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ABSTRACT. When introduced almost five decades ago, radiocarbon (*C) dating provided New World archaeologists with
a common chronometric scale that transcended the countless site-specific and regional schemes that had been developed by
four generations of field researchers employing a wide array of criteria for distinguishing relative chronological phases. A
topic of long standing interest in New World studies where '“C values have played an especially critical role is the temporal
framework for the initial peopling of the New World. Other important issues where 4C results have been of particular impor-
tance include the origins and development of New World agriculture and the determination of the relationship between the
western and Mayan calendars. It has been suggested that the great success of '“C was an important factor in redirecting the
focus of American archaeological scholarship in the 1960s from chronology building to theory building, led to a noticeable
improvement in US archaeological field methods, and provided a major catalyst that moved American archaeologists increas-
ingly to direct attention to analytical and statistical approaches in the manipulation and evaluation of archaeological data.

INTRODUCTION

The aim of this discussion will be to summarize the most important contributions that '“C age deter-
minations have made in understanding the process and pace of culture development of human soci-
eties in the Western Hemisphere. In reviewing these contributions, it might be helpful to note several
conceptual and historical factors that condition how '“C values have been employed in New World
archaeological studies in comparison and contrast to their utilization in other areas of the world.

First of all, the entire period of human occupation of the Western Hemisphere involves the activities
of anatomically modern Homo sapiens sapiens. With few exceptions, no competent researcher has
proposed the existence of any pre-sapiens hominids in the New World. The consideration by paleo-
anthropologists of the chronological problems and issues involving the geochronology of Pleistocene
fossil hominids are exclusively the province of the students of Old World archaeology. Secondly,
with one major exception, pre-Columbian New World societies did not possess textual-based records
that survived for modern scholars to examine and thus there were no historical-based chronological
systems to which archaeological features could be associated. The great exception is the textual tra-
dition created by priestly elites of the Maya of the Yucatan Peninsula of ancient Mesoamerica (Mex-
ico). Except for this textual corpus and the corpus of codicies that record pictographically events
occurring in the few centuries before European contact in central Mexico, several other areas of
ancient Mesoamerica and in a few other areas in the Americas, materials recovered through archae-
ological excavations provide the sole data base on which the reconstruction of the cultural history of
the pre-European societies of North and South America can be based. In this sense, with the excep-
tions noted, New World archaeological studies have been undertaken within the intellectual contexts
involved in the examination almost exclusively of nonhistoric or prehistoric societies.

This has meant that, following the introduction of *C dating, the most straightforward unit of New
World archaeological chronology could have been expressed simply in “radiocarbon time” as in BP
(before present), which will be followed in this discussion. This is in contrast to European practice,
where chronology building included direct links to the historic chronologies of the circum Mediter-
ranean and Near Eastern civilizations conditioned a need to convert “C-based BP into calen-
dar-based AD/BC units. It is true that New World archaeologists, in many cases, have followed the
practice of converting BP to AD/BC units, perhaps influenced by the early editorial practice of
Radiocarbon. This was necessary for the southwestern United States where comparisons with den-
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drochronological data was required, and in eastern Mesoamerica where comparisons with Maya
long count calendar based chronologies existed. However, in light of the subsequent calibration
problems, in all other areas of the New World, it might have been prudent, from the beginning, to
have represented their chronologies exclusively in radiocarbon time.

Finally, as discussed in detail elsewhere (Taylor 2000a), an important feature of the development of
professional prehistoric archaeological studies in the United States has been its 20th century devel-
opment while almost entirely embedded within the American anthropological tradition. This char-
acteristic is in significant contrast to the conceptual, intellectual, and organizational environment
that developed autonomous prehistoric archaeological disciplinary traditions in England, other
European nations, and academic traditions based on European models such as that which developed
in Canada and South America.

The final years of the 20th century mark the completion of five decades of the use of '“C dating in
New World archaeology. As James Arnold, one of the two coworkers with Willard F Libby (1908—
1980) in the initial development of the '“C method, many years later remarked (Arnold 1992:3), the
origin of *C dating could be set as early as 1946—the date of the first paper on “radiocarbon”
(Libby 1946)—or as late as 1951—the first published '“C date list (Arnold and Libby 1951). If an
actual “birthday” for '“C dating is desired, it might be identified as the day on which the first “C
“date”—an Egyptian archaeological sample—was actually calculated. This was July 12, 1948 (J R
Arnold and E C Anderson, personal communication 1996).

Radiocarbon Dating: An Archaeological “Atomic Bomb”

An American archaeologist who quickly became associated with Libby in introducing the 4C
method to his colleagues, the late Frederick Johnson (1904-1994), once remarked that 4C dating
dropped the equivalent of an “atomic bomb” on archaeology in the late 1940s (Johnson 1965:762).
His initial comments were focused on North American archaeology, but he also later applied it to the
whole of the Western Hemisphere (MacNeish 1996).

Johnson was in an excellent position to evaluate the initial impact of 4C dating on New World
archaeology both to his peers within Americanist Archaeology and to archaeologists dealing with
Old World issues and topics. He had served as the president of the Society for American Archaeol-
ogy in 1946-1947 and, beginning in 1947, prepared an annual report on American archaeology for
the American Journal of Archaeology. In 1950, Johnson reported that some of initial set of dates:

agree fairly well with established ideas, others indicate that archaeological guesses. . . while perhaps of the
right order, relatively, are nowhere near the actual age . . . In some cases they seem to contradict what has
been assumed to the “fact” based on stratigraphy, and in other cases they necessitate drastic revision of
present conceptions (Johnson 1950:236).

Throughout the 1950s, Johnson (1951, 1952, 1955) would provide the most authoritative and
informed commentaries on the increasing corpus of 4C values and reflections on their increasingly
important role in the derivation of temporal relationships in New World archaeological studies. He
recorded the initial resistance of a number of American archaeologists to what was perceived in
some quarters as a “threat of the atom in the form of radiocarbon dating” who then added that “this
may be our last chance for old-fashioned, uncontrolled guessing” (Phillips et al. 1951:455). Johnson
recalled the “frequent howls of protests, often savagely derogatory” (quoted in Marlowe 1999:22) as
various 14C results diffused through the North American archaeological fraternity and reported that:
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Libby’s proposal to provide a new means of counting time, one which promised a definable degree of
accuracy and world-wide consistency, caused all sorts of consternation. The idea that the method of dating
was derived from nuclear mysteries . . . converted surprise to fright, and sometimes even panic (Johnson
1965:762).

