culture,
settlenent pattern and site structure. Stone balls and bone and stone
gam ng pi eces, deer-hock noccasins (A kens 1970:103-109) and unfired
trapezoi dal figurines (Jennings 1978) are unique to the Frenont.
Ceramics are prinmarily plain grayware but may include painted bl ack-on-
gray and occasional red varieties as well as corrugated and incised
styl es (Jennings 1978). One-rod-and-bundl e basketry is typica
(Adovasi o 1980). G ound stone is pervasive and the bow and arrow was in
use fromthe begi nning of the Frenont era (see Madsen and Sinms 1998 for
areview). Frenont residential sites cluster at 1500- 1800 m on all uvi al
fans and streamterraces along the eastern G eat Basin/northern Col orado
Plateau rim (Figure 1). They are conmonly |ocated in sage/ pi nyon-
juni per transition zones, on deep alluvial soils, where valleys grade

into upland foraging areas and the frost-free season approxi mates 120
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days (Lindsay 1986: Figure 3; Tal bot 1995). The Frenont al so farned
above wetl ands north and east of the GSL (A kens 1966, 1967; Fawcett and
Simrs 1993; Fry and Dall ey 1979; Shields and Dalley 1968; Sinms et al
1991), at Baker and Garrison, two well-watered drai nages al ong the
central Ut ah/Nevada border (Tayl or 1954; W/ de and Soper 1999), in the
U nta Basin (Anbl er 1966a, b; Spangler 1995), on the Tavaputs Pl ateau
(Spangl er 1995) and al ong Green and Col orado Ri ver drai nages (see
Spangl er 1995; Tal bot 1995 for reviews).

Limted aerial exposure and early enphasis on artifact collection
led to the inference that Frenmont farm ng bases were typically small,
politically isolated conmunities of fewer than six co-occupied pit
houses and | ess than 25-30 residents (Jenning 1978; Samobns-Lohse 1981
see also G| man 1987).

There is very little evidence that the basic unit of |abor
and subsistence activity superseded the household itself or
that political, religious or social functions integrated
t hese househol ds consistently... [T]he recurring Frenont
community pattern was the small, self-sufficient household
unit consisting of one to three dwelling structures, and
associ ated storage facilities, hearths, pits, and outdoor
wor k areas (Sammons-Lohse 1981:135).

Larger, nmore conplex sites were thought to be rare, often attributed to
reoccupation of the sanme |ocation by one or two households (e.g., Madsen
1989: 31; Sammons- Lohse 1981:134). Sammons-Lohse nicely summari zes
conventional views on Frenont social conplexity; however, recent work in
Cl ear Creek Canyon (Figure 1) suggests that these views are an
oversinplification (Janetski and Tal bot 1995: 363-382; Tal bot 1995: 295-
330). After ca. AD 900 in well-watered | ocations al ong the
Basi n/ Pl ateau rim di spersed househol ds appear allied with |arger
popul ati on centers sone with cerenonial structures and conmunal storage

(Tal bot 1995). Five Finger Ridge in Cear Creek Canyon neets the
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criteria for a population center with a jacal “integrative” structure,
spatially aligned, above-ground storage features and 37 pit houses, half
of which were occupi ed between A . D. 1250- 1300 (Janetski 1998: 42-43;
Tal bot 1995: 295-330; Tal bot et al. 1995, Vol. 4). Janetski and Tal bot
(1995: 365) conclude that during the nain occupation “several groupings
of closely affiliated househol ds..are apparent” and suggest “these supra-
househol d groups were united as a conunity under sone form of
controlling sociopolitical organization.” Nawthis Village (Metcalfe
1984: 30) appears to neet these criteria as well with nore than 50
structures grouped to suggest "intra-site spatial organization nay be
much nore conplex than the sinple spatial isolation of household units"
(Jones and Metcal fe 1981:25). 1In 1872 a nenmber of the U S. Geographi ca
Survey sighted 400-500 nounds in the Parowan Vall ey, nost plowed over by
the turn of the century (Judd 1926). Brigham Young's (1851) estimated
of 120 nounds is nore conservative (cited in Tal bot 1995:313); yet
either report calls into question the argunent that individual Frenont
househol ds functi oned as autononous political units. Surface adobe
structures al so appear late in the Frenont sequence, sone with nulti-
room fl oorpl ans renini scent of Anasazi room bl ocks (Nawthis Vill age
[ Metcal fe 1984]; Baker [WIde 1992; WIde and Soper 1999]; Garrison
[ Tayl or 1954]; Round Spring at Hogan Pass [Metcalf et al. 1993]; see
al so Worm ngton 1955).
Fremont Subsistence Strategies

In 1924 Kidder |abeled Utah the “Northern Periphery” (Kidder
1927:489). By inplication the Frenont derived froma Sout hwest culture
base but exhibited |l ess social conplexity and relied nore on wild foods

than the Anasazi. After World War 1Il, Frenont archaeol ogy becane
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distinct fromwork in the Southwest resulting in devel opnment of a | oca
par adi gm t hat consi dered the Frenont an indi genous devel opnent and

di vided the study area into five regional variants based prinmarily on
material culture (Anbler 1966b; Marwitt 1970). Maize agriculture was a
defining elenent of all but the GSL variant (Marwitt 1970:147). This
view persisted until the md-1970s when flotati on and pal ynol ogy

techni ques were introduced. As researchers began to recover diverse
assenbl ages of wild plant and pollen taxa fromresidential bases (e.g.
Met cal fe 1984), they questioned the inportance of mmize. |In particular
at Backhoe Village on the Sevier River, pollen profiles rich in cattai
(Typha latifolia) and sparse in nmize |led to the conclusion that
wet | ands resources supported riparian village settlenents in the eastern
Great Basin (Madsen 1979, 1982; Madsen and Lindsay 1977). More
recently, Sims (1986; Sims and Bright 1997) has nmde a conpelling
argunent for adaptive diversity contendi ng that Frenont groups practiced
fluid subsistence strategies contingent upon |ocal conditions. Sone
relied heavily on naize while others were | ess invested in farm ng and
sonme lived on wild foods. A recent stable isotope study with burials
fromresidential sites outside the GSL Basin, herein designated the
“village” study, shows that sanpled Frenont relied as heavily on maize
as aboriginal farners at Mesa Verde, CO Pecos Pueblo, NM or
Grasshopper Pueblo, AZ (Table 1), (Coltrain 1993, 1997; Coltrain and
Stafford 1999). However, the Frenont “village” sanple is snmall (n=13),
conprised of individuals fromresidential sites or salvage sites with
residential mdden, and nmay not represent the full range of Frenont
econonmic activities south of the GSL Basin.

Demise of the Fremont
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An equal |y | ong-standi ng debate focuses on the wi de-spread
abandonnent of Frenont farming sites between A D. 1150-1350. Sone argue
t hat Numi c- speaki ng foragers from Death Vall ey expanded north and east
across the Great Basin after A D. 1000 (see Madsen and Rhode 1994 for
reviews). Allegedly practicing nore efficient foraging strategi es and
equi pped with seed-beaters which increased yields, the Numa were thought
to have out-conpeted the Frenont, replacing or absorbing them (Bettinger
1994; Bettinger and Baunmhoff 1982; Young and Bettinger 1992). The Numc
expansi on hypot hesis derives fromlinguistic evidence for the relatively
recent arrival of Num c-speaking people in the study area (Fow er and
Fow er 1972; Lanb 1958; MIler 1966; MIller et al. 1971; but see Goss
1977; Shaul 1986) and is supported by argunments regarding the econom cs
of food acquisition and mechanics of popul ati on replacenment as noted
above. Yet, tenporal estinmates of l|inguistic divergence are not well -
substantiated (Lanb 1958; see al so Grayson 1994; Sinm 1983; Thonas
1994); Numic speakers may have been present in the western Great Basin
as early as 5000 B.P. Correlations between material culture and
linguistic affiliation are also unclear (G ayson 1994; Sinms 1994; but
see Adovasi o and Pedl er 1994; Reed 1994) and the archaeol ogi cal record
nmtigates against the notion that Frenont economic strategies were
uni form across the region and thus woul d have been unifornmly inpacted by
Num ¢ expansi on (Sinmms 1990).

An alternative hypothesis for the abandonnment of farning appeals
to deteriorating clinmate and was proposed as early as the 1950s (Hunt
1953; Rudy 1953; Wormi ngton 1955). Thirty years later, Lindsay (1986)
showed that Frenont farm ng bases were located at a relatively uniform

el evation and argued that the Frenont were bal anci ng avail abl e noi sture
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agai nst an adequate frost-free season. Gven this pattern, he reasoned
that reduced summer noisture and a shortened grow ng season forced the
Frenmont to abandon agriculture. Although Lindsay’'s argunent was fl awed
by circularity, it has been supported by two nore recent pal ynol ogi ca
studi es (Newran 1988, 1996). These indicate Frenont naize agriculture
coincided with a relatively brief period of elevated tenperature and

i ncreased grow ng-season noisture resulting fromthe intrusion of sunmer
nonsoons northwest of their historic boundary, coincident with the

Medi eval Warm Period (Broecker 2001; Stine 1994; Witlock and Bartlein
1993). Janetski (1994) presents a lucid discussion of these issues,
argui ng that a nosaic of econom c strategies existed along the eastern
Great Basin rimnorth of Utah Lake. Each would have been affected
differently by decreasing sunmer noisture at the end of the Medi eva
Warm Period, presenting a varied set of opportunities for foragers on

t he periphery to occupy Frenont farning sites.

In sum although the Frenont have been recogni zed as an
archaeol ogi cal conplex for nmore than half a century, researchers do not
fully understand the nature or extent of Fremont social or econonic
conplexity nor are they in agreement regardi ng the abandonnent of
farm ng. The Frenont conplex engaged in a lengthy but ultimtely
unsuccessful experinment with aboriginal nmaize farming at its el evationa
and drought-tolerance limts |eaving what has proven to be a confusing
material record

The Great Salt Wetlands Mortuary Assenbl age

Prior to European contact, extensive wetlands |lined the eastern

margi ns of the GSL from Salt Lake City north to Brigham City. Hundreds

of archaeol ogi cal sites have been recorded in the wetlands. The GSL
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buri al assenbl age contains 86 individuals recovered in the early 1990s
fromstate |ands i mediately south of Wllard Bay (Figure 3).
Excavati on and osteol ogi cal anal yses of the collection are reported in
detail elsewhere (Fawcett and Sims 1993; Owsley et al. 1996; Sinms
1993; Simms et al. 1991). Fifty burials were accel erator radi ocarbon
dat ed and anal yzed for stable carbon and nitrogen isotopes (Coltrain
1997, 2001; Coltrain and Stafford 1999). The renmining 36 were either
too fragnentary or degraded for analysis. The study also includes four
burials fromWIIlard (42BO30) and Warren Munds (42BOr6) inmedi ately
east of the wetlands and three individuals froma salvage site in the
Jordan River delta (42SL197) (Figure 2). Here we briefly review
wet | ands skel etal pathol ogies; simlar data on Warren, Wl lard and
42SL197 burials are not available. This is followed by a very brief
description of WIllard Munds and 42SL197, a nore detail ed account of
wet |l ands site structure and a review of other Frenont sites in the GSL
wet | ands. Warren Mound was never fornally excavated.
Wetlands Skeletal Pathologies

Skel etal pathol ogi es were evident in 40 of 86 individuals
recovered fromthe wetlands (Table 3; Bright and Lovel and 1999; Fawcett
and Sims 1993; Owsley et al. 1996; Sinms et al. 1991). Degenerative
joint disease was common in adults over 30 and extrene dental wear was
observed in adults over 40 and a subset of younger individuals. Mastoid
i nfections were preval ent and evidence of nutritional stress was conmnon.
Transverse |ines were evident on the |ong bones of 23 individuals; three
subadults exhibited cribra orbitalia and enanel hypopl asia was present
in four cases. Altogether 33 percent of the skeletal population

exhi bited one or nore synmptons of nutritional stress. (Note also, the
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latter two conditions are |likely underrepresented since |less than half
the collection was recovered with crania.) Eight individuals suffered
stress related or traunmatic injuries.
Wetlands Site Structure

Early in the last century Judd (1917:119) wote, “The nounds stil
visible at WIllard have been nuch plowed over.. O the dozen or nore
nounds noted twenty years ago..only one remained in the spring of 1915 in
a conparatively undi sturbed condition.” He exposed a circular pit
structure with wooden support nenbers and interior hearth, faunal bone,
plain and corrugated ceramcs, Uah netates and lithics "comobn to
nearly all prehistoric sites in the Sout hwest" (Judd 1917:119-120).
Twenty-five years earlier MaGuire had coll ected “considerabl e
quantities” of mmize fromthe site for the Col unbi an Exposition (Judd
1926:5). 42SL197 burials were recovered from backhoe fill at a
construction site along a relic channel in the Jordan River delta. Fil
associated with the renmins contained ceranic sherds, a nano and netate,
wor ked bone and bi son (Bison bison), deer (Odocoileus hemionus), nuskrat
(Ondatra zibethicus), waterfow , and fish renmains (Schmitt et al. 1994).

