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This experimental study offers new insights into the deposition and taphonomy of
microscopic plant residues (phytoliths and starch grains) on obsidian prismatic blades.
Twenty blades were flaked from a new obsidian core and used to process eight botanical
elements frequently recovered from archaeological contexts in Mesoamerica: maize (Zea

mays) leaves and cobs, two varieties of sweet potato (/[pomoea batatas), two species of
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squash (Cucurbita pepo and C. moschata), manioc (Manihot esculenta), and hardwood. We
examined the quantity of visible residues deposited on the blades before microbotanical
extractions. We analysed and quantified extracted starch grains and phytoliths and made
limited observations of microscopic blade usewear. We also documented how experiment
participants handled and used prismatic blades. The results obtained in this limited study
support the idea that archaeological visibility of certain plants is tied less to sequence of tool
use and more to the general visibility of residues created by certain species. This study
provides insights into the relationship between obsidian prismatic blade use, deposition of
botanical residues, and recovery of microbotanical remains. Tracking taphonomy is important
for interpreting relationships between people, plants, and culinary practice.

Introduction

All these studies  Culinary practice is an important topic of study, as food sits at

improve our ability to
understand the
relationship between
people, environments,
plant resources, plant
processing techniques,
and processing
equipment. By
combining different
sources of information
such as lithic usewear
and traceology
analyses, epigraphy,
and ethnology, we can
get a better sense of
ancient practices
related to plants.

the nexus of many different relationships: human resource-
environment, body-foodstuff, cosmology-food symbolism,
politics-food distribution, and identity-food distinction, among
many others. Ancient culinary practice becomes accessible
through analyses of spaces, food residues, and equipment,
alongside imagery, epigraphic records, and historic
documentation. Among lithic tools, prismatic obsidian blades
are one of the most durable and easily recovered archives of
culinary practice. Astonishingly, these blades were produced
and used on both sides of the Atlantic and have been
recovered from sites such as Neolithic Catalhoyuk (Turkey) and
Classic Period Tikal (Guatemala). Here we focus on the use of
prismatic obsidian blades to process botanical materials in an
experimental study of plants regularly recovered from
archaeological sites in Mesoamerica. Our study examines the
deposition of microbotanical residues on these blades. We
also explore how people might have held and manipulated
prismatic blades in culinary practice and provide basic

observations regarding the resulting usewear. This study is, at its core, an experimental
project addressing key issues in paleoethnobotanical methods.

The analysis of microbotanical remains such as phytoliths (inorganic silica bodies produced
by plants [Piperno, 2006; Shillito, 2013]) and starch grains (plant storage units made of
polymers and sugar [Hardy, et al., 2009]) can play a key role in understanding relationships
between people and plant worlds. Analyses of microbotanical residues allow us to better
identify plant foods consumed by ancient people and their role in nutrition, gastronomy,
and/or medicinal practices (Abramiuk, et al., 2011; Scott Cummings and Magennis, 1997;



Venegas Duran, et al., 2021; Watson, et al., 2022). Plant residues also offer insight into the
differential use of activity areas (Balme and Beck, 2002; Matos Llanes and Acosta

Ochoa, 2015), the role of plants in key ritual contexts such as burials and ritual offerings
(Bérubé, et al., 2025; Cagnato, 2018; Chen, et al., 2022), human activities during important
periods of transition (Colobig, et al., 2023; Goman, et al., 2013; Lohse, et al., 2022), foddering
practices and animal husbandry (Cagnato, et al., 2021; Melton, et al., 2023), and the specific
uses of certain artefacts in plant-processing activities (Bérubé, et al., 2020; Haslam, 2003). The
identification of starch grains and phytoliths on lithic tools allows us to better understand tool
use and reveals information regarding ancient plant consumption and preparation.

Obsidian blades have been found in numerous archaeological contexts in Mesoamerica
across domestic spaces, burials, caches, and middens (Aoyama, et al., 2017; Clark, 1987; Hirth,
2006; Marquez Morfin and Gonzalez Licon, 2018; Patrana and Carballo, 2017; Walton, 2017;
Walton and Carballo, 2016). Studies of obsidian blade usewear have been carried out on
projects at Joya de Cerén, El Salvador (Dixon, 2009; Sheets, 2009), and Cerros, Belize
(Lewenstein, 1987). Worldwide, obsidian blades have been the focus of numerous studies
examining usewear (Aoyama, 1995; Setzer, 2004; Stemp, 2016; Stemp, et al., 2019; Walton,
2022; 2023), techno-typological characteristics (Carter, et al., 2020; 2022), and composition
through X-ray fluorescence spectroscopy (Carter, et al., 2020). These analyses offer deep
insight into obsidian sources, trade routes, and the function of certain tools.

