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a b s t r a c t

Shell middens are conspicuous manifestations of the exploitation of rich, sustainable, easily seen and
harvested marine resources that, worldwide, enabled hunter-gatherers to reduce mobility and increase
population and social complexity. Globally, known sites tend to cluster chronologically around 6 k BP,
after slowing eustatic sea-level rise, although the Pacific coast of South America offers some rare earlier
exceptions.

We report investigations of La Yerba II, a Middle Preceramic shell matrix site on the Río Ica estuary,
south coast Peru. These show how, beginning around 7000 Cal BP, over 4.5 m of stratigraphy accumu-
lated in less than 500 years. Consisting of prepared surfaces, indurated floors and the ashy interiors of
wind shelters and their associated midden deposits, alternating with phases of abandonment, this was
the outcome of an intense rhythm of repeated occupations by logistically mobile marine hunter-
gatherers. Final phases, dominated by Mesodesma surf clams, mark change towards more task-specific
activities.

La Yerba II's topographic position and well-preserved cultural and environmental markers provide
insight into the local history of relative sea level change and changing marine hunter-gatherer lifestyles
during a period critical to the transition to sedentism and the formation of new estuarine and beach
habitats following the stabilisation of eustatic sea-levels.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The long prelude to the emergence of agriculture was charac-
terised worldwide by a widening use of resources by hunter-
gatherers: a so-called Broad Spectrum Revolution that came hand
in hand with increasing sedentism, population density, techno-
logical innovation and social complexity (e.g. Flannery, 1969; Zeder,
2012). Typically these seem to have unfolded in ‘ecotonally-diverse’
settings d places where different ecosystems conjoined d where
people could reduce mobility by exploiting diverse and seasonally
abundant resources according to rounds of logistical, rather than
residential, mobility (sensu Binford, 1980).

Coasts are quintessential such environments: the intersection of
very different, often highly productive, habitats. Estuaries, as the
nexus of marine and freshwater ecosystems, enjoy high levels of
nutrient influx from each (Day et al., 2012). Coastal productivity can
be among the highest in the world, equivalent to those of tropical
rainforests (McLusky and Elliott, 2004), providing sustainable,
easily seen resources, many of which can be harvested without
particular skills by all segments of a population (De Vynck et al.,
2016). Indeed, across the globe broad spectrum Mesolithic econo-
mies relied on the systematic exploitation of aquatic and marine
resources (e.g. Binford, 1968; Stiner, 2001; Bar-Yosef Mayer and
Zohar, 2010; Bicho et al., 2011; Jerardino, 2010; Lewis et al.,
2020). The archaeological footprint of this activity, however, is
much distorted by the impacts of sea-level change (Bailey and
Hardy, 2021).

As temperatures warmed into the Holocene, sea levels rose by
up to 120m, inundating coastal landscapes and altering their ge-
ography, sometimes dramatically, according to local bathymetry,
isostatic and tectonic factors (Harff et al., 2016). It is no surprise
then that, worldwide, the earliest shoreline archaeological sites
tend to cluster around 5800 BP: the date by which eustatic seas
levels began to stabilize. Important exceptions (e.g. Sandweiss
et al., 1998; Fisher et al., 2020) serve to prove the rule that, along
the world's coastlines, the exposed Holocene archaeological record
is an artefact of a point in time, or as Bradley, (1984, 5) puts it for
Britain, where almost 40% of Mesolithic landscapes are today sub-
merged, a ‘picture dominated by its frame’.

Along many of the world's coasts that picture is most conspic-
uously manifest in ancient and sometimes massive, anthropogenic
accumulations of shells. Originally conceived of as merely homo-
geneous dumps of food waste, many of these kjokkenmoeddinger
shell midden, or more generally ‘shell-matrix’ sites (see definitions
in Villagran, 2019: 345), are now understood to be the outcome of
successive episodes of activity offering deep-time archives of pre-
historic coastal hunter-gatherer ecology and economy. Beyond
quotidian subsistence, however, they are increasingly also inter-
preted as offering insights into ancient ritual behaviour, social dy-
namics and even early monumentality (e.g. Gaspar et al., 2008;
Dillehay et al., 2012; Klokler, 2014; Marean, 2014; Jerardino and
Navarro, 2018).

One such location is the Pacific coast of South America where a
longMesolithic-like Middle Preceramic (or ‘Middle Archaic’) Period
culminated in the fluorescence of one of humanity's rare hearths of
agriculture and pristine civilisation. The littoral itself here is one the
world's driest deserts but is traversed by lush riverine oases along
watercourses that rise along the western flanks of the Andes, while
offshore cold upwellings driven by the Humboldt Current support a
prodigious marine food chain and the world's richest fishery (FAO,
2014). Exploitation of these marine resources is documented by
some of the earliest, best-preserved shell-matrix sites in the
Americas. Here site preservation is enhanced by the region's hy-
perarid climate but also because a narrow, steep continental shelf,
particularly north of 5�S and south of 14�S, has meant relatively
2

little horizontal shoreline displacement following eustatic sea-level
change through the Holocene (Sandweiss, 2009). As in other places
with similar morphology, such as parts of the coast of South Africa
(e.g. Cawthra et al., 2018; Fisher et al., 2020; Esteban et al., 2020),
this has resulted in episodic preservation of sites along this Pacific
littoral dating back to the Terminal Pleistocene (Engel, 1981, 1991;
Sandweiss et al., 1998; Sandweiss, 2003; Lavall�ee and Julien, 2012;
Beresford-Jones et al., 2015; Salazar et al., 2015; Dillehay, 2017;
Power et al., 2021).

Changes in relative sea-level (RSL) are driven by eustatic,
isostatic, tectonic and more local factors such as sedimentary re-
gimes. The variable geology, geomorphology and complex tectonic
history of the Pacific coast of Peru make it difficult to apply a
generalised sea-level curve to the region. Moreover, as Borreggine
et al. (2022) note, simplistic ‘bath tub’ modelling of sea-level
change that give no consideration to critical local factors can
hinder rather than illuminate interpretations of coastline archae-
ological potential. Thus, while the submerged continental shelf
here is comparatively narrow, past coastal configuration and how it
relates to specific archaeological sites remains less clear.

The region spans the convergence between the Nazca and South
American Plates, driving significant tectonic activity (Hsu, 1992;
Saillard et al., 2011; Garrett et al., 2020), and with it land-surface
deformation and associated RSL change. A history of this activity
is captured within the geological record at the local to regional
level, with significant uplift recorded along and around the Nazca
Ridge (Hsu, 1992; Saillard et al., 2011), and frequent megathrust
earthquakes impacting the wider region. Further south in Chile
there is increasing isostatic impact on RSL change due to the melt
and retreat of the Patagonian Ice sheet, leading to regional uplift
since the last glacial maximum. These factors, as Bailey and
Flemming, (2008, 2158) note, call for more local-level
investigations.

Part of the challenge of working in this area, however, is the
comparative scarcity of RSL data (Blanco-Chao et al., 2014, 161)
from which to resolve regional sea-level histories. For the Pleisto-
cene work has been done on dating exposed marine terraces and
strandlines (Goy et al., 1992; Hsu, 1992; Saillard et al., 2011; Regard
et al., 2021), with the staircase sequence of marine terraces at Chala
Bay dating back to Marine Isotope Stage (MiS) 19 providing a key
sequence for regional comparisons. Recently Freisleben et al. (2021)
have used this to map the extent of highstand terraces along the
Pacific coast of South America from 1� N to 40� S, using published
dates to constrain terrace-age estimates and providing insight into
variable uplift rates along this coast over the last 125 kyr (Fig. 1).

For the Holocene, however d the time of principle archaeo-
logical interest in the Americas d data for RSL change along the
Peruvian and Chilean coasts is very limited. There has, as Garrett
et al. (2020, 1) note, been no ‘systematic attention’ to the RSL his-
tory of Chile aside from broad data compilations (Isla et al., 2012), a
lacuna they begin to address with their sea-level database for the
coast of Chile using an internationally comparable approach. This
database, complied inter alia from critical review of key archaeo-
logical sites and their relationship to past sea-levels, gives 79 sea-
level index points and 87 limiting points spanning the period
11,000 years ago to present day, but accepts only a single marine
limiting point for all northern Chile at Caleta Michilla (22� 430 S,
Fig. 1). No such resource yet exists for the coast of Peru. Garrett
et al.‘s work highlights the need for more detailed understanding of
Holocene sea level change along this littoral, not least because of
the many important coastal archaeological sites it would help to
contextualise. For instance, while most radiocarbon dates for
Middle Archaic shell matrix sites on the north coast of Chile cluster
after 6000 cal BP (Salazar et al., 2015: Table 1; Castro et al., 2016:
Table 1, Santoro et al., 2017: Table 2), two sites d Zapatero and



Fig. 1. Map of Pacific coast of Chile and Peru showing study area (inset) and locations mentioned in text in relation to known exposures of MiS 5e terraces (from Freisleben et al.,
2021) and Chilean Holocene sea-level index points (from Garrett et al., 2020). Data sources: ESRI, GEBCO, DeLorme, NatreVue, EarthStar Geographics.
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Morro Colorado d have reliably dated contexts of between 7500
and 7000 cal BP (Power et al., 2021; Salazar et al., 2015), both near
Taltal, some 300 km south of Caleta Michilla's uplifted marine
terrace 5.5 m above mean sea level and dated to 7200 BP (Garrett
et al., 2020: 8). Few of the shell-midden sites along this Pacific
littoral have, however, been investigated with the chronostrati-
graphic and geoarchaeological detail necessary to understand what
their situations may imply about local sea level changes or their
3

often complex formation processes (e.g. Waselkov, 1987; Stein,
1992; Jerardino, 2010).

Elsewhere in South America, two other, contrasting contexts
exemplify the poles of a continuum of interpretation for how shell
middens can form: the often monumental sambaquis shell mounds
on the Atlantic seaboard of Brazil, Santa Catarina, some up to 50 m
high and among the largest anywhere; and the far smaller, yet
stratigraphically complex shell-middens along the shores of Tierra



Table 1
Field descriptions of La Yerba II contexts selected for geoarchaeological analyses.

Context Depth (m top
of unit from
surface/m asl)

Description Field
Characterisation

Equivalent Contexts

Trench 1 Trench 3 Trench 4

TRENCH 3
SU 1053 0.20/20.12 0.30 m thick layer of sandy-shell, > 80% Mesodesma donacium

shells, other marine shell, fish bones, frequent small fragments
of crustacean and few fragments of marine mammal bone and
carbonised plants remains.

Type V SU 1001
SU 1002

SU 1054

SU 1050 0.50/19.82 0.13m thick lens of dark grey, indurated charcoal rich sand.
Frequent mollusc shell, crustacean and plant fibres.