A summary of the 14C values determined at the University of Chicago laboratory during the period
of its operation (Table 1) reveals that archaeological samples constituted more than 60% of the total.
Of the archaeological samples, about 70% were from New World sites.

It appears that the initial reaction of a number of New World archaeologists to the introduction of *C
dating was not that different from how it was initially received in certain quarters in European archae-
ology (e.g. Neustupny 1970). One difference appears to be that very little documentary evidence of
the most hostile and derogatory comments from New World prehistoricans has survived—most of it
being transmitted only orally in informal gatherings. Johnson reported that there was an unconfirmed
rumor that a scientist who once proclaimed that “radiocarbon dating would never work™ had later
destroyed incriminating correspondence (F Johnson, personal communication 1986).

Table I Chicago '“C determinations: discipline and region?

Discipline

Region Archaeology  Geology Other®

Western Eurasia (Near East) 33 — — [9%]
Western Europe 7 10 — [5%]
England 4 14 — [5%]
North America 128 78 21 [60%]
Mesoamerica (Mexico) 21 5 — [6%]
South America 18 4 5 [6%]
Other® 31 2 — [9%]

242 [63%] 113 [30%] 26 [7%]

aTotal N = 381 (Libby 1955)
YMaize, tree rings, guano
¢Japan, Sub-Saharan Africa, Hawaii, Australia

In the mid-1960s, Johnson (1965) commented that the impact of *C on the archaeology of the West-
ern Hemisphere was most significant in resolving the chronology dealing with antiquity of New
World human populations, the age of the Adena and Hopewell cultures of the Ohio valley, the begin-
nings of New World agriculture, and the correlation of the Maya calendar with the Western calendar.
He also noted that, in his view, the “inevitable period of readjustment following the initial hue and
cry [when '#C dates were first introduced] brought about a reappraisal of the archaeological evi-
dence” in a number of sites. In this connection, he commented that:

This return to the trenches for a new and more careful look, often for the purpose of proving the radiocar-
bon dates to be erroneous and useless, resulted in a refinement of methods of recording in the field to in
order to determine more precisely associations of samples with levels. We may not realize it now, but pos-
sibly this need for detailed and accurate record of the provenience and associations of samples has resulted
in material improvement of archaeological field methods (Johnson 1965:764).

By the time of Johnson’s 1965 commentary, which appeared as an article in the first international
radiocarbon conference proceedings volume (Chatters and Olson 1965), '“C dating can be said to
have fully emerged from its pioneering phase. The period of initial suspicion and even, in some quar-
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ters, hostility (F Johnson, personal communication 1986) which questioned the general, overall
validity of the '“C method in toto were, with few exceptions, now silent and discussion turned to
questions of the accuracy and precision of 4C values from specific archaeological or geological con-
texts. The journal Radiocarbon (originally the Radiocarbon Supplement to the American Journal of
Science) was now in its seventh volume. By this time, more than 20 '“C laboratories had been estab-
lished in all parts of the world. In the United States, at three of these laboratories—at the Universities
of Arizona, Michigan, and Pennsylvania—archaeologists were instrumental in their establishment.

CULTURAL SEQUENCE TO CHRONOMETRIC AGE

The effects of the introduction of 4C data into North American archaeological studies dealing with
the development of the various culture histories varied depending on several factors but among the
most important were the traditions that had developed in different regions of North America among
area specialists prior to the advent of 1*C method. Johnson’s list of important issues that 4C data was
of particular importance—the age of the Adena and Hopewell cultures of the Ohio valley, the begin-
nings of New World agriculture, and the correlation of the Maya calendar with the Western calen-
dar—will be considered in this section. We will consider the influence of '“C dating in studies con-
cerning the early peopling of the New World in a separate section since New World Paleoindian
archaeology transcends regional considerations.

Eastern North America

James Griffin, the archaeologist who had developed the first major pre-!4C synthesis of Eastern US
prehistory (Griffin 1946 [actually written 1937]), was directly involved as a central figure in the
introduction and articulation of '4C data into the existing matrix of North American archaeology
with particular focus on Eastern North American (Griffin 1952, 1967; Stoltman 1978). Griffin was
also largely responsible for the development of the University of Michigan 14C laboratory, one of the
pioneering “C facilities in the United States which, throughout its more than 20-yr history (1950—
1972), focused its attention on archaeological samples.

Just as *C dating was being introduced, Griffin (1952), and Griffin together with Philip Phillips and
James Ford (Phillips et al. 1951), had undertaken a review of the chronology for the ceramic periods
of the Lower Mississippi Valley. While their analysis pushed back the Mississippian and early
ceramic complexes of the region to close to the ages indicated by the first set of 4C values for the
region, Griffin (1978:55) would later comment that C values:

altered many of the earlier interpretations of the temporal position of a large number of the cultural com-
plexes recognized by archaeologists. Probably the most important changes have been within the time
period attributed to the Archaic cultures, but all other periods have also been affected by the more accurate
temporal assessments provided by radiocarbon.

One of the most surprising results of '*C dating was the age of the fiber-tempered pottery in south-
eastern United States in the Savannah River area and in northeastern Florida. The earliest pottery
appears about 4500 BP in Georgia and about 4000 BP in Florida. '*C dating contributed signifi-
cantly to eliminate the possibility of a Eurasiatic origin for Eastern Woodland pottery (Griffin 1968).

Much interest and initial controversy surrounded the dates associated with two complexes associ-
ated with burial mounds in the Ohio Valley and adjacent areas. The temporal relationship of Adena
and Hopewell and how '“C data were to be interpreted in attempting to resolve their chronological
relationship occupied the attention of archaeologists in the region for several decades. As was the
case in several other regions (e.g. initial '*C dates dealing with Maya long-count calendar), initial
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age determinations prompted much consternation as the temporal priority of Adena was called into
question. It took more than a decade for the difficulties to be at least partly resolved with the recog-
nition of the lack of association of samples with their alleged archaeological contexts, distinctions
between burial and village manifestations, and the temporal overlap between Adena and Hopewell
in some areas.