The GSL nortuary collection was excavated during the spring and
sumer of 1990, fall of 1992 and early sumer of 1993, after the |ake
receded to 4203 feet froma record high-stand of 4212 feet reached in
1987 (Figure 2). Receding floodwaters stripped vegetati on and eroded
soils along the | ake's shall ow eastern shoreline creating a desiccated
mud flat scattered with artifacts and human renmai ns exposed to
weat hering and vandalism Sites were visible as dense, raised
aggregates of organic waste and site density approached 30 per square

mle (Simms et al. 1991:26). Repeated epi sodes of erosion made anal ysis
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of burial contexts difficult. Wth one notable exception discussed

bel ow (42WB324), individuals appear to have been interred singly in
shallow pits with fewif any grave goods.' Myst burials were associated
with tenmporary canpsites identified by storage or refuse pits,

bl ackened, shallow activity areas, ash stains, postholes, extranural
hearths and m dden. Artifact assenblages were primarily surface finds,
charred and uncharred shell and faunal bone, projectile points fromboth
the Frenont and Late Prehistoric periods and | arge assenbl ages of lithic
debris, ground stone, worked bone, ceramnmic sherds and canp rock
transported from hi gher el evati ons.

In striking contrast to epheneral canpsites, 42WB324 (Figure 3)
contai ned 11 individuals resting on or i mediately above an ashy | ens of
burned bulrush 4.5 min diameter. The effects of erosion nade it
difficult to reconstruct burial events; however the earliest dates to
A.D. 668, the nost recent to A D. 1127, and early and |l ate burials do
not overlap at 2 sigma (Table 2). Equally striking are nunmerous grave
goods recovered fromthe |ower stratumof the site, one conplete and one
fragmentary projectile point, bifaces, scrapers, lithic debitage, ground
stone, bison horn, and worked bone: awls, fish hooks and gam ng pieces
(Simms et al. 1991:44-52). Excavators found no evidence for structures,
hearths or storage facilities (Sims et al. 1991: 44-50).

An additional 11 burials were recovered fromthree sites with
structural conmponents. The southeast corner of 42WB32 (Figure 3), the
nost thoroughly investigated of the three, contained a shallow pit house
with interior, adobe-rinmred hearth and evidence for a surface structure
with wattl e-and-daub foundation (Sinmms et al. 1991; Fawcett and Si mrs

1993). This section of the site lines the eastern bank of relic Injun
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Creek and is slightly higher in elevation than use areas lying to the
west closer to the | ake (Fawcett and Sims 1993: Figure 22). A large
faunal collection was dom nated by nuskrat, |large mamual s, fish and
medi um si zed waterfowl . Mst were neither burned nor displayed cut

mar ks; but nunerous nuskrat and bird | ong-bone shafts had been broken
for marrow (Fawcett and Sims 1993:209). Pit structures in outline were
visible at 42WB48 (Sims et al. 1991:29); and 42WB185 has evi dence for a
substantial structure in the form of adobe bl ocks enbossed with | og

i npressions 10 cmin dianeter (Sims et al. 1991: 33).

In the md-1960s A kens (1966) excavated a cluster of 17 | ow
nounds approxi mately 1.3 km south of 42WB32, al so al ong the eastern bank
of Injun Creek. He identified several storage/refuse pits and
extramural hearths, three “pole and nud” structures (A kens 1966: 15) and
a rectangul ar, surface adobe storage unit. A kens (1966:14) argued that
I njun Creek was occupi ed year-round by Frenont "horticulturist-hunters"
who subsi sted on nmi ze, wetlands plants and snall and | arge nmamal s.

Al t hough no plant materials were recovered, given the preval ence of
ground stone he concluded that maize had been grown on or near the site.
Six relatively undisturbed burials, four with grave goods (sherds, bone
beads, and ground stone) were al so recovered.

Bear River 1 and 2 (Ai kens 1966, 1967), the Knoll site and the
Levee site’s early conponent (A D. 400-1000) (Fry and Dalley 1979) are
simlar to Injun Creek (Figure 2). The |ate conmponent at Levee contains
three rectangul ar, adobe-walled pit houses, hearths and subfl oor
storage. At Bear River 3, namize and six pit houses with interior

hearths were identified (Shields and Dalley 1978). Muskrat, microtine
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rodents, waterfow , fish and bison (Bison bison) dom nated fauna
assenbl ages (Harper 1967; Lupo and Schmitt 1997: Table 3).
Met hods

The bone col | agen stabl e i sotope techni ques descri bed bel ow
nonitor variation in reliance on nmaize and intake of animal protein
anong the 57 individuals whose diverse burial contexts have been
reviewed. In addition to AMS dating, the collection has been aged and
slightly over half are sexed providing a tenporally diagnostic record of
differences in diet and their relationship to age-at-death, status and
gender.
Stable Carbon Isotope Analysis

Stabl e carbon i sotope anal ysis of skeletal remains nonitors the
rel ati ve abundance of carbon-13 to carbon-12 (**C/ *2C) in bone col | agen
or the hydroxyapatite of bone or tooth enanel (see Pate 1994 for a
review). The ratio of ®C/*?Cis expressed in delta (d®C) notation as
parts "per ml" (%), or parts per thousand difference fromPDB, an
internationally recogni zed standard?, and covaries with maize intake in
New World terrestrial econonmies (e.g., Decker and Tieszen 1989;
Spi el mann et al. 1990; Vogel and van der Merwe 1977). Maize is a warm
season grass that uses a C, (Sl ack-Hatch) photosynthetic pathway to
net abol i ze at nospheric CO, (Pei sker and Henderson 1992). C,
phot osynt hesis evolved early in the Mocene as an adaptation to reduced
at nospheric CO, concentrations and is found primarily in tropical and
subtropi cal grasses where daytime grow ng-season tenperature exceeds
220C and precipitation exceeds 25 mm (Ehl eringer et al. 1997). Cool -
season grasses and greater than 99 percent of the dicots, including

virtually all trees and nobst shrubs and herbaceous plants, enploy a G
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(Cal vin) pathway discrimnating heavily against *CO, during
phot osynthesis (O Leary et al. 1992). Structural and enzymatic
properties of the C, pathway result in |ess discrinination, increasing
the ratio of ¥*C/*Cin C, plant tissues. Because discrinmination is
tightly correlated with plant type (Smth and Epstein 1971), C, and C,
pl ants have discrete d*C neans and ranges as follows:® C, plants, -26.7
+ 2.7 per ml (n=370); C, grasses, -12.5 + 1.1 per m| (n=455) (Cerling
et al. 1998:Figure 3).* These values are passed up the food chain
| eaving a di agnostic signature in the tissues of consuners and do not
covary with the skeletal el enent analyzed or sex of the sanple,
i ndependent of differences in feeding ecol ogy (Hobson and Schwarcz 1986;
Lovel | et al. 1986).

d*C is nmeasured on a light isotope ratio nass spectroneter and
conputed as foll ows.

Equation 1:

d*®C = Rsanple - Rstandard x 1000 %o
Rst andard

where R = ¥ 2C

Recent Interpretive Issues

In the past, researchers assumed that bone col | agen d*C val ues
were an unbi ased i ndicator of C, intake, recording the percent of C,
foods in sanpled diets with a standard fractionati on offset of +5 per
m | (but see Krueger and Sullivan 1984). However, research in the early
1990s with rodents fed controlled diets indicated that bone coll agen
d™C was bi ased by the isotope signature of dietary protein and the
carbonates in bone apatite were a better predictor of overall diet
(Anbrose and Norr 1993; Tieszen and Fagre 1993a). |In archaeol ogica

assenbl ages, bone apatite is readily contam nated; but carbonates in the
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apatite of tooth enanel retain their diet signal (Cerling and Harris
1999; Cerling et al. 1997a, b; MacFadden et al. 1996; Wang and Cerling
1994) .

When the GSL wetl ands coll ection was sanpl ed, we were unaware of
t he possi bl e advantages of anal yzi ng carbonates in tooth enamel. Since
then the collection has been re-interred. However, there is good reason
to believe that collagen d®C val ues are al so diagnostic of maize
consunption anmong prehistoric farners with | owto-noderate | evels of
ani mal protein intake (Schwarcz 2001). Non-essential amino acids
(neAAs) occupy two of three positions in collagen am no aci ds chai ns;
and collagen d®*C is relatively tightly correlated with the isotope
signature of carbon used in their synthesis. |If intake of animal
protein is adequate to supply all essential and neAAs am no aci ds used
in collagen synthesis, the carbon isotope ratio of bone collagen will
reflect that of dietary protein (Schwarcz 2001). However if protein
i ntake is not adequate, as anobng nmmize farnmers with skel etal evidence
for nutritional stress, the energy conponent of the diet will supply
carbon for ami no acid synthesis and bone collagen will nore closely
reflect the isotope signature of total diet. In these cases, collagen
d3C val ues should provide an integrated record of adult diet over three
decades. Bone collagen turns over slowy requiring ca. 30 years to
repl ace existing carbon with an equival ent anpbunt of carbon (Stenhouse
and Baxter 1977, 1979:333; see al so Harkness and Walton 1972, and Li bby
et al. 1964).
Nitrogen Isotope Analysis

Stabl e nitrogen isotope analysis follows fromthe understandi ng
that >N *N increases by approximtely 3 per ml| each step up the food
chain. Since heavy urea is discrimnated agai nst at renal nenbrane

boundaries, N is excreted and *N retained for protein synthesis



Coltrain/Leavitt-18

(Anbrose and DeNiro 1986). Mbdst terrestrial plant taxa obtain nitrogen
from soil amonium (NH,*) or nitrate (NO,) and have nean d*N val ues of
ca. 3-6 per mi|l with a 0-9 per m| range contingent upon tenperature and
aridity (Pate 1994). Herbivores in tenperate climates typically exhibit
d*>N val ues of 6-9 per nil, while arid-land species and non-obligate
drinkers, those that recycle urea, reflect their water-conservation
strategies in nore positive d*®N val ues (Anbrose 1991). Rodents
practici ng coprophagy may al so exhibit el evated d“°N val ues.