Type III SU 1015
SU 1008

SU 1057
SU 1073
SU 1079
SU 1081

SU 1064
SU 1070

SU 1060 0.44/19.88 0.52 m thick layer of laminated, unconsolidated greyish-
yellow sands with frequent mollusc shell, crustacean and plant
fibres.

Type II SU 1004 SU 1005 SU
1007 SU 1010 SU 1016
SU 1017 SU 1018

SU 1072 SU 1075 SU
1052

SU 1063 SU
1069

SU 1073 1.02/19.30 0.10 m thick layer of dark-grey to black consolidated sandy-
ash with frequent micro charcoals and fragmented charred
plant remains and few fragmented clam shells and
crustaceans.

Type III See SU 1050 above

SU 1078 1.23/19.09 0.10m thick layer (0.40 � 0.20 m) of brown indurated
(organic?) silt

Type IV SU 1014 SU 1054
SU 1071

SU 1079 1.20/19.12 0.20m thick layer poorly consolidated mid grey ashy-sand
with frequent inclusions of fragmentary plant remains and
small fragments of crustacea. Stratigraphically equivalent to
SU 1052.

Type III See SU 1050 above

SU 1081 2.16/18.16 0.04 m thick layer of consolidated dark grey ashy and charcoal
rich sand. Few plant remains and small fragments of
crustaceans.

Type III See SU 1050 above

SU 1083 2.36/17.96 0.06 m thick layer of consolidated mid brownish-yellow sand. Type IV See SU 1078 above

TRENCH 4 (‘Carr�e Trench')
SU 1062 0.01/20.82 0.25 m thick moderately poorly consolidated, mid brown silty

sand with few marine shells, desiccated reed stem fragments,
crustacean fragments and feathers.

Type II See SU 1060 above

SU 1063 0.29/20.54 0.15 m thick poorly consolidated, mid-grey ashy sand with
frequent crustacean fragments, very fewmarine and terrestrial
shell fragments.

Type II See SU 1060 above

SU 1064 0.41/20.42 0.08 m thick poorly consolidated dark grey ashy sand with
frequent crustacean fragments and very few large charcoals.

Type III See SU 1050 above

SU 1068 0.88/19.95 0.15m thick layer of sand and in situ reed matting with
occasional sub-angular cobbles.

Collapsed
areesh wind

shelter
SU 1070 0.36/20.47 0.25 m thick layer of poorly consolidated greyish sand with c.

0.05 m thick weakly distinct ash stained lenses. Very few
marine mammal bone, few mollusc shell, fragmentary
crustacean shell and desiccated plant remains.

Type III SU 1006 SU1009 SU
1011 SU1012 SU 1019

SU 1055 SU 1056
SU1058 SU 1059 SU
1076 SU 1077 SU 1082

SU 1061
SU1062 SU
1066 SU
1067
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de Fuego far to the south. For whereas the latter are understood in
the light of Yamana (or Yaghan) ethnography (e.g. Lothrop, 1928) as
the outcome of unintentional, gradual accumulation of food waste
arising through successions of short-lived, repeated occupations
over great time depth by relatively small-scale, mobile marine
forager society(ies) (Balbo et al., 2010; Villagran et al., 2011; Oz�an
et al., 2015; Zangrando et al., 2021), the Santa Catarina sambaquis
are interpreted to be the outcome of much faster, intentional
heaping up and reworking of shells to construct monumental
platforms, typically taken to connote larger, more sedentary and
socially complex populations (e.g. Fish et al., 2000; Neves and
Wesolowski, 2002; Gaspar et al., 2008; Klokler, 2014; Villagran,
2014, 2019). Such dichotomies can apply to interpretations of the
same site. Large ‘megamiddens’ on the west coast of South Africa
were originally explained using Kalahari San ethnography as the
vestiges of unchanging patterns of brief seasonal mollusc gathering
visitations by small populations ordinarily resident inland (e.g.
Parkington et al., 2009). Diverse lines of new evidence, however,
now suggest them to be the more complex outcome of increasing
population density and more permanent residence after around
3000 BP (Jerardino, 2010, 2012). These cases illustrate how, since
shell-middens are the outcome of intensity, rhythm and time-depth
of human activity in combination with natural processes, their size
4

and form per se are only crude criteria by which to understand their
formation (Marquardt, 2010; Karkanas et al., 2015). Indeed,
reconstructing the processes and rate of shell-midden accumula-
tion, and thereby the scale and nature of the social processes that
underlie their formation, present problems that are far from trivial,
requiring a detailed understanding of their stratigraphy (cf.
Voorhies, 2015: 201), within a well-resolved chronological frame-
work (cf. Kennett and Culleton, 2012): each all too often lacking in
interpretations.

Geoarchaeological analyses have proven critical to interpreting
complex shell-midden stratigraphies in Morocco (Linst€adter and
Kehl, 2012), Portugal (Stiner et al., 2003; Aldeias and Bicho, 2016;
Duarte et al., 2019), Mexico (Voorhies, 2015), South Africa
(Karkanas et al., 2015) and the USA (Stein et al., 2011; Thompson
et al., 2016). In particular, micromorphology offers a high-
resolution window into archaeological and natural sediments to
reveal the sequences of human activities and natural processes
behind shell midden formation and the post-depositional pro-
cesses since (Karkanas and Goldberg, 2018). Villagran (2019) offers
a recent, comprehensive review of the different micromorpholog-
ical micro-facies associated with particular episodes of deposition
and post-depositional alterations in Fuegian and Brazilian shell
middens.



Table 2
La Yerba II radiocarbon dates modelled as phases in sequence.

OxCal v4.4.4 Bronk Ramsey (2021); r:5 ShCal20 atmospheric curve (Hogg et al., 2020)

Lab. Ref Context Dated Material Radiocarbon Date Calibrated Unmodelled Calibrated Modelled Indices

d13C C14 Age (yrs BP ±1s) (yrs BP ±1s) A C

(yrs) From To % median From To % median

TRENCH 1
Sequence
Boundary Start Trench

1
6740 6585 95.4 6672 97.6

OxA-29965 SU 1002 Desiccated plant fibre cord �24.7 5937 ± 31 6842 6638 95.4 6719 6743 6645 95.4 6692 113.8 99.2
OxA-29966 SU 1004 Desiccated plied plant fibre cord �20.9 5914 ± 32 6793 6564 95.4 6701 6752 6661 95.4 6709 125.1 99.4
OxA-29967 SU 1005 Wood charcoal fragment �27.4 5943 ± 33 6847 6640 95.4 6726 6771 6679 95.4 6726 118.6 99.7
Phase SU 1007
OxA-29968 SU 1007a Desiccated reed stem (Phragmitis sp.) �23.3 6039 ± 32 6844 6573 95.4 6713 6797 6699 95.4 6754 90 99.8
OxA-29969 SU 1007b Desiccated reed stem (Phragmitis sp.) �23.3 5930 ± 33 6948 6740 95.4 6842 6829 6732 95.4 6774 77.8 99.9
OxA-29970 SU 1008 Desiccated plied plant fibre cord �22.8 5934 ± 31 6841 6636 95.4 6717 6797 6700 95.4 6755 91.5 99.7
OxA-29971 SU 1009 Wood charcoal fragment �28.0 6033 ± 32 6947 6737 95.4 6835 6848 6755 95.4 6800 113.6 99.9
OxA-29972 SU 1010 Charred Scirpus sp. rhizome �25.3 6039 ± 31 6946 6742 95.4 6841 6868 6780 95.4 6816 122.7 99.8
OxA-29973 SU 1013 Charred Scirpus sp. rhizome �26.4 6069 ± 32 6987 6749 95.4 6876 6879 6794 95.4 6832 104 99.9
Phase SU 1015
OxA-29974 SU 1014 Charred Scirpus sp. rhizome �25.9 6022 ± 31 6943 6685 95.4 6824 6914 6807 95.4 6859 107.9 99.9
OxA-29975 SU 1015 Charred Scirpus sp. rhizome �25.9 5988 ± 33 6887 6672 95.4 6779 6907 6807 95.4 6855 68.5 99.9
OxA-29976 SU 1016 Charred Scirpus sp. rhizome �26.3 6013 ± 32 6937 6679 95.4 6814 6947 6838 95.4 6888 60.5 99.8
Phase SU 1017
OxA-29977 SU 1017 Desiccated reed stem (Phragmitis sp.) �24.9 6218 ± 31 7235 6955 95.4 7074 7074 6891 95.4 6982 58.2a 99.4
OxA-29978 SU 1018 Desiccated plied plant fibre cord �22.5 6165 ± 30 7159 6901 95.4 7014 7056 6886 95.4 6964 99.2 99.7
Boundary End Trench

1
7130 6903 95.4 7011 95.9

Maximum Time Span (yrs) 671 373 545 339
A model 80.8
A overall 78.5

TRENCH 3
Sequence
Boundary Start Trench

3
6775 6530 95.4 6670 97.9

OxA-29942 SU 1053 Wood charcoal (cf. Prosopis sp.) �27.7 5872 ± 30 6743 6503 95.4 6649 6776 6607 95.4 6696 99.9 99.6
OxA-29940 SU 1050 Desiccated Scirpus sp. rhizome �26.6 5964 ± 31 6879 6662 95.4 6751 6774 6666 95.4 6722 106.2 99.8
OxA-29941 SU 1072 Desiccated vegetable fibre cord �26.9 5944 ± 31 6847 6643 95.4 6727 6785 6685 95.4 6740 111.7 99.9
OxA-29943 SU 1073 Desiccated Scirpus sp. rhizome �26.2 5993 ± 31 6888 6674 95.4 6785 6823 6706 95.4 6759 123.6 99.9
OxA-29979 SU 1076 Desiccated flower head Scirpus sp. �25.9 5972 ± 31 6882 6666 95.4 6761 6841 6735 95.4 6778 121.1 99.9
Phase SU 1079
OxA-29980 SU 1079 Desiccated gourd fragment �25.1 6029 ± 32 6946 6736 95.4 6831 6888 6745 95.4 6809 111.8 99.7
OxA-29944 SU 1079 Desiccated gourd fragment �24.2 6029 ± 31 6947 6735 95.4 6831 6888 6745 95.4 6809 112.3 99.7
Boundary End Trench

3
6975 6747 95.4 6845 97.8

Maximum Time Span (yrs) 444 183 445 175
A model 135.1
A overall 135.3

TRENCH 4 e Carr�e Trenchb

Sequence
Boundary Start Trench

4
6737 6142 95.4 6561 95.2

OS-60543 SU 1062 Charcoal �29.7 5840 ± 35 6732 6492 95.4 6604 6733 6505 95.4 6632 102.9 99.5
OS-60556 SU 1063 Charcoal �28.3 5940 ± 45 6884 6567 95.4 6726 6778 6627 95.4 6692 113.2 99.7
Phase Trench Bottom
OS-60544 SU 1068 Charcoal �27.1 6070 ± 30 6986 6751 95.4 6877 6948 6738 95.4 6829 88.7 99.1
OS-60564 SU 1069 Charcoal �27.6 5900 ± 40 6794 6505 95.4 6685 6834 6659 95.4 6731 96.6 99.6
Boundary End Trench

4
7357 6690 95.4 6903 95.9

Maximum Time Span (yrs) 494 273 1215 342
A model 99.9
A overall 99.9

Notes.
a Agreement index <60%.
b Source for uncalibrated radiocarbon data: Carr�e et al., Science 345, 1045e1048 (2014).
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Meanwhile, Bayesian statistical analysis of radiocarbon dates
using the OxCal program (Bronk Ramsey, 2009) enables coherent
chronologies to be resolved for complex shell-midden stratigra-
phies by using radiocarbon dates from culturally significant
5

archaeological contexts in presumed contextual associations to
model and test the coherence of those a priori stratigraphies
through agreement indices (e.g. Kennett and Culleton, 2012). Once
such modelling justifies a statistically coherent a posteriori



Fig. 2. View north of the context of the La Yerba II shell midden, Río Ica estuary, south coast Peru.

