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This paper focuses on the late Holocene occupation of hunter-gatherers at the
Marazzi 2 site located on the northwestern steppe of Tierra del Fuego, Chile.
Our aim is to understand stratigraphy, formation processes, and pedogenesis
with respect to human occupation over the last 3000 years. Based on archae-
ological excavations on a fluvial terrace of the Torcido River, we integrate soil
micromorphology, mineralogy, geochemistry, magnetic susceptibility, and ge-
omorphology, as well as the micro- and macrofrequency distributions of ar-
chaeological material. A micro-taphonomical perspective is also applied to an-
thropogenic components recorded in sedimentary thin sections. We discuss
various events in the interplay between soil development and human occupa-
tion through time. Marazzi 2 was witness to aggradation and pedogenesis with
an episode of surface stability coincident with a phase of more intense human
occupation at about 860 BC. Taphonomic analysis suggests that there are mul-
tiple occupation events mixed together, probably by biomechanical processes,
resulting in a palimpsest with poor temporal resolution. C© 2015 Wiley Peri-
odicals, Inc.

INTRODUCTION
Tierra del Fuego is characterized by marked environ-
mental gradients. The island contains two main phyto-
geographical regions: the northern semiarid steppe plains
(mainly represented by Festuca gracillima, Chiliotrichum
difussum, and Empetrum rubrum) and the southern hu-
mid mixed/evergreen and deciduous forest (Nothofa-
gus antartica and pumilio) (Tuhkanen et al., 1989–90)
(Figure 1). The transition (or ecotone) between these
vegetation zones is characterized by a deciduous Nothofa-
gus woodland mixed with steppe vegetation communi-
ties. Climatically, the island can be viewed as indicative
of the transition between arid Patagonia and humid sub-
Antarctic climates, with a high oceanic influence that
dampens seasonality. Due to the presence of the Andean
mountain chain to the west, westerly winds normally
produce a remarkable rain shadow where mean annual
precipitation ranges less than 300 mm to more than
3000 mm in the northeast and southwest, respectively
(Markgraf, 1993; Collantes et al., 1999).

The northern steppe environments of Tierra del Fuego
have been peopled since at least 8500 BC when the island
was still connected with the continent (Massone, 2004;
McCulloch et al., 2005). However, Late Pleistocene ar-
chaeological evidence is confined to one site and does
not have temporal continuity through the Holocene.
Archaeological evidence suggests that only after ca.
4000 BC did human occupation of the steppe reappear
and spread along the plains and other ecotones, partic-
ularly increasing sharply after ca. 50 BC (Borrero, 2008;
Morello et al., 2012a). Broadly, these populations were
terrestrial hunter-gatherers who exploited Lama guanicoe

(guanaco) as prey among other terrestrial smaller mam-
mals. However, it is also known that they made comple-
mentary use of maritime food, including marine birds,
molluscs, fish, pinnipeds, and cetaceans (Borrero, 2008).

In contrast to the northern steppe, Holocene hu-
man occupation in the southern humid forest environ-
ment is more continuous, beginning about 5800 BC
(Piana et al., 2011) and markedly increasing after 50 BC
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Figure 1 Marazzi 2 site location (S53° 31.508´W69° 21.661´) and geographical references named in the text. Vegetation zones are based on Tuhkanen

et al. (1989–90). (a) Taca Taca Sur site; (b) Porvenir Norte 12 site; (c) La Arcillosa 2 site; (d) Perro 1 site (Morello et al., 2009); (e) Chorrillo Miraflores raw

material source (Prieto et al., 2004).

(Borrero, 2008). Archaeological evidence from this
region documents marine hunter-gatherer groups inhab-
iting the coasts of the Beagle Channel (Figure 1), fo-
cusing their subsistence and technology on sea mam-
mals and molluscs (Orquera & Piana, 1999). This way
of life was not exclusive to the main island as there are
also abundant archaeological sites in the southwestern
archipelago such as on the Brunswick Peninsula, and
Englefield, Dawson, and Navarino islands (Ocampo & Ri-
vas, 2004; Legoupil et al., 2011; Morello et al., 2012b; San
Román, 2013).

When the first Europeans arrived to these territories in
AD 1520, they noticed different native groups (Gusinde,
1982; Figure 2). These include the Selk´nam, terres-
trial hunter-gatherers of the northern steppe and non-
littoral forest, the Yámana, maritime hunter-gatherers of
the Beagle Channel and islands to the south, and the
Kawésqar or Alakaluf, maritime hunter-gatherers of the
western islands. In addition, the Haush were a little-
known group that seems to have combined elements
of both Yámana and Selk´nam lifeways (Yesner et al.,

2003). Like Selk´nam, Aónikenk groups were terrestrial
hunters common to the southern continental Patagonia
(Martinic, 1995). Western and southern coasts of the
Island were apparently simultaneously occupied by
Selk’nam, Kawésqar/Alacaluf, and Yámana peoples. In-
terestingly, this ethnographic picture appears to coincide
well with the available archaeological record.