To date, only a few studies have directly connected obsidian blade use and plant residue
analysis (e.g., Bérubé, et al., 2020; Haslam, 2003; Morell-Hart, et al,. 2014; 2019; 2021), and no
study has folded these pursuits into an experimental study. (Though see Devio, 2016 and
Heindel, 2012 for experimental studies of chert flakes; Pérez Martinez and Acosta Ochoa,
2018 and Sheets, 2002a; 2011 for obsidian blades usewear; Simms, 2014, p.240 and Pérez
Martinez and Acosta Ochoa, 2018 for plant residues on obsidian flakes; Newman, 1993 for
faunal protein residues on obsidian blades; and Lasso Silva and Trabanino, 2015 for
ethnoarchaeological study of metal blade use).

To our knowledge, no previous experimental study has tracked the deposition and recovery
of microbotanical elements on prismatic blades used for plant processing. We devised the
current study to fill this gap, and to consider--in a temporally limited way--the preservation of
starch grains on obsidian artefacts.

Our study fits into a wider global array of experimental studies that have examined lithic tools
used to process plants. Walton (2019) studied the usewear on experimental obsidian tools to
gain useful knowledge regarding household practices. While this study did not solely focus on
the processing of plants, it still included numerous botanical elements in the experimental
assemblage. Bofill, et al. (2020) examined the grinding of plants using experimental tools.
They tested different types of motions and preparation of foods (hulled, dehusked, roasted,



dried, untreated, et cetera). This study allowed them to examine questions related to
usewear, manufacture process (technology), and productivity. Cadalen, et al. (2023) focused
on the function of lithic tools. To do so, they worked on several species of wood and a gourd
using experimental obsidian and flint tools. This allowed them to obtain useful knowledge
related to spatial distribution and multicrafting zones at ancient Maya communities. Liu, et al.
(2012) combined usewear and residue analysis from experimental harvesting to better detect
early stages of domestication. In their study, they targeted wild and domestic species of
cereals, mainly millets. Kononeko (2011) created an experimental set of obsidian blades that
were compared with artefacts dating to the Holocene period, in a study combining usewear
and residue analyses. General residue characteristics were recorded (amount, texture,
distribution on blades, et cetera), but there was no microbotanical analysis to identify starch
grains and phytoliths present on the blades. Kononenko, et al. (2015) crafted obsidian axes
and adzes to chop wood and to test their resistance. This study allowed them to demonstrate
that such tools were effective even if breakage occurred during use. Mercader, et al. (2022)
examined the deposition process of microbotanical remains on pounding tools, in a study
very helpful for tracking taphonomy, but with a different type of tool. Cnuts and Rots (2024)
examined the short-term impacts of weathering and burial on stone tool residues. This study
is helpful in understanding the degradation and preservation of bone, animal fat, plants and
wood remains, but did not focus on microbotanical remains.

All these studies improve our ability to understand the relationship between people,
environments, plant resources, plant processing techniques, and processing equipment. By
combining different sources of information such as lithic usewear and traceology analyses
(see Chabot, et al., 2014; 2020), epigraphy (see Taube, 1991), and ethnology (see Lasso Silva
and Trabanino, 2015), we can get a better sense of ancient practices related to plants. But
direct analyses of microbotanical and chemical residues, where possible, offer the most direct
proxies of plant processing with lithic tools. Here, we focus on the extraction and analysis of
microbotanical residues, offering some usewear data, but primarily tracking taphonomy.

To examine the deposition of microbotanical remains on prismatic obsidian blades, we
focused our attention on eight botanical specimens: maize (leaves and cobs), sweet potato
(two varieties), squash (two species), manioc, and hardwood. These plants were selected
based on current active use in Mesoamerica and on documented presence at archaeological
sites. These botanical elements have been recovered as macrobotanical remains (such as
seeds and wood charcoal), but, critical to this study, have also been recovered as phytoliths
and/or starch grains (e.g., Abramiuk, et al., 2011; Aceituno and Martin, 2017; Aceituno, et al.,
2022; Bérubé, et al., 2020; 2025; De Lucia and Scott Cummings, 2021; Dickau, 2010; Lohse, et
al., 2022; Morell-Hart, et al., 2014, 2023). Microbotanical residues of these plants have been
recovered from different types of artefacts, including ceramic vessels, and other types of lithic
tools, including grinding stones and chert scrapers. Here, however, we focus on obsidian
blades, a highly ubiquitous tool found across southeastern Mesoamerica. Based on the



number of botanical microremains recovered from obsidian blades in Mesoamerica, we
argue that these tools played an important role in food preparation, warranting our attention
in this experimental study.

Material and Methods
Slicing into Plants - Experimental Processing and Participant Observations

Our basic workflow proceeded as follows: 1) Crafting a new set of sterile obsidian prismatic
blades, 2) Using these blades to experimentally process a number of botanical specimens and
record participants’ observations, 3) Documenting visible residues adhering to the obsidian
blades, 4) Extracting microremains from the blades through a series of three washes, 5)
Analysing these microremains using transmitted light microscopy (200x-400x), and 6)
Rudimentarily documenting degree and pattern of usewear on the clean blades.