1 La Yerba II has also been variously called: ‘L-1’ Cook (1994), ‘Casavilca’ (Lanning,
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stratigraphic relationship between radiocarbon dates, this can be
used to constrain the probability distributions of their calibrated
ranges, typically resulting in tighter age estimates. Such detailed
chronostratigraphic analyses have proven critical to understanding
the formation processes in complex shell midden sites in the US
(Kennett and Culleton, 2012) and Mexico (Culleton et al., 2015); but
have yet to be applied to many South American shell middens.

We report here detailed geoarchaeological and chronostrati-
graphic investigations of La Yerba II, a large Middle Preceramic
shell-matrix site on the estuary of the Río Ica, south coast of Peru.
Bayesian modelling of 23 radiocarbon dates, micromorphology and
other geoarchaeological analyses are used to understand the
mound's formation. Alongside diverse other lines of archaeological
evidence from La Yerba II's stratigraphy and modelling of changed
coastline morphology at the time of its occupation, these offer new
insights into changing marine hunter-gatherer lifestyles during a
period critical to the transition to sedentism and the intensified
exploitation of marine resources; the onset of modern El Ni~no
Southern Oscillation (ENSO) conditions; and the formation of to-
day's estuarine and beach habitats following the stabilisation of
eustatic sea-levels: changes which foreshadowed the eventual
emergence of monumental civilization along this Pacific coast
during the subsequent Late Preceramic just before 5000 cal BP
(Dillehay, 2017; Mauricio et al., 2021).
6

2. Materials & methods

2.1. Excavations in the La Yerba II shell midden

La Yerba II (or ‘15bVII 100’ in Engel,1981) is a largemound 175m
long by 86 mwide sitting atop a relict marine terrace overlooking a
wave cut platform around 800 m from today's shoreline on the
eastern bank of the Río Ica estuary, south coast Peru (see Fig. 2). The
elevation of the relict terrace corresponds to the well-expressed
MIS 5e terrace feature mapped along the Peruvian coast
(Freisleben et al., 2021, Fig. 1).

The site was visited and mentioned by several pioneers of
Peruvian archaeology including Max Uhle, Julio C. Tello and Alfred
Kroeber (Kroeber et al., 1924; Casavilca Curaca, 1958; Lanning,
1967), and given various names over time.1 Here we follow
Fr�ed�eric Engel's (1991) nomenclature, since he was the first (and
last) to excavate the site in 1956. La Yerba II's deposits cover some
9200 m2 of the MIS 5e marine terrace to a maximum depth at its
centre of over 4.5 m. The mound's highest surface lies 21.9 m above
today's mean sea level (see Fig. 3). Some 75 m2 of La Yerba II's
southern extremity is overlain by some much later Middle Horizon
1967), ‘CIZA 15bVII 100’ (Engel, 1981), ‘Morro La Gringa’ (Carmichael and Cordy-
Collins, 2020) and ‘ICA-IN’ (Carr�e et al., 2014).



Fig. 3. Top: Orthographic aerial photograph, and Bottom: DEM of La Yerba II midden site showing the location of excavations, MiS 5e marine terrace and inferred HAT shoreline at 7
k BP.
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(c. AD 1000 CE) deposits and remnants of adobe architecture, an
area separately delineated by Engel as ‘15bVII 40’ (Engel, 1981).

We carried out three excavations in La Yerba II discussed here
(Arce et al., 2014):

1. A large trench (Trench 1) in the mound's central highest part at
21.9 m AMSL, excavated in steps (4 � 4 m at surface) to expose
7

4.4 m of stratigraphy without encountering the underlying
natural marine terrace surface (see Fig. 4).

2. Re-excavation of presumed Engel 1956 trench (Trench 3,
4 � 1 m) at 20.32 m AMSL at the mound's northern extremity
exposing 2.4 m of stratigraphy before reaching the natural
marine terrace surface (see Fig. 5) (Engel, 1981).



Fig. 4. Details of Trench 1 excavation and southeast-facing section, La Yerba II.
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3. Re-excavation of Carr�e’s 2007 palaeoclimatic research trench
(Trench 4, 1 � 1 m) at 20.83 m AMSL (see Fig. 6) (Carr�e, personal
communication).

Excavation followed the British convention of determining
stratigraphic units and recording archaeological sediments, natural
layers, lenses, finds and other elements according to those units
(MOLAS, 1994). Datum points, excavation positions and the depths
of all contexts were established using a Leica 1200 differential
global navigation satellite system (GNSS) and Nikon DTM 322 Total
Station (see survey methodology below). All excavated deposits
were screened on site through a 5 mm calibrated mesh sieve and
measured 12L samples of all stratigraphic contexts taken for
8

flotation screening (1 mm and 0.5 mm calibratedmesh) together to
identify and quantify, inter alia, lithic, wood and plant fabric arte-
facts alongside marine and terrestrial mollusc, crustacean, fish,
terrestrial and marine mammal and plant remains.

La Yerba II's contexts were characterised in the field according to
five generalised interpretive groups, later refined by geo-
archaeological analysis:

I. Unconsolidated, wind-blown sandy deposits with few cul-
tural materials represented in Trench 1 by SU 1006, 1009,
1011,1012 and 1019; in Trench 3 by SU 1055,1056,1058,1059,
1076, 1077 and 1082; and in Trench 4 by SU 1061, 1062, 1070,
1066 and 1067.



Fig. 5. Details of Trench 3 excavation and north-facing section, La Yerba II.
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II. Unconsolidated sandy layers with varying concentrations of
midden materials such as mollusc, crustacean, fish and plant
remains and frequent lithic, fabric and shell artefacts, rep-
resented in Trench 1 by SU 1004, 1005, 1007, 1010, 1016, 1017
and 1018; in Trench 3 by SU 1072, 1075 and 1052; and in
Trench 4 by SU 1060, 1063 and 1069. These are frequently
stratigraphically associated with (or grade into) the ashier
9

deposits of Type III below (e.g. in Trench 1 SU 1007 and 1008,
see Fig. 4A; and in Trench 3 SU 1052 & 1079; and SU 1075 &
1073, see Fig. 5A).

III. Stratigraphically well-defined, well to poorly consolidated,
grey ashy-sand layers that generally end abruptly rather than
lensing out, with frequent, fragmented plant remains, crus-
taceans and molluscs, represented in Trench 1 by SU 1008



Fig. 6. Details of Trench 4 excavation and north-facing section, La Yerba II.
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and 1015, in Trench 3 by SU 1050, 1051, 1057, 1073, 1079 and
1081 and in Trench 4 by SU 1064 and lenses in SU 1062 and
1070.

IV. Stratigraphically well-defined and in plan roughly circular
deposits of brown, hard, indurated fine sediment with in-
clusions of highly fragmentedmiddenmaterials, represented
in Trench 1 by SU 1014 and in Trench 3 by SU 1071,1054,1078
and 1083. These relatively scarce deposits lie in immediate
stratigraphic association atop of deposits of Type III above
(e.g. in Trench 1, SU 1014 on top of SU 1015; and in Trench 3,
SU 1078 atop 1079, see Figs. 4C and 5A).

V. Thick upper context layers of shell midden sensu stricto
(Waselkov, 1987), dominated by surf clams (Mesodesma
donacium), represented in Trench 1 by SU 1001 and 1002 and
in Trench 3 by SU 1053.

Table 1 summarises these field descriptions for the deposits
selected for geoarchaeological analyses while detailed field de-
scriptions of all La Yerba II stratigraphic units are given in Supple-
mentary Information.
2.2. Survey

A pedestrian survey was carried out using real time kinematic
(RTK) global navigation satellite system (GNSS) to gather data on
the La Yerba II mound and the key geomorphological features of its
surrounding Rio Ica estuary landscape, as well as to provide
elevation data and locate ground control points for aerial survey. A
senseFly ebee dronewas used to capture aerial photographs, which
in turn were processed into an orthomosaic and digital elevation
models within agisoft metashape. Together this allowed for
10
detailed mapping of key features at high (centrimetric) resolutions.
Additional, regional elevation data was extracted from AW3D,
provided by the Japan Aerospace Exploration Agency, with wider
photographic imagery drawn from sentinel two and airbus via the
UP4 service. Elevations for features such as the exposed terraces
were then compared to regional datasets (e.g. Freisleben et al.,
2021), and imported into ArcGIS pro to check conformity to
known and dated sequences.

For more details of these methods see Supplementary
Information.
2.3. Radiocarbon dating

23 samples were selected for radiocarbon dating from 21
stratigraphic contexts: 14 from Trench 1 and 7 from Trench 3 (see
Table 2, Figs. 4D and 5A). Hyper-arid conditions preserve a wide
array of suitable organic remains. Only terrestrial plant materials
were dated to avoid potential reservoir effects in a region with
strong marine upwelling. These were mostly of short-lived plant
species: desiccated or carbonised Cyperaceae rhizomes gathered
for use as food or fuel, Phragmites sp. reeds used in shelter con-
struction, organic artefacts in the form of yarns spun from plant
bast fibre (Asclepias spp. or Funastrum sp., see Beresford-Jones et al.,
2018) and fragments of bottle gourd (Lagenaria sp.). Three contexts
were dated using wood charcoals with strong ring curvature sug-
gesting that they originated from small branches.