In the present work, we focus on the Marazzi 2 site
located along the southeastern coast of Inútil Bay of the
northwestern steppe of Tierra del Fuego, Chile (Figure 1).
From a geoarchaeological perspective, our aim is to un-
derstand biophysical site formation processes in relation
to human occupation over the last 3000 years. We inte-
grate macro-soil profile descriptions, soil micromorphol-
ogy, mineralogical analysis, geochemical data, magnetic
susceptibility data, geomorphology, and quantification of
micro- and macrofrequency distributions of the archae-
ological material, the former-based micro-taphonomical
perspectives obtained through thin sections. This work
contributes to an understanding of landscape evolu-
tion and to broader questions concerning the nature of
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Figure 2 Ethnographic map (a) modified from Lothrop (1928). Selk´nam groups (b, c) from the northern steppe of Tierra del Fuego, Rio Grande, Atlantic

coast, Argentina. Pictures taken by Alberto De Agostini (b) in 1923 and by Charles Furlong (c) in 1908 (Alvarado et al., 2007:152, 202).

littoral occupations of terrestrial hunter-gatherers in
northern Tierra del Fuego.

MARAZZI 2 AREA

The area under investigation has a mean annual tem-
perature of ca. 6°C with ca. 300 mm per year of rainfall
and westerly winds that are more intense in the sum-
mer when they reach an average of ca. 60 km/h. These
conditions result in a semiarid cold steppe environment,
established from ca. 7500 BC (McCulloch et al., 2000).
Mainly as a consequence of this climatic condition, the
soil profiles are very weakly developed with an A–AC–C
soil profile (Mollisol), often found buried beneath eolian
and colluvial sediments, on which there is incipient pe-
dogenesis exhibiting an A-C profile (Frederiksen, 1988;
Soil Survey Staff, 1999). This sequence (A–C–Ab–ACb–
C1) has also been observed in other northern regions of
the Island (Favier Dubois, 2003).

The Marazzi complex of sites is situated over an ex-
tensive archaeological locality of ca. 6000 m2 along the
southeastern coast of Inútil Bay (Figure 1) that com-
prises isolated finds and more than 30 concentrations
of archaeological material. The Marazzi 2 site is one of
those concentrations, which along with the Marazzi 1 site
(dated to 3110 BC), constitutes the more interesting hu-
man activity areas in the locality (Massone et al., 1997;
Morello et al., 1999). From a broader spatial perspective,
this coastal region along the Magellan Strait appears to
indicate a more intensive and multipurpose human use
versus the mainly briefly occupied sites found inland and
along the Atlantic coast or the interior (Borrero, 1986;
Massone et al., 2003; Borrero et al., 2006).

The frequency and diversity of fauna remains and
lithic material from Marazzi 2 has been interpreted as in-

dicative of short-lived coastal occupations by terrestrial
hunter-gatherer groups dated from ca. 860 BC to histor-
ical times as indicated by the presence of European glass
debris (Morello et al., 2004). The presence of the green
obsidian from Seno Otway and the silicified tuff from
Chorrillo Miraflores (Figure 1) indicate that the popula-
tions were embedded in long distance networks of mo-
bility and/or exchange systems (Manzi 2004; Prieto et al.,
2004; Borrazzo, 2012).

The profile analyzed in this study is situated on a flu-
vial terrace of the Torcido river, near the base of the val-
ley slope beyond a terminal moraine. This profile is part
of an excavation unit that has been subject to previous
excavations in 2002 and 2007, which rendered informa-
tion concerning ca.1.5 m of continuous archaeological de-
posits and constitutes one of the longest human related
sedimentation records in northern and central Tierra
del Fuego (Morello et al., 2004; Massone et al., 2007).
Table I and Figure 3 synthesize the data from previous
work carried out at the site. Two other sample excava-
tions have been conducted since 1998 (Morello et al.,
1998, 2004; Massone et al., 2007): Unit 2, on the distal
sector of the river valley slope, 40 m eastwards from Unit
1, and Unit 3, in a higher landscape position at about 15
m from the cliff and 170 m from Unit 1 (Figure 5). In
2012, 11 archaeological test pits and another 13 placed
off-site were excavated by hand, covering a total area of
about 134,000 m2 in different geomorphological positions
(Ozán & Tchilinguirian, 2015).

MATERIAL AND METHODS

Test excavations and investigation of the eroded beach
and fluvial terraces areas at the Marazzi 2 site were
accompanied by detailed stratigraphic recording and

Geoarchaeology: An International Journal 30 (2015) 465–482 Copyright C© 2015 Wiley Periodicals, Inc. 467



HUNTER-GATHERER CONTEXT AT MARAZZI 2, TIERRA DEL FUEGO OZÁN ET AL.

Table I Synthesis of the background information for Marazzi 2 site.