Sean Doyle crafted the set of 20 prismatic blades used in this study in 2016 at the McMaster
Paleoethnobotanical Research Facility (MPERF) in Hamilton, Ontario (See Figure 1). He flaked
these blades from a contemporary obsidian core purchased from Pachuca, Mexico. To craft
the blades used for this project, he used a combination of antler and copper pressure flaking
tools. Immediately after the tools were knapped, Doyle wore powder free gloves to place the
blades in individual plastic bags. The blades were then used by three volunteers (Dana Hart,
Sophie Reilly, and Eloi Bérubé) to cut and slice different botanical elements. The volunteers
wore powder free gloves while manipulating the blades. The project was initially designed
and later documented by Shanti Morell-Hart.

Using 20 obsidian blades, we were able to sample each of the eight botanical elements
individually, using individual blades, and then combine several elements on other blades (See
Table 1). While wearing powder free gloves, participants processed each botanical component
for a total of seven minutes on each obsidian blade selected for that component. The total
amount of time allotted to each component was intended to capture light usewear and
residue deposition, instead of heavy and habitual use. Once this step was completed, the
blade was either stored in a plastic bag or used to process a new botanical element. For
example, OBS-19 served to process five different elements and was therefore used 35
minutes in total. All botanical components were cut, except for maize cobs that were used to
clean some blades (one other maize cob was cut using a blade).

The three novice volunteers who processed the plants offered observations throughout the
experiment, which gave a unique insight into how ancient processing practices might have
unfolded using this specific kind of tool. Although far from skilled practitioners, and thus
differently situated in the experience, the novice volunteers nonetheless offered helpful ideas
about ancient obsidian blade use that are simply unattainable through contemporary
ethnography, since there are no analogous tools in use today.



Sample
Number

OBS-1
OBS-2
OBS-3
OBS-4
OBS-5
OBS-6
OBS-7
OBS-8
OBS-9

OBS-10
OBS-11

OBS-12

OBS-13

OBS-14
OBS-15
OBS-16

OBS-17

OBS-18

OBS-19

OBS-20

TABLE 1. PLANTS SAMPLED AND INITIAL OBSERVATIONS

Plant Component

Maize (Zea mays) leaf
Maize cob

Maize cob (Cleaned)

Purple sweet potato (Ipomoea batatas)

Orange sweet potato

Acorn squash (Cucurbita pepo)

Butternut squash (Cucurbita moschata)

Wood (Unidentified dicot)
Manioc (Manihot esculenta)

Butternut squash + Maize cob
(Cleaned)

Wood + Maize cob (Cleaned)

Purple sweet potato + Maize cob

(Cleaned)

Orange sweet potato + Maize cob

(Cleaned)

Acorn squash + Maize cob (Cleaned)

Maize leaf + Maize cob (Cleaned)

Manioc + Maize cob (Cleaned)

Sweet potato + Butternut Squash +

Maize cob (Cleaned)

Manioc + Acorn squash + Maize cob

(Cleaned) + Wood

Manioc + Sweet potato + Butternut
squash + Maize cob (Cleaned) + Wood

Manioc + Orange sweet potato +

Squash + Maize cob (Cleaned)

Quantity of
Residue
Visible before
Extraction

Low
Low
Low
Moderate
High
High
High
High
High
Low

Low

Moderate

High

High
Low

High

High

High

High

High

Degree of Damage Observed
on Obsidian Blade

Light

Intensive
Medium

Light

Light

Light

Light
Light/Intensive
Light

Light/Intensive
Intensive

Intensive

Medium

Intensive
Light

Medium

Light

Light

Intensive

Medium

The three participants who used the obsidian tools were asked to describe their experience

throughout the process, and Morell-Hart documented their responses. At the start, one

participant wondered what people in the past would have thought about handling obsidian

blades. This person feared how sharp the tools were and approached them with a “mix of
caution and trepidation.” They preferred to handle the thickest pieces of obsidian that

seemed safer. Two of the participants held the blade lengthwise, while the third held the



blade sideways. Such grip adjustments would likely be reflected in the direction of any
usewear patterns in ancient tools.

Early in the process, the participants realised they had to adjust their grip according to each
tool's particularities (length, width, curvature, shape of ridges, sharpness, et cetera). One of
the participants suggested that people might have assigned different functions to each tool
based on those particularities. A thicker piece might have been used for a task where
applying more force was needed (such as carving wood), while a thinner, more delicate blade
might have been saved to cut through a softer, squishier material like a tomato. Such
selections might sometimes be identified in archaeological tools, but in other cases cooks
may have simply worked with the tool most readily available.

Numerous manipulations ended with the tip of the blade breaking off. This breakage mainly
occurred when participants tried to cut slices of manioc or sweet potatoes (See Figure 2a, 2¢),
or when carving through squashes. Generally, the blades would stick in larger plant masses,
and breakage happened when people used more force to remove the blade. While sawing
into the maize cob and slicing through wood, microflakes spalled off the tool (See Figure 2b).
Sometimes, microflakes of obsidian were visible in the plastic storage bags before being used.
Such damage was not necessarily visible during the usewear analysis, as 45% of the blades
were identified as having light damage and only 25% were placed in the intensive damage
category. This signals the importance of additional experimental studies to create and
enhance reference collections that encompass these types of damage.

