
i

This PDF of your paper in Plants, People and Places: Recent Studies
in Phytolith Analysis belongs to the publishers Oxbow Books and it is
their copyright.

As author you are licenced to make offprints from it, but beyond that
you may not publish it on the World Wide Web or in any other form,
without permission from Oxbow Books.



ii

An offprint from

PLANTS, PEOPLE AND PLACES
RECENT STUDIES IN PHYTOLITH ANALYSIS

Edited by

Marco Madella and
Débora Zurro

© OXBOW BOOKS

ISBN  978-1-84217-245-2



iii

Contents

Acknowledgements ............................................................................................................................................................vii
Foreword ............................................................................................................................................................................ ix

PART 1: METHODOLOGICAL APPROACHES

1 Can slide preparation methods cause size biases in phytolith assemblages? Results from a preliminary study
C. A. E. Strömberg ..................................................................................................................................................... 1

2 Phytolith analysis of ploughed land thin sections. Contribution to the early development of Medieval
Brussels (Treurenberg site, Belgium)
L. Vrydaghs, Y. Devos, K. Fechner and A. Degraeve ........................................................................................... 13

PART 2: BOTANICAL RESEARCH

3 A survey of phytoliths produced by the vegetation of Dhofar, Oman
T. B. Ball, G. I. Baird, A. al-Farsi, S. A. Ghazanfar and L. A. Woolstenhulme ................................................. 29

4 Microfossils characterization from south Andean economic plants
M. A. Korstanje and M. P. Babot ........................................................................................................................... 41

5 Morphological characteristics observed in the leaf phytoliths of selected Gymnosperms of eastern Australia
J. Parr and L. Watson .............................................................................................................................................. 73

6 Silicification of conifers and its significance to the environment
A. G. Sangster and M. J. Hodson ........................................................................................................................... 79

PART 3: APPLICATIONS IN ARCHAEOLOGY

7 Hearth structure and function at level J (50kyr, bp) from Abric Romaní (Capellades, Spain): phytolith,
charcoal, bones and stone-tools
D. Cabanes, E. Allué, J. Vallverdú, I. Cáceres, M. Vaquero and I. Pastó .......................................................... 92

8 The analysis of phytolith from Braehead archaeological site (Scotland, UK)
M. Madella .............................................................................................................................................................. 101

9 Microstratigraphy of an Early Historic refuse pit: a phytolithological approach
S. P. Eksambekar and M. D. Kajale ..................................................................................................................... 110

10 Phytolith analytical study on a Late Chalcolithic – Early Historical archaeo-stratigraphical sequence from
Balathal, south Rajasthan, India
M. D. Kajale and S. P. Eksambekar ..................................................................................................................... 118



iv

11 Phytolith analysis, sheep, diet and fecal material at Ambathala pastoral station (Queensland, Australia)
D. Bowdery ............................................................................................................................................................. 134

12 Phytoliths as artifacts: evidence of threshing on silica bodies
L. S. Cummings ....................................................................................................................................................... 151

PART 4: PALAEOECOLOGICAL STUDIES IN ARCHAEOLOGICAL CONTEXTS

13 Phytoliths and micropalaeontological data in a boggy soil
A. A. Bobrov ........................................................................................................................................................... 155

14 Phytoliths from the Pleistocene site of Ambrona (Soria, Spain)
A. Pinilla, A. Pérez González and M. Santonja ................................................................................................... 165

15 Phytolith and pedoanthracological analysis of “off-site” Holocene sequences from Mondragon (middle
Rhone Valley, south of France)
C. Delhon ................................................................................................................................................................ 173

PART 5: APPLICATIONS IN PALAEOECOLOGY

16 Preliminary phytolith analysis of Sarmiento Formation in the Gran Barranca (central Patagonia,
Argentina)
A. F. Zucol, M. Brea, E. Bellosi, A. A. Carlini and G. Vucetich ....................................................................... 189

17 Various phytolith types as bearers of different kinds of ecological information
A. Golyeva ............................................................................................................................................................... 196

18 Micromorphology and phytoliths study in coastal dunes of the southeastern Pampean plains
(Buenos Aires, Argentina)
M. L. Osterrieth and M. Fernández Honaine ....................................................................................................... 201

19 Phytoliths in soils and plants of the wetlands of the River Cigüela (Ciudad Real, Spain)
A. Pinilla, A. Martín and A. Sánchez ................................................................................................................... 209

BIBLIOGRAPHY ........................................................................................................................................................... 219

LIST OF CONTRIBUTORS .......................................................................................................................................... 235

Contents



16 Preliminary phytolith analysis of Sarmiento
Formation in the Gran Barranca (central Patagonia,
Argentina)

PART 5: APPLICATIONS IN PALAEOECOLOGY

Introduction

The escarpment south of lake Colhué Huapí (Chubut
province, Argentina) is considered an important
palaeontological locality, named Gran Barranca. Its
sedimentary sequences are rich in fossil vetebrates of
different groups. Consequently, their study is interesting
for bio-, litho- and chronostratigraphical correlations.
Palaeobotanical knowledge of these siltstones is less
known as micropalaeontological prospecting reveals them
to be palynologically sterile and plant macrofossils have
yet to be recovered.