Conversely, nitrogen fixing plants |like |egunmes, and plant taxa in
association with nycorrhizae, nitrogen-fixing fungi in the biologica
crust of arid soils, have mean d°N values of 1 per nmil, with a -2 to 2
per mi| range (Evans and Ehl eringer 1994; Pate 1994).

The ratio of NN is expressed in delta notation, conputed as
shown in equation 2 and is typically a positive val ue since atnospheric
nitrogen is the standard at 0 per ml.

Equation 2:

d*®*N = Rsanple - Rstandard x 1000 %o
Rst andard

where R = ®N N

Procedures

Laboratory procedures are reported in Coltrain (1993; 1997) and
Coltrain and Stafford (1999). Briefly, wetlands sanples were
dem neralized in 0.6N HCl, base extracted with 5 percent KCH
I yophilized to obtain collagen yields then gelatinized and filtered.
The water-soluble filtrate was again |yophilized then conbusted. CO
and N, were collected off-line by cryogenic distillation and anal yzed
for stable isotopes against the appropriate reference gas on a Finni gan
Delta S mass spectroneter at the Stable |sotope Research Facility for

Envi ronnental Research at the University of Utah. A second aliquot of
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CO, was graphitized and graphite forwarded to Law ence Livernore
Nati onal Laboratory for accel erator radi ocarbon neasurenents. Sinilar
procedures were followed with faunal material; however, protein was
conbusted on a Carl o Erba EA1108 CHN el enmental anal yzer and anal yzed for
stabl e i sotopes on a Finnigan MAT 252 Confl ow nmass spectroneter
Resul ts

Radi ocarbon dates and stabl e isotope values for wetlands burials
(n=57) are shown in Table 2 and Figure 4. Protein preservation was
eval uat ed by whol e-bone percent nitrogen, atom c carbon to nitrogen
rati os and collagen yields (Table 2). Al whol e-bone sanpl es cont ai ned
or exceeded .4 percent nitrogen by wei ght (Petchey and H gham 2000;
Stafford et al. 1990). Atomic CNratios for all sanmples for which we
have data fell within the 2.9 to 3.6 range indicative of adequately
preserved bone coll agen (Anbrose 1990) and all but one sanple, Burial
37°, produced collagen yields of 4.5 percent or greater. Analytica
precisionis * .2 per ml in d®Cand + .3 per m!l in d®™N Paired dC
nmeasurenents on six randomy chosen sanples produced a nean sigma of =*
.17 per mil. Paired d*N neasurenments (n=37) produced a nean sigma of =
.20 per nml.
Isotopic and Temporal Variation in Diet

Wet | ands carbon and nitrogen isotope ratios are inversely
correlated and covary with five nonitored variabl es: radi ocarbon age,
sex, age-at-death, skeletal robusticity and skel etal pathology. The
rel ati onshi p between C, i ntake and radi ocarbon age and C, i ntake and
protein consunption, sex and age-at-death are sumuari zed here (see al so
Coltrain and Stafford 1999) and el aborated upon in the di scussion
section. Remmining variables are treated solely in the discussion

section. Burials from42SL197 and Warren and W1l ard Mounds are dated
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but not sexed or aged reliably and are included in the analysis of
tenporal variation in diet only.

The GSL wetl ands collection dates fromcal A D. 423-1410 with a
calibrated 2sigmarange of A D. 252-1442. Before ca. A D. 1150
i ndi vidual s exhibit a wi de range of stable carbon isotope values (-19.8
to -10.0 per nmil). After A D. 1150, d®Cis uniformy depleted in *C
(< -17.2 per nil) (Table 2, Figure 4). Burials fromWrren and Wllard
Mounds that date before A D. 1150 (n=3) have d“C val ues at the upper
end of the wetlands range (i.e., > -14.0 per ml). The renaining
Wllard burial (Fs 1/108) dates to A D. 1295 + 60 and has a d*C val ue
of -18.0 per nil, consistent with depleted d'®*C in individuals dating
late in the sequence. Calibrated intercept dates plotted w thout sigmas
segregate d**C values into three distributions (Figure 4 and Table 4).
Accordi ngly, we have divided the tenporal span of the study into three
periods to illustrate general trends and transitions in GSL Frenpnt
diet.

During Period I, ca. A D. 400-850, diets become increasing
enriched in *C indicating growing reliance on C, foods (Figure 5).
Al t hough sanple size is small, the relationship between radi ocarbon age
and d®C is significant at p=.0412 (F=5.484; df=11). In Period Il, A D.
850- 1150, both the range of isotope values and variability within that
range i ncrease. However, all high C, diets term nate at or before A D
1168; whereas the upper 2signma range of one mxed (Burial 16) and
several low C, diets are younger in age (Table 2, Figure 5). During
Period 111, after A.D. 1150, d*C values are uniformy depleted in *C
Slight deviation fromthe nmean (Table 4) indicates sanpled individuals
ate isotopically simlar diets, significantly different fromnean diets
in preceding periods (Period |I: t=5.339, df=11, p=.0002; Period II

t=3. 655, df=12, p=. 0033).
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Ni trogen isotope ratios range from4.3 to 15.4 per ml with a nean
of 12.0 £ 1.8 per ml. Period neans approach or are within analytica
preci sion of each other (Table 4). Individuals with d®N val ues above
15 per m| are nursing infants between the ages of 6 nmonths and 3.5
years (Burials 35, 36, 69). The collection also contains one weaned
infant 1.5-2.5 years in age (Burial 11). Dating to A D. 1263 with
d®N=11.9 per nil and d*®C =—17.2 per nil, the child appears to have been
nursed briefly and weaned early onto a diet of wild foods. A young
adult male (Burial 49) and one unsexed adult (Burial 73), both dating to
Period 11, have extrenely |ow d*N values, 4.4 per nmil and 4.3 per ml
respectively. Depleted d®C (-19.2 per nmil, -19.8 per nil) indicates
they ate little if any mmize and are unlikely to have had | ong-term
access to |l egunes, nitrogen fixing cultigens with d*N val ues near 0 per
ml. Their unusually low nitrogen isotope ratios indicate they were not
i ndi genous to the GSL Basin but foraged in a nore arid region where
pi nyon (Pinus monophyla) or acorn (Quercus sp.) and perhaps tubers, in
associ ation with nmycorrhi zae, nade up a significant conponent of their
diets.® d™N values for remaining individuals fall between 10.5 and 14.4
per mi| and are inversely correlated with d'*C. Wether nursing infants
are included or excluded the relationship is significant at p=.0170
(F=6.079; df=53) and p=.0243 (F=5.403; df=50) respectively (Figure 6).
Sexual Variation in Diet

Twenty-six individuals fromthe GSL wetlands coll ection are sexed’
(Table 2; Fawcett and Sims 1993; Oasley et al. 1996; Sims et al
1991). Wthin this subset (Table 6, Figure 7), nean male d*Cis
-14.4 + 3.5 per ml| (n=14), significantly nore positive than the female
mean, -17.6 + 1.1 per m | (n=12), (t=-2.667; df=11; p=.0219). The
standard deviation for males is nore than three tinmes that of females

and the range nore than double. However, nean male and fenale nitrogen
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i sotope ratios are within analytical precision at 12.3 £ .6 and 12.4 *
.8 per nil respectively.
Diet and Age-at-Death

Forty-nine individuals are assigned an age category (see Table 2;
Fawcett and Sims 1993; Oasley et al. 1996; Sims et al. 1991), and nean
i ntake of C, foods appears to correlate roughly with age (Table 7,
Figure 8). Infants (0-5 years) have the nost negative d®C readings;
adul ts over 45 exhibit the opposite trend. However, goodness of fit is
low (r?=.425) and the rel ationship between age at death and diet is not
significant (F=2.96; df=5; p=.1605). Error bars illustrate marked
deviation fromthe nean for all but the youngest age category. Wen
i ndi vidual data points are plotted, r? drops to .022. However, pair-
wi se conparisons in d®Cindicate that diets in Categories 2 versus 3, 2
versus 5 and 3 versus 5 are statistically simlar at p<0.1 (Dunnett
t=.046, .039, .077 respectively). W do not calcul ate nmean d*N val ues
by age category given the lack of significant differences in d®C by age
category and the absence of variation in d**N by tenporal period (Table
4) and sex (Table 6).
Plant and Faunal Stable Isotope Ratios

Forty-ni ne plant speci nens were anal yzed for stable isotopes
(Table 5). Kernels fromsix varieties of nodern, conmercially-grown
aborigi nal mai ze have nean carbon and nitrogen isotope values of -11.0 %
1.0 and 3.1 + 2.0 per mil respectively (Table 8) and are slightly
depleted in ®C relative to archaeol ogi cal sanpl es due burning of fossil
fuels. Mean values for charred archaeol ogi cal mai ze from Frenont sites
in the eastern Great Basin and uncharred archaeol ogi cal maize fromsites
in southeastern Utah are listed in Table 8. Elevated d*N in maize from
sout heastern Utah suggests crops were fertilized with human or turkey

manure. Mdern, wild C, plants have a nmean d®*C of -12.1 * 1.2 per mil
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and d*N of 7.0 + 4.2 per nil. Extrenely high d*N val ues for barnyard
grass probably result fromthe use of fertilizers. Modern C;, plants
have a nean d®C of -25.6 + 2.1 per nmil and d®N of 4.7 + 2.5 per ml.
Here variability in d®Nis a function of soil d®N and, in Quercus, the
presence of nycorrhizae. Four nodern tubers expressed even nore
negative mean d“C values (-26.8 + 1.5 per nil) and d®°N readings (-.5 *
2.9 per ml), again indicating the presence of mycorrhizae.

Twenty-three faunal specinens fromlnjun Creek (42WB34) were
anal yzed for stable isotopes (Table 5). Large manmmal s excl udi ng bi son
exhi bit nmean carbon and nitrogen isotope values of -19.9 £+ .5 and 7.2 %
1.2 per ml| respectively (Table 8) showing a virtual absence of G,
forage. (Prehistoric C, plant d“®C averages —-24.5 per nmil; fractionation
bet ween herbi vore forage and bone col |l agen d*C is ca. +5 per mil.)
Si xteen bison fromfive Frenont sites in and adjacent to the GSL
wet | ands have mean carbon and nitrogen isotope values of -19.0 + .8 per
ml|l and 7.3 =+ .5 per nil|l (Table 9) indicating a near-absence of G,
grasses in bison diets as well. Enrichnent of less than 1 per ml in
bi son relative to other |arge mammual s indicates C, grasses made up | ess
than 10 percent of bison forage. Large manmal d*N val ues pl ace grass
and browse d'°*N at approxi nmately 4 per nml.

