
at SciVerse ScienceDirect

Quaternary International 301 (2013) 34e45
Contents lists available
Quaternary International

journal homepage: www.elsevier .com/locate/quaint
Peru archaeological radiocarbon database, 13,000e7000 14C B.P.

Kurt Rademaker a,*, Gordon R.M. Bromley b, Daniel H. Sandweiss a

aUniversity of Maine, 5773 South Stevens Hall, Orono, ME 04469, USA
b Lamont-Doherty Earth Observatory, P.O. Box 1000, Rt. 9W, Palisades, NY 10964-8000, USA
a r t i c l e i n f o

Article history:
Available online 18 August 2012
* Corresponding author.
E-mail address: kurt.rademaker@umit.maine.edu

1040-6182/$ e see front matter � 2012 Elsevier Ltd a
http://dx.doi.org/10.1016/j.quaint.2012.08.2052
a b s t r a c t

We synthesize the available radiocarbon data from Peruvian archaeological sites for the Terminal
Pleistocene through Middle Holocene. Compilation and calibration of this dataset provide a new
opportunity to examine trends in archaeological site distributions and occupation intensity. We compare
the spatial and temporal patterning of radiocarbon dated archaeological sites with paleoenvironmental
information to discuss possible humaneenvironment dynamics and to identify major taphonomic biases
affecting the existing dataset. Further, we evaluate the history of radiocarbon dating of Terminal Pleis-
tocene to Mid-Holocene archaeological sites in both coastal and highland settings to identify research
biases affecting the record and suggest ways in which future research may address these deficiencies.
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1. Introduction

Calibration and analysis of radiocarbon and geospatial data can
provide archaeologists with a means to examine the geographic
and chronological patterning of archaeological sites and estimate
the directionality and timing of colonization (Hamilton and
Buchanan, 2007; Faught, 2008; Steele, 2010) and prehistoric
demographic change (Rick, 1987; Kuzmin and Keates, 2005;
Buchanan et al., 2008; Peros et al., 2010; Steele, 2010) in large
landscapes. A necessary first step for such analyses is the synthesis
of the primary radiocarbon and geospatial data, summary of the
major geographic and chronological trends in the dataset, and
identification of taphonomic and sampling biases affecting the
record.

We created a digital database of all archaeological radiocarbon
data for Peru for the period 13,000 to 7000 14C B.P. using primary
literature, published review papers (Ravines, 1982; Rick, 1987;
Chauchat, 1988; Lynch, 1990; deFrance et al., 2009), and a previous
radiocarbon database (Ziolkowski et al., 1994). Our new database
does not include radiocarbon dates produced from earth science
investigations, such as lake and wetland sediment coring projects.

2. Methods

All data were entered in an Excel spreadsheet following proto-
cols designed by the editors and database organizers. Our priority
(K. Rademaker).
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was to obtain the most complete record of radiocarbon dates,
including site names and locations, references, lab numbers and
dating method, radiocarbon means and standard errors, and
information about the archaeological contexts sampled and mate-
rials dated. Due to the large number of radiocarbon dates for Peru
for the period of interest, we were not able to provide compre-
hensive summaries of associated technologies or detailed infor-
mation on paleoenvironment and paleoeconomy of the sites, but
we invite other researchers to contribute information and further
develop this collaborative database. Many radiocarbon dates were
published in obscure literature, so in addition to primary publica-
tions we accessed lab reports in the journal Radiocarbon where
numerous labs reported date information up to the early 1980s, and
we relied heavily upon the Ziolkowski et al. (1994) radiocarbon
database for dates obtained prior to the mid-1990s.

There is a wide range in quality and availability of published
site-location data. Where possible, we gathered site coordinates
published in the primary literature, but we did not verify the
accuracy of these coordinate data. For cases in which horizontal
coordinates were available and elevations were not, we used the
Google Earth program to estimate the site elevation, rounded to the
nearest 5 m. To facilitate use of site coordinate data in geographic
information systems (GIS), geographic coordinates in degrees,
minutes, and seconds were converted to decimal degrees using the
Federal Communications Commission online converter (2011). For
cases in which coordinate data were provided in the Universal
TransverseMercator (UTM) projection, we used an online converter
to yield decimal degree coordinates (Ewert Technologies, 2011). We
were able to provide X, Y, and Z coordinates for nearly all sites in the
database.
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In addition to the standard fields, we included four additional
fields in our database, which are used in our analysis of the data-
base in the following sections. To examine trends in the history of
archaeological radiocarbon dating research, we listed the year the
sample was dated. In some cases the year of the sample dating was
unavailable, so for these cases we listed the year the date was first
published. While this inconsistency will tend to shift some radio-
carbon dating work forward in time, the effect should not result in
great inaccuracy, as we are examining the data on a decadal scale.

The other three additional fields include the maximum,
minimum, and median values of the 1-sigma calibrated age range,
using the Calib 6.0.1 program to calibrate all ages (Bronk Ramsey,
2009). We used the IntCal09 and Marine09 calibrations (Reimer
et al., 2009) where appropriate, with no added delta-R correction
for dates on marine materials since the data are widely distributed
geographically throughout Peru and chronologically through the
13,000e7000 14C age range. The Marine09 calibration assumes
a constant 405 14C-y offset, which is an oversimplification because
of the large variability of marine reservoir corrections in some
oceanic regions, particularly in strong upwelling regions (Reimer
et al., 2009). The Pacific Coast of Peru is an area of strong but
variable upwelling, with potentially large fluctuations in the
marine reservoir effect over seasonal to millennial scales, and the
reservoir effect may be expressed differently in different species
(Kennett et al., 2002; Owen, 2002; Jones et al., 2007, 2010; deFrance
et al., 2009). As this variability is currently poorly constrained both
geographically and temporally, there is no alternative at this time
but to use Marine09 and to acknowledge that radiocarbon dates on
marine materials may be inaccurate (Reimer et al., 2009). All re-
ported calibrated ranges and maximum, minimum, and median
values are 1-sigma cal B.P. The southern hemisphere calibration
curve SHCal04 (McCormac et al., 2004) does not yet include the
entire 13,000e7000 14C B.P. span, so no southern hemisphere offset
was applied to any of the dates.

For our analysis of the radiocarbon data we evaluated all dates
using accepted criteria for dating past activity at an archaeological
site location, which require undeniable human artifacts or skele-
tons in undisturbed geological contexts and indisputably associ-
ated with the dated material, which must be appropriate for the
dating technique applied (Haynes, 1969; Dincauze, 1984). A further
criterion developed for evaluating Terminal Pleistocene-age sites,
but one which we consider valid for sites of all time periods, is
precise (1-sigma standard errors �300 14C y) radiometric dates
based on cultural carbon found in primary stratigraphic associa-
tion with artifacts (Roosevelt et al., 2002; Steele and Politis, 2009).
We eliminated from our analysis all dates that did not meet the
above criteria. We did not discard singular dates that meet all of
these criteria, as eliminating sites with single ages would signifi-
cantly decrease the number of dates and sites in our analysis. We
also did not discard dates obtained on aggregate organic samples
unless these samples failed to meet the other criteria. Although we
do not consider the discarded dates in our discussion, all radio-
carbon dates are retained within the database so that other
investigators may choose whether or not to include these dates in
their analyses.

3. Results

3.1. Summary

The new Peru archaeological 13,000e7000 14C B.P. radiocarbon
database contains 308 radiocarbon dates from 109 archaeological
sites and 43 distinct projects of investigation. There are 220 dates
from 92 coastal sites and 88 dates from 17 highland sites
(Appendices A and B).
For our analysis of the radiocarbon database, we flagged and
removed 37 dates from 20 archaeological sites (Appendix B).
Twelve of these are accepted dates for non-cultural contexts at
three sites. These dates were discarded because we wished to
examine trends in the absolute number of cultural dates through
time and space. Following well-established criteria for evaluating
the validity of radiocarbon data (Haynes, 1969; Dincauze, 1984;
Roosevelt et al., 2002; Steele and Politis, 2009), discussed above in
Section 2, we discarded 25 radiocarbon dates from cultural contexts
at a total of 17 archaeological sites. These dates are problematic due
to 1-sigma standard errors >300 14C y, dating of inappropriate
material (e.g., bone apatite fraction, animal feces), substantial
disagreement with other, more precise ages from the same strati-
graphic context and/or site, contamination issues indicated by the
dating laboratory, and poor or no association with dated material
and cultural materials.