The advent of agriculture in the Eastern United States had been an important regional horizon
marker since the absence or presence of agriculture had been a principal feature that initially served
to differentiate the Archaic from the later Woodland and Mississippian periods. There had been a
tendency for some to claim agriculture as an independent invention in the region, but none of these
suggestions could stand as more and more “C values modified views as to the “first” occurrence of
different cultigens in the region. In the 1980s, AMS-based '“C values on carbonized fragments of
squash (Cucurbita sp.) confirmed its occurrence in Archaic period deposits in Illinois at about
7000 BP. By contrast, AMS analysis of fragmentary remains of maize (Zea mays) previously dated
at about 2000 '“C yr on the basis of associated organics determined that the actual age of the maize
itself was about 1500 BP at one site. In one case, the maize fragments were determined to be modern
contamination (Conrad et al. 1984). However, later studies also using AMS technology to obtain
direct dates on maize determined that it was present in Middle Woodland period about 2000 BP in
the upper Mississippi River valley (Riley et al. 1994).

Accelerator mass spectrometry (AMS)-based “C determinations were also used to document con-
clusively the indigenous occurrence of a North American plant thought by some to have been intro-
duced at the time of European contact. Individual seeds of Corispermum L. were analyzed to elim-
inate the problems of stratigraphic mixing and late Pleistocene/early Holocene ages were obtained
on four specimens (Betancourt et al. 1984). Likewise, AMS-based analysis directly on samples of
common beams (Phaseolus vulgaris) from sites in the Northeastern United States determined their
occurrence in the region not earlier than about 650 BP (Hart and Scarry 1999) in contrast to earlier
14C values on purportedly associated charcoal (Richie 1969).

Western North America

Like many areas of the New World, chronological understandings concerning the prehistoric cul-
tures of Western North America can, with justification, be divided into “pre-“C” and “!4C” eras.
Although early excavations in Lovelock Cave, Nevada benefited from the introduction of stati-
graphic strategies introduced by N C Nelson, until the late 1940s, with few exceptions, the majority
of the archaeology conducted by those with various levels of training and experience focused on arti-
fact collecting. Chronological relationships were initially structured by comparing Great Basin
materials with those from other regions, most notably, the Southwest (Heizer and Hester 1978).
However, a focal feature of traditional chronology building in the Great Basin has been the use of
projectile points as time markers and much interest was focused at the time of the introduction of
14C—which continues to the present—on the relationship of various dated series—mostly in caves
and rock shelters—with the various regional projectile point series (Hester 1973). This is of partic-
ular importance in a region where most sites are surface features and the projectile points themselves
are the sole means of establishing temporal control.

An important theme in Great Basin archaeology has been various views concerning various lengthy
abandonment(s) of parts of the region. In some versions, this argument was associated with argu-
ments concerning the date of the introduction of the bow and arrow to the region. Region-wide aban-
donment was first postulated to coincide with the Altithermal, a period of decreased effective mois-
ture dated to between about 7000 and 4500 BP (Baumhoff and Heizer 1965). Other interpreters
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suggested human abandonment of the entire eastern Great Basin between about 3200 and 1500 BP
(Madsen and Berry 1975). A significant element in the arguments supporting such a view are inter-
pretations of “C dates and associated cultural materials in a series of caves and rock shelter con-
texts. A critique of this view notes that the use of '“C values for such purpose is usually very prob-
lematical in part due to the differential availability of datable materials from closely spaced levels in
sites and the high cost of obtaining sufficient '“C analyses to permit the secure documentation of any
such hiatus context (Aikens 1976).

Great Basin and California archaeology has yielded a number of case studies of the effect of the loss
of stratigraphic association for samples in cave and rock shelters that can occur both during occupa-
tion as well as after the abandonment of sites. An example of such a problem is illustrated by the “C
analysis of materials from Gypsum Cave, Nevada. Atlatl shaft fragments and dung from an extinct
giant ground sloth were found in apparent association. An early '“C date obtained by the Chicago
laboratory on the dung determined it age to be approximately 10,000 BP. This value was used to
infer an age for the atlatl fragments (Libby 1952). More than a decade later (Berger and Libby 1967),
a '“C analysis directly obtained on one of the atlatl shafts determined that their age to be about 3000
BP.

The same difficulty was encountered in determining the age of fragments of atlatl dart shafts that
had been recovered from Potter Creek Cave in northern California in the early part of this century.
The dart shaft fragments were originally thought to have been contemporaneous with extinct Pleis-
tocene fauna found in the cave. The '“C age of the atlatl shaft fragments were later determined to be
about 2000 BP indicating at least a 6000—-8000-yr temporal hiatus between the extinct fauna and the
cultural materials in this cave (Taylor 1975; Payen and Taylor 1977).

For northwestern North America, '“C values provided the chronological definition for a major
Holocene time marker used by archaeologists and other Quaternary scientists in the region. A vio-
lent eruption of Mount Mazama in the southern Oregon Cascade range, one of the largest eruptions
of the late Quaternary, distributed volcanic ash from central Nevada to British Columbia (Bacon
1983). The event has been characterized by mineralogical analysis of tephra sediments in many
archaeological sites, geological contexts and lake sediment cores throughout the region. A recent
review of the '“C determinations associated with the eruption have identified 65 values obtained by
16 laboratories over the last five decades (Hallet et al. 1997:Table 1). Critical reviews of this data
place it within a century of 6800 BP with one investigator calculating 6845 + 50 BP (Bacon 1983)
and a second 6730 = 40 BP (Hallet et al. 1997). The second value has reportedly been supported by
data from the Greenland GISP2 ice core on the basis of a correlation with a SO,4 peak thought to be
associated with the eruption (Zdanowicz et al. 1999:623).

The usefulness of the Mount Mazama eruption event as a regional time marker is illustrated in the
determination that the Kennewick, Washington human skeleton was associated with sediments
below the Mazama ash lens. On this basis, the age of 8410 + 60 BP (Table 5), assigned to Kennewick
on the basis of a direct '“C age determination on bone (Taylor et al. 1998), is consistent with its
stratigraphic relationship to the Mount Mazama event.