Smal | mammual s have mean carbon and nitrogen i sotope ratios of
-20.3 £ 1.6 and 8.5 =+ 2.8 per nmil, again showi ng an absence of C,
forage. Depleted d*®C and el evated d**N i n Lutra canadensis reflects a
diet of fish and anphi bians (Zeveloff & Collett 1988) and el evated
rodent d“N indicates coprophagy. Microtus montanus has a slightly
el evat ed d**C readi ng suggesting occasi onal access to mai ze stores.
Waterfow averaged -18.6 = 2.8 and 10.3 £ 4.0 per nml. One Branta
speci men and both Anas exhibit C, diets, while the renai ni ng Branta may

have intermittently gleaned in naize fields. Both genera are shallow
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wat er foragers conmon to the Great Basin and occasionally graze
terrestrially (Ryser 1985). Pelecanus d*C (-17.1 per mil) provides a
slightly enriched estimate (~1 per nil) of Gila atraria, Utah chub, the
only shallowwater fish native to the GSL basin (Sigler and Sigler 1996)
and probably an inportant source of protein, unlike the pelican itself.
Pelecanus breed in |large colonies on Gunnison Island in the GSL taking
fish available within a neter of the surface (Ryser 1985). Catostoni dae
are bottom feeders as adults subsisting primarily on al gae (Sigler and
Sigler 1996) and show depl eted d**C and d“®N characteristic of C, aquatic
plant diets. Finally, enriched isotope values in Larus sp. indicate the
gull was an adept scavenger occasionally taking maize or insects,
crickets, etc., feeding on maize.
Di scussi on

Variability in GSL wetlands diets is not in keeping with high
mai ze diets at “village” sites outside the GSL Basin (Table 10) but
accords well with Marwitt's (1970) early views on GSL Frenont
subsi stence, Sims’ (1986) nore recent argunent for adaptive diversity
and the presence of tenporary canpsites and residential bases in the
wetlands. GSL burials fall into three categories representing real but
not strictly categorical differences in diets: 1) individuals who
consuned diets relatively high in C, foods (>-14 per ml, 2) those
subsisting on nixed diets (-14 to —-17 per m| and 3) those who subsi sted
on diets high in C, foods (<-17 per mil). Mean wetlands d*C val ues
(Table 11) are significantly different from each other and Frenont
“village” diets at p<.0001 (Table 12). d*N in each category is also
significantly different fromFrenmont “village” diets; however there are
no significant differences in d*N between wetl ands categories at p<.05
(Table 13). The lack of significance is somewhat surprising given the

significant inverse correlation between wetlands d*C and d**N and is
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likely influenced by sanple size. Stable isotope readings for plants,
fauna from Frenont assenbl ages and wetlands burials by category are
graphed in Figure 9.

High C, Diets and Sex-based Variation

Individuals with d*®C readings as or nore positive than -14.0 per mil
subsi sted on diets relatively high in C, foods. Mize intake is the
nmost par si moni ous expl anation for el evated d*C val ues given the near
absence of wild C, plants (Table 14) in faunal and post-AD 1150 Frenont

diets. Three additional |ines of evidence support this argunent.

e Burials with high d*C values were recovered fromsites with

evi dence for mmize cultivation. WIIlard burials dating before A D.
1150 exhi bit high d"C val ues consistent with early reports that
WIllard was a farm ng base (Judd 1917). Jordan River Burial 2
approxi mates a high C, diet but cannot be evaluated relative to its
residential context. H gh C,diets were also associated with 42WB32
(n=1), 42wWB48 (n=1), 42WB185 (n=1) and 42WB324 (n=5). Wth the
exception of 42WB324, pit structures and other features indicative of
resi dential bases are present at each of these sites, reviewed in an
earlier section. The unique burial context and dietary patterning at
42\W\B324 are di scussed bel ow and are al so indicative of farming

e Evidence for nutritional stress is nore comon anong i ndividual s
with high C, diets. Six of eight individuals with enriched d*C show
signs of nutritional stress; whereas nutritional stress was evident
in 45 percent of the renmaining study popul ation (see Table 3; Fawcett
and Sims 1991; Oasley et al. 1996; Simms et al. 1991).8 The

rel ati onship between high C, diets and nutritional stress is

consistent with the general expectation that New Worl d mai ze
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agriculturalists consuned | ess conplete protein, suffering higher

i nci dences of nutritional stress, than popul ations subsisting on wld

resour ces.

e A negative correlation exists between three neasures of |ong bone

robusticity, bending, twisting and end-on rigidity, and high C, diets

(Ruff 1999). In general, nobile lifestyles comobn to foragers

i ncrease mechani cal | oading on upper and lower linbs resulting in

greater long bone robusticity in nales in particular. More sedentary

strategies comon to agriculturalists result in |ess robust fenora

and hureri (see Ruff 1987, 1992, 1994; Ruff and Hayes 1983; Ruff et

al. 1984). Anong wetlands burials, high C, diets "...are associated

wi t h decreasing fenoral and huneral robusticity, at |east in nmales"”

(Ruff 1999: 311, enphasis original). "A simlar decline in relative

nmechani cal | oading of the Iinbs with the adoption of agriculture was

found in Georgia coast sanmples [Ruff and Larsen 1990; Ruff et al

1984]" (Ruff 1999:318). GSL burials with high nmaize diets are al so

significantly taller (Ruff 1999). Since six of eight individuals

with high C, intake are nale, the remai nder unsexed, height

di fferences nay be a function of nild sexual dinorphisn whereas,

di m ni shed robusticity suggests reduced nmechanical | oadi ng consi stent

with maize agriculture. Mles with high C, diets nmay have foraged

| ess frequently, transversed a flatter elevational gradient, or

travel ed shorter distances, foraging |ess intensively than

i ndividuals with m xed and C; diets.

Mai ze intake is the nost parsinmoni ous explanation for high C, male

diets but adopting this position raises a nunber of issues. Sex-based

di fferences of the magnitude exhibited by the GSL collection are unknown
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in North Anerican Formative popul ati ons although the scarcity of
publ i shed studies that segregate diets by sex nakes conpari sons
difficult. Ezzo (1993:Table 5.2) reports a significant difference,
ignoring outliers, between nmales (-8.86 = 0.76 per m| [n=19]) and
females (-9.53 £ 1.25 per m| [n=18]) at Grasshopper Pueblo, AZ (A D
1275-1330), but the difference is less than 1 per ml. |In contrast,
forty Mddle Mssissippian burials showed no significant difference
bet ween mal e and fenale diets (Schurr 1992). Anong the GSL coll ection
sex-based variation in diet is largely but not entirely driven by nales
from42WB324. Wien 42WB324 burials are excluded from anal ysis, nean
male d*C (-15.9 + 2.9 per nil) is simlar to Period | and Il popul ation
neans (Table 15); yet the difference in nmale versus fenale diets renmains
significant (t=-2.642; df=7; p=.0333).

42W\B324 mal es represent a special case distinguished by the co-
occurrence of high C, intake, increased nutritional stress, reduced
skel etal robusticity and a relatively elaborate burial context. The
first three factors paired with el aborate interments indicate nales with
hi gh nai ze diets may al so have been hi gh-status individuals, adding to a
gradual Iy accunul ati ng body of nortuary data (e.g., Davis 1956; Dodd
1982; Madsen and Lindsey 1977) that “argues for the differential status
of sonme adult males in Frenmont conmunities” (Janetski and Tal bot
1995: 375). However, it is difficult to argue that high-status nales
sinply ate nore nmaize than females. Coltrain (2002) has suggested they
consuned nmi ze both as a dietary staple and ritual food in the form of
mai ze beer, elevating their d*C signatures accordingly. Pre-Inkan
Peruvi an burials anal yzed for stable isotopes illustrate simlar sex-

based differences in maize intake attributed to consunption of beer
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(Hastorf 1991; Hastorf and Johannessen 1993). The et hnographic and

i conographic records indicate nmai ze beer was an inportant ritual food in
pre-lnkan society, and while wonen fernmented beer, they seldomif ever
engaged in feasting associated with its consunption (Hastorf 1991
Hastorf and Johannessen 1993; Moore 1989). Also note, if mmize had both
aritual and dietary function, it would have had a correspondi ng soci al
as well as economic currency enhancing its value relative to wild
resources, bestow ng prestige on nmales who dispensed it in exchange for

| abor, aninal protein or political support.

Hi gh-status mal es do not exhibit |ow aninmal protein intake conmon
to individuals relying heavily on maize as a dietary staple. They
consuned significantly nore animal protein than individuals in the
“village” Frenont data set (Table 13) and their nmean d*N value is
within .1 per ml| of wetlands nixed diets and less than 1 per ml
depleted relative to wetlands C;, diets (Table 11). These conpari sons
suggest that d*C readings of -15.0 to -16.0 per nil (see Table 4, 11)
represent average reliance on mai ze and nore enriched carbon isotope
val ues are a function of additional consunption in the formof maize
beer. Mean female d®C (-17.6 + 1.0 per ml) remains depleted relative
to average reliance on nmize but nmay be in part influenced by sl ow
turnover rates characteristic of adult bone collagen. |If a subset of
young femal es rai sed as hunter-gatherers joined farm ng househol ds but
di ed before their subadult carbon isotope signatures were fully
repl aced, their diets would appear nmixed. Two fenmales (Burial 3, 76)
younger than age 40 were recovered fromresidential bases with a high G,

burial and evidence for nmize cultivation. Fenmales nay al so have spent
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nore tine collecting wild resources than nmales, consuning wld foods
whi | e foraging.

The approxinmate 3 per nil difference between nale and female diets
may al so be influenced by sanple bias. Al though 52 percent of the study
popul ation is sexed, sexed individuals are not evenly distributed across
the tenporal span of the study. Three of four sexed burials dating to
Period Ill are female. Wre it possible to sex the entire Period ||
assenbl age, a |l arger subset should be male and nmean nale d*C val ues
woul d decrease accordingly, narrowi ng the di stance between nal e and
femal e diets. This does not negate the presence of high-status nales
with high C, diets, but again suggests that sex-based differences in
reliance on nmaize as a dietary staple may not be as great as statistica
means indi cate. "

Ni trogen isotope ratios anong individuals with high C, diets
average 11.8 per nm|, approximately 4 per ml| nore enriched than nmanmal s
and 1.5 per nil nore enriched than waterfow suggesting that |arge and
snall nmamual s nade up a slightly greater conponent of aninmal protein
i ntake than waterfow .