AMS radiocarbon dating was carried out by the Oxford Univer-
sity Radiocarbon Accelerator Unit, following Bronk Ramsey et al.,
2002, Bronk Ramsey et al., 2004. Of 23 samples submitted, one
from SU 1001 the midden's surface context yielded a modern date
and one from Trench 3, SU 1082 failed due to low yield. The La
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Yerba II midden chronology is thus defined by 14 new radiocarbon
dates from 13 stratigraphic units of Trench 1 and 7 new radiocarbon
dates from 7 stratigraphic units of Trench 3, alongside four previ-
ously published dates (Carr�e et al., 2012: Table 1 ‘Rio Ica site’) from
Trench 4's stratigraphy (Fig. 6B, Carr�e, personal communication).
Fig. 7. Radiocarbon dates from La Yerba II calibrated using ShCal20 (Hogg et al., 2020) and m
phases.
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Thesewere all calibrated using ShCal20 (Hogg et al., 2020) and then
modelled using OxCal v 4.4.4's Bayesian analysis (following Bronk
Ramsey, 2009) as a sequence of phases to define boundary limits
for the midden's chronology (see Table 2, Fig. 7).
odelled using Ox Cal v 4.3's Bayesian analysis (Bronk Ramsey, 2009) as a sequence of
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2.4. Geoarchaeological analyses

Geoarchaeological samples were targeted on contexts inter-
preted in the field to represent occupation surfaces and deposits of
Types II, III and IV described above, which were encountered be-
tween relatively thicker blown sand and shell midden deposits of
Type I and V, respectively, throughout the profiles of all excavated
trenches (see Table 1). Nine undisturbed monolith sediment blocks
were taken from stratigraphic contexts in exposed sections of
Trenches 3 and 4 along with complementary small bulk samples
(see Figs. 5A and 6B). To provide wider geomorphological back-
ground context six block samples were also taken from an inset
terrace in the Río Ica estuary floodplain adjacent to La Yerba II and
from the southern floodplain margin of the Río Ica around 1 km
upstream from the site and the river's mouth (Profiles 20,14 and 15,
respectively). Thin sections were prepared from these monoliths
for microscopic examination and description. Bulk sediment sam-
ples from selected stratigraphic contexts were analysed for pH and
magnetic susceptibility (MS); using Fourier-Transform Infrared
(FTIR) spectroscopy to identify their mineral and organic compo-
nents; and using Inductively Coupled Plasma-Atomic Emission
Spectrometry (ICP-AES) to identify their principal elemental com-
ponents, at the McBurney Laboratory, Cambridge and the ALS
Laboratory Group, Seville, Spain, respectively.

For more details of these methods and analyses see Supple-
mentary Information.

3. Results

3.1. Chronology

Table 2 shows La Yerba II modelled using OxCal's Bayesian
analysis to test the coherence of their presumed stratigraphic as-
sociations. 14 new radiocarbon dates from Trench 1 aremodelled as
a sequence according to their stratigraphic position, with three
phases within that sequence comprising of dates in equivalent
stratigraphic positions (see Table 2). Seven new radiocarbon dates
from Trench 3 are modelled as a sequence according to their
stratigraphic position, with one phase for two dates from SU 1079
(see Fig. 7). Four dates previously published by Carr�e et al. (2012)
for Trench 4 are modelled as a sequence according to their strati-
graphic position with one phase for the base of the trench.
Modelled, overall agreement indices (‘A’) of 78.5%,135.3% and 99.9%
confirm the integrity of the presumed stratigraphic associations for
Trenches 1, 3 and 4, respectively (each being >60%). Median
boundary dates for these modelled sequences are 6672e7011 cal
BP, 6670e6845 cal BP and 6561e6903 cal BP for Trenches 1, 3 and 4,
respectively: together providing a consistent and coherent chro-
nological framework for the La Yerba II midden.

3.2. Malacology and other Zooarchaeology

In addition to fish and terrestrial plant remains reported else-
where (Arce et al., 2014; Beresford-Jones et al., 2015, 2018), marine
and terrestrial mollusc, crustacean, and terrestrial and marine
mammal remains from systematic 12 L sampling of La Yerba II
contexts were identified and quantified (see Fig. 8, and Supple-
mental Information, Tables S1 and S2).

3.3. Geoarchaeology

The results of geoarchaeological analyses of La Yerba II strati-
graphic units are shown in Table 3 (FTIR analyses), Table 4 (pH, MS
and multi-element analyses) and Table 5 (micromorphological
analyses), and in Figs. 9 and 10. Detailed micromorphological
12
descriptions of the contexts analysed are given in Supplemental
Information.

4. Discussion

4.1. Site formation and stratigraphy

The natural and anthropogenic processes that formed the La
Yerba II mound and the patterns of human behaviour that lay
behind that formation some seven millennia ago at the mouth of
the Río Ica can be discriminated by relating macroscopic charac-
terisations of contexts made in the field with the results of
microscopic geoarchaeological and geochemical analyses. In doing
so we draw attention to similarities (and differences) with micro-
scopic fabrics (or micro-facies, cf. Courty, 2001) noted other shell
midden contexts, including those of Tierra del Fuego and Brazil
reviewed by Villagran (2019), Mexico (Neff et al., 2015), and South
Africa (Karkanas et al., 2015).

4.1.1. Type I and V unconsolidated sand horizons e Fabric 1
Unconsolidated sandy contexts characterised macroscopically

as Type I and V are both defined microscopically by Fabric 1,
distinguished by wind-blown material with high abundance of
shells and shell fragments. Geochemical analyses show that the
major mineral component of these contexts is quartz with only
minor clay contributions (see Table 3). They show low levels of
elements indicative of human activity such as phosphorus (a proxy
for phosphate) and have highly alkaline pH levels (>8). Micro-
morphologically, Fabric 1 exhibits fine to very fine quartz sand
deposits and abundant, fine to very fine sand-sized, micro-charcoal
fragments (see Fig. 9A, Tables 5 and 6). The size range and shapes of
the sand fraction is neither uniform nor well-sorted, suggesting
that it probably originated from only a short distance away as wind-
derived fine sediment from the nearby foreshore dunes, along with
very fine charcoal probably also blown in from hearths in the im-
mediate vicinity.

Type I contexts characterised by Fabric 1 are thus interpreted to
represent episodic periods of abandonment and also surfaces on
the periphery of shifting occupations. Type V contextse horizons of
shell midden sensu stricto d are also characterised by Fabric 1,
distinguished only by their much greater proportion of shells.
These fabrics are most comparable to micro-facies Type 3 associ-
ated with tossing of discarded shells in Fuegian middens (Villagran,
2019: 357), but without the predominant and often micro-laminar,
very fine to fine sand components observed in La Yerba II's Fabric 1.

4.1.2. Type II unconsolidated midden deposits e Fabric 2
Unconsolidated sandy layers without significant ash compo-

nents but with varying concentrations of midden materials char-
acterised macroscopically as Type II are defined microscopically by
Fabric 2, distinguished by mixtures of wind-blown quartz sand and
brownish-blackish sediments. While quartz dominates the mineral
assemblage of Fabric 2 contexts, they are also comprised of humi-
fied organic matter and clay (see Tables 3 and 5). They show rela-
tively low levels of elements indicative of human activity and only
weakly alkaline to circum-neutral pH's of between 6.3 and 7.5,
perhaps due to degradation of their organic components (see
Tables 4 and 6). Micromorphologically, Fabric 2 exhibits a mixture
of fine to very fine quartz sand and yellowish brown, generally non-
birefringent, silty clays, with fine charcoal and humified organic
matter inclusions, occasionally exhibiting lensing (see Fig. 9B and C,
Tables 5 and 6). These characteristics suggest that it is composed of
a mixture of wind-blown sands and fine soil material which is
probably silty clay alluvium from the adjacent Río Ica floodplain,
combined with episodic organic midden accumulations.



Fig. 8. Frequencies of malacological and other zooarchaeological remains in systematic sampling of La Yerba II, Trench 1 contexts by minimum number of individuals (MNI).
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Type II contexts characterised by Fabric 2 are interpreted to
represent areas of rubbish discard and associated dune accumula-
tion on the periphery of shifting occupations. This fabric is com-
parable tomicro-facies Type A in Brazilian shell mounds, deemed to
represent multiple residues with a preponderance of shells
(Villagran, 2019: 365e6).
4.1.3. Type III ashy deposits e Fabric 3
Stratigraphically well-defined, grey ashy layers characterised

macroscopically as Type III are defined microscopically by Fabric 3.
These ashy, charcoal-rich deposits show varying degrees of
13
cementation. Some terminate abruptly in profile rather than lens-
ing out and show possible vestiges of post-holes (e.g. SU 1079,
Fig. 5A), or contain flattened plant remains (e.g. SU 1050, Fig. 10C).

Fabric 3 is composed of a dark grey to black sediments in the
form of horizontal but discontinuous lenses and occasionally
thicker horizons of very fine sandmixed with abundant very fine to
fine charcoal and organic midden materials. Micromorphologically
these dark grey and blackish deposits are associated with fine to
coarse charcoal-rich, ‘ashy’, organic fine sandy lenses (Figs. 9D and
10C, Tables 5 and 6). Fabric 3 deposits have the highest pH values of
all La Yerba II contexts (8e9) and contain high amounts of silt-sized



Table 3
Results of Fourier-transform infrared spectroscopy analyses of La Yerba II contexts.

Context Sample
No.

Fabric(s) Description Major Mineral Components
Q ¼ quartz; Cl ¼ clay; Ca ¼ calcite; A ¼ aragonite;
CAHP ¼ carbonated hydroxylapatite; org ¼ organic matter

TRENCH 3
SU 1050 395 3 & 4 Blackish sediment with sand and white pieces Cl, Q > Ca

White pieces Ca
SU 1073/1 423 3 Blackish sediment with sand and small greyish pieces Q > Ca

Grey flat piece Ca
SU 1073/2 424 3 Blackish sediment with sand, charcoal and grey flat pieces Ca > Q, Cl > CHAP

Grey flat piece Ca
SU 1078 397 4 over 3 Blackish sediment with sand and small yellowish pieces Q, Cl, org

Yellowish piece Org
SU 1081 384 3 Black sediment with plant remains and sand Ca > Q, Cl

White flat piece A
SU 1083 389 3 & 5 Blackish sediment with chert, sand and white pieces CHAP > Ca

White piece CHAP
TRENCH 4 (‘Carr�e Trench')

SU 1062 412 2 & 5 Blackish sediment with sand and small yellowish pieces Cl, Q > Ca
Yellowish piece Ca > Q

SU 1062 (24-
26 cm)

416 2 & 5 Blackish-yellowish sediment with sand and small yellowish pieces Q, Cl

SU 1063 410 2 & 3 Blackish sediment with sand (Q, Cl) and small yellowish pieces Q, Cl
Yellowish piece org > Ca

SU 1063 (35-
37 cm)

418 4 Blackish-yellowish sediment with charcoal, sand and small
yellowish pieces

Q > Cl > CHAP, Ca, org

SU 1064 417 4 Blackish-yellowish sediment with sand and small yellowish pieces Q, Cl, Ca
SU 1064 (46-

48 cm)
414 3 Blackish sediment with sand and small bright white grains Q > Cl > CHAP, Ca, org

SU 1070 413 3 Blackish sediment with sand and small yellowish pieces Q > Cl > Ca
Yellowish piece Ca > Cl, Q

SU 1068 (82-
5 cm)

415 5 Greyish- blackish sediment with sand and small bright white grains Q > Cl > CHAP, Ca, org

Table 4
Results of geochemical analyses of La Yerba II contexts.