For the maize leaves, participants used dry specimens. It may be less likely that people cut
dried maize leaves in the past using an obsidian tool. But people may have cleaned
implements using stiff dried maize leaves. In this study, using fresh maize leaves might have
documented other kinds of use (e.g., husking after a harvest of green corn). Participants
tended to use the midsection of the blade to peel and the distal end for slicing, which may be
reflected in residue deposition. Peeling the sweet potato seemed like one of the easiest tasks
to achieve with a sharp obsidian blade.

Participants observed that cleaning a stone tool using a maize cob seemed effective. After a
few minutes, prior residues (squash, manioc, wood, et cetera) seemed to have disappeared
completely. This was also true to a certain extent when the blades were examined using a low
magnification microscope. While the butternut squash left a high amount of residue on OBS-
7, it left a low amount of residue after having been cleaned with the cob (OBS-10). This
pattern was also visible for wood (OBS-8 and OBS-11), but not for some other plants like
orange sweet potato (OBS-13), acorn squash (OBS-14), and manioc (OBS-16). It is unclear if
this discrepancy is due to the different users that cleaned the blades or due to the properties
of the plants that might have varied in stickiness and viscosity. The ‘low’ quantity of deposited
residues was noted primarily for dry elements (maize leaves and cobs, wood). These findings



may have implications for the relative visibility of some archaeological residues, if tools were
used to process dry plant parts.

Participants faced formidable safety challenges while manipulating the obsidian blades. There
were numerous microcuts noticeable on the gloves after using each blade for seven minutes.
Even with gloves on, participants ended with a fair number of cuts on their fingers, including
some involving limited blood loss. When participants cut themselves, they tended to
immediately drop the tool, which created an opportunity for additional breakage. However,
participants became more cautious (and skilled) with time, holding the blades differently and
slowing their pace as well. This seems to have reduced the number of injuries sustained. One
participant still managed to accidentally cut cleanly through two pairs of gloves in one stroke,
highlighting the importance of remaining cautious while using these incredibly sharp tools.

Participants hypothesised that people who used obsidian blades in the past either suffered a
lot of cuts on their fingers or used some sort of protective gear to avoid these painful
moments. Remarkably, however, no protective wrappings or haftings for obsidian blades
have ever been identified in Maya contexts, in imagery (Taube. 1991) or as physical remains,
even at the well-preserved site of Joya de Cerén. At this ancient community, Payson Sheets
writes (2002b, p.115)

Each household had a relatively standard set of chipped stone artifacts, all of obsidian.
Each kept a few prismatic blades stored at predictable locations in the thatched roofs, to
be pulled down, used, and then put back up. Each maintained a cache of yet-to-be-used
blades higher up in the thatch. And each had a scraper or two and a microblade. All
evidently were used as they were, without benefit of hafting or wrapping.

Brian McKee further noted (2002, p.63), “Nearly all prismatic blades in good condition at
Cerén were tucked into thatch. Two possible and not mutually exclusive reasons for this are
to protect the blades and to protect people, particularly children, from the sharp edges.” In
another study from Cerén, human blood was detected in obsidian blade residue (Newman,
1993; see also Stemp, et al., 2019; Walton, 2021), raising the question of deliberate
bloodletting in sacred practice and/or “the result of an inadvertent cut during original
manufacture or subsequent use” (Brown and Gerstle, 2002, p.101).

After completing experimental blade use, participants were asked to reflect on the level of
attention that would have been required to prepare a meal using these tools. Could people
do it while chatting, or did they need to be fully focused on the task at hand? Participants
agreed that, after about an hour of practice, it became “fairly routine.” One of them compared
it to “peeling a potato with a knife with slightly more attention required.” We suspect that,
after years of experience and training with skilled practitioners, obsidian blade use probably
became a routinised task that people could undergo fairly quickly and comfortably. For
practiced cooks in the past, it is likely that they paid some attention to the task at hand, but



could still talk and attend to other distractions (e.g., children, pets, thunderstorms) while
preparing a meal.

Results
Reading through Obsidian - Microbotanical Analysis

After almost a decade in storage, the blades were analysed by Eloi Bérubé in 2024-25 at the
Laboratoire de préhistoire du Québec de I'Université de Montréal. First, a visual inspection
was conducted using the naked eye and a microscope (Olympus BX51) with low
magnification, before proceeding to the microbotanical extraction of residues. Our goal was
to estimate the quantity of visible residue left on the blades. The residue quantities on the
tools were graded in three qualitative categories: low, moderate, and high. The low category
consisted of residues where only a few small white dots were spotted on the blades. The
moderate category consisted of blade residues where the beginning of a small white crust
was visible. The high category encompassed the blade residues where huge chunks of
residues and/or thick white crusts were present (See Figure 3).