Southwestern United States

In the early part of the 20th century, the American Southwest became a focal point of New World
archaeological studies. An important factor was that the region enjoyed one of the earliest applica-
tions of stratigraphic excavation strategies in the New World combined with typological and seria-
tion approaches to the temporal analysis of ceramics and other artifact types. Several other factors
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contributed to this status, but, of these, probably the most important was that for North America
north of Mexico the region enjoyed the most secure prehistoric chronometric framework in the
pre-'“C period. This was due, to a considerable extent, to the extensive and sophisticated develop-
ment of dendrochronological applications.

Dendrochronology was developed and applied in the Southwest by an astronomer, Andrew Ellicott
Douglass, more than two decades prior to the development of the '“C method. Because of the effec-
tiveness of dendrochronological approaches for the last two millennia—the period beginning with
Basket Maker II on the Colorado Plateau and Mogollon I for central Arizona and New Mexico—4C
data was not aggressively pursued for Pueblo, Mogollon and Hohkam sites and materials. However,
14C data were employed in Southwestern subregions where dendrochronology could not be reliably
extended—such as the southern Arizona Desert—and for “Archaic cultures” in excess of about 2000
BP (Rohn 1978).

Of early significant interest was the Chicago '“C date of about 5900 BP determined on charcoal
from a lower level in Bat Cave, New Mexico, purportedly associated with early forms of domesti-
cated maize (Dick 1965). From the beginning, the results were suspect or, as Frederick Johnson
termed it, “tenuous,” because of problematic associations, even suggesting that the date should not
have been published (Johnson 1955:154). Since that time, attempts to date the arrival of maize and
other cultigens in the Southwest have been controversial (Simmons 1986). The development of
AMS '“C technology applied resulted in a set of results that have been obtained directly on the culti-
gens rather than on associated organics. An excellent example of the effects of direct dating of the
domesticates in contrast to earlier '4C dates on associated organics is available from the experiences
at the Fresnal Shelter in southern New Mexico (Tagg 1996). Minnis (1992), and Hard and Roney
(1998) recently assembled the results of such direct dating at sites in Arizona, Utah, New Mexico,
and Chihuahua, Mexico. Currently, the earliest reliable evidence for cultigens in this region is about
3000 BP with maize, beans, and one species of squash arriving first.

Mesoamerica

Other than the southwestern United States, ancient Mesoamerica—a region in pre-Hispanic times
that encompassed the southern two thirds of the modern state of Mexico and most of what is now
central America—was the object of the most intensive study by a number of archaeologists and
other scholars from universities, museums, research foundations both the United States and Europe.
The initial major attraction beginning in the 19th century was a series of sites particularly in the
Maya region of the Yucatan peninsula containing extensive ruins of large monumental structures
(e.g. Tikal and Copan), in the Valley of Mexico (e.g. Teotihuacan), and Valley of Oaxaca (e.g. Monte
Alban). As already noted, the Yucatecan Maya area was the only region in the pre-Columbian New
World with a fully formed writing and complex long count calendar system and an extensive inscrip-
tional textual corpus. In the case of the Maya calendar, the long count system involved a continuous
recording of days from a fixed zero point. Among the Maya city states of the Yucatan Peninsula,
hieroglyphic texts and calendar notations were inscribed on stela and on various structural elements
of buildings within temple complexes.

Long count dates were extensively employed in Maya archaeology to associate ceramic types with
architectural phases for the Maya Classic period (Fedick and Taube 1992). A long-standing question
was the correlation of the pre-Hispanic lowland Maya long count calendar with the Western calen-
dar. At the time of the introduction of the '4C method, the majority of Mayan scholars had tentatively
accepted, from a lengthy list of correlation formulas, the “GMT” (Goodman-Martinez-Thompson)
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correlation as best fitting the available evidence, although a correlation formula devised by
H J Spinden continued to be cited (Thompson 1960:306-9).

As summarized in Table 2, the first '4C determination bearing on the Maya correlation problem was
obtained by the Lamont '“C laboratory on a sample of wood extracted from a wooden lintel
inscribed with a Maya long count calendar notation from the Classic Maya site of Tikal in Guate-
mala (Kulp et al. 1951:566). Surprisingly for many Mayanists, rather than supporting the GMT cor-
relation, the '4C value on the lintel supported the Spinden correlation scheme. This correlation cal-
culated dates exactly 160 yr earlier than did the GMT formula. A second '“C determination on
another inscribed wooden lintel from Tikal bearing the same long count data as in the first test was
undertaken at Chicago by Libby and also supported the Spinden correlation (Libby 1954:740).

These results were criticized on the basis that they were derived from samples from existing museum
collections whose size had been reduced for transport and thus had lost their outside rings (Satterth-
waite 1956). The result of these initial results was the first intensive dating program undertaken by a
14C laboratory in conjunction with an major archaeological excavation—in this case at Tikal from
1955-1970 by the University Museum of the University of Pennsylvania. The first topic addressed
was the 4C dating of lintels of temple structures on which were inscribed Maya long count calendar
dates. In selecting these samples, there was an explicit recognition of an problem with wood samples
containing a number of rings. The issue was first labeled the “post-sample-growth (or inner wood)
error’” and then renamed, more appropriately, the “pre-sample growth error” (Ralph 1971:4).

New collections of wood samples with due consideration of the problem of missing wood were
obtained during the University of Pennsylvania excavations. In a critical interpretation of the result-
ant '“C data, involving more than 100 determinations obtained by the University of Pennsylvania
and UCLA laboratories, the pre-sample growth factor was employed to explain the earlier determi-
nations. By this time, there was the beginnings of an understanding of calibration problems for *C
values. Fortunately, early tree-ring data indicated a close correspondence between 4C and solar time
for the critical period at issue (Satterthwaite and Ralph 1960; Ralph 1965). Most, but not all (e.g.,
Andrews 1978), Mayanists accepted the new “C results as strongly supporting the GMT correlation
(Kelley 1983). In the mid-1960s, the pre-sample growth factor was also invoked to resolve problems
of correlating '“C determinations on charcoal with the apparently well-known chronological
sequence for the Classic period at Teotihuacan in central Mexico (Kovar 1966).