In 1979, Mazzoni points out the potential importance
of phytolith record in these silts, as much for their
morphological variety as for their abundance (Mazzoni
1979, Spalletti and Mazzoni 1979). Study of Gran
Barranca phytoliths is being continued (Zucol et al. 1999,
2001) and the present contribution reports preliminary
results obtained during the year 2001 and 2002 in the
original profile of Spalletti and Mazzoni (1979, Fig. 2)
and describes the phytolith assemblages from this profile
in more detail.

Historical antecedents and paleogrostological
significance

The Gran Barranca sediment sequence (Fig. 16.1) south
of lake Colhué Huapí (45° 42' SL, 68° 44' WL, Chubut
province, Argentina) is composed mainly of the pyro-
clastic siltstones of the Sarmiento Formation. This
formation is one of the first Cenozoic units recognized as

loess (or loessite) by virtue of numerous attributes in
common with the loess deposits of the Quaternary in the
Pampas region. Among these features are the abundance
and variety of phytoliths (Andreis et al. 1975, Spalletti
and Mazzoni 1979, Mazzoni 1979, Spalletti 1992).

Phytolith analysis is of considerable importance within
the framework of interdisciplinary studies presently being
carried out in this unit, including magnetic polarity
stratigraphy and radioisotopic geochronology (Kay et al.
2001a), tephrostratigraphy and sedimentology (Bellosi
et al. 2001, Bellosi, Miquel et al. 2002) and ongoing
study of the fossil vertebrates (Kay et al. 2001b, Dozo et
al. 2004, Carlini et al. 2002a, 2002b).

With respect to palaeophysiography, Pascual and
Odreman (1971a) and Andreis (1972) concluded that
during Middle Eocene (Muster Formation) the landscape
was characterized by the presence of wide plains furrowed
by temporary and moving rivers. In relation with the
depositional sets, Andreis et al. (1975) and Spalletti and
Mazzoni (1979) postulated the sub-aereal setting for these
deposits, and interpreted them such a paleo-loess with
characteristics similar to the Quaternary loess deposits of
the Pampas. Spalletti (1992) pointed out that savanna,
steppe and prairie regions seem to be preferred sites for
the accumulation of loess deposits. Behrensmeyer et al.
(1992) mentioned that phytoliths are the principal plant
microfossils found in aeolian depositional environments,
especially in loess deposits.

The abundance of fossil vertebrate remains belonging
different mammal ages (SALMA – South American
Lands Mammal Age) in Gran Barranca locality (Kay et
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Fig. 16.1: Geographical setting of Gran Barranca locality. Schematic stratigraphical distribution based in the original
diagram of M. Mazzoni of Gran Barranca, Puesto Almendra and Colhué Huapí members in MMZ profile.

al. 1999) permits a coarse integration of the phytolith
record in the context of palaeoecological studies,
especially among the proposed co-adaptative factors inter-
twinned in the history of grasslands and mammalian
herbivory.

The oldest records of grass pollen in South America
have been assigned to the Palaeocene (Jacobs et al. 1999),
although the oldest record of grass phytoliths was reported
from the Eocene (Andreis 1972). The presence of grass-
dominated ecosystems has been claimed for the Eocene-
Oligocene transition (Zucol et al. 1999). The presence of
these ecosystems has been correlated with evolutionary
changes of palaeovertebrate herbivore dentitions (Jacobs
et al. 1999), an example of coevolutionary adaptation
(Stebbins 1981).

The earliest grass-dominated ecosystems were com-
posed of C

3
 grasses (Oligocene–Middle Miocene), but

later change to mixed C
3
/C

4
 composition (Middle-Upper

Miocene), and then still later to a prevalence of C
4
 grass

in the Pliocene (MacFadden et al. 1996) and Pleistocene
(MacFadden et al. 1999). During Quaternary geological
times, glacial/interglacial cycles begin (Burnham and
Graham 1999), with the modification of many terrestrial
ecosystems.