Fifteen of 25 (60%) problematic dates have 1-sigma errors
exceeding 300 14C y, and many of these dates were obtained on
basal organic material. Of these, 11 dates had one or more addi-
tional problems other than the large sigma, for example, strati-
graphic inconsistency, inconsistency with other, more precise dates
from the same context, dating of inappropriate material, or dating
of aggregate organic samples. While it is tempting to accept
anomalously early and imprecise basal ages as accurately dating an
initial human occupation event, their large analytical uncertainties
may result from insufficient organic material to yield reliable ages.

The problem of imprecision of earliest ages is exacerbated by the
frequent presence of non-cultural organic material at the base of
cultural sequences in Peru and the possible incorporation of this
material in samples used for obtaining basal human occupation
ages. This particular issue is common in Central Andean rock-
shelters, which act as natural sediment traps and which frequently
have been used as dens by rodents, birds, and mammalian preda-
tors. Acceptable basal ages must come from levels containing
cultural material, not from animal feces (Ravines 1967a, 1967b,
1972) or organics from sediment containing no associated artifacts
or unequivocal cultural materials (e.g., Jaywamachay, MacNeish
et al., 1981).

Moreover, imprecise, singular basal ages that are chronologi-
cally and stratigraphically inconsistent, such as the single 12,000þ
14C ages from Guitarrero Cave (Lynch, 1980), Telarmachay (Lavallée
et al., 1982, 1985, 1995), and Pachamachay (Rick, 1980), must be
rejected unless supported by additional age determinations. Where
more precise dates have been obtained from the same occupation
level, such as at Guitarrero Cave (Jolie et al., 2011), the totality of the
evidence illustrates the statistical variation inherent in attempting
to date an initial occupation event; viewed in this context, the
singular anomalous age can easily be detected and discarded.

The problem of imprecise, singular basal ages is also common to
coastal sites that contain shallow, compressed, or deflated occu-
pation sequences, which often lack sufficient organic material for
dating. In some cases, dates have been obtained on aggregate
charcoal samples or organic material in subsoil, resulting in large 1-
sigma errors. The absence of sufficient datable organic material at
some sites led to attempts to date bone apatite, which is not
a reliable material for radiocarbon dating (Tite, 1972).

Despite the obvious problems with imprecise dates, which in
most cases the original investigators have pointed out, models of
human settlement and chronology of specific technologies in Peru
have frequently been hinged upon these questionable data. The
tendency to accept these ages is understandable, given the general
dearth of radiocarbon data on the initial settlement phases.
However, imprecise radiocarbon dates are problematic for con-
structing accurate and precise chronologies of occupation events,
regardless of the time period being investigated.
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Problematic radiocarbon dates were discarded for the following
analyses of Terminal Pleistocene to Mid-Holocene archaeological
settlement patterns in Peru. We discuss coastal and highland
settlement dynamics chronologically for each 14C millennium,
providing maximum and minimum 1-sigma calibrated age ranges.
No archaeological sites have been dated from 13,000 to 7000 14C
B.P. in the lowlands east of the Peruvian Andes. Consequently,
coastal and low-elevation sites are defined as all sites <1200 m
elevation on the western side of the Andes Mountains, and high-
land sites include all sites �1200 m elevation.

3.2. Terminal Pleistocene, 11,100e10,000 14C B.P. (w13,000e
11,500 cal B.P.)

No accepted radiocarbon dates from coastal or highland Peru-
vian archaeological sites pre-date 13,000 14C (Rick, 1987). Initial
human settlement of the coast of Peru in the Terminal Pleistocene is
indicated by 33 radiocarbon dates �10,000 14C B.P. from 13
archaeological sites (Fig. 1) and 10 projects of investigation.
Fig. 1. ETOPO-1 digital elevation model with Terminal Pleistocene (11,100e10,000 14
Terminal Pleistocene sites includemaritime-focused occupations at
Quebrada Jaguay (Engel, 1981; Sandweiss et al., 1998), the Ring Site
(Sandweiss et al., 1989), and Quebrada Tacahuay (Keefer et al., 1998;
deFrance et al., 2001, 2009; deFrance and Umire Álvarez, 2004) on
the south coast, interior Fishtail and Paiján sites in the Chicama-
Jequetepeque area on the north-central coast (Chauchat, 1988;
Dillehay et al., 1989, 2003, 2007; Stackelbeck, 2008;Maggard, 2010;
Dillehay, 2011) and on the central coast near Lima (Patterson, 1966;
Chauchat, 1988), and possibly an Amotape site on the far north
coast (Richardson, 1978).

The oldest coastal Terminal Pleistocene radiocarbon dates are
11,650� 180 14C B.P. (w13,700e13,340 cal B.P.) obtained on charcoal
at El Palto CA-9-89 on the north-central coast (Dillehay, 2011) and
11,200 � 115 14C B.P. (w12,800e12,580 cal B.P.) obtained on shell at
the Amotape PV-8-29 site on the far north coast (Richardson, 1978).
The earliest El Palto date is followed by 11 additional Terminal
Pleistocene ages spanning w13,050e11,400 cal B.P. from eight sites
in the same region (Dillehay et al., 2003, 2007; Stackelbeck, 2008;
Maggard, 2010). The early Amotape date is a singular Terminal
C B.P.) archaeological sites contributing radiocarbon dates to the Peru database.
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Pleistocene age obtained for this site and is w1700 14C y older than
the next oldest date obtained at any of the five sites in this area.
Further, the early age for Amotape was determined on an Anadara
tuberculosamangrove mollusk shell with an unknown reservoir. We
decided to retain this date in the database, but we caution that this
single early age is equivocal.

The earliest thoroughly dated Terminal Pleistocene coastal sites
are Quebrada Jaguay and Quebrada Tacahuay, maritime-focused
sites located on Peru’s southern coast. Twelve published conven-
tional dates from Quebrada Jaguay span w13,200e11,400 cal B.P.
Quebrada Tacahuay has four conventional and six accelerator mass
spectrometry (AMS) ages spanning w12,850 to 11,350 cal B.P. The
Ring Site, a large shell midden on the south coast, yielded a single
Terminal Pleistocene basal date of 10,575 � 105 14C B.P. (w12,040e
11,430 cal B.P.) obtained on marine shell. This early date is nearly
2000 14C y older than five other dates obtained for overlying levels,
and like the date from the Amotape site on the far north coast,
incorporates an unknown reservoir effect.

Although singular Terminal Pleistocene dates have come from
several Andean cave sites, PAn-12-58 (Lynch, 1971), Pachamachay
(Rick, 1980), Telarmachay (Lavallée et al., 1982, 1995), and Jaywa-
machay (MacNeish et al., 1981), all of these early dates are prob-
lematic. The only acceptable pre-Holocene dates for settlement of
the Peruvian Andes are from two cave sites, Guitarrero Cave at
2580 m elevation in the Callejón de Huáylas (Lynch and Kennedy,
1970; Lynch, 1971, 1980; Lynch et al., 1985) and Tres Ventanas at
3810 m elevation in the Upper Chilca canyon (Engel, 1969, 1970). A
single radiocarbon date on charcoal from Tres Ventanas indicates
an initial occupation at w11,940e11,260 cal B.P.

Guitarrero Cave is the most thoroughly dated site in the Peru-
vian Andes, with an initial occupation as early as w12,700e
11,850 cal B.P., indicated by conventional radiocarbon ages on
probable aggregate charcoal samples (Lynch, 1971, 1980; Lynch
et al., 1985). Recent, precise AMS dating of textile and cordage
fragments from the same contexts dated previously suggests an
initial occupation of Guitarrero Cave at w12,100 cal B.P., with the
bulk of the site sequence dating between w11,300 and 10,300 cal
B.P. (Jolie et al., 2011).
3.3. Early Holocene,10,000e9000 14C B.P. (w11,500e10,200 cal B.P.)

Data on the Early Holocene is provided by 46 radiocarbon dates
from 27 coastal sites and 27 dates from eight highland sites (Fig. 2).
There were eight coastal and seven highland projects that
contributed dates in this time range. In the Early Holocene, areas on
the Pacific Coast initially colonized during the Terminal Pleistocene
continued to be occupied. Two replicate dates on a single sample
from Siches PV-7-19 span w11,070 to 10,300 cal B.P. (Piperno,
2011), suggesting either continuity with the Terminal Pleistocene
age at Amotape or an initial Early Holocene occupation of the far
north coast.