14C dating was also extensively employed to provide temporal resolution for what some archaeolo-
gists considered the “mother culture” (cultura madre) of ancient Mesoamerican civilization—the
Olmec—associated with sites such as La Venta and Tres Zapotes located in the Gulf Coast region of
Mexico. Others viewed the Olmecs as contemporaneous with or even to postdate the Classic Maya.
A series of 4C values obtained from La Venta demonstrated clearly that the Olmecs at this site pre-
dated the Maya by many centuries (Drucker et al. 1957:265). A suite of !“C values obtained during
studies at the site of San Lorenzo documented an even earlier Olmec phase reaching back to at least
3000 BP (Coe and Diehl 1980:395-6).

The question of the origins of plant domestication in the New World had been long been centered on
Mesoamerica in light of the fact that the wild precursors of the major domesticates—and especially
Zea mays—were generally considered to be indigenous to that region. A major excavation in a num-
ber of caves and rock shelters in Tehuacan Valley in central Mexico in the 1960s specifically
directed at elucidating the course of plant domestication in the region revealed a long stratigraphic
record covering most of the Holocene (Byers 1967-1972). Contained in these deposits at various
levels were fragments of a number of plant domesticates. A large suite of '4C dates primarily on
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Table 2 '4C data associated with the correlation of the Maya and Western calendars

A. Initial measurements

Lamont?

Tikal Structure 10P

Spinden = AD 481; GMT = AD 741
L-113, 1470 + 120 BP (AD 481 + 120)°
L-113 bis, 1502 = 60 BP (AD 456 + 60)d=e

Chicago®

Tikal Temple IV&

Spinden = AD 481; GMT = AD 741
C-948, 1485 = 120 BP (AD 469 + 120)

C-949, 1521 + 170 BP (AD 433 + 170)h
(Weighted average = AD 451 = 110)P

B. Recognition of “presample tree ring growth error” problem

Pennsylvania'

Tikal Temple IV
Spinden = AD 435; GMT = AD 712
Average 13 Temple IV '4C values = 1213 + 34 BP (AD 746 = 34)

Tikal Temple I
Spinden = AD 435-452; GMT = AD 695-712
Average 7 Temple I 4C values = 1275 + 37 BP (AD 684 = 37)]

Tikal Structure 10
Spinden = AD 481; GMT = AD 741
P-293, 1353£57 BP (AD 606 + 57)k

UCLA!

Tikal Temple IV
Spinden = AD 435; GMT = AD 712
Average 2 Temple IV C values = 1238 + 30 BP (AD 712 = 30)™

Tikal Structure 10
Spinden = AD 481; GMT = AD 741
Average 5 Structure 10 'C values = 1344 = 45 BP (AD 606 + 45)"

aKulp et al. (1951)

YFrom American Museum of Natural History, New York

¢“AD” value calculated by subtracting BP value from 1951

dBroecker et al. (1959)

¢Recount by gas counting of solid carbon sample used for L-113. “AD” value calculated by subtracting BP value from
1958.

fLibby (1955:131)

gFrom Ethnographical Museum, Basel, Switzerland

h“AD” value calculated by subtracting BP value from 1954

iSatterthwaite and Ralph (1960)

i“AD” value calculated by subtracting BP value from 1959

kSame wood as used for L-113

'Fergusson and Libby (1963:13-14)

MDuplicates of 2 Pennsylvania Temple IV wood samples

"Duplicates of 5 Pennsylvania Structure 10 wood samples
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associated charcoal provided the chronology for development of domesticated species (Johnson and
Willis 1970; Johnson and MacNeish 1972). Charcoal '*C values were used to assign age to the indi-
vidual fragments of early maize as early as 7000 BP. Concerns regarding the association of charcoal
with the maize fragments were later addressed when AMS-based '“C measurements on the maize
specimens themselves determined that there was a considerable range in the ages of the individual
specimens; the oldest exhibited an age of about 4700 BP (Long et al. 1989).

PALEOINDIAN CHRONOLOGY

One of the longest running and acrimonious debates in New World archaeology concerns the nature
and timing of the peopling of the Western Hemisphere (Stanford 1982; Irving 1985; Taylor 1991).
There is no question that the advent of 14C dating transformed discussions concerning dating frame-
works for Paleoindian sites and contexts (Wilmsen 1965). The history of the application to 4C in
Paleoindian studies provides a classic case study of the great impact that the 4C method made in
New World archaeology.

The context for 20th century discussions of this issue had their origins in the 1920s and 1930s with
the general acceptance of the direct association of two types of fluted projectile points—known as
Clovis and Folsom from their type sites—with skeletal remains of an extinct North American mega-
fauna, particularly bison and mammoth. These discoveries convinced the professional archaeologi-
cal community that human populations had entered the New World sometime between 10,000 and
25,000 yr ago (Wormington 1957). In the pre-!“C era, the range in age assigned to the entry resulted
primarily from differences among geologists and others as to the dating of the final phase of the Wis-
consin glaciation and the disappearance of the Pleistocene fauna in North America. Also, on strati-
graphic criteria, Clovis was demonstrated to predate Folsom but the temporal offset was unknown
(Meltzer 1989).

With the advent of '“C dating, one of the first issues for which Chicago 4C dates were obtained was
the resolution of the chronological status for the New World Paleoindian period. In pursuing this
issue and in later considerations of the question of dating purported pre-Clovis occupations in the
New World, a number of major problems that confront the application of “C in archaeology in gen-
eral have been addressed and well illustrated. For example, the problem of stratigraphic misattribu-
tion of an organic sample (e.g. charcoal) for which a 1C age estimate is obtained and an archaeolog-
ical or geological context was vividly exemplified in the first !“C age determination on a sample
from the Folsom type site in New Mexico. The sample, initially described as charcoal from a fire-pit
situated below bison bones and artifacts collected by Harold J Cook in 1933, was dated at 4283 +
250 BP (an average of two determinations) which generated the comment “surprisingly young”
(Arnold and Libby 1950:10). Cook revisited the Folsom site in June 1950 and determined that the
“sample had been taken from a hearth in the fill of a secondary channel which had cut through the
original deposit of bison bone and artifacts” (Roberts 1951:116). A '“C value of 9883 + 350 BP
(C-558) was subsequently obtained on burned bison bone from what was interpreted as the Folsom
horizon at Lubbock Lake, Texas (Libby 1951:293; Roberts 1951:20—1; Haynes 1982:384).