The phytolith record in the Sarmiento Formation
provides a unique and valuable opportunity to study the
early (Eocene) development of palaeograsslands in
Patagonia, and to compare this record with the record
elsewhere in South America and in other regions of the
world (Janis et al. 2002, Wooler 2002). Phytolith analysis
provides perhaps the most valuable tool for a more
complete reconstruction of the Patagonian Palaeogene
ecosystems that were dominated by diverse herbivorous
mammals, because the composition of Middle Eocene to
Oligocene floras in southern South America remains are
still incomplete and undated.
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Geological and paleontological setting
The Sarmiento Formation at Gran Barranca is a 165 m
thick sequence composed mainly of fine-grained pyro-
clastic sediments of primary and secondary cycle,
including vitric tuffs and bentonites modified by pedo-
genesis (Spalletti and Mazzoni 1979, Bellosi et al. 2001).
The profile near the west end of Gran Barranca (45° 42'
49'' LS, 68° 44' 16'' LW), here termed Profile MMZ, is
the type locality of this formation (Spalletti and Mazzoni
1979). The sedimentary sequence at Profile MMZ
comprises three successive units (Fig. 16.1), which from
the base to the top are: Gran Barranca Member – 76 m
thick –  (Middle Eocene, with abundant vertebrate fossil
remains assigned to the Barrancan and Mustersan
SALMAs); Puesto Almendra Member – 60m thick –
(Middle Eocene – Late Oligocene to Early Miocene, with
vertebrate fossil remains of Deseadan and Colhuehuapian
SALMAs) and the Colhué Huapí Member -28 m thick-
(Early Miocene, with vertebrate fossil remains of the
Colhuehuapian SALMA).

The Gran Barranca Member is composed of thick,
massive and tabular beds (mantling bedding) of light
gray to white “chonites” (silt/clay size volcanic ash) and
subordinate greenish yellow bentonites. Manganese oxide
nodules, limonite and gypsum crusts and siliceous
concretions are common features, forming thin and
continuos beds or surfaces in some cases. Palaeosols are
frequent and show poor induration and moderate bio-
turbation. This sequence has been interpreted as an eolian
loessite, originated as distal volcanic ash fallout deposits,
partially pedogenized.

The Puesto Almendra Member, with lower and upper
boundaries at erosional unconformities, is a hetero-
geneous unit characterized by horizontally-bedded
intraformational conglomerates (with tuff and soil
fragments), cross bedded tuffaceous arenites, massive
tuffs and “chonites”, bentonites and paleosols (Bellosi,
Miquel et al. 2002). These light grey, yellowish to orange
facies, are arranged in fining-upward cycles, bounded by
laterally continuous discontinuities and palaeosurfaces.
Palaeosols are abundant, more mature, better developed
and more indurated than in the lower unit, showing
distinct calcic horizons and diverse insect trace fossils
(Bellosi et al. 2001). Lenticular basalt flows and breccias
intercalate in the middle section of this member. This
succession records a fluvial-eolian sedimentation, fre-
quently interrupted by erosive events and important
episodes without deposition.

The Colhué Huapí Member represents the re-deposited
and partial primary fill of an incised valley (Bellosi,
González et al. 2002). It is composed of finning-upward
cycles of fine intraformational conglomerates, volcanic
sandstones, massive vitric tuffs/”chonites” and poorly to
moderately developed palaeosols. The succession is light
gray to white in color. Sediment deposition was mainly
fluvial and subordinately eolian (loessic).

We recognize thirteen different mammal-bearing

levels in the sedimentary sequence of Profile MMZ
(Spalletti and Mazzoni originally identified only four).
Fossil mammals from Gran Barranca have contributed
significantly to the sequence, definition and character-
ization of the middle Cenozoic portion of the sequence of
SALMAs (Cifelli 1985, Pascual et al. 1985, Pascual and
Ortiz Jaureguizar 1990, Pascual et al. 1996). The
Sarmiento Formation at Gran Barranca yields mammals
assigned to the Barrancan, Mustersan, Upper Mustersan
(or “Astraponotéen plus superieur”), Deseadan and
Colhuehuapian SALMAs. In particular, Profile MMZ has
yielded fossil mammals only of the Barrancan and
Colhuehuapian SALMAs, and yet mammal localities in
adjacent profiles yielding Mustersan and Deseadan
SALMA assemblages can be correlated to particular
stratigraphic levels in Profile MMZ.