On the south coast at Quebrada Jaguay and Pampa Colorada
(Ravines, 1966; Engel, 1970; Sandweiss et al., 1998; McInnis, 2006)
and at the Chicama-Jequetepeque area on the north-central coast
(Chauchat, 1988; Dillehay et al., 1989, 2005; Piperno and Dillehay,
2008; Stackelbeck, 2008; Maggard, 2010), multiple new sites
were created in the vicinity of earlier occupied Terminal Pleistocene
sites, reflecting a pattern of localization. Investigators working in
these areas suggest that springs in lomas and thorn forest-covered
hills were more active than today and were foci for huntere
gatherer settlement. Continued occupation is evident at Quebrada
Tacahuay (Keefer et al., 1998; deFrance et al., 2001, 2009; deFrance
and Umire Álvarez, 2004), and numerous new sites were created
along that section of the Pacific Coast (Engel, 1970, 1981, 1987, 1991;
Keefer et al., 2003), as in the Quebrada Jaguay/Pampa Colorada and
Chicama-Jequetepeque regions.

In the Early Holocene occupation continued at Guitarrero Cave
(although not at Tres Ventanas) and widespread settlement began
in the western Peruvian Andes, including the high-altitude puna
ecozone (Fig. 2). Sites include caves and rockshelters, including
Lauricocha (3930 m) (Cardich, 1964), Pachamachay (4300 m) (Rick,
1980), Panalauca (4030 m) (Rick and Moore, 1999), Telarmachay
(4200 m) (Lavallée et al., 1982, 1995), Quiqche (3900 m) (Engel,
1970), Puente (2580 m) and Jaywamachay (3400 m) (MacNeish
et al., 1981), Toquepala (2800 m) (Ravines, 1966, 1967a, 1972), and
the open-air site Asana (3450 m) (Aldenderfer, 1998).

The predominance of occupation of caves and rockshelters over
open-air locales probably reflects the higher preservation potential
and greater visibility of these protected settings compared to open-
air sites subject to burial and erosion, rather than forager settle-
ment preference. The increase in the number of settlements in the
Early Holocene may indicate biogeographic and demographic
expansion into highland valleys and the puna from lower-elevation
source areas (Aldenderfer, 2006), although the relative lack of
earlier Terminal Pleistocene settlement data from the Peruvian
Andes may result from inadequate sampling rather than the
absence of people.

3.4. Early to Mid-Holocene, 9000e8000 14C B.P. (w10,200e
8800 cal B.P.)

For the Early to Mid-Holocene, there are 53 radiocarbon dates
from 38 coastal sites and 25 dates from nine highland sites
(Fig. 3). Eleven coastal projects and seven highland projects
contributed dates. The general geographic pattern appears to be
one of continuity. Previous sites on the coast and in the high-
lands continued to be occupied, and new sites were created in
their vicinity. The overall geographic clustering of sites in the
Early to Mid-Holocene likely results from the spatial limits of
individual survey projects. However, the absolute increase in
coastal sites and dates from previous periods may track a steady
demographic expansion. New coastal sites contributing dates for
this period include Kilometer 4 (deFrance et al., 2009) and
Quebrada de los Burros (Fontugne et al., 1999; Lavallée et al.,
1999a, 1999b) on the far south coast and numerous sites
discovered by Engel (1966, 1969, 1970, 1980, 1981, 1984, 1991) on
the central-south coast.

3.5. Mid-Holocene, 8000e7000 14C B.P. (w8800e8000 cal B.P.)

Settlement shifts at the coast are apparent for the 8000e7000
14C B.P. period, indicated by 52 radiocarbon dates from 34 coastal
sites. By contrast, 20 dates from 10 highland sites suggest consid-
erable consistency with the previous period (Fig. 4). What does the
geographic change at the coast represent? Two areas densely
settled in the previous period, the Chicama-Jequetepeque area of
the north-central coast, and the Quebrada Jaguay-Pampa Colorada
area of the south coast, both had a substantial decline in the
number of settlements during this period. The Chicama-
Jequetepeque area settlements decreased from 13 to six sites,
while the Quebrada Jaguay-Pampa Colorada area settlements
decreased from 13 to five sites. Meanwhile, the number of sites at
the mouths of perennial river valleys along the central-south coast
increased substantially, from five to 12 settlements. The geographic
change in coastal settlements therefore was not unidirectional but
varied between regions, suggesting that these settlement trends
cannot be artifacts of the difference in number of calibrated years
(1400 vs. 800) between periods. deFrance et al. (2009) have sug-
gested that regional settlement shifts along the south coast resulted
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from drier conditions, making some locales unfavorable for
continued settlement.

4. Discussion

4.1. Humaneenvironment dynamics

Themost significant feature of Terminal Pleistocene climate was
the brief return to stadial conditions during the late-glacial period.
Although the occurrence of this cold reversal has now been firmly
established by paleoecological and glacier records (e.g., Rodbell
et al., 2009 and references therein), there remains considerable
uncertainty as to the timing of this event. In Peru, where the cold
reversal commonly has been correlated with the Younger Dryas
(YD) event from w12,900 to 11,600 cal B.P. (Alley et al., 1993;
Clapperton et al., 1997; Mahaney et al., 2007), there is growing
glacial geologic evidence suggesting that the late-glacial re-
advance predated the YD interval (Mercer and Palacios, 1977;
Rodbell and Seltzer, 2000; Goodman et al., 2001; Bromley et al.,
2011a).
Despite the chronological uncertainty, the broad distribution of
existing geologic evidence suggests that the potentially abrupt late-
glacial cold anomaly occurred throughout the Peruvian Andes, with
significant implications for both highland and lowland environ-
ments. These effects include expansion of permafrost and snow
cover at high altitudes (>4000 m), in addition to enhanced glacial
input to local drainage basins. At lower elevation and along the
Pacific Coast, increased glaciation ‘upstream’ likely resulted in
generally elevated levels of river discharge, particularly during the
winter highland dry season.

On the basis of glacial-geomorphic reconstructions made
throughout the Peruvian Andes, it is clear that nowhere did the
late-glacial advance present a significant physical barrier to
human migration. Glaciers along the length of the Andes were
confined to cirques and high alpine valleys (Rodbell and Seltzer,
2000; Smith et al., 2005; Hall et al., 2009). In the western
cordillera of southern Peru, for example, the ice margin did not
descend below w4700 m on Nevado Coropuna (Bromley et al.,
2009, 2011a, 2011b). Moreover, if late-glacial cooling did indeed
pre-date the YD interval, the high-elevation Peruvian Andes were
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already warming before the first people were settling both coastal
and highland Peru.

The glacial events described here largely represent temperature
fluctuations. However, there is abundant evidence from Peru, and
tropical South America in general, indicating that the late-glacial
climate also experienced high-magnitude and potentially abrupt
changes in precipitation. Starting w12,700 cal B.P., YD cooling in
mid- and high-northern latitudes was accompanied by
a pronounced southward shift of the inter-tropical convergence
zone (ITCZ). This phenomenon has been reproduced by modelling
studies (e.g., Vellinga and Wood, 2002; Chiang and Bitz, 2005) and
confirmed by an array of observational data from both the northern
and southern hemispheres (Schulz et al., 1998; Haug et al., 2001;
Wang et al., 2001, 2004). Although primarily an oceanic effect
(Chiang and Bitz, 2005), displacement of the ITCZ also would have
affected rainfall patterns over land, likely resulting in an increase in
moisture availability and precipitation during the austral wet
season, accompanied by decreased rainfall in the northern tropics
(Haug et al., 2001). The YD in Peru, therefore, probably was man-
ifested as an overall increase in available precipitation, a scenario
that is consistent with lake-level reconstructions from Lake Titicaca
(Baker et al., 2001), faunal evidence from the Peruvian coast
(Mächtle et al., 2010), and an ice-core oxygen-isotope record from
Nevado Coropuna (Buffen, 2008).

Following the end of the Younger Dryas interval, the ITCZ shifted
north in response to both the end of stadial conditions in the
northern hemisphere and increasing northern insolation. This
effect is illustrated best by the sedimentary record from Cariaco
Basin, which shows increasing rainfall in the northern tropics until
w9000 cal B.P. (Haug et al., 2001). On a first-order scale, the
northward migration of the ITCZ at that time likely would have
reduced available precipitation in the southern tropics, including
Peru, though this pattern may have been variable.