Material
Unit 1—U1—(2002,

2007, 2012) Unit 2—U2—(2002) Test pits I (2012) Unit 3—U3-(1998) Test pits II (2012)

Geomorphological position
(see Figure 5)

Fluvial terrace Fluvial terrace, near the
river valley slope

Fluvial terrace, natural
profiles facing the
gravel beach

Near a paleo-cliff. Kettle
hole in front of the
moraine

Near a paleo-cliff,
natural profiles
exposed by slope
slides of terminal
moraine

Area/volume 2 m2/� 3 m3 1 m2/1.5 m3 0.4 m2/0.4 m3 4 m2/3.4 m3 0.3 m2/0.2 m3

Maximum depth 1.8 m 1.5 m 0.6 m 1.63 m 0.6 m
Bone frequency (NISP ×

m3)
530 598 203 43 130
Mainly guanaco and rodent; few bird, marine mammal, fish, and fox

Shell mollusc frequency
(MNI × m3)

983 368 80 3 6

Mainly Nacella magellanica y deurata,Mytilus chilensis y Perumytilus purpuratus.
Lithic material Debris, flakes, side

scrapers, cores,
wood scrapers, two
bola stone preform,
and one hammer.
59 × 7 m3

Debris, flakes, one
fragment of
projectile point, and
one side scraper. N/A

Flakes and debris.
205 × m3

Debris, flakes, one
projectile point,
three side scraper,
and one core. N/A

Flakes and debris.
916 × m3

Other materials Charcoal, ochre, and
two bone
instruments

European glass debris,
one bone instrument,
charcoal, and ochre

Charcoal Charcoal and ochre Charcoal

Chronology 900–810 BC (2745 ±
40 BP; Ua21140 at
145 cm, on charcoal)
(Morello et al., 2004).
720–410 BC (2460 ±
30 BP; Beta-396505
at 65 cm, on guanaco
bone) (this work)

30–120 AD (1965 ±
40 BP; Beta-113690
at 83 cm, guanaco
bone) (Morello et al.,
2004)

1050–1260 AD (910 ±
70 BP; Beta-113690
at 30–40 cm,
guanaco bone)
(Morello et al., 1998)

References Morello et al., 2004;
Arroyo-Kalin et al.,
2007; Massone et al.,
2007; Calás & Lucero,
2009; Ozán &
Orgeira, 2015; this
work

Ozán & Tchilinguirian,
2015

Morello et al., 1998;
Calás & Lucero 2009

Ozán & Tchilinguirian,
2015

In previous investigations, Unit 1 was named “90N/1E & 3,” Unit 2 “25N/35E,” and Unit 3 “3C” (see position in Figure 5). Unit 1 was re-opened for the

present work. The calibration was at one sigma, using the curve ShCal13 in OxCal 4.2 (Bronk Ramsey, 2009). Throughout the text, median values were

calculated using this program.

sampling for micromorphological, mineral, geochemical,
and magnetic susceptibility analyses. In the present work,
we present the data from Unit 1 (west profile), while
the test pits and one profile from the eroded beach have
been discussed in other recent papers (Ozán & Orgeira,
2015; Ozán & Tchilinguirian, 2015). A broad geomor-
phological description is also presented to place the site
in its wider context. Soil micromorphology (or the anal-
ysis of soils and related materials in their undisturbed
state at a microscopic level) was used following standard
methodology, description, and interpretation guidelines
(Bullock et al., 1985; Courty et al., 1989; French, 2003;
Stoops, 2003; Stoops et al., 2010). Mineralogical analysis
consisted of counting minerals at five equidistant spots
at 10 mm intervals along the micromorphological slide
as a sampling strategy. The mineral frequency at these
five spots was averaging to obtain totals per sample. The
appearance of certain minerals, such as clays and im-

pregnations of iron/manganese oxides, were estimated
semiquantitatively.

For the present study, Unit 1 (see Table I and Fig-
ure 3) excavated in 2004 and 2007 (Morello et al.,
2004; Massone et al., 2007) was reopened in order to
reanalyze and sample the stratigraphy of the western
profile. For this reason, all the archaeological informa-
tion obtained from Unit 1 by the other teams is di-
rectly linked with the geoarchaeological samples studied
here.

Six micromorphological samples were collected (see
position in Figure 6), air-dried, impregnated with
polyester resin, mounted on a glass slide, and polished
to generate a thin section of 25–30 μm thick to analyze
at different magnifications with a petrographic polariz-
ing microscope (after Murphy, 1986). Slide preparations
were made in the McBurney Geoarchaeological Labora-
tory, University of Cambridge, UK.
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Figure 3 Profile schemes of previous excavations (see Table I) with the depth of the calibrated dates. Below the Unit 1 profiles is a plan view of the

excavation (west profile is the one illustrated here). In all cases, layers were identified following textural and color criteria (Morello et al., 1998, 2004;

Massone et al., 2007). The symbol “#” refers to the presence of European glass debris.

In addition, nine sets of sedimentological samples were
taken at 10 cm intervals along the same profile (see po-
sition in Figure 6) in order to measure the following
parameters.

Magnetic susceptibility, which quantifies the response
of a material to an external magnetic field and gives an
indication of in situ burning and the presence of old land
surfaces (Clark, 2000), was measured with an AGICO
(Advance Geoscience Instrument Company—Czech Re-
public) susceptibility meter model MFK1-FA (Depart-
ment of Geology, University of Buenos Aires). Before
measuring, dried samples were ground in an agate mor-
tar. Three different frequencies (�1000 Hz, 4000 Hz, and
16,000 Hz at 200 A/m maximum amplitude of magnetic
field) were run and the susceptibility values were nor-
malized to mass. The frequency-dependent susceptibil-
ity (XFD(1, 16)) parameter was chosen to measure the sus-
ceptibility difference between two frequencies: 1000 Hz
and 16,000 Hz (Dearing, 1999; Hrouda, 2011). Results
above 5% by mean are considered significant and have
a high probability of having superparamagnetic grains
(small particles of magnetite and/or titanomagnetite) in
the sample. The threshold of 5% is considered a signif-
icant since 12% has been the highest value recorded in
local rocks (Qingsong et al., 2005).