Context Sample No. Fabric(s) pH MagSus SI/g Ba (ppm) Ca (%) Cu (ppm) Fe (%) K (%) Mg (%) Mn (ppm) Na (%) P (ppm) Sr (ppm) Zn (ppm)

TRENCH 3
SU 1053 (68e75 cm) 401 1 7.7 3.68 160 1.48 111 3.98 0.51 1.32 738 1.15 1130 130 114
SU 1053 (75e84 cm) 400 1 8.2 2.51 120 1.08 97 4.18 0.47 1.2 605 0.75 1130 95 108
SU 1050 395 3 & 4 8.8 5.85 40 3.67 13 2.42 0.98 1.13 283 3.84 3520 906 45
SU 1073/1 423 3 7.9 3.79 20 4.49 12 0.93 2.08 0.77 147 7.05 3140 390 32
SU 1073/2 424 3 8.6 2.38 20 4.71 13 1.17 0.86 0.68 173 2.0 4170 486 35
SU 1078 397 4 over 3 6.3 1.52 20 0.99 7 0.91 0.2 0.3 119 0.37 1910 85 290
SU 1081 384 3 9.0 9.86 120 7.31 20 0.72 0.22 1.05 135 >10 >10000 727 79
SU 1083 389 3 & 5 8.0 2.38 30 1.25 8 2.48 2.97 0.65 195 3.12 2590 308 30

TRENCH 4 (‘Carr�e Trench')
SU 1062 412 2 & 5 7.1 3.95 20 1.75 13 1.58 0.41 0.46 162 1.29 2890 166 39
SU 1062 (24-26 cm) 416 2 & 5 7.5 1.86 20 1.9 12 1.57 0.63 0.55 166 1.75 3070 183 39
SU 1063 410 3 7.3 2.97 20 1.79 13 1.61 0.44 0.45 194 1.12 2510 156 38
SU 1063 (35-37 cm) 418 3 7.5 n/a 20 1.59 11 1.65 0.45 0.41 183 1.22 2310 134 33
SU 1064 417 3 9.0 2.98 20 2.22 12 1.43 0.47 0.46 199 1.01 2730 229 33
SU 1064 (46-48 cm) 414 3 9.2 2.5 20 2.61 12 1.48 0.56 0.49 203 1.15 3170 268 35
SU 1070 413 3 7.4 2.6 20 1.16 10 1.41 0.25 0.37 162 0.58 1720 89 28
SU 1068 (82-5 cm) 415 5 7.8 2.33 10 0.69 8 1.24 0.15 0.32 139 0.44 41 22
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calcite, some of which is calcitic ash (see Table 4). While some (e.g.
SU 1073, see Tables 3 and 6) contain shell fragments composed of
calcite and are enriched mainly in Ca, others (e.g. SU 1081) contain
fragments of aragonite and significant levels of Ba, Ca, P, Na and Sr.
Fabric 3 deposits have relatively high magnetic susceptibilities (SU
1081 with a value of 9.86 SI, the highest analysed, see Table 4) e
suggesting that the integrity of their ashy content was quite quickly
buried and protected by constantly aggrading wind-blown sands
evident throughout the La Yerba II stratigraphic complex (cf. Allen
and Macphail, 1987). Some Fabric 3 ashy deposits are cemented
with micritic calcium carbonate, suggesting diagenetic alterations
by exposure to sea spray from a proximate surf line (Cooke et al.,
1993: 34; McLaren, 1995).
14
Type III ashy deposits characterised by Fabric 3 are interpreted
to represent the interiors of wind-shelter constructions. These
deposits have no direct correlation with micro-facies in Fuegian or
Brazilian shell middens (Villagran, 2019).
4.1.4. Type IV indurated fine sediment living surfaces e fabrics 4 & 5
Stratigraphically well-defined deposits of brown, hard, indu-

rated fine sediment characterised macroscopically in the field as
Type IV were further refined by geochemical and micromorpho-
logical analyses into two distinct fabrics:

Fabric 4 is composedmainly of clay and quartz with some calcite
and organic matter (see Table 3). Its pH levels are very alkaline at
7.5e8.8, and values of elements indicative of human activity are



Table 5
Summary of micromorphological thin section descriptions of La Yerba II contexts.

Context Fabric(s) Main fabric Inclusions Interpretation

TRENCH 3 (‘Engel Trench')
SU 1050 3 & 5 Finely laminar dark grey micritic fine to very fine sand Abundant fine charcoal and common shell and bone

fragments and silicified and humified plant tissue organic
matter, often replaced with amorphous ssequioxides;
common micrite and amorphous calcium carbonate
throughout, and irregular zones of calcitic ash

Discrete zone of repeated accumulations of wind-blown very
fine to fine sand and abundant midden debris which is
bioturbated, disturbed and affected by secondary
cementation with calcium carbonate

SU 1060 1
lenses
& 4

surface
in 2

Two intermixed fabrics in irregular aggregates/zones, with
weakly defined horizontal orientation; predominantly (60
e70%) pale yellowish brown to golden brown silty clay,
intermixed with a very fine quartz sand with a minor (30
e40%) silty clay component and common degraded bone
fragments; becomesmore porous and affected by amorphous
calcium carbonate infills of the void space down-profile

At 13 cm down the context (at c. 81e82 cm depth) there is a
distinct horizontal lens of humified organic matter situated
above a c. 8e10 mm thick zone of a dense, humic, very fine
sandy/silty clay fabric with evident fine horizontal/vertical
cracks below and planar voids at its surface; otherwise much
less organic than other sampled contexts

Combination of wind-blown very fine sand, midden debris
and a silty clay fabric derived from elsewhere; with a series of
superimposed, thin, but prepared floor surfaces at 81 cm
down-profile, compacted through trampling and use (cf. Ge
et al., 1993).

SU 1073/1 & SU
1073/2

3 Dark grey, porous, organic micritic fine sand Common shell and bone, and frequent fine charcoal
fragments

Discrete zone of bioturbated, fine charcoal-rich, midden
debris with secondary cementation with calcium carbonate

SU 1078 4 over
3

An irregular mixture of two fabrics: a humic and amorphous
iron stained fine quartz sand intermixed in irregular zones
with an amorphous iron stained fine quartz sand with a few
silty clay aggregates; over a fine quartz sand

Upper 5e5.5 cm with humic and amorphous iron staining,
and common, sub-rounded silty clay aggregates, and
common charcoal, bone and shell fragments; lower 4.5e5 cm
with sub-rounded silty clay aggregates, and amorphous iron
staining

Disturbed and mixed wind-blown sand, midden and silty
clay material, possibly a former floor surface, overlying fine
dune sand

SU 1081 3 As for 1073 above As for 1073 above As for 1073 above
SU 1083 3 & 5 Dark grey to brownmixture of fine sub-rounded pebbles and

a porous fine to very fine micritic sand with a minor silty clay
component

Frequent fragments of humified and pellety organic matter,
fine charcoal, abundant degraded and weathered bone
fragments and common shell fragments

Discrete zone of bioturbated living surface with abundant
included midden debris, affected by subsequent surface
weathering

TRENCH 4 (‘Carr�e Trench')
SU 1062 2 Thin zone of orangey-red amorphous iron and phosphatised

sand over a brown humic, very fine to fine sand with finely
aggregated silty clay, all stained with amorphous
sesquioxides

Common fine charcoal, humified organic matter, degraded
bone and shell fragments

Possible weathered surface with midden material at a
possible stratigraphic break in the porous mix of weathered
silty clay, midden material and fine beach sand, much
affected by oxidation and secondary formation of iron oxides

SU 1064 3 Porous, aggregated to single grain, very humic, fine sand;
with three slight fabric/colour changes at c. 50, 53 and 56 cm

Abundant fragments of charcoal, charred and humified
organic matter and bone

Episodic accumulation of organic midden material and wind-
blown fine beach sand

Off-site Contexts (Río ica Floodplain)
Profile 15
Inset terrace in estuary

floodplain adjacent to La
Yerba III

Fine lenses of fine to coarse quartz sand over a sub-angular
blocky ped sandy/silty clay

Few fine charcoal and humified plant tissue fragments. Episodically transported and redeposited sandy river-bed
material over aggraded alluvial floodplain fine material

Profile 14
Southern floodplain margin

c. 1 km upstream from La
Yerba II

Golden brown, micro-laminated and non-laminated silty
clay intermixed with very fine to medium quartz sand

Common charcoal and humified plant tissue fragments Episodic aggradation of overbank alluvial material

Profile 20
Southern floodplain margin

c. 1 km upstream from La
Yerba II

A pale golden brown calcitic silty clay with a few silt crusts Fine charcoal and humified plant tissue fragments Episodic aggradation of overbank alluvial material with
periods of severe surface drying out
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Fig. 9. Photomicrographs of the five main fabric types in La Yerba II.
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relatively low to medium (see Table 4). Micromorphologically this
fabric is made up of thin, sometimes finely laminar, horizons of fine
sand and/or fine pebbles with golden brown silty clays which
appear identical to those described in micromorphological samples
taken from the adjacent Río Ica floodplain (see Fig. 9E and Tables 5
and 6). These contexts often exhibit a heterogeneous mixture of
highly fragmentary organic midden materials (see Fig. 9F). Their
finely laminar and planar void aspects are suggestive of repeated
applications and/or surface trampling (cf. Adderley et al., 2010; Ge
et al., 1993; Karkanas et al., 2015). Deposits characterised by Fabric
4 (Fig. 10D, Tables 5 and 6) are interpreted to represent repeated
episodes of surface preparation and use for particular short-lived
purposes using sediments transported to the site from the adja-
cent river floodplain.