It is possible that the apparent fluorescence of Early Holocene
sites and subsequent Mid-Holocene decrease in the number of sites
in the Chicama-Jequetepeque and Quebrada Jaguay-Pampa Colo-
rada areas stemmed from common causes; in any case, at least in
the latter region, this trend toward abandonment continued for
several millennia through the Mid-Holocene (Sandweiss et al.,
1998; Sandweiss, 2003). Terminal PleistoceneeEarly Holocene
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sites in both of these areas were located near spring locations, and
these springs may have been more active prior to the Mid-
Holocene. Coastal aquifers are recharged by coastal rains associ-
ated with a breakdown in the thermal inversion under El Niño-
Southern Oscillation (ENSO) conditions. Is there evidence for
a reduction in ENSO conditions between w8800 and 8000 cal B.P.?
Various lines of evidence suggest this is so (Rollins et al., 1986;
Sandweiss et al., 1996, 2001, 2007).

Sedimentologic evidence indicates enhanced ENSO activity for
Peru’s south coast in the Terminal Pleistocene and Early Holocene
(Fontugne et al., 1999; Keefer et al., 2003; Carré et al., 2005), with
a decrease in ENSO activity beginning w8400 cal B.P. and lasting
until w5300 cal B.P. (Keefer et al., 2003 and references therein).
While the effect of severe ENSO rainfall events on particular sites
has been linked with site abandonment (Fontugne et al., 1999;
Keefer et al., 2003), generally enhanced ENSO conditions and
associated greater coastal precipitation would have recharged
coastal aquifers on the south coast until the cessation of ENSO
activity w8400 cal B.P. Sites located at ephemeral springs and
quebradas may have been abandoned after the onset of more arid
conditions (Sandweiss et al., 1998), while settlements in better-
watered locales, e.g., Quebrada los Burros (Fontugne et al., 1999),
Ring Site, Kilometer 4, and Yara (deFrance et al., 2009), persisted.

Greater coastal humidity has also been documented for the
Terminal Pleistocene and Early Holocene on the desert coast at
14.5� S latitude (Mächtle et al., 2010) and in a marine sediment core
at 12� S latitude (Rein et al., 2005). Tropical marine taxa in coastal
archaeological faunal assemblages indicate that warmer sea surface
temperatures persisted north of 10� S latitude from w9000 to
5800 cal B.P. (Sandweiss et al., 1996; Sandweiss, 2003). Although
southward depression of tropical water masses may have increased
coastal humidity, it is unknown whether there was a dramatic
change in coastal precipitation in northern Peru.

4.2. Taphonomic biases

Several investigators previously have pointed out the apparent
cultural diversity suggested by site assemblages below 1200 m
elevation (Ossa, 1973; Richardson, 1981; Dillehay et al., 2003;
Sandweiss, 2003). Early maritime-focused sites have been discov-
ered on the far north and far south coast, areas where the conti-
nental shelf is steep and where lateral sea-level transgression
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following the last glacial termination was minimal. Early Paiján
sites are located 15 km or more from the modern shoreline, and
they would have been 20e100 km inland when first occupied
(Richardson, 1981; Chauchat et al., 1992). Not surprisingly, faunal
remains at Paiján sites indicate a subsistence strategy focused
primarily on terrestrial resources. However, these sites also contain
small quantities of marine fish bone, indicating contact with the
shore. Given the distance, either the Paiján people spent time on
the coast, or they were in contact with shoreline settlements, yet,
no Terminal Pleistocene shoreline sites have been found in this area
(Sandweiss, 2003). Because the continental shelf is wide and
shallow in central and north-central Peru, early coastal archaeo-
logical sites in this area were probably submerged with post-glacial
sea-level transgression (Richardson, 1981); the few known
Terminal Pleistocene to Mid-Holocene sites on the Peruvian coast
occur in areas of relatively narrow, steep shelf, as Richardson
predicted.

Regional patterning of different economic orientations among
Peruvian Terminal Pleistocene sites below 1200 m elevation is at
least in part due to the differential preservation of maritime-
oriented sites along the coast. The sample of early sites includes
different portions of settlement systems preserved in different
areas, but we currently lack a complete set of coastal and interior
sites from a single area. This gap in our knowledge prevents us from
determining the nature of inter-zonal connections and addressing
the links between sites with different resource orientations at this
time.

We discussed the radiocarbon data from the coast and the
highlands as separate entities, without reference to possible
geographic continuity between coastal and highland archaeolog-
ical settlements. The reason for this is apparent in Fig. 5, which
plots calibrated 1-sigma median ages of all coastal and highland
dates in the radiocarbon database against elevation. At 4480 m
elevation, Yanamachay is the highest dated site in the database.
Only one site, Ascope-5, has been dated above 600 m and below
2580 m elevation for the first five millennia of Peruvian prehistory.
What is the reason for the absence of dated sites in this elevation
range?

Lynch (1967) pointed out the conspicuous absence of pre-4000
year old archaeological sites at intermediate elevations and in
Fig. 5. One-sigma cal B.P. median values on X-axis plotted against elevation (in m) on Y-ax
ological sites. Time periods include: TP e Terminal Pleistocene, EH e Early Holocene, EH/M
valley bottoms in Peru, suggesting that intensive irrigation agri-
culture and dense settlement of the valley bottoms with the last
few thousand years obscured or destroyed earlier occupation
evidence. This situation applies to nearly all of the perennial river
valleys descending from the Andes to the Pacific Coast, and very
few, if any, survey projects targeting Terminal Pleistocene to Mid-
Holocene archaeological sites have been conducted in drier inter-
valley areas. Outside of the river valleys and approximately at the
w1000 m elevation limit of seasonal fog (garua), the landscape is
extraordinarily arid even by the standards of the Peruvian coastal
desert. Vegetation of any kind is lacking, and it is hard to imagine
any occupation that is not transient and ephemeral.

Geomorphic investigations in the Majes and Moquegua River
Valleys of southern Peru indicate profound landscape alteration
since the Terminal Pleistocene. In the Majes River there are no
intact fluvial terraces below the Capiza River confluence atw950m
elevation (Steffen et al., 2009). Geomorphic study and radiocarbon
dating of fluvial landforms of the Moquegua River, w200 km
southeast of the Majes River, revealed that w80 percent of the
Moquegua River floodplain is younger than 550 14C B.P., a result of
periodic ENSO floods (Manners et al., 2007). Burial and erosion,
along with intensive agricultural activities, have likely obscured or
destroyedmany early sites in river valleys between 600 and 2500m
elevation.

Relative to intermediate elevations within corridor drainages,
lower-elevation zones including coastal desert and lomas and thorn
forest-covered hills, and higher-elevation zones, including the
upper reaches of inter-Andean valleys and the puna, are conducive
to preservation and visibility of archaeological sites. Low sedi-
mentation rates and limited fluvial erosion have preserved early
sites in areas without major population centers and intensive irri-
gation agriculture. Rockshelters at high elevations are particularly
conspicuous on the landscape and exhibit great potential for
preservation of datable organic remains (Goldberg and Macphail,
2006).

Although looting of Late Holocene archaeological sites, partic-
ularly of prehistoric cemeteries and sites with art and monumental
architecture, is a serious problem on the coast of Peru, looting
generally does not plague early sites at the coast or in the highlands.
Unlike the situation in North America, early projectile point styles
is for all radiocarbon dates, arranged by time period for coastal and highland archae-
H e Early to Mid-Holocene, MH e Mid-Holocene.



Table 1
Peru radiocarbon data 13,000e7000 14C B.P. by decade. Decades producing virtually no highland radiocarbon dated-sites are highlighted.

Decade #Dates #Sites #Projects #Coastal sites #Highland sites #Coastal dates #Highland dates

1950e1959 1 1 1 0 1 0 1
1960e1969 44 21 12 13 8 16 27
1970e1979 32 22 6 21 1 31 1
1980e1989 80 19 9 11 8 26 54
1990e1999 59 23 6 23 0 59 0
2000e2009 60 27 7 27 0 60 0
2010e2011 20 8 2 7 1 16 5
Total 296 43 208 88
% Total 100.0 100.0 69.7 30.3
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are not the focus of hobby collection by non-archaeologists, and
monumental sites containing ceramics, textiles, metals, and other
grave goods sought by collectors are ubiquitous on the landscape
and more obvious targets for looters.