Total carbon (%TC), both inorganic and organic, was
processed by loss-on-ignition (Avery & Bascomb, 1974).
After reaching a constant weight in a 40°C oven for
three hours, samples were burnt at 550°C for 14 hours.
The weight difference was used as an indirect indicator
of organic matter content (at the Institute of Andean
Studies Don Pablo Groeber, University of Buenos Aires,
CONICET).

The laboratory procedure used to determine the per-
centage of CaCO3 involved acid base titration with HCl
as titrant (at the Department of Geology, University of
Buenos Aires).

The pH value was measured with a hand-held pH me-
ter (SANXIN model PHS-3D-02) by dissolving the sed-
iments in distilled water at room temperature using a
1:2.5 volumetric mixture of soil and distilled water (Av-
ery & Bascomb, 1974). Soil texture was determined by
feel (following USDA standards; Soil Survey Staff, 1999)
and ascribed a color with the Munsell Soil Color chart.

The quantity and diversity of the archaeological record
(bone, charcoal, shell, and micro-debitage) observed in
the micromorphological thin sections (by counting at
×4 magnification along five parallel lines across the
slide) was taken as an indicator of the intensity of
human occupation. In addition, a micro-taphonomical
evaluation of bone and shell fragments was performed
(Hedges & Milliard, 1995; Stiner et al., 1995; Hedges,
2002; Berna et al., 2004; Karkanas, 2010; Villagrán
et al., 2011a; Estévez et al., 2014). By considering
the shape, birefringence, and some other features such
as the size, degree of dissolution, recrystallization pro-
cesses, and cracking, a weathering stage (0–5) was as-
signed to each element in order to produce a semi-
quantitative taphonomic profile. Applying these criteria
to other contexts may require some adjustments, since
the micro-taphonomical evaluation was designed out of
the present case study. Figure 4 presents an ideal char-
acterization of the weathering stages along with some
examples.

As previously mentioned, the vertical density distribu-
tion of fauna remains and lithic materials recovered by
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Figure 4 Ideal characterization of the weathering stages with plane polarized light (PPL) and cross-polarized (XPL) photomicrograph examples. (a)

Stage 1, subangular fragment of bone (PPL). (b) Stage 1, subangular fragment of shell (PPL). (c) Stage 2, subangular fragment of bone with high

birefringence (XPL). (d) Stage 3, subangular fragment of shell with strong laminations (PPL). (e) Stage 4, subrounded fragment of moderately dissolved

shell (PPL). (f) Stage 5, highly degraded fragments of shell (above) and bone (below) (PPL).

other research teams in the same excavation unit was also
taken into account as a measure of the intensity of hu-
man occupation (Morello et al., 2004; Arroyo-Kalin et al.,
2007; Massone et al., 2007).

RESULTS AND DISCUSSION

Geomorphology and Stratigraphy

The Marazzi 2 site is located in a complex and poly-
cyclical landscape dominated by littoral and fluvial pro-
cesses of the Strait of Magellan coast and Torcido river,
respectively (Figure 5). Regional studies of late Holocene
fluvial landforms (Brambati, 2000) suggest that the river
terrace at Marazzi 2 contains deposits younger than

4000 years. In some sectors there are glacial landforms
represented by terminal moraines and kettle holes dated
ca. 12,500 BC (Clapperton et al., 1995; McCulloch &
Bentley, 1998; Bentley et al., 2005; McCulloch et al.,
2005). Important erosion (mainly rotational slip) features
dominate the cliff, paleocliff, and fluvial slope valleys.

The excavation unit under investigation is situated
on the second fluvial terrace of the Torcido River, be-
tween two and three meters above the Torcido channel
(Figure 5). Unit 1 is also near the toe of the adjacent
valley slope. Due to superimposed cultural deposits, the
soil profile development of this unit cannot be as eas-
ily distinguished as the A–AC–C profile recorded in the
surrounding area (Ozán & Tchilinguirian, 2015; Ozán &
Orgeira, 2015). Figure 6 presents a field description of
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Figure 5 Geomorphological scheme (a) for Marazzi 2 site (based on Ozán & Tchilinguirian, 2015) indicating the location of all the excavation units and

test pits done since 1998 (see Table I). Different views of Unit 1 in (b) and (c).

the profile that broadly shows changes in color, structure,
texture, and abundance of the archaeological record. The
distribution of archaeological material coincides with a
clear distinction between a structured brown soil and a
massive gray fine sediment. This soil horizon profile is
indicative of a buried A horizon with an A–AB–BC–C
horizon development sequence (see micromorphological
analysis below) under the present poorly developed soil
profile (Figure 8).

The water table was observed at the bottom of the
profile, and its depth coincides with water levels in the
nearby Torcido river channel, ca. 100 m to the southwest
(Figure 5). Moisture associated with oscillations in the
water table reaches 30 or 40 cm up-profile. From bottom
to top, the color of the profile varies from gray (ca. 125–
70/60 cm) to grayish brown, only becoming darker in the
last few centimeters. Mottling (between 125 and 90 cm)
and calcareous precipitation (shell mollusc weathering)
is observed from the base up to ca. 70 cm. Soil structure
is massive and compact at the bottom (ca. 125–70 cm),
with moderately developed angular blocks (<2.5 cm di-

ameter) in the middle section of the profile (ca. 50–70 cm
depth) and crumbly/granular in the upper 50 cm. Tex-
ture becomes coarser up-profile, from a silty clay loam
to a sandy loam. In general horizon contacts are dif-
fuse except for the transition of color and structure at ca.