Bérubé then proceeded to the extraction of the microbotanical residues following a standard
three-wash process - the dry (DW), wet (WW), and sonicated (SW) washes (see Bérubé, 2023;
ILAS, 2024). Each wash was completed while wearing clean powder free gloves. The dry wash
consisted of gently rubbing the surface of each blade with gloved fingers. The residues were
collected using clean Petri dishes and then placed into sterile centrifuge tubes to which
distilled water was later added. The wet wash consisted of pouring distilled water on each
obsidian blade and then gently rubbing the surface with freshly-gloved fingers. The solution
was collected using disposable pipettes and transferred into sterile centrifuge tubes. Finally,
the sonicated wash consisted of placing each obsidian blade in a Petri dish with distilled water
and exposing the edges of the blade for five minutes to a SK GT sonication device

(30,000 kHz per second). Each solution was collected using disposable pipettes and
transferred to a sterile centrifuge tube. All tubes were then centrifuged at 3000 RPM for five
minutes at L'Institut de Recherche en Biologie Végétale . This step concentrated the
microbotanical residues at the bottom of the centrifuge tube.

The samples were then analysed at the Laboratoire de préhistoire du Québec. Each step was
executed while wearing clean powder free gloves. First, a two-drop sample of each solution
was mounted on a thin slide (No. 1, 22 x 40 mm) drawn directly from the manufacture box.
Second, new cover slides were immediately placed atop the sample and the edges were
sealed using opaque nail polish. Each slide was labelled according to sample number.

When the extractions and mounting were complete, one slide per sample was analysed using
an Olympus BX51 polarising transmitted light microscope, with the first scan at 200x and
later identification at 400x. Bérubé took pictures using the Olympus software and saved



them as TIFF files. Every starch grain and phytolith was identified and counted. The scan of
the slide ended when the total count of microbotanical remains recovered reached 100 or
when the whole slide had been examined. The 100+ threshold was increased when wood
was cut, as the arboreal spheres produced were highly ubiquitous. In total, 59 slides were
examined. Unfortunately, the dry wash from the first sample (OBS-1 DW) could not be
examined following a manipulation mishap in the lab.

After the residue observations and microbotanical analysis, the tools were sent to the
Paleoethnobotany Laboratory at Brown (PEBLAB)in Providence, Rhode Island. There,
undergraduate intern Eleanor Dushin (2024) examined the usewear of the blades and
separated them into three categories of usewear, light, medium, and intensive (See Figure 4).
She also described the type of usewear for each blade and photographed the blade edges.

In Table 2, we detail the microbotanical remains recovered from each sample examined (See
Figure 5). It is important to note that plants may produce diagnostic phytoliths and/or
diagnostic starch grains, or sometimes neither. In the case of maize, there are three
diagnostic microremains: leaves produce cross-body phytoliths, cupules (cob) produce wavy-
top rondels, and kernels produce starch grains (Bozarth, 1993; Mulholland, et al., 1988).

Maize wavy-  Maize cross-

Maize Sweet
Arboreal top rondel shaped Manioc Squash Total
Sample starch ) , potato
spheres phytolith phytolith starch  starch
(kernel) starch
(cob) (leaf)
OBS-1
/ / / / / / /
DW
OBS-1
0 0
WWwW
OBS-1
0 0
SW
OBS-2
22 0 22
DW
OBS-2
4 0 4
WWwW
OBS-2
4 0 4
SW
OBS-3
2 5 7
DW
OBS-3
0 4 4
WW
OBS-3
2 5 7

SW



OBS-4
DW

OBS-4
WW

OBS-4
SW

OBS-5
DW

OBS-5
WW
OBS-5
SW

OBS-6
DW

OBS-6
WW
OBS-6
SW
OBS-7
DW
OBS-7
WW
OBS-7
SW
OBS-8
DW
OBS-8
WW
OBS-8
SW
OBS-9
DW
OBS-9
WW
OBS-9
SW

OBS-10
DW

OBS-10
WW

100+

100+

100+

34

100+

46

100+

100+

70

88

93

100+

100+

100+

100+

100+

100+

100+

100+

100+

100+

100+

100+

34

100+

46

100+

100+

100+

100+

100+

70

100+

100+



OBS-10
SwW

OBS-11
DW

OBS-11
WW

OBS-11
SW

OBS-12
DW

OBS-12
WW

OBS-12
SW

OBS-13
DW

OBS-13
WW

OBS-13
SW

OBS-14
DW

OBS-14
WW

OBS-14
SW

OBS-15
DW

OBS-15
WW

OBS-15
SW

OBS-16
DW

OBS-16
WW

OBS-16
SW

OBS-17
DW

100+

100+

100+

12

12

92

96

100+

33

96

97

88

94

92

95

40

13

100+

100+

100+

100+

100+

100+

15

11

10

100+

100+

100+

10



OBS-17

7 3 61 29 100+
WW
OBS-17
2 1 6 22 31
SW
OBS-18
100+ 0 3 57 0 60
DW
OBS-18
100+ 4 2 81 13 100+
WW
OBS-18
100+ 0 0 17 2 19
SW
OBS-19
100+ 2 2 20 32 44 100+
DW
OBS-19
100+ 0 0 19 10 71 100+
WW
OBS-19
100+ 0 0 5 6 21 32
SW
OBS-20
4 3 14 18 61 100+
DW
OBS-20
5 3 9 22 60 100+
WW
OBS-20
1 5 9 31 54 100+
SW