4.3. Dating issues

Aldenderfer (2006) has suggested that high elevations in the
Peruvian Andes were colonized from low-elevation source areas,
with higher-elevation settings colonized progressively later as
technological and physiological adaptations were acquired. No
archaeological research targeting early sites has been conducted in
the lowlands east of the Peruvian Andes, but we can compare the
earliest-dated archaeological sites in the highlands with those on
the Pacific Coast. The distribution of calibrated 1-sigma median
ages vs. elevation plotted in Fig. 5 appears to confirm Aldenderfer’s
hypothesis, with the earliest coastal dates from Quebrada Jaguay
and Quebrada Tacahuay pre-dating the earliest highland dates at
Guitarerro Cave by up to 630 years and progressively later initial
occupation of higher altitudes.

However, the earliest coastal dates may be inaccurate for con-
straining the age of initial coastal occupation if those dates were
obtained on marine shells incorporating a substantial reservoir or
on old wood that was scavenged long after the date of death
(Kennett et al., 2002; Jones, 2008; deFrance et al., 2009; Jones
et al., 2010). One way to resolve this issue would be to date
archaeological bone from coastal sites where old wood and old
water are potential problems for accurate dating of initial human
presence.

4.4. Sampling biases

An examination of the number of archaeological radiocarbon
dates, sites, and projects in coastal and highland settings by decade
illustrates strong research biases affecting the existing database.
Table 1 includes all radiocarbon dates e accepted and rejected e

from cultural contexts in all archaeological sites (accepted non-
cultural dates are still omitted). The most prominent trend is the
much larger sample of sites and dates obtained at the coast vs. the
highlands. Coastal research has contributed 84.4% (n ¼ 92) of all
sites (n ¼ 109) and 70.3% (n ¼ 208) of all dates (n ¼ 296) docu-
mented for the 13,000e7000 14C B.P. period. One potential reason
for the greater number of sites and dates at the coast relative to the
highlands is the much easier access of coastal areas via more
developed transportation infrastructure and more numerous and
dense modern population centers. Moreover, archaeological
research programs focusing on early periods have a longer and
more continuous history at the coast than in the highlands due to
many factors, including the impact of the Shining Path insurgency
on highland research from 1980 to the early 1990s (see below).
More recent investigations have been conducted in proximity to
areas previously under study.
Including problematic dates, highland sites tend to be better
dated than coastal sites, with averages of 5.12 dates per site for the
highlands and 2.26 dates per site for the coast. Over half (55.7%,
n ¼ 49) of all highland dates (n ¼ 88) come from only two sites,
Guitarrero Cave (37.5% of all highland dates, n ¼ 33) and Asana
(18.2% of all highland dates, n ¼ 16). By contrast, the three best-
dated coastal sites, Quebrada Jaguay-280 (n ¼ 21), Quebrada
Tacahuay (n ¼ 18), and Quebrada de los Burros (n ¼ 12) together
contribute 24.5% (n ¼ 51) of all coastal dates (n ¼ 208) since the
sample of coastal sites is greater. What this point illustrates is not
that the two best-dated highland sites are over-dated e in fact,
extensive dating of any site is good scientific procedure. Rather, the
sample of dated highland sites is so small that the two best-dated
highland sites dominate the record.

An examination of coastal and highland dates obtained since
1960 shows that of the last five decades of archaeological research,
three decades (the 1970s, 1990s, and 2000s) have had virtually no
dated highland sites contributed to the record. The absence of
investigations in the 1990s is understandable, given the hazards
posed by the Shining Path and associated unrest in the Peruvian
highlands; however, the continued absence of data from 2000 to
2009 is more difficult to explain andmay reflect lasting effects from
the interruption of research programs focused on the Peruvian
Andes.

The result of this disparity between coastal and highland
research is that we lack adequate site and chronological informa-
tion from elevations >1200 in Peru. The two well-dated sites of
Guitarrero Cave and Asana do not provide adequate spatial
coverage to understand long-term Andean cultural patterns, and
dating from most other highland sites is generally inadequate to
provide chronologically constrained long-term records of human
activities. Considering the total absence of archaeological data in
this time period from the eastern Andean slope and Amazon Basin,
only the Pacific coastal zone has received adequate attention e and
there, the record is systematically biased by post-glacial sea-level
rise. Understanding the directionality of human settlement,
demographic patterns, and humaneenvironment dynamics from
the Terminal Pleistocene to Mid-Holocene will not be realized until
investigation and absolute chronology building of the interior
zones of Peru are given higher priority.
5. Conclusions

Both the Pacific Coast and Andes of Peru were settled approxi-
mately 13,000 years ago in the Terminal Pleistocene, with initial
settlement of the coast possibly occurring w600 years earlier than
the highlands and progressively later initial settlement of higher
elevations in the Peruvian Andes in the Early Holocene. However,
understanding the chronology of initial coastal settlement, as well
as the directionality of initial settlement of the coast and the
highlands, is limited by considerable imprecision and uncertainty
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in early coastal dates obtained on marine shell and charcoal from
possible old wood.

The geographic distribution of coastal sites through the Early
Holocene suggests patterns of localization and demographic
expansion, beginning in initially settled areas and possibly
encouraged by generally wetter conditions than those that prevail
today. Coastal populations in Peru grew through time, indicated by
more numerous settlements and more radiocarbon dates from the
Early to Mid-Holocene. Highland data indicate stable numbers of
sites and dates from the Early to Mid-Holocene. Settlement shifts in
the Mid-Holocene along the Peruvian Coast and near-
abandonment of some areas previously occupied were regionally
variable, possibly reflecting variations in water availability along
the coastal plain and hills.

The existing Terminal Pleistocene to Mid-Holocene archaeo-
logical radiocarbon data for Peru point mainly to large gaps still
existing in the archaeological record as a result of severe taph-
onomic and research biases. Some of the site preservation
problems, such as the lack of shoreline sites in areas of shallow,
broad continental shelf and the likely destruction of landforms
and sites in intermediate elevations in Andean corridor drain-
ages, are largely beyond remedy. Although evidence from some
early sites is suggestive of inter-zonal connections, under-
standing the nature of such connections is limited by a lack of
a complete set of linked sites situated in various resource zones.
Research biases over the past 50 years, including a total lack of
highland research over three decades, have resulted in a large
disparity between coastal and interior datasets, limiting the
understanding of basic patterns of settlement, population, and
technology in the highlands, as well as the nature of inter-zonal
connections.

Synthesis and analysis of archaeological radiocarbon and geo-
spatial data from Peru from 13,000 to 7000 14C B.P. should facilitate
additional large-scale analyses, and we hope that some of the
biases currently plaguing the record may be addressed by future
field and laboratory research. Some recommendations for future
work include:

1) More archaeological survey and excavation work in interior
zones above 1200 m elevation is needed to construct basic
chronological sequences.

2) As Terminal Pleistocene to Mid-Holocene archaeological data
from intermediate elevations w600e2500 m is almost
completely missing, landforms with the potential of preserving
sites of Terminal Pleistocene to Mid-Holocene age in corridor
drainages should be located and investigated. Additional
survey work in intermediate elevations in inter-valley areas
would also help address current deficiencies.

3) The accuracy of coastal radiocarbon data needs to be improved
to address the old wood and old water problem for Terminal
Pleistocene sites and sites dated solely with marine shells.
Development of pretreatment protocols and the success of
high-precision AMS dating of archaeological bone collagen
(Steele and Politis, 2009) suggest that dates obtained on bone
collagen could resolve many of the ambiguities surrounding
early coastal dates.
Acknowledgements

We thank Lucas Bueno and Luciano Prates, the organizers of the
2010 SAA symposium, for inviting this contribution. Our session
discussants, Michael Waters and James Steele, as well as many in
attendance of the session, offered helpful advice and practical
suggestions, particularly Robert Kelly and Tom Dillehay. Sarah
Niemic and David Reid provided invaluable assistance with
compiling primary data.

Appendices A and B. Supplementary material

Supplementary data related to this article can be found online at
http://dx.doi.org/10.1016/j.quaint.2012.08.2052.

References

Aldenderfer, M., 1998. Montane Foragers: Asana and the South-Central Andean
Archaic. University of Iowa Press, Iowa City.