70 cm (Figure 6). Macroscopically, with the exception
of the present poorly developed soil profile on top (A–
C), the identification of soil horizons in the profile is
unclear.

Micromorphology, Geochemistry and Magnetic
Susceptibility

Figure 7 illustrates some micromorphological features
of the six slides as described (see Supplementary Ta-
ble I for a full description). The upper two samples
(1 and 2) exhibit a granular/crumbly microstructure in
combination with an intense biological activity indicated
by rooting, abundant soil fauna excrements, passage
features and high percentages of humified organic
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Figure 6 Macroscopic characterization of the profile under study and the position of micromorphological (squares) and sedimentological (circles)

samples.

material (Figure 7A). These features suggest an upper
soil horizon (Ab) buried by the present day poorly de-
veloped soil profile. Within the mineral fraction, the sub-
vertical orientation of gravel and coarse sand suggests
possible colluvial processes (coming from the river valley

slope), while the abundant subangular fine sand, some-
times with fine bedding, constitutes an indicator of aeo-
lian inputs.

In sample 3 below, intense bioturbation was observed.
However, there is a change in the microstructure, which
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Figure 7 Photomicrographs. (A) Well preserved subangular charcoal fragment within a pellety fabric (p) and compound packing voids (Sample 1, 28–

41 cm, PPL). (B) Bone fragment in weathering stage 3 and highly humified material around it (Sample 2, 44–55 cm, PPL). (C) Calcitic ash in void (Sample

3, 63–75.5 cm, XPL). (D) Hypocoating of Fe/Mn depletion; mottled b-fabric (m) (Sample 4, 86–99 cm, XPL). (E) shell fragment in Weathering Stage 1 and

organic matter replaced by iron/manganese, iron nodules, and stains (s) (Sample 5, 101–113 cm, PPL). (F) Angular fragment of burnt bone, well-defined

iron nodules (n) and stains (s) (Sample 6, 112–124 cm, PPL). (G) Intense dissolution processes on shell and bone (weathering stage 5) (Sample 6, 112–

124 cm, PPL). (J) Well-sorted fine deposit (w) and horizontal planar voids (Sample 6; 112–124 cm, XPL) (see Supplementary Table I).
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Figure 8 Interpretation of soil horizons, geochemical data (pH, CaCO3, total carbon), and magnetic susceptibility (normalized values and multiplied by

10). Absolute frequencies of micro-record per slide. Macro-record (Unit 1): density of terrestrial/marine fauna (NISP) and shell mollusc (MNI) per m3 at

intervals of 30 cm (normalized values) and density per m2 at intervals of 10 cm of lithic artifacts (normalized values).

becomes vughy, and there is a higher frequency of illu-
vial dusty clay coatings concentrated in the groundmass
of the lower half of the slide. Also in this sector, occa-
sional hypo-coatings of iron/manganese oxides depletion
were observed. The combination of all these properties
suggests that this is a transitional horizon (ABb).

Sample 4 and the upper half of sample 5 show a higher
proportion of fine material, a different b-fabric (crystal-
litic and striated), less bioturbation and abundant hypo-
coatings of iron/manganese oxide depletion. The latter
are probably caused by groundwater oscillation and re-
sults in a Bgb horizon (Figure 7D). The lower half of
the sample 5 has abundant sesquioxides and some man-
ganese nodules, which are also present in the upper 3 cm
of the sample 6 (Figure 7E and F). The latter is in con-
tact with the groundwater level, and is characterized by
very well-sorted fine sand that exhibits laminar bedding,

horizontal planar voids, and highly humified, horizon-
tally oriented, organic matter (Figure 7H). These prop-
erties are indicative of riverine bedload deposition on a
former floodplain surface (French et al., 2009). This in-
terpretation is consistent with the geomorphological po-
sition and the depth of the sample (Figures 5 and 6).

The interpretation of soil horizons is in agreement with
the percentage of carbon (%TC) that decreases down-
profile (Figure 8; Table II). The % CaCO3 shows the re-
verse tendency (increasing downwards), and the carbon-
ates are the main cause of the alkaline pH along the
profile, except for the deeper levels whose lower values
(neutral to weakly calcareous) are probably due to the
groundwater oscillation.

Magnetic susceptibility results indicate two distinctive
trends. From 70–120 cm, there are low magnetic suscep-
tibility values ranging between 1 and 6.8 10−7m3/kg. In
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Table II Geochemical and magnetic susceptibility results.