It thus appears that the first 14C determination concerned with one of the most controversial issues in
American archaeology was deemed unacceptable for what it was supposed to have dated, requiring
reinterpretation of the geological context and an additional #C analysis on a sample presumed to be
more directly associated with the cultural or technological tradition for which dating was being
attempted. It was subsequently argued that the problem may have not been resolved by the Lubbock
Lake values. Geological evidence combined with additional 1#C data pointed to the conclusion that
the burned bone sample used for C-558 did not, in fact, come from the Folsom levels at the
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Lubbock Lake site (Haas et al. 1986; Holliday and Johnson 1986). If this is correct, the first '*C age
determination securely associated with Folsom materials was obtained on charcoal collected at the
Lindenmeier site in Colorado, where a '“C value of 10,780 + 375 BP was obtained (Haynes and Ago-
gino 1960).

Over the next four decades, a steadily increasing corpus of *C determinations were obtained on
materials variously associated with a number of Clovis and Folsom sites in western North America.
Table 3 represents the results of a critical review of '*C values on various sample materials that are
in secure stratigraphic relationship with either Clovis or Folsom occupations (Taylor et al. 1996).
Based on this data base, Clovis populations hunted and collected on the North American Great
Plains from about 11,600 to 10,900 BP, while Folsom groups flourish from 11,000 to 10,250 BP. It
appears that the transition from Clovis to Folsom may have occurred within a period of 100 yr or less
(Haynes 1984), although the current suite of dates does not have the precision required to test this
assertion (Haynes 1991).

Table 3 Selected '“C dates associated with Clovis and Folsom sites in North America
(Taylor et al. 1996). When value cited in the table is an average, the number of '“C val-
ues averaged are listed in parenthesis.

Clovis sites 14C age (BP) Folsom sites 14C age (BP)
Murray Springs (8) 10,890 + 50 Hanson (4) 10,250 + 90
Lehner (12) 10,940 = 40 Blackwater Draw (5) 10,290 + 90
Anzick 10,940 = 90 Carter/Kerr McGee 10,400 + 600
Dent 10,980 + 90 Lubbock Lake 10,540 = 100
UP Mammoth 11,280 + 350 Indian Creek/1 10,630 + 280
Lange/Ferguson 11,140 = 140 Owl Cave 10,640 = 85
Colby 11,200 = 220 Lindenmeier (3) 10,660 + 60
Domebo 11,480 =450 Agate Basin (2) 10,700 = 70
Blackwater Draw (3) 11,300 = 240 Folsom (6) 10,890 x 50
Aubrey (2) 11,570 = 70 Indian Creek/2 10,980 = 150

The central influence of C dating on New World Paleoindian studies can be seen most clearly
when it is noted that in several cases, a single 1*C age determination was the most important factor
in directing great attention and relatively massive amounts of resources toward specific sites and
regions purported to contain evidence of Paleoindian materials presumed to be older than Clovis.
For example, in the early 1960s, the decision to undertake the large scale excavations at Tule
Springs, Nevada (Wormington and Ellis 1967) was stimulated in large part by a single 1C determi-
nation of >23,000 yr (C-914) obtained by Libby’s group (Libby 1952:121) on what was character-
ized as charcoal recovered from what had been labeled a “hearth-like feature” by excavators who
associated its occurrence with sediments containing the bones of extinct fauna (Harrington 1954;
Harrington and Simpson 1961).

In another instance, a 14C age of 27,000+309/_, ., BP (Irving and Harrington 1973) was obtained on
an inorganic fraction of a bone implement recovered from a locality in the Old Crow Basin, Yukon
Territory, Canada in the early 1970s (Irving 1985:547). At both Tule Springs and in the case of the
Old Crow artifact, subsequent '*C data determined that the original age assignments for the cultural
materials had been greatly inflated. In the case of the Tule Springs materials, the only uncontested
artifacts recovered during extensive excavations carried out in the early 1960s were associated with
sediments dating in the 10,000-11,000 BP range. The features originally labeled as “hearths” con-
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taining “charcoal” were determined to be concentrations of decayed plant remains associated with
water channel or spring deposits (Haynes et al. 1966; Haynes 1988). As for the Old Crow imple-
ment, an organic fraction of the bone later yielded a '“C value of 1350 = 150 yr (Nelson et al. 1986).

Another type of contamination issue was associated with the '*C dating of “charcoal” materials from
the site of Lewisville in Texas. The apparent charcoal had been recovered in the early 1950s from a
series of hearth-like features containing extinct fauna that included mammoth and a Clovis-type
point. The '#C values ranged between >37,000 and >63,000 BP (Crook and Harris 1958). It was ini-
tially suggested that the charcoal derived from packrat middens (Heizer and Brooks 1965). How-
ever, renewed excavation in the late 1970s determined that the supposed charcoal used for the “C
determinations was actually lignite, a form of coal.

Studies associated with the Tule Springs, Old Crow, and several other sites illustrate the continuing
efforts to bring evidence to bear that would support the validity of the view that human populations
occupied the Western Hemisphere prior to the appearance of the Clovis hunters and gatherers. The
so-called “Clovis boundary” has been continuously assaulted by a minority of New World archaeol-
ogists over several generations and have spurred archaeological investigations from Alaska to Tierra
del Fuego. However, of the more than 100 sites in North America that have been reported to contain
evidence of “pre-Clovis” occupation, only a relatively small number currently remain under active
consideration. Of the remaining alleged pre-Clovis sites in North (Payen 1982; Meltzer 1989) or
South (Lynch 1990; Meltzer et al. 1994) America, either the cultural nature of the material or the ade-
quacy of the chronometric data associated with the remains, or both, have been questioned. In most
cases, 1“C age determinations have been and continue to be the crucial arbiter and standard used in
documenting the age of a given feature or site locus purported to represent a pre-Clovis occupation.