This fabric shares many features with micro-facies type 4 in
Fuegian shell middens and micro-facies A1 in Brazilian shell
mounds (Villigran, 2109: 364e5), including evidence of compac-
tion, admixtures of clay or muddy sand (albeit from adjacent
lagoonal areas in the latter rather than the alluvial material noted at
La Yerba II) with common included micrite, organic matter, shell
and bone. The fine laminar aspect of La Yerba II's Fabric 4 is,
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however, distinctive, perhaps reflecting Villigran's (2019, 366)
suggestion of frequentation phases noted in Fuegian micro-facies
type 6 and akin in other respects to La Yerba II's Fabric 5.

Fabric 5 is an indurated, pebbly fine sand sediment with frag-
mentarymiddenmaterial, mainly degraded and phosphatised bone
material. FTIR analysis shows these sediments to contain carbon-
ated hydroxylapatite, alongside calcite, clay and quartz (see
Table 3). Bone fragments in these contexts show a splitting factor of
5.6 suggesting that they were exposed to significant surface
weathering (Weiner, 2010). This fabric shows high pH levels of
around 8 and, like Fabric 4, relatively low values of magnetic sus-
ceptibility and the indicative set of elements for human activity (see
Table 4). Micromorphologically, Fabric 5 shows a very porous
mixture of fine sub-rounded pebbles and micritic very fine quartz
sand with frequent pellety (or excremental) humified organic
matter, fine charcoal, degraded phosphatised and sometimes burnt,
bone materials and shell fragments (see Fig. 3, SU 1083; Fig. 9G and
H, Tables 5 and 6); all ‘cemented’ with a combination of silty clay,
secondary amorphous sesquioxides andmicritic calcium carbonate.
The relatively high amounts of carbonated hydroxylapatite and the
general re-precipitation of secondary calcite throughout these



Fig. 10. Photomicrographs of associated contexts.
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sediments suggests decay of a high amount of organic remains on
these surfaces alongside their sometime diagenetic alternations
through exposure to sea spray (McLaren, 1995; Weiner, 2010).
Fabric 5's pellety structure associated with humified organic ma-
terials may represent the weathered, exposed and bioturbated
organic remains of collapsed wind-shelter constructions (cf.
Friesem et al., 2014, 2016), elsewhere also well-preserved in the La
Yerba II excavations (see Fig. 6C).

This fabric shows similarities with micro-facies Type 6 in Fue-
gian shell middens (Villagran, 2019, 366), although La Yerba II's
Fabric 5 is much more fine-pebbly in texture with abundant bone
and charcoal fragments, with bone exhibiting much more weath-
ering and degradation, including common phosphatisation. In
contrast, secondary phosphatisation was observed the Brazilian
shell mounds and interpreted to be the result of soft tissue decay of
aquatic animals from lagoonal contexts, rather than bone weath-
ering (ibid.). In La Yerba II, however, evidence of bone degradation
is clear in thin section (Fig. 8G and H), and in FTIR evidence of
carbonated hydroxylapatite (cf. Karkanas and Goldberg, 2010; and
see above and Tables 2 and 7).

Areas of these indurated Fabric 5 surfaces exposed in plan (see
Fig. 4B) in La Yerba II are relatively small and discrete (to 2 m in
diameter), but they show geochemical and micromorphological
similarities with contexts interpreted to be floors in other shell-
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matrix sites in Fuegian, Mexico and the South Shetland Islands of
Antarctica (Morello et al., 2012; Neff et al., 2015; and Villagran et al.,
2013, respectively). In Tierra del Fuego at Punta Santa Ana calcitic
ash and charcoal lenses covered indurated surfaces, while on
Engelfield Island discrete brown, indurated, sub-rounded surfaces
were noted between shell midden dumps (Morello et al., 2012). At
Livingstone Island, Antarctica (Villagran et al., 2013) and the
Archaic Tlacuachero shell mound in Chiapas, Mexico (Voorhies,
2015; Neff et al., 2015), geochemical data indicate that living sur-
faces around hearths were indurated with hydroxylapatite. These
are considered to have formed diagenetically: the surface forming
as a calcite dominated trampled level receives ash from hearths,
which then reacts in solution with phosphates arising from the
degradation of plant matter and bone/shell and fish food remains to
produce hydroxylapatite. Deposits of Fabric 5 in La Yerba II are
likewise interpreted to be the residues of occupation composed of
degraded organic materials on floor surfaces mixed with midden
debris and, sometimes, the remains of collapses and decayed
structures (cf. Friesem et al., 2014).

4.2. Reconstruction of human activities

All La Yerba II deposits are circum-neutral to highly alkaline
with pH's between 6.3 and 9.5 (see Table 4), as one might expect



Table 6
Summary of the main fabric types in La Yerba II stratigraphy.

Fabric Contexts Field description Geochemistry Micromorphology Interpretation

Trench 1 Trench 3 Trench 4

1 SU 1003
SU 1006
SU 1013
SU 1006
SU 1019

SU 1055
SU 1056
SU 1058
SU 1059
SU 1076
SU 1077
SU 1080
SU 1082

SU 1061
SU 1065

Wind-blown material
with high abundance
of shells

Mainly quartz and
some clay; Low levels
of pH, Mag Sus and
no enrichment of
anthropogenic
elements

Fine to very fine quartz sand
deposits

Natural wind-blown infilling.
Abandonment/low intensity
of activity

2 SU 1004
SU 1005
SU 1007
SU 1010
SU 1011
SU 1016
SU 1017
SU 1018

SU 1060
SU 1072
SU 1075
SU 1052

SU 1062
SU 1063
SU 1069

Mixture of wind-
blown material with
brownish-blackish
sediment

Mainly quartz with
some clay and
organic matter;
Very low pH (organic
degradation);
Low levels of Mag
Sus and no
enrichment of
anthropogenic
elements

Fine to very fine sand and
yellowish brown alluvial silty clay,
with humified organic matter
inclusions

Mixture of organic midden
accumulations with wind-
blown sand and fine alluvial
soil material

3 SU 1008
SU 1015

SU 1050
SU 1057 SU

1073 SU 1079
SU 1081

SU 1063
SU 1064
SU 1070

Horizontal but
discontinuous lenses
of dark grey to black
sediment mixed with
charcoal and organic
material

High amounts of
calcite with quartz
and clay;
Aragonite shells;
High pH levels (8e9);
Some contexts
enriched with Ba, Ca,
P, Na, Sr and high
Mag Sus;

Fine to coarse charcoal-rich, ‘ashy’,
organic fine sandy lenses

Hearth rake-out and/or
dumps of hearth derived
material and insides of
areesh wind shelters with
some quite consolidated,
exposed surfaces

4 SU 1014 SU 1071
SU 1078

Laminar thin horizons
of fine sand and/or
fine pebbles with silty
clay

Clay and quartz and
some calcite and
organic matter;
Very high pH levels
(9);
Low levels of Mag
Sus and no
enrichment of
anthropogenic
elements

Laminar fine sand, and/or fine
pebbles and/or imported riverbed-
derived silty clay material with
planar void

Prepared floor surfaces

5 SU 1083 SU 1062
SU 1068

Indurated, pebbly fine
sand sediment with
fragmentary shells
and degraded bones

Carbonated
hydroxylapatite
alongside calcite,
clay and quartz;
High pH level (8);
Low levels of Mag
Sus and no
enrichment of
anthropogenic
elements

A very porous mixture of fine sub-
rounded pebbles and micritic very
fine quartz sand with frequent
pellety, humified organic matter,
fine charcoal, degraded bone
fragments, common shell
fragments and cemented with a
combination of silty clay,
secondary amorphous
sesquioxides and micritic calcium
carbonate

Basal surface of the camp
with occupation residues,
including shells, burnt bones,
organics and collapsed
thatch structure
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given the quantities of whole and fragmented mollusc and crus-
tacean shell throughout many of its contexts. The mound's upper-
most contexts comprise thick horizons of shell midden sensu stricto,
characterised macroscopically as Type V, and likely the outcome of
simple shell tossing activities. These probably contributed to the
preservation of the mound's form through subsequent millennia.
Yet the bulk of La Yerba II's underlying sedimentation is the
outcome of sequences of occupation and anthropogenic activity
punctuated by periods of abandonment, favouring the near-
constant accumulation of wind-blown sands in an extremely
windy shoreline environment. Based on the characterization of the
different macroscopic contexts according to the microscopic fabrics
described, we identify at least 13 such occupation sequences in the
La Yerba II stratigraphy, some of which were likely parallel in time.
Largely wind-blown dune-like deposits (Type I and II, Fabrics 1 and
2) comprise around 60 percent of the stratigraphy of Trenches 1
and 3, some likely representing periods of abandonment and others
spatial shifts in occupation within the site (see Table 6, Fig. 11).
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Between these layers of wind-blown sediment representing
episodes of abandonment or significantly reduced intensity of ac-
tivity on the edges of shifting occupation, the La Yerba II stratig-
raphy includes clear evidence for the use of fire in the form of
concentrations of ash and fine charcoal-rich layers (Fabric 3), pre-
pared surfaces (Fabric 4), ‘indurated’ organic residues (Fabric 5),
and, rubbish middening (Fabric 2, and throughout Fabrics 3e5 in
varying concentrations and degrees of fragmentation).