Magnetic susceptibility

Depth (cm) and

corresponding

thin section (#) pH %Total Carbon %CaCO3

At 1000 Hz ×
(10−7) m3/kg

*XFD = 100 (XLF

– XHF)/XLF (%)

–40 (#1) 7.7 12.31 1.2 13.6 5.1429

–50 (#2) 8.0 9.44 2.5 16.8 5.1670

–60 (#2) 8.2 9.28 3.7 18.2 4.0355

–70 (#3) 8.3 6.88 5.6 14.7 6.0876

–80 (#3) 8.2 6.56 5.3 6.8 5.5959

–90 (#4) 8.0 6.79 5.3 6.4 4.6665

–100 (#4) 8.3 6.17 4.4 5.8 2.9139

–110 (#5) 7.9 5.95 4.7 4.7 2.2276

–120 (#6) 6.7 5.94 0.7 1.0 1.4685

*Frequency-dependent susceptibility parameter, where XLF and XHF are the susceptibility at low (1000 Hz) and high (16,000 Hz) frequencies.

contrast, from 30–70 cm, values range between 14.7 and
18.2 m3/kg, showing a significant incremental change
in the magnetic susceptibility values. The XFD(1, 16) val-
ues that could be related to the presence of super-
paramagnetic magnetite grains (Dearing, 1999; Hrouda,
2011) exhibit a zone of values around 2% between 90
and 120 cm and another zone around 5% between 30
and 90 cm. Therefore, the XFD(1, 16) indicates a good agree-
ment with the variation in the bulk magnetic susceptibil-
ity values mentioned above. As expected, the more in-
tense magnetic signal coincides with an upper (buried)
soil horizon (Dalan & Banerjee, 1998), though the fre-
quency and type of anthropogenic component could have
influenced enhancement (Ozán & Orgeira, 2015).

The mineralogy (see Supplementary Table II) is mainly
represented by feldspar, lithic (volcanic and metamorphic
rocks), iron/manganese oxides and amphiboles, among
other minor minerals. The presence of high alteration
minerals (such as feldspar) along with a low proportion
of quartz indicates a low mineralogical maturity profile
(Pettijohn, 1983), in agreement with the semi-arid envi-
ronment, low chemical weathering and short chronology
of the deposit. With few exceptions concerning some au-
thigenic minerals such as iron and manganese oxides, the
proportion of different minerals is quite constant along
the profile. This may indicate that the sources of sediment
inputs have not changed substantially through time. The
geomorphology (Figure 5) indicates that those sediment
sources could come mainly as colluvial material from the
river valley slope (to the east) and the eolian sand from
the beach (to the west).

Micro/Macro-Anthropogenic Components

Figure 8 presents the interpreted soil horizon profile from
the micromorphological analysis described above. In ad-

dition it shows the geochemical and magnetic parameters
(Table II) along with the quantification of the anthro-
pogenic components per slide (Table III). A broad count-
ing of fauna and lithic materials per interval of 30 cm and
10 cm, respectively, is also presented (Table III), based
on previous excavations data of the same excavation unit
(Unit 1) whose western profile is the one sampled for the
present work (Morello et al., 2004; Massone et al., 2007;
Calás & Lucero, 2009).

The archaeological evidence recorded in the micromor-
phological thin sections show that bone remains are con-
centrated between ca. 30–80 cm, with a peak around 30–
40 cm. A dominant presence of shell molluscs is recorded
from ca. 45–110 cm, with a peak around 100–110 cm.
Charcoal fragments are concentrated around 30–40 cm
and calcitic ash at 60–75 cm.

Even though the macroscopic data of faunal remains
frequency has a lower resolution in terms of its vertical
position (as it was reported per “layers” whose thickness
differ from our soil horizon interpretations), it is gener-
ally observed that the maximum concentration of bone
material (NISP) is between ca. 30–60 cm; while the ma-
jority of shell molluscs is between ca. 60–90 cm. Lithic dis-
tribution has a higher frequency between 10 and 60 cm
(Table III).

By considering the %CaCO3 and the magnetic suscep-
tibility values presented above (Table II), it can be seen
that the concentration of shell molluscs coincide with the
higher values of CaCO3, suggesting a causal relationship.
Moreover, the stronger magnetic signal (ca. 30–70 cm)
coincides with a higher frequency of burnt bone, char-
coal, and ash (Table III; Figures 6C and 7A), all indicators
of human occupation and combustion processes. These,
along with upper soil horizons, are potential sources of
magnetic enhancement (Dalan & Banerjee, 1998; Ozán
& Orgeira, 2015).
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Table III Quantification of micro-record in thin sections (* = burnt bone) and macrorecord density estimated from previous excavations (Morello et al.,

2004; Massone et al., 2007; Calás & Lucero, 2009).

Microrecord (Unit 1)

Thin section Bone Shell Charcoal Lithic Calcitic ash �

#1 (28–41) 23* 6 14 1 44

#2 (44–55) 10* 20 9 1 Rare 40

#3 (63–75.5) 12* 15 3 0 Abundant 30

#4 (86–99) 2 23 8 0 Frequent 33

#5 (101–113) 3* 28 0 0 31

#6 (112–124) 3* 9 0 0 12

A
nt
hr
op

og
en

ic
co

m
p
on

en
ts Macro record (Unit 1)

Level (cm) Lithic artifacts (m2) Fauna (NISP × m3) Mollusc (MNI × m3)

0–10 47 805.1 383.1

10–20 234

20–30 246

30–40 178 1167.9 1814.3

40–50 165

50–60 171

60–70 39 692.0 2724.0

70–80 137

80–90 21

90–100 22 150.0 704.2

100–110 23

110–120 8

120–130 8

Table IV presents a taphonomic picture of bone and
shell fragments recorded in the thin sections in order
to explore potential biases concerning both their fre-
quency and distribution. Weathering stages (0–5) were
estimated. This considered the degree of roundness,
birefringence (just for bones), size, and the action of
physicochemical processes, such as dissolution, mineral
(re)precipitation, and cracking.