TABLE 2. RESULTS OF THE MICROBOTANICAL ANALYSIS
Maize (OBS-1, OBS-2, OBS-3)

All the botanical specimens were sliced while fresh, with the exception of maize. In this case,
we used dry cobs and leaves. We did not encounter a single cross-shaped (or Panicoideae
bilobate) phytolith in the slides coming from the wet and sonicated washes of OBS-1 (maize
leaves). This was surprising, as these phytoliths are quite common in the archaeological
record and/or in experimental studies (see Dickau et al. 2012; Iriarte 2003; Piperno 1984,
Shillito 2013; Soleri et al. 2013). For OBS-2, one participant cut through a maize cob. In total,
there were 30 maize starch grains on the three thin slides, most of them (22) in the dry wash.
For OBS-3, another participant cleaned an unused blade using a maize cob. This produced a
total of 4 starches and 14 wavy-top rondel phytoliths. The amount of residue recovered from
each wash was relatively the same. Here, again, the low presence of wavy-top rondel
phytoliths is surprising when compared to their regular presence in archaeological and/or
experimental studies (see De Lucia and Scott Cummings 2021; Gates St-Pierre and
Thompson 2015; Pearsall et al. 2004). For this reason, we might expect low visibility of dried
maize cob and leaf phytoliths on obsidian blades, when compared to fresh specimens.



Sweet Potatoes (OBS-4, OBS-5)

We sampled two varieties of sweet potato ( /[pomoea batatas ). Both produced a high number
of starch grains. We were easily able to reach the 100+ starch grain threshold on each slide.
However, there were differences in the distribution of starch grains on the slides. For both dry
washes, starch grains were lightly scattered throughout. In the wet washes, starch grains
were even more frequent. In both sonicated washes, there were fewer starches than in the
wet washes, but considerably more than in the dry washes (See Figure 6). It is likely that sweet
potatoes would be highly visible in microbotanical assemblages, perhaps more so than other
species.

Squashes (OBS-6, OBS-7)

We sampled two different species of squash, acorn ( Cucurbita pepo) and butternut (
Cucurbita moschata). Both types of squash produce diagnostic phytoliths and starch grains.
Phytoliths are found “at the interface between the epidermis and parenchyma of the fruit
rind” (Piperno, et al., 2000, p.193; see also Holst and Piperno, 1998), while starches can be
found mainly in the flesh. The results varied greatly between the two samples. In total, there
were 50 starches on the three slides of OBS-6 (acorn squash), while there were at least 149
starches on a single slide of OBS-7 (butternut squash). In both cases, the wet washes
recovered the highest quantity of residues. The absence of squash phytoliths was
remarkable, considering that the participants began by cutting the outside of the squash
(where the phytoliths are located) before moving towards the flesh (where starches can be
found). It may be that subsequent use helped to dislodge the initial phytolith deposits, or it
may be that the rind phytoliths were only lightly distributed in these two species. Regardless,
we might expect low squash phytolith visibility on archaeological obsidian blades, even in
cases where these tools may have been used frequently in processing squashes. The starch
deposition, however, would ideally compensate for this absence, as squash starches had high
numbers and thus greater visibility.

Wood (OBS-8)

Unsurprisingly, we tabulated 100+ arboreal spheres from the three slides related to wood
processing. Wood would have been a common presence across many sites, and dicot woods
produce a high number of spherical phytoliths. Arboreal spheres from archaeological
contexts were likely incorporated into residues through a number of routes-- ubiquitous
wood ash, cleaning using wooden implements, stripping bark from wood, carving wooden
implements and effigies, and through other uses.

Manioc (OBS-9)



Our final botanical specimen subject to slicing, manioc, also produced a high number of
starch grains. The thin slide from the dry wash sample contained the highest concentration of
starch grains and we easily reached the 100+ threshold. The wet wash also met the 100+
category, thanks to a huge agglomerate noted on the slide. Otherwise, starch grains were
spread thinly, and it would have been difficult to reach the 100+ threshold. The slide from the
sonicated wash sample contained 70 starches. As with sweet potatoes, manioc would be
likely to have high microbotanical visibility.