These middens offer copious evidence of the foods hunted and
gathered by its inhabitants from cold-water marine and terrestrial
habitats (Arce et al., 2014; Beresford-Jones et al., 2015, 2018). Most
conspicuous, not least for reasons of differential preservation, are
the shells of 21 species of gastropod and bivalve molluscs, and in
particular large quantities of machas (surf clams, Mesodesma
donacium), accounting for 53% by number and 81% by weight of all
molluscs identified from systematic sampling of the 14 contexts of
Trench 1 (see Fig. 8). Proliferating in dense beds in shallow waters
along sandy beaches and resilient to overexploitation, machas
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offered an ideal protein source, easily collected without significant
risk by all members of society. These middens also contain bones
from 15 fish species (Beresford-Jones et al., 2018), mostly larger
line-caught species (64% by Minimum Number of Individuals,
‘MNI’), including corvina (sea bass, Cilus gilberti, 44% by MNI) of an
average of 4 kg and up to 9 kg in weight. Of smaller schooling fish
the vast majority (25% of total fish remains byMNI) are lisa (mullet,
Mugil cephalus), likely trapped in the nearby river estuary during
their spawning there in summer. Marine mammal bones are rep-
resented, particularly sea lions (Otaria flavescens) hunted from
colonies on rocky headlands, some bottle-nosed dolphin (Tursiops
truncates) and, presumably scavenged, indeterminate whale spe-
cies (see Fig. 8). Crustaceans including very large numbers of muy
muy (Pacific mole crab, Emerita analoga) were gathered from the
beach and freshwater crayfish (Cryphiops caementarius) trapped in
the river estuary in summer. Echinoderms (sea urchins) and edible
kelps (Macrocystis spp.) were gathered from rocky headlands.
Marine and terrestrial birds were hunted, including pelicans (Fam.
Pelecanidae) and penguins (Spheniscus humboldti). On land gua-
naco (Lama guanicoe), deer (Odocoileus virginianus) and vizcachas
(Lagidium viscacia) were hunted in lomas and riverine oases.
Terrestrial molluscs (land snails, Bostryx sp.) proliferate in the
winter lomas fog-oases and comprise almost 25% of La Yerba II's
total mollusc assemblage by number, albeit only 1% by weight
(Beresford-Jones et al., 2015). The middens also include copious
charred and desiccated remains of plants gathered as fuel, food and
construction materials. Most conspicuous, particularly in Type III/
Fabric 3 contexts, are large numbers of mostly charred, but
Fig. 11. Trench 3 stratigraphy showing sequence
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sometimes desiccated, edible rhizomes of estuarine Cyperaceae
esculentus (‘chufa’). Finally, La Yerba II's contexts also contain evi-
dence of the lithic, shell and, thanks to preservation in arid con-
ditions, fabric artefacts and technologies used to harvest these
marine and terrestrial resources (see Beresford-Jones et al., 2018:
Fig. 8), and the remains of mats and collapsed structures woven
from Typha and Cyperaceae leaves and stems (see Fig. 6C).

Despite this abundant evidence for human activity, however, the
magnetic susceptibility and concentrations of elements typically
taken as proxies of human occupation (Friesem et al., 2016, 2017),
such as phosphorus (a proxy for phosphate) are rather low through
the La Yerba II contexts (see Table 4). This reflects continuous
sedimentation and burial of ephemeral occupation surfaces
through in-blowing sands reworked from foreshore dune systems.
In micromorphological thin section, the bulk of La Yerba II
settlement-derived material is highly comminuted and frag-
mented, suggesting rapid surface weathering and decay through
humification, oxidation and biodegradation. Ocean breezes off cold
seas persist here throughout the year here and strengthen diurnally
as the desert hinterland warms to become very strong in the af-
ternoon before dropping in the evening. Throughout the contexts of
La Yerba II there is a consistent input of very fine-medium quartz
sand, most of which is wind-blown, but not well-sorted, suggesting
that the foreshore dunes from which it originated lay in close
proximity to the site.

Magnetic susceptibility and elements indicative of human ac-
tivity are, however, relatively enhanced in those parts of the La
Yerba II stratigraphy that represent the vestiges of settlement (see
s of occupation, human activities and dates.
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Table 4). Ashy deposits of Fabric 3 and associated indurated floor
and prepared surface deposits of Fabrics 4 and 5 have the highest
phosphorus values, whereas unconsolidated sandy midden de-
posits of Fabrics 1 and 2 all have relatively low values. The ashy
Fabric 3 deposit of SU 1081 towards the base of the La Yerba II
stratigraphic sequence (see Fig. 5A) shows the highest magnetic
susceptibility, alongside the very highest phosphorus accumulation
and enhancement of barium and calcium: elements typically
indicative of wood ash. Throughout La Yerba II's occupation de-
posits of Fabrics 3, 4 and 5, iron and manganese levels are weakly
enhanced, yet the secondary formation of calcite is common (see
Tables 3 and 4), helping to explain their consolidation and some-
times cementation into hard crusts. Varying degrees of cementa-
tion likely relate to differences in the scale and preservation of fire
residues in the different contexts, varying oxidation and secondary
formation of amorphous iron oxides and calcium carbonate, and
varying exposure to sea-spray. All these micromorphological and
geochemical patterns are compatible with occupation surfaces that
were short-lived but nonetheless relatively longer-exposed and
better sheltered from otherwise constantly aggrading wind-blown
materials.

Human activity at La Yerba II clearly also involved the con-
struction of surfaces and structures. Surfaces characterised by
Fabric 4 seem to have been intentionally prepared from silty clay
alluvium transported to the site from the nearby riverbed. Fabric 5,
meanwhile, suggests an indurated surface with the sometime
collapse of reed/thatch structural material above. Notably, indu-
rated Fabric 5 deposits almost inevitably immediately overlie Fabric
3 ashy deposits (e.g. SU's 1014 and 1015 in Trench 1, and SU's 1078
and 1079 in Trench 3, see Figs. 4C and 5A), evidencing hearths and
related ashy deposits and rake outs under structures (Fig. 11). Well-
preservedwoven reed (Typha sp.) matting in SU 1068, Trench 4 (see
Fig. 5C) represents direct evidence of the type of architecture pre-
sent on La Yerba II, akin to the areesh-type huts or wind-shelters
described ethnographically (e.g. Lothrop, 1928) and archeologi-
cally (Est�evez and Vila, 2006) for Yamana fisher hunter-gatherers in
Tierra del Fuego. Thewell-defined and limited depths of ashy Fabric
3 accumulations suggest episodic wind shelter constructions in
different locations within the site, among the earliest thus far
identified in South America.

Taxonomic identification and analyses of ring curvature and
radial cracking of La Yerba II charcoals suggest low temperature,
small domestic fires fuelled with smaller, often green-wood,
branches of woody shrubs (Baccharis and Tessaria spp.), willow
(Salix humboltiana) and monocots (likely including rhizomes of
estuarine Cyperaceae recovered both charred and desiccated in
quantities from La Yerba II's contexts). Yet heavier woods of larger
Prosopis and Acacia trees, presumably the dominant species of
riverine dry forests heretofore undisturbed by agriculture, and
which could have fuelled high temperature fires, are conspicuously
absent from the La Yerba II charcoal assemblage. Such small, care-
fully controlled, fuel-thrifty domestic fires would be typical of
hunter-gatherer groups. Aside fromprovidingwarmth and cooking,
they could also have served to open bivalve molluscs such as surf
clams efficiently in bulk (Waselkov, 1987), even if their contents
were not then cooked. Indeed, the condition of La Yerba II midden
remains alongside coprolite analysis from other Preceramic sites
(Parsons, 1970) suggests that mussels, clams, crabs and sea urchins
were often eaten raw: bringing some sevenmillennia of time depth
to the tradition of cebiche in Peruvian cuisine.

In sum then, we interpret La Yerba II's stratigraphy to represent
a palimpsest of the basecamps of logistically mobile (sensu Binford,
1980) complex marine hunter-gatherers. Their middens include
copious evidence of resources hunted and gathered fromnearby in-
shore marine pelagic habitats of the sandy beach and river estuary,
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but also from more distant marine benthic habitats and rocky
headlands and the terrestrial habitats of riverine and ephemeral
lomas winter fog oases. The logistical field camps and hunting
stands from which many of these marine and terrestrial resources
were targeted in rounds of seasonal mobility have been identified
far along the littoral on seasonal fog-fed arroyo watercourses and
deep within the lomas up to 25 km from La Yerba (Beresford-Jones
et al., 2015, 2018). Obsidian lithics are relatively scarce in La Yerba
II's Preceramic contexts but three flakes from Trench 1's SU 1007,
1010 and 1015 are defined by their geochemical fingerprints as
having originated at the Jichja Parco quarry at Quispisisa over
170 km away in the Ayacucho highlands at 4,100m asl (Chauca et al.,
2019). Yet, while some of La Yerba II's occupants were apparently
highly mobile, the archaeological record presented here also re-
veals sometime intense occupation and considerable investment in
site construction. The La Yerba II contexts are not merely the ves-
tiges of simple shell-tossing activities, or some form of task-specific
campsites. 21 radiocarbon dates from Trenches 1 and 3, and four
previously published dates for Trench 4, provide a coherent chro-
nological framework for these processes of site formation.

4.3. Chronostratigraphy

OxCal Bayesian modelling of these dates as a sequence of phases
according to their stratigraphic sequence gives median boundary
limits of between 6672 and 7011 cal BP for Trench 1; between 6670
and 6845 cal BP for Trench 3; and between 6561 and 6903 cal BP for
Trench 4 (see Table 2). These suggest that, beginning around 7000
years ago, the occupations of La Yerba II represented by the stra-
tigraphies of Trenches 1 and 3 took place over only 339 and 175
years, respectively: with maximum likely durations between their
boundary limits of 545 and 445 years, respectively, see Table 2).
Modelling Carr�e et al.’s (2012) previously published dates for
Trench 4 suggest a time depth of occupation of 342 years between
median boundary limits (or 1215 years maximum difference be-
tween boundary limits). These La Yerba II chronostratigraphies are
each internally consistent and demonstrate that, in an exception-
ally windy shoreline environment, human occupation promoted
the accumulation of settlement detritus amidst constantly-
aggrading, fine, wind-blown sands to build up some 5 m of tell-
like mound stratigraphy in something less than five centuries
(see Fig. 11). This rapid aggradation of stratigraphy suggests that La
Yerba II's occupation followed an intense rhythm, consistent with
our interpretation of it as a logistical basecamp fromwhich marine
hunter gatherers could engage in rounds of logistical mobility,
while simultaneously reducing their residential mobility (cf.
Jerardino, 2010, 2012; Standen et al., 2017).

Finally, the La Yerba II sequence also suggests some significant
changes in economic behaviour through time. For whereas its un-
derlying contexts reflect the aforementioned alternating episodes
of occupation and abandonment, the uppermost contexts of
Trenches 1 (SU 1001 and 1002, see Fig. 4A), and Trench 3 (SU 1053
and 1057, see Fig. 5A) are distinct: made up of thick accumulations
of shells within a fabric of wind-blown unconsolidated sand (Fabric
1). SU 1001 and 1002, for instance, accounted for almost 60% by
weight of all molluscs recovered in systematic sampling
throughout all Trench 1's profile, and almost 80% of that over-
burden shell horizonwas composed of a single species:Mesodesma
donacium surf clams (77% by weight, see Fig. 8). These almost pure
shell horizons SU 1002 and SU 1053 in Trenches 1 and 3 date to
6841e6638 cal BP and 6743e6503 cal BP, respectively (see Table 2,
Fig. 7): marking a terminus post quem for the final phase of La Yerba
II's occupation.