Mixed Diets

I ndi vidual s with d*®C readi ngs between -17.0 and -14.0 per mil
could have grown naize internittently, taken waterfow w th occasiona
access to mmize or traded aninmal protein or |abor for nmize to over-
wi nter on. Mize and/or C, enriched aninal protein probably nade up
bet ween 25-50 percent of their diets. Their animal protein intake
appears less than that of individuals subsisting on C, diets but greater
than “village” Frenont and their d*N val ues again indicate greater

enphasis on large and snmall nammal s than waterfow .
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High C3 Diets

I ndividuals with d*C readi ngs nore negative than -17.0 per mil
subsi sted on diets high in C plant and animal protein. Prior to A D.
1150, these diets may have included small anmounts of mmize or waterfow
with access to maize. Wiile not significant at p<.05, nean d®Nis
enriched relative to wetlands m xed and high C, diets reflecting higher
protein consunption. Ruff's (1999) study and the general health of the
skel etal popul ation indicate that individuals with | ow C, diets engaged
in nmore rigorous activities, likely spent nore tine foraging, and
suffered I ess nutritional stress then those with high or noderate C,
i nt ake.
Diet and Age-at-Death

Chi l dren, subadults and adults between the ages of 25-45 consuned
statistically indistinguishable, mxed diets. Infants, adults between
17-24 and those over 45 consuned diets significantly different fromthe
preceding three age categories and significantly different from each
other. Infant diets appear extrenely lowin C, foods; wthin group
variation is mniml and negative d®C values are in accord with
reliance on nursing fermal es whose diets al so appear low in C, intake.
However, breast milk is high in lipids and lipids are depleted in *C
relative to other macronutrients (Tieszen and Fagre 1993b; see al so
Wight and Schwarcz 1998); thus infant isotope signatures may be bi ased
by the high lipid content of breast mlk (Otedal 1984). Young adults
and those over 45 consunmed a hi gher percentage of C, foods than other
age groups. In the 17-24 age category, this is driven by young nal es
from 42WB324. In the >45 age group, ol der nmal es have the highest d“®C

readi ngs; although only one was recovered at 42WB324. The consunption
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of mai ze beer may be nmaking a contribution to elevated diets in these
age categories.
Geographic Variation

Econonic diversity in a geographic area as constrai ned as the GSL
wet | ands rai ses questions regarding the social nechani sns that
mai ntai ned long-termdifferences in diet. High-status, high C, nal es
may have exercised control over access to arable |and and/or maize
surpluses and nai ze beer, maintaining their econonic and social standing
through trade, ritual events or intimidation. Here the Frenont
“village” data set provides an interesting counterpoint. Anbng
“village” burials, all fromresidential sites outside the GSL Basin,
grave goods are rare and diets are uniformy high in maize (Table 10).
However, one adult nmale interred below the floor of an Evans Mound pit
structure (Table 10: Fs1276.83) was buried with a great horned ow (Bubo
virginianus), several nagpies (Pica pica) and assorted lithic, bone and
ceramic artifacts (Pecotte 1982). This unusually rich collection of
grave goods suggests that status distinctions existed anong Frenont
mal es in village popul ations and that, unlike the wetlands, these
di stinctions were not necessarily naintained by differential access to
mai ze. Al “village” Frenmont exhibit high maize diets.

Al ternatively, economc diversity in the GSL wetlands, at the
northwestern limts of Frenont agriculture, nay have been nmi ntai ned by
the cost/benefit structure of foraging versus maize farmng. Either
wet | ands foraging return rates (kcal/hr) were commensurate with farmng
or mai ze yields were |l ess predictable than in areas south of the GSL
Basi n, deterring whol esale investnment in agriculture. Again, the

“village” data set provides a useful conparison. Snoking Pipe (Forsyth
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1984) and Backhoe Village (Madsen and Lindsay 1977) are adjacent to
wetlands lining the Provo and Sevier rivers respectively and burials
fromboth sites exhibit high nmaize diets sinlar to the renai nder of the
“village” population. |If farming in locations further south routinely
yi el ded hi gher average caloric returns than foragi ng and i nvested
farnmers with status, maize cultivation would have been favored despite
the proxinmty of riparian or lacustrine resource patches. Moreover
their proximty may have encouraged farm ng by danpening risk associ ated
with crop failure.
Temporal Variation

The growi ng i nmportance of mmize during Period | coincides with a
mar ked increase in the nunber of Frenont residential sites and a ten-
fold increases in the frequency of Frenont radi ocarbon dates across the
eastern Great Basin (Tal bot and WIlde 1989: Figure 2). Period Il
coincident with the Medi eval Warm Period, also coincides with the height
of Frenont expansion south of the GLS Basin (Massimno and Metcal fe
1999; Tal bot and Wl de 1989: Figures 2-4). Sites are larger and nore
nunerous than any other tinme in Fremont history. Over half the GSL
wet | ands coll ection dates to this period and popul ation growh is
acconpani ed by increasing econonmc and social conplexity. After A D
1150, farming ceases in and around the wetlands. The interior hearths
of three pit houses at the Levee site (Fry and Dalley 1979) are | ast
fired at ca. A D. 1150 (Shuey 1979:106). Note also, the upper 2signma
range of high C, burials termnates at A D. 1168 (Figure 5). At
approxi mately the sane tine, an equally striking reduction takes place
in the frequency of radiocarbon dates fromresidential sites south of

the GSL Basin (Tal bot and Wl de 1989: Figures 2, 5).
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The abandonnent of farning anong the GSL Frenont, coincident with
wi de spread abandonnent of Frenont settlenents el sewhere is comonly
attributed to either Numi c expansion or clinatic deterioration. W
favor the latter explanation for the followi ng reasons: 1) Post-A D
1150 Frenont foragers exhibit diets comobn to the GSL wetl ands unlike
burials 49 and 73 whose diets are high in pinyon, acorn or tubers grown
on arid soils. This suggests that the post-A D. 1150 study popul ation
does not represent an influx of foragers fromthe western Great Basin or
el sewhere in the arid west. 2) Cdimatic deterioration is evident in
pollen and tree-ring chronol ogi es di scussed bel ow and indicates the
onset of drought or a shift fromsumrer to wi nter dominated rainfall,
per haps preventing farmng in sonme locations and curtailing it in
ot hers.

Climatic Deterioration

In the Southwest, nmaize cultivation is acconpanied by rapid
popul ation growt h and foll owed by deforestation, soil depletion and
erosion |leading to economc collapse (Rednan 1999). By way of
expl anation, Redman cites Kohler (1992) who argues that after centuries
of extracting nutrients, fuel and building naterials froma fragile
envi ronnent, Sout hwest econonies were in precarious balance with their
ecosystens and even noderate climatic perturbation resulted in
abandonnent of agricultural sites. In the GSL Basin, the transition
frommaize cultivation to a foraging econony is correlated with a
negative noisture anonaly in tree-ring records fromboth the eastern and
western rinms of the Great Basin (Figure 10). Figure 1lla shows wetl ands
radi ocarbon dates at 2sigma graphed against d®C, clearly indicating the

shift fromnmaize to a diet of wild foods at ca. AD 1150. Figure 11b is
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a d*C pentad chronol ogy from Wiite Muntain bristlecone at 2880 m on
the California/ Nevada border, at the western rimof the Geat Basin
(37923' N, 118909'W (Leavitt 1994). The nbst positive d*C val ue occurs
at A. D. 1150 signaling the nost arid period in the chronol ogy,
following a brief period of bel ow average noisture.® Figure 11c is a
tree-ring width chronology from WI dhorse Ridge bristlecone pine at 2805
m on the Wasatch Pl ateau (39925'N, 111°904'W (Graybill 1986). The
narrowest ring in this sequence al so occurs at ca. A D. 1150 foll ow ng
approxi nately 25 years of bel ow average noi sture.

Western clinmate studies indicate the Wite Muntain and WI dhorse
Ri dge tree-ring records are correlated. Mtchell (1976) and Fritts
(1991) place both sites in the sane climatic region based on equival ent
potential tenperature and tree-ring w dth chronol ogi es respectively.

O her studies place both sites outside the nodern nonsoon boundary but
within the sumrer precipitation Iimt (Davis 1994; Petersen 1994).
Davis (1994) specifically argues for a northern sumrer precipitation
boundary ori gi nati ng between the Cascade and Si erra Nevada nountai ns,
stretching east across northern Nevada and the Great Salt Lake Basin,
term nating in southwestern Wom ng.

Reconstruct ed drought maps from pi nyon d**C DEL i ndi ces®® provi de
further support for the correlation between eastern and western G eat
Basin climate (Leavitt 1993). Drought contours were devel oped using a
network of 14 pinyon sites with orthagonal cores fromfour trees per
site (Leavitt and Long 1989a). Drought contours for the pentad 1930-
1934 extend fromeast-central California to the eastern Great Basin rim
wi th negative departures in nmoisture increasing in severity from

sout heast to northwest (Figure 12). Pal ner Hydrol ogi cal Drought |ndices



Col train/ Leavitt-35

mapped for the same period show a sinilar pattern of negative
departures. Tree-ring d*C drought contours for pentads 1950-1954 and
1900- 1904 exhibit a |like geographic pattern (Leavitt and Long 1989bh). A
statistical conparison of isotope drought indices over 81 pentads (1580-
1980) for White Mountain, CA, bristlecone versus Gate Canyon, UT, pinyon
(39952' N, 110913'W (Figure 10) shows a positive correlation at r=.671
significant at p<.001.

The Beef Pasture pollen record (Davis 1994), (Figure 11d) is
addi ti onal evidence for wi despread clinmatic deterioration. Beef Pasture
is a grass and sedge neadow at 3060 m on the west slope of the La Plata
Mount ai ns in sout hwest Col orado. The abundance of pinyon pollen, as an
i ndex of summer noisture, decreases narkedly at A D. 1150. This
coincides with fluctuations in crop yields reconstructed fromtree-ring
wi dt hs that indicate persistent shortfalls between A D. 1146-1193, one
of three periods of extensive fam ne during the sout hwestern Col orado
Formative (Burns 1983:233-234; see also Billnman et al. 2000). These and
other studies (e.g., Hughes and Funkhouser 1998) indicate that the
negative noi sture anomaly exhibited by Wite Muntain and WI dhorse
Ri dge bristlecone at A D. 1150 is not a micro-clinmatic episode but
represents region-wide clinatic deterioration

The strong tenmporal association between clinate and di et does not
i ndi cate a causal relationship a priori; nonetheless, it strongly
suggests that prehistoric farm ng east of the GSL wetl|l ands was abandoned
due to a decrease in growi ng season noisture. Either the seasonality of
preci pitation changed or drought occurred. The White Muntain and
W dhorse Ridge tree-ring records show a significant noisture anonaly at

A.D. 1150 proceeded by several decades of bel ow average noisture. The
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Beef Pasture pollen profile indicates a significant, |ong-termreduction
i n growi ng-season noi sture. Either condition alone or, nore feasibly,
in conjunction with local environnental degradation nay have elim nated
mai ze cultivation as a viable economic strategy. |n addition, drought
conditions would have | owered the GSL, extending river deltas with an
acconpanyi ng expansi on of shoreline wetlands, increasing their
attractiveness as a foraging environment, perhaps altering econonic
payof fs sufficient to result in final abandonnment of nmize agriculture.
Finally, social distinctions maintained by feasting or trading in naize
or mai ze beer woul d have been severely threatened by agricultura
shortfalls, perhaps increasing social tensions to the extent that naize
surpluses could not be defended. The abandonnent of Frenont residential
sites is less dramatically recorded in the archaeol ogical record than
the coll apse of the Anasazi. Residential popul ation densities were
| ower and eastern Great Basin wetlands nay have sonmewhat nitigated crop
failure; yet, the effects of climatic deterioration were apparently as
far reaching. After centuries of maize cultivation, Frenont in the GSL
Basi n abandoned agriculture likely in response to a cascadi ng suite of
soci al and econonmic deterrents triggered by a decline in growi ng season
noi st ure.
Summary