Cleaning with a Cob (OBS-10, OBS-11, OBS-12, OBS-13, OBS-14, OBS-15, OBS-16)

To document effects of cleaning using a maize cob, the participants first selected a set of
blades previously used to cut the two squashes, the two sweet potatoes, wood, manioc, and
maize leaves. Each blade was cleaned using a maize cob for the same amount of time (seven
minutes). We attempted to track whether microbotanical remains from the initial steps were
still adhering to the blades, or if they had been removed (and perhaps even replaced) by the
maize cob. In all cases, remains from the previous botanical specimen were still present on
the blades, with the addition of maize starches and/or phytoliths. The butternut squash,
wood, both sweet potatoes, and the manioc reached the 100+ threshold on each of the three
mixed use slides. Only the acorn squash and the maize leaves did not yield that amount of
residue. We observed only four cross-shaped phytoliths coming from the maize leaves in
both the dry and the wet washes. The number of maize microbotanical remains on the slides
varied from 0 to 13, with an average of six microremains per slide.

The level of concentration of starches varied greatly from one sample to another. For both
sweet potatoes, the slide with the highest concentration of starches came from the dry wash.
For the butternut squash, wood, and the manioc, the biggest concentration came from the
wet wash. Even though they were not visible to the naked eye, there were still many adhering
starch grains from plants processed before cleaning the blade, with numbers often reaching
over 90 per slide. This finding demonstrates that, even if artefacts were scrubbed with a
maize cob after primary use, it is very likely that some previous microbotanical remains would
still adhere to the tool.

Combining Plants (OBS-17, OBS-18, OBS-19, OBS-20)

For the last four samples, we sequentially processed numerous plants using a single tool to
simulate multiple meal preparations. We expected to see fewer elements of the plants
prepared during the first steps as compared to those processed in the final steps.
Surprisingly, we often observed the opposite phenomenon. For OBS-17, the same blade was
used to process two plants in succession (sweet potato, then butternut squash), and then the
blade was cleaned using a maize cob. Even so, in the slide from the dry wash, there were
more remains from the earlier sweet potato (3 starches) than from the later squash (no
remains). In the wet wash, there were more remains of squash (61) than sweet potato (29)



and maize (10) combined. However, for the sonicated wash, sweet potato was again the most
prevalent species (22), followed by squash (6) and maize (3). The microbotanical visibility of
certain plants, as seen in the previous examples, would thus not be directly tied to sequence
of use or the process of cleaning, but rather the general overall visibility of some species
(such as sweet potato).

For OBS-18, we exposed the blade to four plants: manioc, acorn squash, maize cob, and then
wood. Wood reached 100+ microremains for each wash, but manioc surprisingly came in
second in all of them. For OBS-19, we sampled five botanical elements: manioc, sweet potato,
butternut squash, maize cob (cleaning), and then wood. While wood once again finished first,
it was followed by sweet potato. The butternut squash and manioc were neck and neck for
third place. Finally, OBS-20 was used to process four plants (sequentially identical to OBS-19,
without carving wood at the end). Sweet potato still prevailed over the other plants, but the
squash was much more present in these three samples than in OBS-19. In terms of
archaeological visibility, in each of these cases processing wood would lead to wood
phytoliths dominating the assemblage, while starchier elements like manioc and sweet potato
would be only slightly less visible, and squash less visible still.

Discussion

Our study documented depositional processes of microbotanical remains (phytoliths and
starches) on obsidian tools, yielding a few key findings with implications for archaeological
analyses. First, it seems that the nature of the plants processed plays a large role in
deposition processes, and ultimate residue recovery. We encountered many more remains
from fresh plants as compared to dry samples, with the sole exception of wood. Moisture
improves the ability of microbotanical remains to adhere to obsidian tools, and squish into
small pores and crevices. If dried plants were processed in the past using obsidian blades,
their recovery rate is likely much lower than for other plants. There is also a strong
discrepancy regarding the number of remains produced by different plants, even at the
genus level (in this case, the two squash species). Some plants like sweet potato seem to have
produced many more remains than others like squash or manioc. It would be useful to
sample different elements from the same species to examine if an individual plant part might
also have an impact on recovery rates. Or it may be that certain varieties of sweet potatoes
are simply starchier than others. Those observations are critical for paleoethnobotanists as
they highlight potential recovery biases that need to be considered when interpreting
botanical assemblages.

Second, the role of these tools in culinary practices had a strong impact on deposition
processes. This finding is perhaps the most apparent when we compare OBS-2 and OBS-3.
Cutting through a maize cob left many more remains on the blade than using a maize cob to
clean a tool. This likely means that some steps of culinary practice might be more tenuous in
the archaeological record. It would be useful to compare microremains recovered from



peeling a sweet potato using an obsidian blade to residues from cutting the sweet potato
flesh. That is, certain steps might tend to leave more residues on blades.

We also examined the remains from blades that were cleaned using a maize cob after food
processing. While the number of remains from previously processed plants diminished, there
was still a lot of material adhering to the blade after a seven-minute cleaning process. This
finding is very encouraging when we attempt to identify multiple plants processed using a
single tool. However, this finding confirms that it is currently impossible to differentiate
distinct uses of the same object (see Belmar et al. 2020), as sequential use (and cleaning)
creates a cumulative palimpsest (see Bailey 2007).