Figure 9 illustrates the weathering stages for each soil
horizon for bone and shell assemblages. These data in-
dicate that the Ab horizon exhibits several weathering
stages for both bone and shell assemblage (Figure 7B),
suggesting the presence of material from multiple depo-
sitional events mixed by biomechanical processes that in-
clude the action of small mammals like rodents (e.g. Van
Nest, 2002).

Table IV The weathering stages of bone and shell fragments per soil horizon from the soil thin sections.

Weathering stages (%) Long axis length (μm)

Horizon Material 1 2 3 4 5 mean SD

Ab Bone 0.0 3.4 31.0 37.9 27.6 1056.9 1559.0

Shell 0.0 27.8 16.7 38.9 16.7 4016.7 7011.5

ABb Bone 0.0 66.7 8.3 8.3 16.7 2041.7 4122.8

Shell 20.0 0.0 26.7 40.0 13.3 2960.0 3777.0

Bgb Bone 0.0 0.0 0.0 0.0 100.0 225.0 35.4

Shell 0.0 12.5 18.8 31.3 37.5 2462.5 2759.4

BCgb Bone 0.0 40.0 40.0 20.0 0.0 2100.0 2209.1

Shell 4.5 31.8 22.7 18.2 22.7 8123.8 10340.0

Cg Bone 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Shell 0.0 0.0 0.0 50.0 50.0 3000.0 2828.4

Note that Stage “0” was omitted because of the lack of material for this group (SD = standard deviation).
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Figure 9 Percentage of weathering stages per soil horizon of bone and shell fragments registered in thin sections.

The weathering stages distribution of ABb horizon is
similar than the upper one, but with a higher propor-
tion of lower stages. This better preservation could be the
result of its depth and where biological activity is less
intense. In addition, CaCO3 content rises at this level,
probably creating a better chemical context for bone and
shell preservation (Linse, 1993; Hedge, 2002; Berna et al.,
2004). Again, multiple taphonomic stories may be inter-
preted as multiple depositional events.

Bone fragments from the Bgb horizon look highly
weathered while shells exhibit several weathering stages
(from 2 to 5) (Figure 7E). In the context of an accre-
tional deposit, the good preservation recorded in the
shells could be explained by rapid burial. In fact, the well-
sorted sand and coarser fractions in the corresponding
thin section are indicative of both eolian and colluvial
processes, respectively. By considering the median values
of calibrated radiocarbon dates (1 α) of 860 BC at a depth
of 145 cm in the south profile and 500 BC at 65 cm in the
west profile (Table I), the depositional rate can be broadly
estimated at around 22 cm/100 yr, diminishing upwards.

In principle, decreases in the bone frequency (also ob-
served in the macroscopic assemblage) could be related to
taphonomic bias. Even though chemical parameters do
not show substantial changes with respect to the upper
horizon (especially pH), there is a cyclical contact with
the groundwater level (Figure 7D) that could have ac-
celerated the diagenesis of bone material (Hedges, 2002;
Karkanas, 2010). However, lithic artifacts also show a de-
crease at this level, so it is also possible that the reduction
in bone frequency is due to less intense human activity
and artifact deposition. Thus even though chemical con-

ditions in the soil are conducive to bone and shell preser-
vation, different taphonomic, and depositional influences
may explain the reduction in bone material.

The frequency of shell in the BCgb horizon is higher
and better preserved than in the context above. As pro-
posed for the 2Bgb horizon, rapid sedimentation could
explain this good preservation along with the alkaline pH.
The bone fragments also exhibit good preservation, but
they are mainly burnt (Stiner et al., 1995; Figure 7F).

Finally, the Cg horizon at the former floodplain level
is composed of eolian and colluvial sediments with the
same mineralogy as in the rest of the profile (see Supple-
mentary Table II). Despite being at the ambient ground-
water level, the shell fragments are highly weathered,
and there are no bone fragments present. Chemical
conditions are more aggressive at this level, with lower
pH values and manganese nodules indicative of tem-
porarily saturated conditions (Figure 7G). This situation
could be the reason of the sharp decrease in all the an-
thropogenic components (micro and macro), especially
bone material (Hedges & Milliard, 1995; Karkanas, 2010),
but may also reflect the absence of settlement and the
more erosive surface contact of the floodplain itself.

The Fluvial Terrace and History of Human
Occupation

Through the integration of the different geoarchaeolog-
ical lines of evidence presented above, six main events
or scenarios are suggested in the interplay between
geomorphology, soil development, and human oc-
cupation over time. Figure 10 schematically and
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Figure 10 Hypothetical schematic reconstruction at Marazzi 2 based on geomorphological context, soil development, human occupation, and

chronometry.

hypothetically shows this evolution at the same time as
incorporating local and regional chronological data.