Aldenderfer, M., 2006. Modelling plateaux peoples: the early human use of the
world’s high plateaux. World Archaeology 38 (3), 357e370.

Alley, R., Bond, G., Chappelaz, J., Clapperton, C., Del Genio, A., Keigwin, L., Peteet, D.,
1993. Global Younger Dryas. EOS 50, 587e589.

Baker, P.A., Seltzer, G.O., Fritz, S.C., Dunbar, R.B., Grove, M.J., Tapia, P.M., Cross, S.L.,
Rowe, H.D., Broda, J.P., 2001. The history of South American tropical precipita-
tion for the past 25,000 years. Science 291, 640e643.

Bromley, G.R.M., Schaefer, J.M., Winckler, G., Hall, B.L., Todd, C.E., Rademaker, K.M.,
2009. Relative timing of last glacial maximum and late-glacial events in the
Central Tropical Andes. Quaternary Science Reviews 28, 2514e2526.

Bromley, G.R.M., Hall, B.L., Schaefer, J.M., Winckler, G., Todd, C.E., Rademaker, K.M.,
2011a. Glacier fluctuations in the southern Peruvian Andes during the late-
glacial period, constrained with cosmogenic 3He. Journal of Quaternary
Science 26 (1), 37e43.

Bromley, G.R.M., Hall,, B.L., Rademaker, K.M., Todd, C.E., Racoviteanu, A.E., 2011b.
Late Pleistocene snowline fluctuations at Nevado Coropuna (15�S), southern
Peruvian Andes. Journal of Quaternary Science 26 (3), 305e317.

Bronk Ramsey, C., 2009. Bayesian analysis of radiocarbon dates. Radiocarbon 51,
337e360.

Buchanan, B., Collard, M., Edinborough, K., 2008. Paleoindian demography and the
extraterrestrial impact hypothesis. Proceedings of the National Academy of
Sciences 105, 11651e11654.

Buffen, A.M., 2008. Abrupt Holocene climate change: evidence from a new suite of
ice cores from Nevado Coropuna, southwestern Peru and recently exposed
vegetation from the Quelccaya ice cap, southeastern Peru. M.S. thesis, Ohio
State University.

Cardich, A., 1964. Lauricocha: fundamentos para una prehistoria de los Andes
centrales. Acta Prehistórica 8/10, 3e171.

Carré, M., Bentaleb, I., Fontugne, M., Lavallée, D., 2005. Strong EI Niño events during
the Early Holocene: stable isotope evidence from Peruvian sea-shells. The
Holocene 15, 42e47.

Chauchat, C., 1988. Early hunters and gatherers on the Peruvian coast. In:
Keatinge, R.W. (Ed.), Peruvian Prehistory. Cambridge University Press, New
York, pp. 41e66.

Chauchat, C., Wing, E.S., Lacombe, J.P., Demars, P.Y., Uceda, S., Deza, C., 1992. Pre-
histoire de la Côte Nord du Pérou: Le Paijanien de Cupisnique. Cahiers du
Quaternaire 18. CNRS Editions, Centre Regional de Publication de Bordeaux,
Bordeaux.

Chiang, J.C.H., Bitz, C.M., 2005. The influence of high latitude ice on the position of
the marine intertropical convergence zone. Climate Dynamics 25 (5), 477e496.

Clapperton, C.M., Hall, M., Mothes, P., Hole, M.J., Still, J.W., Helmens, K.F., Kuhry, P.,
Gemmell, A.M.D., 1997. A YD icecap in the equatorial Andes. Quaternary
Research 47, 13e28.

deFrance, S.D., Umire Álvarez, A., 2004. Quebrada Tacahuay: una ocupación
marítima del Pleistoceno Tardío en el Sur del Perú. Chungara 36, 257e278.

deFrance, S.D., Keefer, D.K., Richardson III, J.B., Umire Álvarez, A., 2001. Late Paleo-
Indian coastal foragers: specialized extractive behavior at Quebrada Tacahuay,
Peru. Latin American Antiquity 12, 413e426.

deFrance, S.D., Grayson, N., Wise, K., 2009. Documenting 12,000 years of coastal
occupation on theOsmore littoral, Peru. Journal of Field Archaeology 34, 227e246.

Dillehay, T.D., 2011. From Foraging to Farming in the Andes: New Perspectives on
Food Production and Social Organization. Cambridge University Press,
Cambridge.

Dillehay, T.D., Netherly, P.J., Rossen, J., 1989. Middle Preceramic public and resi-
dential sites on the forested slope of the western Andes, northern Peru.
American Antiquity 54 (4), 733e759.

Dillehay, T.D., Rossen, J., Maggard, G., Stackelbeck, K., Netherly, P.J., 2003. Localiza-
tion and possible social aggregation in the Late Pleistocene and Early Holocene
on the north coast of Peru. Quaternary International 109e110, 3e11.

Dillehay, T.D., Elling Jr., H.H., Rossen, J., 2005. Preceramic irrigation canals in the
Peruvian Andes. Proceedings of the National Academy of Sciences 102 (47),
17241e17244.

Dillehay, T.D., Rossen, J., Andres, T.C., Williams, D.E., 2007. Preceramic adoption of
peanut, squash, and cotton in northern Peru. Science 316, 1890e1893.

Dincauze, D.F., 1984. An archaeological evaluation of the case for pre-clovis occu-
pations. In: Wendorf, F., Close, A. (Eds.), Advances in World Archaeology, vol. 3.
Academic Press, New York, pp. 275e323.

Engel, F., 1966. Agricultura y Geografía Humana Precolombina en la Quebrada de
Chilca. Universidad Nacional Agraria, Lima.

Engel, F., 1969. On early man in the Americas. Current Anthropology 10 (2e3), 225.

http://dx.doi.org/10.1016/j.quaint.2012.08.2052


K. Rademaker et al. / Quaternary International 301 (2013) 34e4544
Engel, F., 1970. Exploration of the Chilca Canyon, Peru. Current Anthropology 11,
55e58.

Engel, F., 1980. Prehistoric Andean Ecology: Man, Settlement and Environment in
the Andes: Paloma, vol. 1. Humanities Press for Hunter College, New York.

Engel, F., 1981. Prehistoric Andean Ecology: Man, Settlement and Environment in
the Andes: The Deep South, vol. 2. Humanities Press for Hunter College,
New York.

Engel, F., 1984. Prehistoric Andean Ecology: Man, Settlement and Environment in
the Andes: Chilca, vol. 4. Humanities Press for Hunter College, New York.

Engel, F., 1987. Prehistoric Andean Ecology: Man, Settlement and Environment in
the Andes: Lomas, vol. 5. Humanities Press for Hunter College, New York.

Engel, F., 1991. Un Desierto en Tiempos Prehispánicos: Río Pisco, Paracas, Río Ica.
Humanities Press for Hunter College, New York.

Ewert Technologies, 2011. http://www.ewert-technologies.ca/home/online-tools/
utm-coordinate-converter.html.

Faught, M.K., 2008. Archaeological roots of human diversity in the New World:
a compilation of accurate and precise radiocarbon ages from earliest sites.
American Antiquity 73 (4), 670e698.

Federal Communications Commission, 2011. http://transition.fcc.gov/mb/audio/
bickel/DDDMMSS-decimal.html.

Fontugne, M., Usselmann, P., Lavallée, D., Julien, M., Hatté, C., 1999. El Niño vari-
ability in the coastal desert of southern Peru during the Mid-Holocene.
Quaternary Research 52, 171e179.

Goldberg, P., Macphail, R.I., 2006. Practical and Theoretical Geoarchaeology. Black-
well, Malden.

Goodman, A.Y., Rodbell, D.T., Seltzer, G.O., Mark, B.G., 2001. Subdivision of glacial
deposits in southeastern Peru based on pedogenic development and radio-
metric ages. Quaternary Research 56, 31e50.

Hall, S.R., Farber, D.L., Ramage, J.M., Rodbell, D.T., Finkel, R.C., Smith, J.A.,
Mark, B.G., Kassel, C., 2009. Geochronology of Quaternary glaciations from
the tropical Cordillera Huayhuash, Peru. Quaternary Science Reviews 28,
2991e3009.

Hamilton, M.J., Buchanan, B., 2007. Spatial gradients in Clovis-age radiocarbon dates
across North America suggest rapid colonization from the north. Proceedings of
the National Academy of Sciences 104, 15625e15630.