We have presented results of stable isotope and radi ocarbon
anal ysis of skeletal populations fromthe eastern shores of the G eat
Salt Lake and discussed themin |light of current views on Frenont
econom ¢ and social conplexity and the abandonnent of farming. Reported
diets varied within a single tinme period, over time and by sex. The

i mplications of economc diversity are particularly striking given the
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constrai ned geographic range of the study, suggesting that between A D
400- 1150, populations in the Great Salt Lake Basin were faced with a
fluid subsistence cost/benefit structure, consistent with the intrusion
of sunmer noisture into an extensive wetl ands bordered by grassl ands
suitable for farmng. Evidence for differential status anong a subset
of mal es indicates that a social hierarchy nay al so have been present,
nmai ntai ned by the ability to produce a surplus of maize and trade nmize
or mai ze beer for aninmal protein, |abor or political support. At A D
1150, the onset of drought or a shift in the seasonality of novisture
either elimnated farnm ng altogether or adversely affected crop vyields
di srupting social networks to the extent that farm ng was abandoned.
Econonic diversity was replaced by uniformreliance on wild foods and

evidence for nmale status distinctions is no | onger present.
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Not es
1. Two adult femamles (Burial 3 & 32) were recovered with a nmano and
bi val ve (Anodonta californiensis) and stone pestle respectively. A
t ubul ar bone bead and snal| pendant acconpanied a child's burial (Burial
70 (Sims et al. 1991:25).
2. PDBis a Cretaceous cephal opod (Belemnitella) recovered fromthe Pee
Dee Formation, related to nobdern squid and octopus. PDB has by
definition a value of 0 per nmil (Craig 1957) and is enriched in 2C
Thus d*C val ues on Hol ocene organics are typically negative.
3. Athird pathway (Crassul acean acid netabolism[CAM) is restricted
primarily to succulents and can replicate C, plant isotope signatures
(Giffith 1992).
4. The average d®C reading for maize grown before the extensive
burning of fossil fuels is -10.5 per nml (Tieszen and Fagre 1993b).
5. Burial 37 was charred and a hol e had been bored though the |eft
proxi mal ulna at the olecranon (Sinms et al. 1991: Table 7). Despite |ow
collagen yields, it produced an atomic C/Nratio of 3.2, well within the
2.9-3.6 range indicative of adequately preserved bone col |l agen
6. d¥®N=1.0 per nmil in pinyon froma upland Nevada site and 3 per m|l
in acorn froma northern Arizona grove (Table 5). Extrenely |ow d*N
val ues indicate the presence of nitrogen-fixing nycorrhizae in the
bi ol ogi cal soil crust of both arid woodl and speci es (Evans and
Ehl eri nger 1994). Three of four tubers in Table 5 produced simlar d®N
val ues.
7. Sex and age categories were initially assigned by Loveland in Sims
et al. 1991, and Fawcett and Sinmms 1993. Thirty of the npbst conplete

individuals in the collection were reanalyzed by Onsley et al. (1996);
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tables and figures reflect their revisions with the exception of
probabl e assi gnnents of sex to subadults 22 and 52.

8. One of three individuals with enanel hypoplasia (Burial 17) and five
of 23 with transverse lines (Burials 47, 53, 55, 56, 58) consuned high
C, diets.

9. Onsley et al. (1996) sexed Burial 52, a 12-13 year old from 42WB324
with d®C of -14.8 per nil, as a probable female. Wile the sexing of
subadults is problenmatic, the possible presence of a female with a
noderately high C, diet al so suggests that the current sanple of sexed
burials is not representative.

10. Tree ring widths vary with the effects of noisture and tenperature
on food stores during the current and previous annual cycle (Fritts
1976; Rose et al. 1981), while tree-ring d*C is particularly responsive
to grow ng-season noisture. During noisture stress, stomatal closure
reduces transporation linmting intercellular CO, concentrations. This
reduces discrimnation against *CO, during photosynthesis resulting in
el evated d**C (Bert et al. 1997; Francey and Farquhar 1982; Leavitt and
Long 1988).

11. DEL Indices are the ratio of neasured tree ring d®C to the
correspondi ng value on a spline curve fitted to each chronology and are

cal cul ated as foll ows:

DEL I ndex = (d®Cpg - 1) x 1000

wher e dlgcua_ = dlg(:n'easured/ dlSCsp| i ne curve- They filter | Ong term

responses to changi ng CO4jr concentrations and absolute differences in

d3C between sites (Leavitt 1993; Leavitt and Long 1989a). Expressed as

rati os, DEL Indices lack units of neasure. As they becone nore positive
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ef fective nmoisture is increasing. Conversely, as indices becone nore

negative, trees are experiencing increased water stress.
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Fi gure Captions
1. Frenont archaeological sites in text and tables.
2. The Great Salt Lake wetlands study area, Frenont sites and historic
shorelines.
3. Site map of the Great Salt Lake wetlands study area after Sims et
al. 1991.
4. Bone collagen d®C values for Geat Salt Lake wetlands, Warren and
Wl lard Mound burials graphed agai nst calibrated radi ocarbon intercept
dat es.
5a, b, c. Bone collagen d*C values for Period I, Il and Ill Geat Salt
Lake wetlands, Warren and Wl Il ard Mound burial s graphed agai nst
cal i brated radi ocarbon intercept dates with 2s confidence intervals.
6a, b. Bone collagen d3C values for Geat Salt Lake wetlands, Warren
and Wl lard Mund burials graphed agai nst d**N val ues with and wi t hout
nursing infants. Burials 49 and 73 not shown.
7. Bone collagen d**C values for Great Salt Lake wetlands sexed burials
graphed agai nst calibrated radi ocarbon intercept dates.
8a, b. Mean and individual bone collagen d®C values for Geat Salt Lake
wet | ands burials regressed agai nst age category.
9. Mean dC and d*®*N val ues for nodern and archaeol ogi cal nmi ze, nodern
G, plants, Injun Creek archaeol ogical fauna excluding fish, GSL wetl ands
burials and Frenont village burials.
10. The hydrological Great Basin: (GSL) Geat Salt Lake wetl ands
yi el ding Frenont burials sanpled for d*®*C and radi ocarbon dates plotted
in Figure 11la; (WIM Wite Muntain bristlecone Methuselah B site
sanpl ed for historic drought indices (A D. 1580-1980) and tree-ring d*C

values in Figure 11b; (WHR) W/I dhorse Ridge bristlecone pine site



sanpled for the tree-ring width chronology in Figure 11lc; (BFP) Beef
Pasture sanpled for pinyon pollen plotted in Figure 11d; (GIC) Gate
Canyon pinyon site sanpled for historic d*®C drought indices (A D. 1580-
1980) .

11. A conparison of subsistence patterns in the GSL wetlands with G eat
Basin tree-ring records and a pollen sequence from sout hwestern

Col orado: (a) Wetlands radi ocarbon dates at 2s graphed agai nst dC
showi ng the shift fromnaize to a diet of wild foods at ca. AD 1150; (b)
tree-ring stable carbon isotope index from Wite Muntain Mthusel ah B
bristlecone at 2880 mon the California/ Nevada border; (c) Tree-ring

wi dt h i ndex from WI dhorse Ridge bristlecone pine at 2805 mon the
Wasatch Plateau in central U ah; (d) pollen/cm2yr-* from Beef Pasture
sedi rents at 3060 mon the west slope of the La Plata Muntains,

sout hwest ern Col or ado.

12. Drought contours for the pentad 1930-1934 constructed from pi nyon
d*C indices. Positive values indicate adequate noisture; negative

val ues indicate increasing water stress.



Tabl e 1.

d®C Val ues from Formative Sites in Uah and the Sout hwest .

Site/Location n Cul tural Dat e® d*C %0  Reference®
Affiliation?

425v1060¢ ur 1 Fr enont -9.5 1
Snoki ng Pi pe ur 1 Fr enont A.D. 778-1020° -9.2 2
G asshopper Puebl o AZ 37 A D. 1275-1330 -9.2f 4
Cal dwel | Vill age ur 4 Fr enont -9.1 1
Badger House M/ (e0] 6 PI -8.9 3
Evans Mound ut 3 Fr emont -8.8 1
Site 820 W CO 5 PLI/TTI -8.7 3
Grasshopper Puebl o AZ 17 A. D. 1330- 1400 -8.6 4
Two Raven House (66] 9 Pl -8.6 3
Pecos Puebl o NM 8 Period VI Post A.D. 1675 -8.5 6
Mar cos Canyon CO 4 PITI A. D. 1450- 1550 -8.3 3
Unpr oveni enced (e0] 1 Bskt Mkr 111 -8.3 3
Badger House W Cco 10 PLI/TTI -8.3 3
Salina Sisters ut 2 Fr emont A D. 869-1162° -8.2 2
Pecos Puebl o NM 9 Period IV A. D. 1550- 1650 -7.8 6
Pecos Puebl o NM 10 Period 111 A. D. 1450- 1550 -7.7 6
Pecos Puebl o NM 8 Period | A. D. 1300- 1400 -7.7 6
Pol Iy Secrest ur 2 Fr enont A.D. 1300 -7.7 7
Cedar Mesa ut 4 Bskt Mkr I -7.7 5
Pecos Puebl o NM 11 Period V A D. 1600- 1675 -7.6 6
Backhoe Vill age ur 2 Fr enont -7.5 1
Pecos Puebl o NM 7 Period |11 A D. 1400- 1450 -7.5 6
Pecos Puebl o NM 8 Bl ack-on-white A D. 1200- 1300 -7.5 6
San Antoni o Puebl o NM 3 Lat e Anasazi A D. 1300- 1400 -7.4 7
Cedar Mesa ut 3 PIL/TTI -7.3 5
Tijeras Pueblo NM 5 Lat e Anasazi A.D. 1300-1400 -7.0 7
aLi sted as indicated by author(s)

PListed if cited by author(s)

°(1. Coltrain 1993), (2. Coltrain 1997), (3. Decker and Tieszen 1989), (4. Ezzo 1993),

(5. Matson and Chi shom 1991),

9Buri al
®Cal i brated 2s range

(6. Spielmann et al.
nound i n Gooseberry Vall ey adjacent to Nawthis Village (Figure 1)

"Reported val ue averages male and femal e d*C

IMvV=Mesa Verde

1990),

(7. Wlley 1988)



Table 2. §*°C, §*®N, Calibrated Dates and Preservation for Great Salt Lake Wetlands Burials.