Beginning in the early 1970s, a series of 14C age determinations on human skeletal materials and ini-
tial results of the application of two other dating methods—amino acid racemization (AAR) and ura-
nium series (U-series)—to human bone appeared to support a pre-Clovis occupation of the New
World. In addition to the “C-based ages on the Los Angeles (>23,000 BP) and Laguna (17,150 BP)
skeletons (Berger et al. 1971), AAR-based age estimates assigned ages of 70,000 yr to the Sunny-
vale (northern California) skeleton, >50,000 to the Haverty or Angeles Mesa skeleton (southern Cal-
ifornia), 48,000 yr to the Del Mar skeleton (southern California) and, apparently confirming an ear-
lier “C value, 23,000 yr for the Yuha skeleton, although U-series indicated an age of about 19,000 yr
(Bada et al. 1974; Bada and Helfman 1975; Bischoff and Childers 1979).

The advent of AMS-based '“C technology made practical an intensive reevaluation of the age esti-
mates obtained on these and other human skeletons. AMS !“C analysis permitted routine '“C analy-
ses of milligram amounts of carbon from highly specific molecular fractions extracted from bone
(Stafford et al. 1982, 1990, 1991; Hedges and Law 1989; Hedges and Van Klinken 1992; Taylor
1994, 1997). Table 4 summarizes the results of the direct '“C dating or re-dating by several groups
of investigators of bone samples on which previous *C values had been obtained and/or on which
AAR- and U-series-based age estimates had been obtained.

In all cases, there was a significant downward revision in the originally assigned ages (Taylor et al.
1983, 1985; Ennis et al. 1986). Table 5 summarizes directly '“C-dated North American human skel-
etal samples in excess of 8000 BP where there are sufficient technical data available to support the
age assignments indicated. Currently, a group of human skeletons recovered from Anzick, Montana
with 1“C values on amino acid fractions ranging from 10,240 to 10,940 BP—represent the oldest,
directly '4C-dated example of a New World Homo sapiens sapiens that have to date appeared in pub-
lished reports.
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Table 4 Revisions in age estimates on human bone (except Old Crow) from North America sites
of purported Pleistocene age based on AMS “C determinations and related data

[A] [B]
Skeleton(s)/ Original estimate Revised estimate
artifact Basis Age (14C age) Laboratories?
Sunnyvale AAR 70,000 3600-4850 UCR/Arizona AMS
U-series 8300/9000 6300 UCSD (Scripps)/Oxford AMS
Haverty AAR >50,000 4050-5350 UCR
[Angeles Mesa] 5200 GX (Geochron)
7900-10,500 UCLA
2730-4630 UCR/LLNL-CAMS AMS
4600-13,500P UCR/LLNL-CAMS AMS
5250 DSIR, New Zealand AMS
15,9000 DSIR, New Zealand AMS
Del Mar AAR 41,000-48,000 49000 UCSD (Scripps)/Oxford AMS
U-series 11,000/11,300 4830 Arizona AMS
1150-5060° Arizona AMS
Los Angeles l4C >23,000 UCR/Arizona AMS
[Baldwin Hills] AAR 26,000
Taber Geologic 22,000-60,000 3550 Chalk River AMS
Yuha 14C 22,000 1650-3850 Arizona AMS
AAR 23,000
U-series 19,000
Old Crow l4C 23,000 1350 Simon Fraser/McMaster AMS
Laguna l4C 7100 5100 UCSD (Scripps)/Oxford AMS
17,150
>14,800
Natchez Geologic  “Pleistocene” 5580 Arizona AMS
Anzick Clovis 10,000-11,000 8610-10,680 Arizona AMS
Tepexpan Geologic  “Pleistocene” 920-1980 Arizona AMS
Calaveras Geologic  “Pliocene” 740 UCR/Arizona AMS

aReferences for all values except Calaveras are cited in the caption for Table 25.5 in Taylor (1992); Calaveras data from
Taylor et al. (1992)
YExperimental osteocalcin fraction with anomalous 4C values (Burky et al. 1998)

Purported pre-Clovis sites that continue to be seriously examined by New World archaeologists have
associated with them extensive suites of 14C determinations. In North America, the Meadowcroft
Rockshelter in Pennsylvania, a deeply stratified site excavated in the mid-1970s, documented by 52
14C determinations, has been strongly advanced as a well-documented pre-Clovis occupation. Exca-
vators initially pointed to a '“C value at about 17,000 BP obtained on what was described as a car-
bonized fragment of cut bark-like material in the lowest cultural unit (Adovasio et al. 1978). More
recently, “applying the most conservative interpretation of the ['*C] data,” support for human occu-
pation at Meadowcroft not later than about 14,000 BP has been advanced (Adovasio et al. 1998). A
vigorous debate has been carried out (Dincauze 1981) that, on one hand, has raised questions about
the potential contamination of samples since a coal-like deposit (vitrinite) is exposed in the rock
shelter (Haynes 1980; Mead 1980; Tankersley and Munson 1992) and, on the other, a vigorous
defense of the validity of the '4C dates and their association with cultural materials (Adovasio et al.
1980, 1992, 1998).
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Table 5 '“C-dated early Holocene human skeletal samples from North America

Site Sample/fraction 14C age (BP)

Anzick, Montana? Glycine 10,940 =90 (AA-2981)
Glutamic acid 10,820 = 100 (AA-2979)
Hydroxyproline 10,710 + 100 (AA-2980)
Gelatin (untreated) 10,500 =400 (AA-313B)
Alanine 10,370 = 130 (AA-2982)

Buhl, Idaho®
Mostin, California®

On-Your-Knees Cave, Prince
of Wales Island, Alaska

Gordon Creek, Coloradod

Aspartic acid

Total acid insoluble organics
Total acid insoluble organics
Gelatin (XAD treated)

Total acid insoluble organics

10,240 = 120 (AA-2978)
10,675 = 95 (BETA-43055/ETH-7729)
10,470 + 490 (UCLA-2171)

9730 + 60 (CAMS-29873)

9700 + 250 (GX-0530)

Total amino acids
(hair, bone, fiber)

9350 + 70 (UCR-3261-4/CAMS-12353)
9360 + 60 (UCR-3261-2/CAMS-12354)
9410 + 60 (UCR-3324-1/CAMS-24194)
9430 + 60 (UCR-3260/CAMS-12352)

9430 + 70 (UCR-3323/CAMS-24199)

9450 + 60 (UCR-3261-2/CAMS-14224)
9460 + 60 (UCR-3324-2/CAMS-24197)

Spirit Cave, Nevada®

Wizard Beach, Total acid insoluble organics 9515 £ 155 (GX-19422)

Pyramid Lake, Total amino acids 9110 = 60 (UCR-3445A/CAMS-26369)

Nevada 9210 + 60 (UCR-3445B/CAMS-26370)
9250 + 60 (UCR-3445C/CAMS-28124)

La Brea, Total amino acids 9000 + 80 (UCLA-1292B)

Los Angeles, Californiaf
Kennewick, Washingtong 8410 = 60 (UCR-3476/CAMS-29578)

aStafford et al. (1990); ®Green et al. (1998); <Kaufman (1980); 9Breternitz et al. (1971); ¢Kirner et al. (1997); 'Berger et al.
(1971); &Taylor et al. (1998).