Ameghino (1906) characterized the “Astraponotus
fauna” by the evolutionary first appearances of genera
with a very marked tendency toward hypsodonty in
several phylogenetically distinct lineages of archaic
ungulates. On the basis of the fossil mammal remains
from Gran Barranca, Ameghino inferred that the evo-
lutionary transition toward hypsodonty in at least one
family, the Notohippidae, occurred sometime between
his “Notostylops beds” (= Casamayoran) and the over-
lying “Astraponotus beds” (= Mustersan). Gaudry (1904,
18) attributed the hypsodont teeth of Deseadan
Notohippidae to an herbivorous diet. The greatest faunal
transformation toward high percentages of ungulate taxa
with high-crowned teeth is known to have occurred
during the Mustersan (Simpson 1940). Hypsodoncy is
linked with the alimentary habits of herbivorous
mammals consuming foods with high percentages of fibre
and silica (Simpson 1953, 254) and is further associated
with food acquisition at ground level (Williams and Kay
2001). The abrasive agents that accelerate tooth wear
include the intrinsic opaline silica in grass (phytoliths)
and extrinsic mineral contaminants on the surface of
mammalian plant foods (Baker et al. 1959, Healey and
Ludwig 1965, Barnicoat and Hall 1960).

The ultimate causes of the observed evolutionary
change in herbivore tooth crown height in Patagonia
during the Mustersan may include the physiographic
changes related to the regional tectonism and epeirogenic
uplift (Pascual and Odreman 1971b), the establishment
of arid grassland ecosystems (Pascual and Odreman
1971a), and/or the deposition of glass-rich pyroclastic
silts with abundant fine-grained abrasives (Pascual and
Ortiz Jaureguizar 1990).

Stebbins (1981) remarked on the interaction between
grass evolution and hypsodonty in herbivorous mammals
and proposed it as an example of co-evolution, citing the
Patagonian record as the oldest evidence of such co-
evolutionary interaction. The increased faunal hypso-
donty recorded in middle Cenozoic mammalian paleo-
faunas of Patagonia seems to have occurred during an
evolutionary pulse during the Eocene-Oligocene
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transition (Kay et al. 1999, 2001a), and this in turn may
be linked to a marked climate change associated with the
onset of Antarctic glaciation (Zarchos et al. 2001). The
phytolith record from Gran Barranca is crucial to our
understanding of these questions and for establishing the
historical relationships between evolutionary events and
environmental change in Patagonia.

Materials and methods

Sediment samples were collected along the 164 m type-
profile of the Sarmiento Formation (Spalletti and
Mazzoni 1979, Fig. 16.2 or Profile MMZ = Mario
Mazzoni) in 1995 and 1999 accordingly to the original
Mazzoni’s sampling levels. In total, 82 samples were
carefully collected into sealed zip-lock bags at each
magnetic polarity stratigraphy sampling site immediately
after the surface weathered mantle had been removed.

Phytoliths were extracted from sedimentary samples
using standard wet oxidation and heavy flotation
techniques (Zucol and Osterrieth 2002). Laboratory
procedures can be summarized as follows: samples were
washed and soluble salts dissolved with distilled water;
carbonate material was removed with dilute HCl; organic
material was removed by adding H

2
O

2
 (30%) followed by

deflocculation in Na
4
P

2
O

7
 solution. The silt fraction was

extracted by gravity sedimentation methods (<8 µm
fraction) and then sieving to separate the >250 µm and
8–250 µm fractions. Heavy liquid flotation was carried
out on the 8–250 µm fraction using sodium polytungstate
heavy liquid solution at 2.3 g/cm3. The phytolith
concentrations were then mounted in Canada balsam and
immersion oil for light microscopy observations.

Preliminary study consisted of registering the different
phytolith morphotypes present in each sample along
Profile MMZ, prior to counting the number of phytoliths
of each different morphotype, a task that is being carried
out at present time.

Sediment samples and microscope slides are on deposit
in the Laboratory of Palaeobotany of the CICYTTP in
Diamante (CDPalbo-mic).

Results

Although this preliminary study does not allow us to
establish a comprehensive or detailed phytolith zonation
for Profile MMZ, the presence of different morphotypes
(Figs 16.2 and 16.3) serves to reveal general tendencies
and important changes in the phytolith assemblages up
section. In addition, phytolith assemblages throughout
the entire sedimentary sequence can be characterized by
the conspicuously elevated abundance of certain phytolith
morphotypes. In addition, these results can be compared
with the published data in Mazzoni (1979).

In the lowest part of the section at Profile MMZ (Gran
Barranca Member), spherical to aspherical spinulose
phytoliths (Fig. 16.3a, 1–3) are dominant, and occur in

association with elongate (Fig. 16.2a), point-shaped (Fig.
16.2b) and phytoliths of uncertain morphological
classification (here labeled “incertae sedis”).