Haug, G.H., Hughen, K.A., Sigman, D.M., Peterson, L.C., Röhl, U., 2001. Southward
migration of the intertropical convergence zone through the Holocene. Science
293, 1304e1308.

Haynes, C.V., 1969. The earliest Americans. Science 166, 709e715.
Jolie, E.A., Lynch, T.F., Geib, P.R., Adovasio, J.M., 2011. Cordage, textiles, and the Late

Pleistocene peopling of the Andes. Current Anthropology 52 (2), 285e296.
Jones, K., 2008. Radiocarbon chronology of site QJ-280, Quebrada Jaguay, Peru.

Paper presented at the 73rd Annual Meeting, Society for American Archaeology,
Vancouver, B.C., Canada.

Jones, K.B., Hodgins, G.W.L., Dettman, D., Andrus, C.F.T., Nelson, A., Etayo-
Cadavid, M.F., 2007. Seasonal variations in Peruvian marine reservoir age from
pre-bomb Argopecten purpuratus shell carbonate. Radiocarbon 49, 877e888.

Jones, K.B., Hodgins, G.W.L., Etayo-Cadavid,M.F., Andrus, C.F.T., Sandweiss, D.H., 2010.
Centuries of marine radiocarbon reservoir age variation within archaeological
Mesodesma donacium shells from southern Peru. Radiocarbon 52, 1207e1214.

Keefer, D.K., deFrance, S.D., Moseley, M.E., Richardson III, J.B., Satterlee, D.R., Day-
Lewis, A., 1998. Early maritime economy and El Niño events at Quebrada
Tacahuay, Peru. Science 281, 1833e1835.

Keefer, D.K., Moseley, M.E., deFrance, S.D., 2003. A 38,000-year record of floods and
debris flows in the Ilo region of southern Peru and its relation to El Niño events
and great earthquakes. Palaeogeography, Palaeoclimatology, Palaeoecology 194,
41e77.

Kennett, D.J., Lynn Ingram, B., Southon, J.R., Wise, K., 2002. Differences in 14C age
between stratigraphically associated charcoal and marine shell from the
Archaic period site of Kilometer 4, southern Peru: old wood or old water?
Radiocarbon 44, 53e58.

Kuzmin, Y.V., Keates, S.G., 2005. Dates are not just data: Paleolithic settlement
patterns in Siberia derived from radiocarbon records. American Antiquity 70
(4), 773e789.

Lavallée, D., Julien, M., Wheeler, J., 1982. Telarmachay: niveles Precerámicos de
ocupación. Revista del Museo Nacional 46, 55e127.

Lavallée, D., Julien, M., Wheeler, J., Karlin, C., 1985. Telarmachay. Chasseurs et Pas-
teurs Prehistoriques des Andes 1. Travaux de l’Instituto Francés de Estudios
Andinos, Lima.

Lavallée, D., Julien, M., Wheeler, J., Karlin, C., 1995. Telarmachay: Cazadores y Pas-
tores Prehistóricos de los Andes. Travaux de l’Instituto Francés de Estudios
Andinos, Lima.

Lavallée, D., Julien, M., Béarez, P., Usselman, P., Fontugne, M., Bolaños, A., 1999a.
Pescadores-recolectores Arcaicos del extremo sur Peruano: excavaciones en la
Quebrada de los Burros (Tacna, Perú), Primeros Resultados 1995e1997. Bulletin
Instituto Francés de Estudios Andinos 28 (1), 13e52.

Lavallée, D., Béarez, P., Chevalier, A., Julien, M., Usselmann, P., Fontugne, M., 1999b.
Paleoambiente y ocupación prehistórica del litoral extremo-sur del Perú: las
ocupaciones del Arcaico en la Quebrada de Los Burros y alrededores (Tacna,
Perú). Boletín de Arqueología PUCP 3, 393e416.

Lynch, T.F., 1967. Quishqui Puncu: a Preceramic site in highland Peru. Science 158
(3802), 780e783.

Lynch, T.F., 1971. Preceramic transhumance in the Callejón de Huaylas, Peru.
American Antiquity 36 (2), 139e148.

Lynch, T.F., 1980. Guitarrero Cave: earlyman in the Andes. Academic Press, New York.
Lynch, T.F., 1990. Glacial-age man in South America? A critical review. American
Antiquity 55 (1), 12e36.

Lynch, T.F., Kennedy, K.A.R., 1970. Early human cultural and skeletal remains from
Guitarrero Cave, northern Peru. Science 169, 1307e1309.

Lynch, T.F., Gillespie, R., Gowlett, J.A.J., Hedges, R.E.M., 1985. Chronology of Gui-
tarrero Cave, Peru. Science 229, 864e867.

Mächtle, B., Unkel, I., Eitel, B., Kromer, B., Schiegl, S., 2010. Molluscs as evidence for
a Late Pleistocene and Early Holocene humid period in the southern coastal
desert of Peru (14.5�S). Quaternary Research 73, 39e47.

MacNeish, R.S., Cook, A.G., Lumbreras, L.G., Vierra, R.K., Nelken-Turner, A., 1981.
Prehistory of the Ayacucho Basin, Peru. In: Excavations and Chronology, vol. II.
University of Michigan Press, Ann Arbor.

Maggard, G.J., 2010. Late Pleistocene-EarlyHolocene colonization and regionalization
in northern Peru: Fishtail and Paiján complexes of the lower Jequetepeque Valley.
Ph.D. dissertation, University of Kentucky, Lexington.

Mahaney, W.C., Milner, M.W., Kalm, V., Dirszowsky, R.W., Hancock, R.G.V.,
Beukens, R.P., 2007. Evidence for a Younger Dryas glacial advance in the Andes
of northwestern Venezuela. Geomorphology 96, 199e211.

Manners, R.B., Magilligan, F.J., Goldstein, P.S., 2007. Floodplain development, El
Niño, and cultural consequences in a hyperarid Andean environment. Annals of
the Association of American Geographers 97 (2), 229e249.

Mercer, J.H., Palacios, O.P., 1977. Radiocarbon dating the last glaciation in Peru.
Geology 5, 600e604.

McCormac, F.G., Hogg, A.G., Blackwell, P.G., Buck, C.E., Higham, T.F.G., Reimer, P.J.,
2004. SHCal04 Southern Hemisphere calibration, 0e110 cal kyr B.P. Radio-
carbon 46 (3), 1087e1092.

McInnis, H.M., 2006. Middle Holocene culture and climate on the south coast of
Peru: archaeological investigation of the Pampa Colorada. Ph.D. dissertation,
University of Oregon.

Ossa, P., 1973. A survey of the lithic Preceramic occupation of the Moche Valley,
north coastal Peru: with an overview of some problems in the study of the early
human occupation of west Andean South America. Ph.D. dissertation, Harvard
University, Cambridge.

Owen, B.D., 2002. Marine carbon reservoir age estimates for the far south coast of
Peru. Radiocarbon 44, 701e708.

Patterson, T.C., 1966. Early cultural remains on the central coast of Peru. Ñawpa
Pacha 4, 145e152.

Peros, M.C., Munoz, S.E., Gajewski, K., Viau, A.E., 2010. Prehistoric demography of
North America inferred from radiocarbon data. Journal of Archaeological
Science 37, 656e664.

Piperno, D.R., 2011. The origins of plant cultivation and domestication in the New
World tropics: patterns, process, and new developments. Current Anthropology
52 (S4), S453eS470.

Piperno, D.R., Dillehay, T.D., 2008. Starch grains on human teeth reveal early broad
crop diet in northern Peru. Proceedings of the National Academy of Sciences
105 (50), 19622e19627.

Ravines, R., 1982. Panorama de la Arqueología Andina. Instituto de Estudios
Peruanos, Lima.

Ravines, R., 1972. Artefactos Líticos del Sur del Perú. Revista del Museo Nacional 38,
133e184.

Ravines, R., 1967a. Fechas radiocarbónicas para el Perú. In: Arqueológicas 11. Museo
Nacional de Antropología y Arqueología, Lima.

Ravines, R., 1967b. El abrigo de Caru y sus relaciones con otros sitios tempranos del
sur del Perú. Ñawpa Pacha 5, 39e57.

Ravines, R., 1966. Investigaciones arqueológicas en el Perú: 1965e1966. Revista del
Museo Nacional 34, 247e254.