Total amino acids

Pendejo Cave, New Mexico, with an extensive suite of '“C values documenting more than 55,000 yr
of stratified sediments, has been also advanced by its excavators as a site where pre-Clovis occupa-
tion has been demonstrated (Chrisman et al. 1996). This view is based, in part, on human skin
imprints on clay from different sediment units ranging in age, based on associated charcoal, from
12,000 to >35,000 BP, and the occurrence of a purported human hair samples directly '“C dated at
about 12,000 BP. Other investigators have raised a number of questions concerning the relationship
of the imprints to the dated sediments and the attribution of the hair as human (e.g. Taylor et al. 1995).

In South America, a set of '4C values have been obtained on various organics from the site of Monte
Verde in Chile (Dillehay 1989, 1997). In 1997, a senior group of Paleoindian specialists evaluated the
archaeological and geological evidence at the site and reported that the series of '“C values were con-
sidered to provide a valid indication of the age of the associated artifacts and other cultural features
(Adovasio and Pedler 1997; Meltzer et al. 1997). Attention was particularly focused in '“C values
that indicated that human occupation at Monte Verde had begun not later than about 12,500 BP—
approximately 1000 '“C yr earlier than the Clovis occupation in North America. Contamination of
samples does not seem to be at issue, and suggestions that there is a major '“C reservoir effect in the
region around Monte Verde have not been supported by recent measurements of contemporary organ-
ics and consideration of potential sources of magmatic CO, in the region (Taylor et al. 1999). How-
ever, in late 1999, several renewed concerns about Monte Verde, including the integrity of the site
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context, had been expressed (Fiedel 1999) along with vigorous responses by the original site excava-
tors (Collins 1999; Dillehay et al. 1999).

GENERAL IMPLICATIONS

Many commentators have noted that the most immediate and obvious impact of the “C method on
the conduct of New World archaeological research in general was the ability of the technique to pro-
vide chronometric age estimates using—to a first-order approximation—a fixed-rate temporal scale
which transcended local, regional, and continental boundaries. In the words of J Desmond Clark
(1979:7), without 1#C data, archaeologists would continue to “founder . . . in a sea of imprecisions
sometimes bred of inspired guesswork but more often of imaginative speculation.” His comments
reflected his experience in African prehistory, but it can be applied accurately as well in New World
studies. It can be legitimately argued that temporal intercomparibility of 4C values were as signifi-
cant and important a characteristic of C values as the degree of their accuracy or precision. Fortu-
nately, the temporal framework itself turned out to be amazingly accurate given the number of
assumptions that had to hold to rather narrow ranges.

A somewhat less recognized contribution of 4C data has been the fact that “C-based age estimates
provide a means of deriving chronological relationships independently of assumptions about cul-
tural processes and totally unrelated to any type of manipulation of archaeological materials (Willey
and Phillips 1958:44; Dean 1978:226; Taylor 1978:63). When pressure to derive chronology prima-
rily from the analyses of artifact data was released, inferences about the evolution of human behav-
ior based on variations in environmental, ecological, or technological factors could be aggressively
pursued employing an independent chronological framework. In the United States, the rise of the
“new archaeology” in the 1970s took place in this context. Louis Binford has reflected that '“C chro-
nology “has certainly changed the activities of archaeologists, so that now, in many ways for the first
time, they direct their methodological investments toward theory building rather than towards chro-
nology building” (quoted in Gittens 1984:238).

At the inception of the method, Frederick Johnson offered a perspective that was as helpful five
decades ago as it is today:

[P]rogress in the development of . . . [radiocarbon dating] depends to a large degree upon the character of
the collaboration [between archaeologists and other scientists]. The laboratory procedure involves theories
in physics and chemistry which for the most part are outside the experience of almost everyone who has a
sample to be dated. On the other hand, the results secured are of little consequence unless they are directly
or indirectly related to some stratigraphic sequence. The value of the laboratory results is enhanced by crit-
ical evaluation by other scientists. Most particularly, the reverse is true. This involves continual examina-
tion of all basic theory and hypotheses by everyone concerned. The future value and usefulness of the
method depends in large measure upon the success of continued collaboration between physicists, archae-
ologists, geologists, botanists, and others [Johnson et al. 1951:62].

This injunction assumed a new significance with the introduction of AMS technology. For archaeol-
ogists, the increasing utilization of milligram-size samples required an even more rigorous attention
to the evaluation of geological, geochemical, and archaeological contexts of samples. The need for
interdisciplinary cooperation and collaboration, particularly with geological specialists, has become
even more critical as AMS technology assumes an ever-increasing role in the '“C analysis of archae-
ological and other late Quaternary paleoecological materials over the next decade and beyond.
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CONCLUSION

The application of the '“C method to archaeological materials is generally considered to be a water-
shed event in the history of archaeology and, in particular, in prehistoric studies (Taylor 2000b). Per-
haps the most forceful statement was the view of the late Glyn Daniel that the development of the
14C method in the 20th century should be equated with the 19th century change in the Western world
view that accompanied the revelation of the great antiquity of the human species (Daniel 1959:79-
80; 1967:266).

Understanding the influence of '“C as being of a “revolutionary” character for aspects of Old World
archaeology (Renfrew 1973) is also an accurate representation of its impact on the conduct of New
World archaeology over the last half century. That influence has been both obvious and subtle, as
well as pervasive and lasting. Radiocarbon dating, which to again quote Frederick Johnson,
“dropped like an atomic bomb” on New World archaeology 50 years ago, promises to continue to
provide for generations of scholars to come, critical data for those concerned with understanding,
from a scientific perspective, the prehistory of the New World.
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