Only around three centuries later, Middle Preceramic occupa-
tion on the Río Ica estuary takes very different form at the site of La
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Yerba III, around a kilometre upstream. Dating to between 6281 and
6095 cal BP, La Yerba III was a permanently, or nearly-permanently,
settled village over some 4 ha and composed of many super-
imposed semi-subterranean dwellings and storage pits. Marine
foods still underpinned the diet here, although apparently har-
vested with more sophisticated fabric technologies evidenced by a
much greater proportion of smaller, schooling net-caught fish in
the La Yerba III assemblage as comparedwith La Yerba II (Beresford-
Jones et al., 2018). Moreover, these were supplemented by some
food crops requiring cultivation, including domesticated lima beans
(‘pallar’, Phaseolus lunatus), jack beans (‘pallar del gentil’ Canavalia
ensiformis), guava (Psidium guajava); and animals in the form of
guinea pigs (Cavia porcellus) and dogs (Canis fammiliaris). This
unfolding trajectory on the Río Ica estuary towards increasing
intensification and more permanent village settlement is reflected
more widely along this Pacific coast (e.g. Beresford-Jones et al.,
2021). Its antecedents may also be evident in La Yerba II's final
contexts, whose composition of almost pure Mesodesma shell
midden suggest more task-specific and/or season-specific activities
than the more generalised logistical basecamp occupations
revealed in its deeper, underlying stratigraphy.
4.4. Reconstruction of estuarine environment

Today La Yerba II lies almost a kilometre inland with its basal
deposits almost 20m above mean sea level, on a relict marine
terrace whose elevation corresponds to the well-expressed MiS 5e
marine terrace feature mapped along the Peruvian coast Freisleben
et al. (2021), Fig. 1), and in line with the elevation given by Garrett
et al. (2020) for their marine limiting point for 7.2 k BP at Caleta
Michilla, northern Chile. When it was occupied La Yerba II likely lay
in immediate proximity to foreshore dunes behind the extant surf
line, just like the Yamana shell middens described by Lothrop
(1928: 179) in Tierra del Fuego: ‘the seaward slopes of the middens
are fronting the beach and stand so close to the waters that they are
occasionally dashed with spray, and many are undercut by the
waves for a foot or two at the base’ (Fig. 3). La Yerba II's topo-
graphical position today is, then, the result of beach progradation
following eustatic sea level stabilisation and a complex history of
on-going tectonic uplift.
Fig. 12. (A) Sentintel-2 Copernicus (2021) image of the Rio Ica Estuary with major geomorp
Yerba II environment during occupation at 7 k BP.
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Fed by sediment from the river and a shallow offshire zone
the immediate Río Ica estuary has experienced more beach
development than any other location along this coast south of
Paracas (Craig, 1968: 55). Reworked by on-shore winds this feeds
dune formations, constrained laterally by predominant wind di-
rection and local topography into a zone c. 5 km north and west
and 9 km south and west of the current river mouth (Fig. 12A).
This input of sediment was critical to the aggregation of the La
Yerba II mound during its occupation. Subsequently it has helped
preserve and protect it, along with other archaeological sites on
the estuary.

The estuarine environment here can be hypothesised for the
time of La Yerba II's occupation seven millennia ago using the
AW3D DEM and a line of highest astronomical tide (HAT) inferred
from ancient shoreline erosion features recorded with the RTK GPS
and visible in the satellite and drone imagery; the lack of sorting in
aeolian sediments throughout its contexts; and the evidence of
Fuegian ethnographies. Similar to Garrett et al.’s (2020) reasoning
for Caleta Michilla, this gives a regional limiting date and elevation
for sea-level, rather than a more constrained index point. Indeed,
the elevation of these features and local geomorphology suggest a
possible palaeo-lagoon during MiS 5e, evolving into much more
extensive estuarine marsh in the early-mid Holocene, than today
(see Fig. 12 and cf. the raised coastal embayment noted at Otuma
120 km to the north, Craig, 1968: 100).
5. Conclusions

Dating to between 7011 and 6651 Cal BP the La Yerba II
mound on the north bank of the Río Ica estuary is an early
example of a Holocene shoreline archaeological record that,
worldwide, rarely date to before 6000 BP because, until then,
eustatic sea-levels had risen as the earth warmed through the
early Holocene. Driven by this global eustatic sea level change the
specifics of how shoreline morphology changed depended on
local factors of bathymetry, tectonics, isostatic adjustment and
sedimentary deposition. On coastline not directly impacted by ice
coverage during the LGM such as the south coast of Peru, today's
beaches and estuary only began to take on their recognisable
form after six thousand years ago: a critical chronology because
hological features marked. (B) Hypothetical DEM model of sea-level and immediate La
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coast of Peru during the so-called mega-El Ni~no event of 1997e8 and have yet to
return.
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of the significance of resources from those particular habitats in
La Yerba II's midden deposits: not least Mesodesma surf clams
from the surf line along the beach and starchy rhizomes of
Cyperaceae esculentus from estuarine wetlands.

La Yerba II's topographic position today, almost a kilometre
behind today's shoreline on a well-defined MiS 5e marine terrace
around 18 m AMSL evidence significant local processes of coastal
morphological change at the Río Ica estuary. The geoarchaeological
and ethnographic evidence presented here suggests that when La
Yerba II was occupied, 7000 years ago it lay just above the extant
HAT shoreline, alongside a significantly larger river estuary and
palaeo-lagoon (see Fig. 12B). Its position today is the outcome of
beach progradation and on-going tectonic uplift. Without more
data on other local factors (such as sediment burden off the river
mouth), it is not possible to determine precisely the on-going rate
of tectonic uplift implied by La Yerba II's current position. However,
along tectonically inactive coastlines such as South Africa, MiS 5e
sea-level highstands are typically reported at between 6 and 8.5 m
AMSL (e.g. Cawthra et al., 2018), implying a relative elevation of the
MiS 5e terrace at the Río Ica estuary of between 11.7 and 9.5 at m
AMSL and a rate of uplift here of around 1.7e1.3 m/ka (slightly
higher, but of the same order of magnitude, as the estimates of
Saillard et al. (2011) over the greater time depth of the Pleistocene).

The earliest occupation of La Yerba II is composed of elements of
surfaces indurated with hydroxylapatite (e.g. SU 1083), along with
ashy materials with abundant degraded and weathered bone and
shell fragments (Fabrics 3 and 5): echoing characterisations of
Archaic floor deposits in the Tlacuachero shell mound in Chiapas,
Mexico (Neff et al., 2015). Thereafter the mound's stratigraphy
accumulated rapidly. A tightly resolved chronostratigraphic
framework provided by calibrating and Bayesian modelling of 25
radiocarbon dates as sequences of phases shows that at La Yerba II's
highest point some 4.5 m of stratigraphy accumulated over only
five centuries. The suite of geoarchaeological analyses presented
here d including thin section micromorphology, FTIR and ICP-AES
multi-element analyses d reveal that, in a very windy coastline
environment, this rapid formation was the outcome the constant
accumulation of wind-blown sediments promoted by an intense
rhythm of repeated, small-scale occupations by logistically mobile
marine hunter-gatherers.

Much of La Yerba II's shell-matrix (sensu Villagran, 2019: 345)
stratigraphy is the palimpsest of sequences of occupation defined
by prepared surfaces and indurated floors (Fabrics 4 and 5) and
well-defined discontinuous ashy layers (Fabric 3). These are inter-
preted as the interiors of areesh-type wind shelters similar to those
described in Fuegian contexts and their associated middens (Fabric
2), with some similarities also with the compacted living surfaces
observed in Brazilian shell mounds (Villagran, 2019, 365: Micro-
facies A1). Interspersed with these were multiple phases of aban-
donment marked by deep horizons of wind blown unconsolidated
sands (Fabric 1), almost barren of anthropologic indicators (see
Fig. 11). We therefore interpret La Yerba II to have been a logistical
basecamp, whose location at the confluence of salt and freshwater,
and marine and terrestrial, habitats, enabled its occupants to
reduce their residential mobility by exploiting diverse resources
according to seasonal rounds of logistical mobility, evidenced in its
midden assemblages from in-shore pelagic resources of beach and
estuary, benthic habitats of rocky headlands and riverine and
ephemeral lomas winter fog oases.

La Yerba II also sits on a trajectory towards increasing sedentism
represented by the wider archaeological record of the Middle
Preceramic along this Pacific coast (Moseley, 1975; Marquet et al.,
2012; Standen et al., 2017). Mesodesma surf clams proliferate in
vast beds in shallowwaters off sandy beaches: habitats that formed
and eroded with changing eustatic sea-level through the Early
22
Holocene. These molluscs represented an ideal and almost inex-
haustible source of protein for marine hunter-gatherers, easily
collected without significant risk by all members of society, and
easily and efficiently opened in bulk over small fires.Mesodesma are
vulnerable to perturbations in sea temperature, although this far
south this would occur during exceptionally powerful EP mode
ENSO events.2 Their ubiquity in the La Yerba II record, and indeed in
earlier sites along this Pacific coast such Quebrada Jaguay (Sand-
weiss, personal communication), Quebrada de los Burros (Lavall�ee
and Julien, 2012) and Abrigo I (Beresford-Jones et al., 2015), suggest
that Mesodesma may have been the critical component of the rich
array of marine resources that allowed marine hunter-gatherers
along this coast to reduce mobility, enabled by colder seas per-
sisting formillennia along this coast since the Early Holocene (Carr�e
et al., 2014; Beresford-Jones et al., 2015). This process towards
sedentism is perhaps also reflected in La Yerba II's final, thick shell-
midden sensu stricto contexts which mark change from the gener-
alised logistical basecamp occupations of its underlying stratig-
raphy towards a much more task-specific activities. For these
middens are dominated by Mesodesma, whose sandy beach habi-
tats began to prograde towards today's extent about the mouth of
the Río Ica following the stabilisation of eustatic sea-levels after
6000 BP.

Indeed, only a few centuries after the deposition of La Yerba II's
final surf-clam shell middens, occupation at the Río Ica estuary took
new form in the permanent village of semi-subterranean houses at
La Yerba III around a kilometre inland along the estuary: one of
many settled villages that started to coalesce along this Pacific coast
around 6000 BP which incorporated increasing amounts of culti-
vated food crops throughout the subsequent fifth millennium BP
(Engel, 1991; Benfer, 2008; Dillehay, 2017; Gorbahn, 2020;
Beresford-Jones et al., 2018, 2021). On the wide deltaic and lower
river floodplains of the central and northern coasts of Peru, where
flooding cycles brought rich alluvium and freshwater on which
farming flourished, the conjunction of marine and terrestrial re-
sources that had enabled increasing sedentism throughout the
Middle Preceramic at sites such as La Yerba II were to find their
ultimate expression in one of humanity's rare pristine civilisations
(cf. Kennett and Kennett, 2006). The archaeological record of the La
Yerba II shell midden on the Pacific coast of Peru thereby represents
a classic example of the systematic broad-spectrum exploitation of
marine and aquatic resources that defined a long Mesolithic pre-
lude to agriculture in many places worldwide.
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