Reimer, P.J., Baillie, M.G.L., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk
Ramsey, C., Buck, C.E., Burr, G.S., Edwards, R.L., Friedrich, M., Grootes, P.M.,
Guilderson, T.P., Hajdas, I., Heaton, T.J., Hogg, A.G., Hughen, K.A., Kaiser, K.F.,
Kromer, B., McCormac, F.G., Manning, S.W., Reimer, R.W., Richards, D.A.,
Southon, J.R., Talamo, S., Turney, C.S.M., van der Plicht, J., Weyhenmeyer, C.E.,
2009. IntCal09 and Marine09 radiocarbon age calibration curves, 0e50,000
years cal B.P. Radiocarbon 51 (4), 1111e1150.

Rein, B., Luckge, A., Reinhardt, L., Sirocko, F., Wolf, A., Dullo, W.-C., 2005. El Niño
variability off Peru during the last 20,000 years. Paleoceanography 20, PA4003.

Richardson III, J.B., 1978. Early man on the Peruvian north coast: early maritime
exploitation and Pleistocene and Holocene environment. In: Bryan, A.L. (Ed.),
Early Man in America from a Circum-Pacific Perspective. Department of
Anthropology, University of Alberta, Occasional Papers, 1, pp. 274e289.

Richardson III, J.B., 1981. Modeling the development of sedentary maritime econ-
omies on the coast of Peru: a preliminary statement. Annals of the Carnegie
Museum 50, 139e150.

Rick, J.W., 1980. Prehistoric Hunters of the High Andes. Academic Press, New York.
Rick, J.W., 1987. Dates as data: an examination of the Peruvian Preceramic radio-

carbon record. American Antiquity 52, 55e73.
Rick, J.W., Moore, K.M., 1999. El Precerámico de las punas de Junín: el punto de vista

desde Panaulauca. Boletín de Arqueología PUCP 3, 263e296.
Rodbell, D.T., Seltzer, G.O., 2000. Rapid ice margin fluctuations during the Younger

Dryas in the Tropical Andes. Quaternary Research 54, 328e338.
Rodbell, D.T., Smith, J.A., Mark, B.G., 2009. Glaciation in the Andes during the

Lateglacial and Holocene. Quaternary Science Reviews 28, 2165e2212.
Rollins, H.B., Richardson III, J.B., Sandweiss, D.H., 1986. The birth of El Niño: geo-

archaeological evidence and implications. Geoarchaeology 1, 3e15.
Roosevelt, A.C., Douglas, J., Brown, L., 2002. The migrations and adaptations of the

first Americans: Clovis and Pre-Clovis viewed from South America. In:

http://www.ewert-technologies.ca/home/online-tools/utm-coordinate-converter.html
http://www.ewert-technologies.ca/home/online-tools/utm-coordinate-converter.html
http://transition.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.html
http://transition.fcc.gov/mb/audio/bickel/DDDMMSS-decimal.html


K. Rademaker et al. / Quaternary International 301 (2013) 34e45 45
Jablonski, N.G. (Ed.), The First Americans: the Pleistocene Colonization of the
New World. Memoir No. 27. California Academy of Sciences, San Francisco,
pp. 159e203.

Sandweiss, D.H., 2003. Terminal Pleistocene through Mid-Holocene archaeological
sites as palaeoclimate archives for the Peruvian coast. Palaeogeography,
Palaeoclimatology, Palaeoecology 194, 23e40.

Sandweiss, D.H., Richardson III, J.B., Reitz, E.J., Hsu, J.T., Feldman, R.A., 1989. Early
maritime adaptations in the Andes: preliminary studies at the Ring Site, Peru.
In: Stanish, C., Rice, D.S., Scarr, P. (Eds.), Ecology, Settlement, and History in the
Osmore Basin. British Archaeological Papers, International Series, vol. 545,
pp. 35e84. Oxford.

Sandweiss, D.H., Richardson III, J.B., Reitz, E.J., Rollins, H.B., Maasch, K.A., 1996.
Geoarchaeological evidence from Peru for a 5000 years B.P. onset of El Niño.
Science 273, 1531e1533.

Sandweiss, D.H., McInnis, H., Burger, R.L., Cano, A., Ojeda, B., Paredes, R.,
Sandweiss, M., Glascock, M., 1998. Quebrada Jaguay: early maritime adaptations
in South America. Science 281, 1830e1832.

Sandweiss, D.H., Maasch, K.A., Burger, R.L., Richardson III, J.B., Rollins, H.B.,
Clement, A., 2001. Variation in Holocene El Niño frequencies: climate records
and cultural consequences in ancient Peru. Geology 29, 603e606.

Sandweiss, D.H., Maasch, K.A., Andrus, C.F.T., Reitz, E.J., Riedinger-Whitmore, M.,
Richardson III, J.B., Rollins, H.B., 2007. Mid-Holocene climate and culture change
in coastal Peru. In: Anderson, D.G., Maasch, K.A., Sandweiss, D.H. (Eds.), Climatic
Change and Cultural Dynamics: a Global Perspective on Mid-Holocene Transi-
tions. Academic Press, San Diego, pp. 25e50.

Schulz, H., von Rad, U., Erlenkeuser, H., 1998. Correlation between Arabian Sea
and Greenland climate oscillations of the past 110,000 years. Nature 393,
54e57.
Smith, J.A., Seltzer, G.O., Farber, D.L., Rodbell, D.T., Finkel, R.C., 2005. Early local last
glacial maximum in the tropical Andes. Science 308, 678e681.

Stackelbeck, K.L., 2008. Adaptational flexibility and processes of emerging
complexity: Early to Mid-Holocene foragers in the lower Jequetepeque Valley,
northern Peru. Ph.D. dissertation, University of Kentucky, Lexington.

Steele, J., 2010. Radiocarbon dates as data: quantitative strategies for estimating
colonization front speeds and event densities. Journal of Archaeological Science
37, 2017e2030.

Steele, J., Politis, 2009. AMS 14C dating of early human occupation of southern South
America. Journal of Archaeological Science 36, 419e429.

Steffen, D., Schlunegger, F., Preusser, F., 2009. Late Pleistocene fans and terraces in
the Majes Valley, southern Peru, and their relation to climatic variations.
International Journal of Earth Sciences 99 (8), 1975e1989.

Tite, M.S., 1972. Methods of Physical Examination in Archaeology. Seminar Press,
New York.

Vellinga, M., Wood, R.A., 2002. Global climatic impacts of a collapse of the Atlantic
thermohaline circulation. Climatic Change 54, 251e267.

Wang, X., Auler, A.S., Edwards, R.L., Cheng, H., Cristalli, P.S., Smart, P.L.,
Richards, D.A., Shen, C.-C., 2004. Wet periods in northeastern Brazil over the
past 210 kyr linked to distant climate anomalies. Nature 432, 740e743.

Wang, Y., Cheng, H., Edwards, R.L., An, Z.S., Wu, J.Y., Shen, C.-C., Dorale, J.A., 2001.
A high-resolution absolute-dated Late Pleistocene monsoon record from Hulu
Cave, China. Science 294, 2345e2348.

Ziolkowski, M.S., Pazdur, M.F., Krzanowski, A., Michczynski, A., 1994. Andes
Radiocarbon Database for Bolivia, Ecuador, and Peru. Joint Publication, Andean
Archaeological Mission of the Institute of Archaeology, Warsaw University and
Gliwice Radiocarbon Laboratory of the Institute of Physics, Silesian Technical
University, Warsaw.


	Peru archaeological radiocarbon database, 13,000–7000 14C B.P.
	1. Introduction
	2. Methods
	3. Results
	3.1. Summary
	3.2. Terminal Pleistocene, 11,100–10,000 14C B.P. (∼13,000–11,500 cal B.P.)
	3.3. Early Holocene, 10,000–9000 14C B.P. (∼11,500–10,200 cal B.P.)
	3.4. Early to Mid-Holocene, 9000–8000 14C B.P. (∼10,200–8800 cal B.P.)
	3.5. Mid-Holocene, 8000–7000 14C B.P. (∼8800–8000 cal B.P.)

	4. Discussion
	4.1. Human–environment dynamics
	4.2. Taphonomic biases
	4.3. Dating issues
	4.4. Sampling biases

	5. Conclusions
	Acknowledgements
	Appendices A and B. Supplementary material
	References