Event 1 is the formation of the floodplain of the Torcido
River at about 2000 BC (Brambati, 2000). Pedogenesis at
its surface is weak, and the macro- and microbone/shell
record is very scarce. There is an apparently substantial
time gap between the establishment of the fluvial system
(ca. 2000 BC) and the first archaeological date for the use

of Marazzi 2 at ca. 900–810 BC, although there may well
have been some human occupation during this interven-
ing period. Indeed, in the surrounding northern steppe,
there are other archaeological sites present by that time
period, such as Perro 1, La Arcillosa 2, Taca Taca Sur, and
Porvenir Norte 12 (Morello et al., 2009; see Figure 1).

Event 2 is the formation of poorly developed soil profile
on a low fluvial terrace that supported multiple human
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occupations from ca. 900–810 BC. Micro- and macro-
scopically, there are no apparent archaeological hiatuses
evident that could be interpreted as long periods of aban-
donment, such as was observed through micromorpho-
logical analysis in sites along the Beagle channel coast,
farther to the southwest (Balbo et al., 2010; Villagrán
et al., 2011b). Nevertheless, it is unlikely that Marazzi
2 was occupied continuously. A combination of periodic
and short visits and bioturbation processes is probably the
cause of a continuous vertical distribution and mixing of
the archaeological record.

Event 3 is essentially similar to event 2, but it high-
lights the interplay between morphogenesis and pedoge-
nesis. Well-sorted fine sand derived by the wind from the
beach area to the west and coarse fractions incorporated
from the nearby toeslope of the moraine led to the aggra-
dation and elevation of the topography at a rate of about
22 cm/100 yr and to weak soil formation. This aggrada-
tional pedogenesis (McDonald & Busacca, 1990; Selby,
1993) was interrupted by human occupations. Interest-
ingly, at about the same depth of event 3, but in Unit 2
(Table I and Figure 5), located around 40 m north of the
profile analyzed here (Unit 1), there is a date of AD 30–
120, suggesting very different depositional rates occurring
over short distances.

Event 4 is in a high fluvial terrace level (similar to
the one today) that is characterized by a more intense
pedogenesis, possibly associated with wetter conditions
than present. The apparently multiple archaeological oc-
cupations incorporated into this soil may have been more
intense as indicated by the higher frequencies of macro-
and microanthropogenic components and a peak in mag-
netic susceptibility values possibly related to fire features
(Dalan & Banerjee, 1998). The date of ca. 500 BC ob-
tained from the ABb horizon (guanaco bone; Table I)
gives an approximate time frame of this pedogenic event.
A regional pedogenic event, situated under the present
soil profile, is recorded in other parts of northern Tierra
del Fuego (Arroyo-Kalin et al., 2007) and southern Santa
Cruz, continental Patagonia, Argentina. The chronology
estimated from the lower Ab and upper ACb horizons
is broadly in the range between AD 1250 and 1350
(Favier Dubois, 2003; Barberena & Borrero, 2010), much
younger than the date based on the guanaco bone from
the ABb horizon of the present profile. If that regional pe-
dogenesis is the same as recorded at Marazzi 2, this could
simply indicate that this buried soil profile had developed
over at least 1800 years.

Event 5 is an eolian sedimentation pulse that is dated
from about AD 1500 or after European colonization,
which is also recorded in some northeastern areas of the
Island (Favier Dubois & Borrero, 2005). This temporal
frame is consistent with the presence of European glass

debris at ca. 15 cm deep in Unit 2 at the Marazzi 2 site
as it was used by indigenous people as raw material to
manufacture artifacts (Gusinde, 1982).

Event 6 corresponds to the formation of the present
day topsoil under sparse, relatively dry grassland
conditions.

SUMMARY AND CONCLUSIONS

In this study, soil micromorphology has been integrated
with the broader geomorphological context in order to
understand pedogenic processes and their relationships
with hunter-gatherer occupations throughout the Late
Holocene at the Marazzi 2 site in northern Tierra del
Fuego, Chile. Some geochemical data and magnetic sus-
ceptibility parameters also aided the understanding of the
soil processes at work and possible modifications by hu-
mans. By considering an excavation unit placed on the
second fluvial terrace at Marazzi, we propose the follow-
ing soil profile interpretation: an aggradational A–C–Ab–
ABb–Bgb–BCgb–Cg soil profile that contains signatures
of at least six events of deposition and soil development
over about 4000 years. The more intense human occupa-
tion appears to be related with the upper horizons of the
buried soil (Event 4; Figure 10).

The frequencies of the vertical distribution of archaeo-
logical material (both macro- and micro-) were calculated
and a micro-taphonomical evaluation of the bone and
shell was also carried out in order to understand how pe-
dogenic and morphogenic processes modified the deposi-
tion of human material. From this analysis it is suggested
that the coexistence of multiple taphonomic stages for the
same horizon could be the result of multiple depositional
events mixed mainly by bioturbation. This loss of resolu-
tion may be at least one of the reasons why no “abandon-
ment episodes” were identified, even though Marazzi 2
was probably not occupied continuously. Thus the micro-
taphonomical analysis has teased out the sequence of de-
position from a profile subject to several intense and dif-
ferent episodes of formation and development, despite
bioturbation, and episodic human influences. One can
expect variation in site formation processes, depositional
rates, and soil development within the Marazzi 2 area
due to its geomorphic complexity, so future work should
be oriented toward defining the extent and variability of
these processes.
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