8'3c

85N

Burial Site Age Sex Calibrated Calibrated Atomic Bone Collagen
0% 0% Date 20 Range C/N %N?* Yield”
3° 42WB48 33-37 F -18.4| 123 A.D.1024 A.D. 898-1160 3.4 3.9 21.1
6 " adult -13| 124 A.D. 973 A.D. 789-1029 3.2 2.3 25.5
8 " subadult -17.6 12.7 A.D.1214 A.D.1016-1293 0.5 9.9
11 42WB184 1.5-2.5 -17.2 11.9 A.D.1263 A.D.1167-1296 3.1 3.5 23.2
14 42WB185% 40-44 M -14.8 13 A.D. 641 A.D. 547- 678 3.3 2 16.9
15 " 40-45 M -18.4 13 A.D. 657 A.D. 560- 773 1.1 10.7
16 42WB185° 60+ M -15.5| 12.2 A.D.1127 A.D.1016-1245 3.2 3.6 22.5
17 " 25-30 -12.8| 12.8 A.D. 881 A.D. 683- 990 2.1 14
20 42WB269 30-34 M -17.6| 125 A.D.1165 A.D.1022-1257 3 2.5 18.2
21 " 25-29 F -18.8)| 123 A.D. 914 A.D. 778-1020 3.1 0.9 11.8
22 " 10.5-11.5 -19 12.5 A.D.1163 A.D.1029-1224 3.2 1.8 10.1
23 " 20-30 M -18.1] 12.9 A.D.1037 A.D.1011-1177 3.4 3.2 17.8
26 B 7-8 -19.1] 11.7 A.D.1286 A.D.1217-1393 3.1 2.7 16.9
27 " 17-25 F -18.9] 122 A.D.1115 A.D. 996-1230 3.2 2 18.7
28 " 44-49 F -18.2 12.4 A.D.1168 A.D.1019-1279 3.2 3.7 19.2
29 " 6-7 -19.1 11.7 A.D.1195 A.D.1025-1283 3.4 3.4 12.3
32 42WB286 25-34 F -17.9| 123 A.D.1168 A.D.1019-1279 3.1 3.5 19.8
33 42WB304 Adult M -18.5| 11.9 A.D.1022 A.D. 898-1179 2.9 16.9
35 42WB317 2.5-3.5 -18.4| 15.2 A.D.1018 A.D. 976-1155 34 1 6.6
36 42WB318 2.5-3.5 -16.6 15.4 A.D. 596 A.D. 411- 672 3.1 1 6.6
37 " 30-44 F -17.5| 13.2 A.D. 967 A.D. 818-1020 3.2 0.8 33
40 42WB319 9.5-10.5 -18.3] 12.1 A.D.1195 A.D.1031-1279 3.2 2 20
41 " 30-35 -18.3] 11.6 A.D.1253 A.D.1046-1303 3.2 2.3 20.5
43 42WB320 16-20 F -17.2| 144 A.D.1410 A.D.1314-1442 3.2 3.4 22.4
45 42WB322 adult -15.2 12.5 A.D. 891 A.D. 662-1156 3.2 3.4 19.5
a7 42WB324 45-49 M -12.7 11.9 A.D.1005 A.D. 880-1162 3.2 3.3 19.2
48 " 10-12.5 -13.6| 11.8 A.D.1020 A.D. 895-1168 3.4 2.8 19
49 " 20-24 M -19.2 4.4 A.D.1127 A.D.1010-1257 3.4 2 16.3
51 " 9-10 -13.4| 117 A.D. 779 A.D. 662- 956 3.2 2.1 16.3
52 " 12.5-13.5 -14.8 11.7 A.D. 676 A.D. 547- 956 2.2 17.3
53 37-43 M -10.8 12.3 A.D. 884 A.D. 775- 979 3.3 4 21.7
55 " 18-22 M -10| 124 A.D.1031 A.D. 895-1156 3.5 3.7 20.8
56 " 18-20 M -11.3] 124 A.D.1014 A.D. 885-1168 3.4 3.6 21.9
57 " 6.5-7.5 -13.5| 125 A.D. 668 A.D. 608- 786 34 33 175
58 " 20-24 M -10.2] 126 A.D.1028 A.D. 997-1165 34 3.8 19.2
61 42B0O73 50-60 F -15.1] 123 A.D. 978 A.D. 857-1033 3.1 2.1 18.8
62 B Unk -17.5| 134 A.D. 891 A.D. 727-1014 3.2 3.1 18.1
64 42B0O579 18-23 F -17 13 A.D. 423 A.D. 252- 602 3.1 0.4 5.9
65 42B0580 45+ -18.2 12.6 A.D.1127 A.D.1010-1257 3.3 0.8 14.4
66 " subadult -18.3] 129 A.D.1028 A.D. 983-1180 3.2 1.7 17.3
68 42B0599 50-59 F -18 12 A.D.1020 A.D. 900-1162 3.3 3.4 19.2
69 " 6mo./1.5 -17.9| 15.1 A.D.1275 A.D.1165-1303 3.4 1 12
70 " 6.5-7.5 -18.5 12 A.D. 914 A.D. 778-1020 34 25 14.9
73 42WB144 adult -19.8 4.3 A.D.1022 A.D. 898-1179 3.3 2.4 19.2
76 42wWB185° 25-29 F -17.3| 11.6 A.D. 910 A.D. 822-1011 3.2 3 21.3
77 42B0O700 50+ M -14.4 11.7 A.D. 779 A.D. 656- 968 3.2 2.4 18.6
78 42WB32 adult -19.2| 124 A.D. 635 A.D. 451- 694 3.1 1 14.5
79 " adult -15.4| 11.3 A.D. 893 A.D. 782-1012 3.1 1.7 13.1
83 " 45+ M -10.2| 10.9 A.D.1005 A.D. 885-1156 3.1 2.9 19
84 " 50+ F -16.7 11.2 A.D. 888 A.D. 718-1011 3.2 2.5 18.5
1¢ 42SL197 subadult -15.8 11.7 A.D. 914 A.D. 817-1007 3.5 19.5
2 " adult -13.2] 113 A.D. 660 A.D. 570- 776 3.4 3.2 27
4a " 8 -16.2 12 A.D. 888 A.D. 718-1011 3.7 22.9




Table 2. 6130, 615N, Calibrated Dates and Preservation for Great Salt Lake Wetlands Burials.

Burial Site Age Sex 8*%c 5'°N Calibrated Calibrated Atomic Bone Collagen
0% 0% Date 20 Range C/N %N?* Yield®

W.Warren adult -12.0 11.2 A.D. 883 A.D. 688- 998 3.2 3.3 21.9
(21750/15)
Willard Mds. adult -13.7 10.5 A.D. 779 A.D. 667- 891 3.2 3.1 19.6
(11349) |
Willard Mds® adult -11.9 10.8 A.D. 789 A.D. 670- 974 3.3 1.4 9.2
FS 1/97 |
Willard Mds' adult -18.0 12.9 A.D. 1295 A.D. 1237-1403 3.2 1.9 10.3
(Fs 1/108)

Note: For CAMS laboratory numbers and dates bp see Col

train and Stafford 1999:T.

able 4.1

#Percent nitrogen in whole bone by weight

PPercent collagen in whole bone by weight

“Burials recovered in the Great Salt Lake wetlands project (Simms et al. 1991)

9Jordan River burials (Schmitt et al. 1994)

°42B0O30

f42B0O76




Tabl e 3. Skel etal Pathologies in Burials Analyzed for Stable Isotopes.

Burial d=C %o Age Pat hol ogy

3 -18.4 33-37 Ravaged by | esions suggestive of nmetastatic carcinoma; nunerous pathol ogical
fractures; SN lunbar vert; 2 phal anges fused; PT; DID; MVD, TL; noderate DW

11 -17.2 1.5-2.5 Slight criba orbitalia; TL; EH sclerotic mastoid devel opnment

14 -14.8 40- 44 SN several verts; DID;, MVD;, TL; extrene DW

16 -15.5 60+ DID, PT, extreme DW

17 -12.8 25-30 EH

20 -17.6 30-34 DID;, TL

21 -18.8 25-29 TL

22 -19.0 10.5-11.5 LL proximal huneri

23 -18.1 20- 30 EH

28 -18.2 44- 49 I nnonmi nates and sacrum partially fused; DID;, MVD, TL; PT; LL rt humerus
32 -17.9 25- 34 5th lunbar col | asped; MVD; TL; extreme DW

33 -18.5 Adul t TL

35 -18.4 2.5-3.5 Slight cribia orbitalia, MWD, TL

37 -17.5 30-44 DID

40 -18.3 9.5-10.5 LL Ift tibia; exostosis superior nmargin 2nd rib; TL

43 -17.2 16- 20 DID; TL

47 -12.7 45- 49 DID; TL; SN L2 and L5; diploic mastoid devel opnent; rapid DW

48 -13.6 10-12.5 TL

52 -14.8 12.5-13.5 MWD

53 -10.8 37-43 Lft innominate fused to fenur anterior at 90° el evated 10-15° above hori zontal ;

Ift lower linb bones smaller than rt; bowed fenora; SN |unbar verts; DJD;
cervical verts 2-4 fused; MWD, TL

55 -10.0 18- 22 TL

56 -11.3 18- 20 TL

57 -13.5 6.5-7.5 Craniostenosis; MVD, TL

58 -10.2 20- 24 DID; TL; LL 7th cervical vert;

61 -15.1 50- 60 DID; LL T4; TL; PT; necrotic, eburnation |ft patella; extreme DW
64 -17.0 18- 23 MWD, TL

65 -18.2 45+ DID, PT

66 -18.3 Subadult Cribia obitalia

68 -18.0 50- 59 Spi na bifida occulta L5; DID; PT; MWD, TL; DW

69 -17.9 6no./ 1.5 Diploic nastoid devel opnent

70 -18.5 6.5-7.5 Moderate deci duous DW nultiple episodes of growth disruption w TL
76 -17.3 25-29 Extreme DW TL

77 -14. 4 50+ Severe DID; extrene DW

78 -19.2 Adul t Extreme DW

83 -10.2 45+ Extreme DW DJD

84 -16.7 50+ Extreme DW DJD

Not e: SN=Schnorl's node; PT=pal atine torus; DJD=degenerative joint disease; MVD=m xed nastoi d devel opnment;
TL=transverse |ines; DWdental wear; EH=enanel hypoplasia; LL=lytic |esion.
Sources: Fawcett and Sinms 1993; Ownsley et al. 1996; Sinmms et al. 1991






Table 4. d3C, d'°N Vvalues for Periods I, Il and III.

Cal i brat ed Mean Per M| Mean Per M
Period n Age A D. d3C %o Range Range d15N %o? Range Range
| 12 400- 850 -15.1 £ 2.3 -19.2/-11.9 7.3 12.0 £ .9 10.5/13.0 2.5
Il 32 850- 1150 -15.7 £ 3.1 -19.8/-10.0 9.8 12.2 £ .6 10.9/13. 4 2.5
111 13 1150- 1450 -18.1 £ 0.6 -19.1/-17.2 1.9 12.4 + .8 11.6/14. 4 2.8

ad15N neans do not include nursing infant Burials 35, 36, 39 and non-indi genous Burials 49, 73



Table 5. Stable |Isotope Values on Injun Creek (42VB34) Fauna
Modern Plant Taxa from Stillwater Wetlands and O her

Modern and Archaeol ogi cal Pl ant Taxa.
Speci es Common Nane di3c d*N At omi ¢ Sour ce
%o %o C/'N
Ovis canadensis bi ghorn sheep - 20. 8.4 3.0 Injun Creek (42Wh34)
Ovis canadensis bi ghorn sheep - 20. 8.7 2.9
Odocoi leus hemionus nul e deer - 20. 6.0 2.9
Odocoileus hemionus nul e deer -19. 6.1 2.9
Cervus elaphus el k -19. 6.3 3.0
Antilocapra americana pronghorn -19. 7.9 2.9
Canis lupus gray wol f -19. 9.6 3.0
Ondatra zibethibus muskr at -22. 6.8 3.0 Modern/Fish Springs, UT®
Castor canadensis beaver -21. 5.4 3.0 Injun Creek (42Wh34)
Lutra canadensis river otter -22. 13.6 3.0
Ezethizon dorsatum por cupi ne -18. 7.8 3.0
Thomomys talpoides pocket gopher - 20. 9.9 2.9
Sylvilagus sp. rabbi t - 20. 6.6 2.9
Lepus sp. har e -21. 5.9 2.9
Rodent i a rodent -19. 11. 4 3.0
Microtus montanus m c. rodent -17. 9.5 2.9
Branta canadensis Canada goose -15. 10.6 3.1
Branta c. maxima Canada goose - 20. 7.0 3.0
Anas platyrhynchos mal | ard duck - 20. 7.3 2.9
Anas sp. duck -22. 7.3 3.1
Pelecanus sp. pel i can -17. 12.8 3.1
Larus sp. gul | -15. 17.0 2.9
Cat ost omi dae sucker -23. 8.7 3.0
Scirpus acutus bul rush seed - 25. 6.3 Stillwater Wetlands, N
Scirpus paludosis nut grass - 25. 4.3
Oryzopsis hymenoides indi an ricegrass -23. 2.6
Pinus monophyla pi nyon -21. 1.0

Amaranthus sp. (n=5)
Atriplex confertifolia
Echinochloa crus. (n=2)

Sporobulus cryptandrus

amar ant hus seed
shadscal e seed
barnyard grass sd

i ndi an dropseed

-12.