In the upper part of the Gran Barranca Member and in
levels that are transitional into the overlying Puesto
Almendra Member, the frequency of spherical spinulose
phytoliths declines and there is a concomitant increase in
dumbbell (Fig. 16.3b, 1 and 2), point-shaped and fan-
shaped (Fig. 16.2a) phytoliths.

In the middle portion of the Puesto Almendra Member
in Profile MMZ, the phytolith assemblages show a
gradual change or transition in composition. In lower
levels, panicoid short cells are less frequent, and roundel
to conical (Fig. 16.3b, 3–8) and saddle-shaped phytoliths
with pooid (festucoid) and chloridoid affinities become
more abundant toward the top. In the upper levels,
spherical smooth phytoliths appear (Fig. 16.3a, 16.5 and
16.6) along with elongate, point-shaped, and fan-shaped
phytoliths and phytoliths “incertae sedis” (Fig. 16.3b, 9–
14), as well as stomatal cell phytoliths and puzzle piece-
shaped phytoliths with dicots affinities.

The Colhué Huapí Member yields a heterogeneous
distribution of phytolith morphotypes. With levels
dominated by spherical to aspherical spinulose, panicoid,
pooid or chloridoid phytoliths, interspersed with levels
where spongy spicules and diatoms are in considerable
abundance.

Paleobotanical affinities and conclusions

Integrating the preliminary identifications presented
above with an analysis of the phytolith data from Mazzoni
(1979) broad patterns of change in the floristic compo-
sition of the phytolith assemblages can be established
through the Sarmiento Formation at Profile MMZ.

The Gran Barranca member presents a record (Fig.
16.4) dominated by palm phytoliths (Arecaceae). During
the Middle Eocene (Gran Barranca Member), palm
phytoliths are replaced up-section by assemblages with
more abundant graminoid phytoliths. Panicoid com-
ponents dominate the upper section of the Gran Barranca
Member whereas chloridoid/pooid components dominate
in the Puesto Almendra Member.

Following the grass classification of Burkart (1975),
the grassland savannas dominated by palms of the lower
and middle section of Gran Barranca Member, were
replaced by herbaceous grassland paleocommunities with
a prevalence of megatermic grasses in the upper section
of Gran Barranca Member. These in turn were replaced
by grasslands dominated by meso- and microtermic
grasses in the lower section of Puesto Almendra Member.
The meso-microtermic herbaceous paleocommunity
shows evident compositional variation through the upper
portion of the Puesto Almendra Member, with the
appearance of different incertae sedis phytoliths with
angiosperm dicot affinities and a relative decrease in the
graminoid morphotype.
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Fig. 16.2: LM photographs of Gran Barranca phytoliths. Elongated phytoliths with smooth (A, 1–3) and sinuous (A, 4–
5) edges. Elongated phytoliths with concave ends (A, 6–7). Bulliform cells phytoliths – fan and polyhedric shaped – (A,
8–9). Tracheids and vascular elements isolated (B, 1–2 and 4) and articulated (B, 3 and 5) phytoliths. Point-shaped
phytoliths (B, 6–7).
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Fig. 16.3: LM photographs of Gran Barranca phytoliths. Spherical to aspherical spinulose phytolith (A, 1–4). Spherical
to aspherical smooth phytolith (A, 5–6). Dumbbell phytoliths (B, 1–2). Conical to rondel phytoliths (B, 3–8). Incertis
sedis phytoliths (B, 9). Stomatal cells articulated phytoliths (B, 10–11). Jigsaw puzzle shaped phytoliths (B, 12–14).

The phytolith assemblages of the upper part of Profile
MMZ (Colhué Huapí Member) show the same floristic
elements although these are present in relatively lower
frequencies. While the Colhué Huapí Member shows
more homogeneity (all of the major morphotype groups
found in lower levels are also present here), the morpho-
types are present in more variable abundances in this
part of the section. These oscillations or alternating
abundances of arecoid, panicoid, chloridoid and pooid

phytolith components throughout the Colhué Huapí
Member are of unclear significance.

These results provide confirming evidence for the
oldest floristic record of grass-dominated ecosystems in
South America and these became established in the
middle Eocene. This considerably extends the biocron
assigned to this type of plant community (Jacobs et al.
1999).
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Fig. 16.4: Predominant phytolith morphotypes, palaeobotanical affinities and palaeocommunity found in MMZ profile
of Gran Barranca.