-14.

-10.

-12.

I+

I+

Mbder n/ GSL Val | ey, UT®
Mbder n/ Fi sh Springs, UT

Moder n/ UT Dept of Agri.®



Zea mays kernel (n=2)

Zea m. kerne

Zea m. charred cob

Zea m. uncharred cob (n=3)

Allenrolfea occ. (n=2)
Chenopodium sp. (n=2)
Oryzopsis hymenoides
Quercus emoryi

Rosa sp

Scirpus sp.

Typha latifolia
Allium sp
Balsamorhiza sp
Lewisia rediviva

Periderida gairdneri

Chapal ot e popcrn
Mai ze Roj o Dent
Acona Fl our Corn
Manzano Yel | ow
Cochiti Bl ue
Tarahumara Flint
Frenont nui ze

(central Ut ah)

Formati ve mai ze

(sout heast Ut ah)

pi ckl eneed seed
goosef oot | eaf
indian ricegrass
acorn nut neat
rose hip

bul rush seed
cattail rhizome
wi | d onion

bal sam t uber
bitterroot tuber

yanpa tuber

-10.

-10.

-11.

-12.

-11.

-10.

-10.

-10.

-10.

-10.

- 25.

-27.

-22.

- 25.

-23.

-27.

- 28.

-29.

- 25.

- 26.

- 25.

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

Moder n/ Nati ve Seed Search®

Pharo Vill age (42MD190)
Nephi Mounds (42JB2)

Snake Rock Village (42SV5)
Evans Mound (421 N40)

Medi an Vil lage (421 N124)
Canyonl ands (42SA1477

Ber nhei mer Al cove (42SA736)
Gat es Roost (42KA178)

Al'i ce Hunt Survey (42GR176)
Moder n/ UT

Moder n/ Fi sh Springs, UT

Moder n/ Payson, AZ°

Moder n/ Box El der Co., UT"

Moder n/ Fi sh Springs, UT

Mbdern/ Salt Lake Co., UT

Moder n/ Nevada

Moder n/ Wasat ch Co., UT

2Fish Springs Wldlife Refuge sanples collected 1999
bSchoeni nger 1999: Table 8.1

°Col | ected 1991

dCbt ai ned fromthe UT Department of Agriculture 1993

®Pur chased from Nati ve Seed Search, AZ, 1995

"Fl oating Island, UT, sanple collected nid-1990s

9Col | ected 1998
"Col | ect ed 2001
"Al'l tubers collected 2001

Fi sh Springs sanple



Table 6. d3C, d'®N Values, Sites and Means for Great Salt Lake
Wetl ands Burials by Sex.
Fenal e Mal e

Buri al Site disc d**N Buri al Site disc d*N
%0 %0 %0 %0
3 42\\B48 -18. 4 12. 3 14 42\\B185a -14. 13.0
21 42\\B269 -18.8 12. 3 15 42\\B185a -18. 13.0
27 42\\B269 -18.9 12.2 16 42\\B185c - 15. 12.2
28 42\\B269 -18.2 12. 4 20 42\\B269 -17. 12.5
32 42\\B286 -17.9 12. 3 23 42\\B269 -18. 12.9
37 42\\B318 -17.5 13.2 33 42\\B304 -18. 11.9
43 42\\B320 -17.2 14. 4 47 42\\B324 -12. 11.9

61 42B0O73 -15.1 12.3 49 42\\B324 -19.
64 42BO679 -17.0 13.0 53 42\\B324 - 10. 12.3
68 42B0699 -18.0 12.0 55 42\\B324 - 10. 12. 4
76 42\WB185¢ -17.3 11.6 56 42\\B324 -11. 12. 4
84 42\\B32 -16.7 11.2 58 42\\B324 - 10. 12.6
77 42B0Or00 -14. 11.7
83 42\\B32 - 10. 10.9

Mean o13C (n=12) -17.6 % 1.1 %o (n=14) -14.4 + 3.5 %o
Mean &®N 12.4 = .8 %o 12.3 =+ .6 %o




Tabl e 7. Mean d13C Values for Great Salt

Burial s by Age Category.

Lake Wetl ands

Age Age Mean d13C Gener al
Cat egory Range n %o Cat egory
1 0-5 4 -17.5 + .8 | nf ant
22 6-11 8 -16.8 + 2.8 Child
3 12-16 3 -16.9 + 1.9 Subadul t
4" 17- 24 7 -14.8 + 4.2 Young Adul t
5¢ 25-45 18 -16.8 = 2.5 Adul t <=45
6¢ 45+ 9 -15.4 + 2.7 Adul t >45
2l ncl udes Burial 48
I ncl udes Burials 27, 43
‘I ncl udes Burial 23 and all "Adults" in Table 2

9 ncl udes

Burials 28, 47



Table 8. Mean d*C, dN for Plant Resources and Frenont Fauna.

Sanpl e n Mean d*C %o Mean d**N %o
Pl ant Resources
Modern C, Plants 9 -12.1 + 7.0 £+ 4.2
Moder n Abori gi nal Mize 10 -11.0 = 3.1+ 20
Arch. Mize Charred 5 -10.5 * 4.3 + 1.3
Arch. Maize Uncharred 12 - 9.6 = 8.6 £+ 1.7
Modern C;, Plants 9 -25.6 * 4.7 £ 2.5
Moder n Tubers 4 -26.8 * -.5+29
Fauna
Bi son (Bison bison) 16 -19.0 7.3+ .5
Q her Large Manmal s 6 -19.9 =+ 7.2 £ 1.2
Smal | Mammal s 9 -20.3 8.5+ 2.8
Wat er f owl 6 -18.6 + 10.3 £ 4.0
Fi sh (Cat ost oni dae) 1 -23. 8.7
Car ni vore (Canis lupus) 1 -19. 9.6




Tabl e 9. Bison bison d®C, d*N Val ues from Frenont Sites

adj acent to the Great Salt Lake Wetl ands.

Site Skel et al diC d*N At oni ¢

El ement %0 %0 C/'N

Bear River 3° distil tibia -19.5 7.4 3.5
maxi | | a -18.2 8.0 3.5

di stal radius -17.0 6.9 3.5

Levee Site® phal ange -19. 4 7.0 3.5
maxi | | a -20.0 7.5 3.5

astragul us -18.3 7.3 3.5

Bear River 1° mandi bl e -18.9 7.7 3.5
distal humerus -18.5 7.4 3.6

di stal humerus -19.4 6.3 3.6

mandi bl e -19.9 6.5 3.6

distal hunmerus -19.6 6.8 3.4

Bear River 2° | ong bone shaft -19.7 7.6 3.3
mandi bl e -19.4 7.2 3.5

maxi | | a -18.6 8.0 3.4

| ong bone shaft -19.8 6.9 3.4

42SL.285°¢ distal tibia -18.1 8.0 3.5

a42B0O8 (Shields and Dalley 1978)
®42B0OL07 (Fry and Dalley 1979)

°42B0B5 (Ai kens 1966)
442BC67 (Ai kens 1967)
°Frenont residenti al
conmuni cati on 1999)

base,

downt own Salt Lake City,

U ah,

(Rood persona



Tabl e 10.

di3C val ues for

of AMS Radi ocar bon Dat es.

Frenmont Village Burials with a Subset

Site Buri al di3c d'°*N Dat e Calibrated 2s Calibrate
%o %o B. P. Range I ntercept Date
Evans Mound Fs210. 57 -7.6 10. 4
Evans Mound Fs267. 16 -10.2 9.6
Evans Mound Fs1276. 83 -8.7 10.7
Backhoe Vil l age 76As1. 16. 20 -7.4 10.0
Backhoe Vil l age 76As1. 37.51 -7.6 10.6
Cal dwel | Vill age 3 -8.8 11.9
Cal dwel | Vill age 2 -8.4 10. 7
Cal dwel | Vill age 4 -8.2 10. 8
Cal dwel | Vill age 6 -11.0 10.9
Sal i na Sisters?® 1 -8.4 10.5 1100 = 50 A.D. 869-1023 A.D. 973
Salina Sisters® 2 -8.0 10.6 1030 = 60 A.D. 890-1162 A.D. 1014
Snoki ng Pi pe -9.2 10.6 1130 + 60 A.D. 778-1020 A.D. 914
42SV1060° -9.5 10. 4
Billat and Billat 1988; CAMs-12275
®Bi |l at and Billat 1988; CAMS-10213

CCANVB- 10212
mound in Gooseberry Valley adjacent to Nawthis Village (Figure 1;

YBuri al

Met cal f e 1984)






Table 11. Mean d**C and d'*®N for

Fremont Burials by Diet.

Sanpl e n Mean dC %o Mean d**N %o
GSL Wetlands High C, Diets 15 -12.2 + 1.4 11.8 +
GSL Wetl ands M xed Diets 11 -15.5 + .7 11.9 =
GSL Wetlands C, Diets 31 -18.2 + .7 12.5 +
Frenont Village Diets 13 - 8.7 1.1 10.6 +




Table 12. Paired t-test for Significant Differences in

Frenont dC by Diet.

t-val ue df val ue
GSL High C:Mxed Diets -14. 474 10 . 0001
GSL High C:C, Diets -21. 205 14 . 0001
GSL M xed: C, Diets -22.751 10 . 0001
Fre Vill:GSL High C, Diets - 5.991 12 . 0001
Fre Vill:GSL M xed Diets -14. 868 10 . 0001
Fre Vill:GSL C, Diets -28.924 12 . 0001




Table 13. Paired t-test for Significant Differences in

Frenmont d°N by Diet.

t-val ue df p val ue
GSL High C:Mxed Diets -.385 9 . 7094
GSL High C;:C, Diets 1. 656 14 . 1200
GSL M xed: C, Diets 2. 025 9 . 0735
Fre Vill:GSL High C, Diets 5. 654 12 . 0001
Fre Vill:GSL M xed Diets 6.176 9 . 0002
Fre Vill:GSL C, Diets 8. 509 12 <. 0001




to the

Table 14. C, Pl ant Foods Native

Great Basin from Et hnohi storic Records.

Genus and Speci es

Common Name

Renar ks

Ref er ence

Amaranthus spp.? amar ant h cultivated Chamberlin 1911
very inportant Pal mer 1878

Atriplex canescens’ sal t bush used Chamberlin 1911
Pal mer 1878
Fow er 1992

A. confertifolia® shadscal e very inportant Chamberlin 1911
Fow er 1992

A. spp.® used Chanberlin 1911

Carex spp. ° sedge medi ci nal use Chamberlin 1911
Echinochloa crusgalli® barnyard used Steward 1938

gr ass

Eragostis spp-© | ovegr ass used Steward 1938

Euphorbia spp.® spruge nedi ci nal use Train et al. 1957
Sporobulus cryptandrus® sand much used Pal mer 1878
dr opseed
Suaeda depress® seepweed used Chamberlin 1911
S. torreyana?® seepweed nmedi ci nal use Train et al. 1957

Downt on 1975

®\Wel ki and Cal dwel | 1970
‘Smith and Epstein 1971
dCerling 1993
*Raghavendra and Das 1978



Tabl e 15. Conparison of Period | and Il Popul ati on Means agai nst

Mean Mal e d13C Less 42WB324 Mal es.

Great Salt Lake Wetl ands d3C %o

Period | Popul ati on Mean -15.1 + 2.3
Period Il Popul ati on Mean -15.7 + 3.1
Mean Mal e Val ue | ess 42V\B324 Ml es -15.9 + 2.9