From other studies, we know that processes like cooking (Henry, et al., 2009) and
fermentation (Wang, et al., 2017) also impact starch grain recovery and identification. Future
experimental studies could use obsidian blades to slice cooked and fermented foods and
compare these residues to those of raw specimens. It would also be interesting to replicate
this study using other types of materials, such as basalt and limestone (grinding stones), chert
(flake and blade tools), and ceramic (vessels and strainers), to see how the characteristics of
the different materials might impact deposition and adherence of residues.

Third, and unsurprisingly, taphonomy plays an important role in our ability to recover
microbotanical remains from artefacts. The number of remains found on these slides is far
higher than numbers we encounter in archaeological contexts. The hiatus of eight years
between the food processing step and the analysis slightly simulates the passage of time in
the archaeological record. Still, this simulation is nothing close to an artefact patiently waiting
in the ground for decades, centuries, or millennia. Exposed starch grains are quite fragile
under certain conditions (see Berman and Pearsall, 2000; Torrence and Barton, 2006).
Furthermore, the residues we recover from archaeological contexts have faced many
challenges along the way to extraction and analysis, including potential exposition to
rainwater that might have washed off some residues initially deposited on the artefacts.
Additional studies that include such taphonomic processes would be a welcome addition.

Fourth, there seems to be a bit of randomness in the distribution of microremains in the
samples. Some slides did not exhibit a high concentration of remains until we hit a chunk of
tissue that contained dozens of starches (e.g., See Figure 7). These lumps of tissue were not
visible in the centrifuge tubes, making it impossible for analysts to arbitrarily target such
residues when mounting samples on a slide.

Fifth, the results demonstrate that focusing solely on microbotanical residues might
sometimes impact the results obtained. When possible, we encourage research projects to
focus on multiple types of analyses (see Morell-Hart, 2019), such as usewear, macrobotanical
studies, zooarchaeology, entomoarchaeology, and isotopic studies, which allow us to obtain a
more robust dataset for interpretation.



Finally, we found that participant observations offered helpful insights into ancient practices,
archaeological usewear, and microbotanical recovery. Participants described having to adjust
their grip based on each tool's unique characteristics and the task at hand, situated practices
that would likely be reflected in usewear patterns. Further, the particularities of each tool
(e.g., size, thinness, sharpness) might have pushed them into different culinary uses. It is
important to remember, however, that tools, as with other kinds of artefacts and activity
areas, played numerous and overlapping roles. Breakages and injuries happened relatively
often in this study, demonstrating the higher level of skill needed by ancient practitioners to
ensure safe and efficient processing without damage to themselves. Even with these
challenges, participants in our study noted the high potential (after some practice) to
multitask and engage in other activities simultaneously without needing full attention for the
task at hand.

Conclusion

Our study supports previous findings in the published literature. As mentioned, we followed a
three-step wash process for this study, which is a technique quite common in the field (see
Logan, et al., 2012; Morell-Hart, et al., 2014; Pearsall, et al., 2004). Atchinson and Fullagar
(1998) have demonstrated that starch grains recovered from soils surrounding artefacts are
often different from those recovered through artefact extractions. This finding is encouraging,
as it suggests that sediment-borne starches do not tend to contaminate samples collected
from artefacts (see Morell-Hart, et al., 2014). Still, following a three-wash strategy allows
researchers to mitigate potential contamination. The dry wash combines residues likely
adhering to the soil matrix and some residue that could be associated with the artefact itself.
This sample thus tends to provide information about the environment in which the artefact
was deposited and potentially the plants discarded in its vicinity. The wet wash allows
researchers to collect residues from the surface of the artefact, offering results more likely
associated with the object’s use but also including elements form the surrounding matrix.
Finally, the sonicated wash targets the crevices and the pores of the artefact, providing results
most closely associated with the artefact’s use (see Bérubé, 2023; Reilly and Roddick, 2022).

In our study, unsurprisingly, botanical remains were recovered from all three washes. In 33%
of the samples, the dry wash contained more remains than the other slides. In 56% of the
samples, the wet wash had the lead, and in only 11% of the slides did sonicated wash contain
the greatest amount of microbotanical remains. This suggests that starch grains and
phytoliths extracted from the dry and wet washes are indeed sometimes linked with artefact
use. However, in archaeological contexts it is best to remain cautious by considering potential
contamination from surrounding matrices, when interpreting the residues recovered from
the first two washes of the artefact.

This study has allowed us to better understand the deposition of microbotanical elements on
prismatic blades and consider how microremain assemblages might be affected by the



processing of different plant taxa. Microbotanical analyses can offer insight into quotidian
foodways, specialised culinary techniques, rituals including feasts and funerary offerings,
agricultural practices and procurement strategies, and broader ethnoecological relationships
(Aceituno and Loaiza, 2014; Aceituno and Martin, 2017; Ciofalo, et al., 2018; Dickau, et al.,
2007; Duncan, et al., 2009; Hardy, et al., 2013; Musaubach and Berdn, 2016). Microbotanical
analysis is gaining momentum worldwide but is still relatively rare when compared to other
types of analysis (see Pearsall, 2015). We hope that this kind of experimental study reaches a
new audience that might want to integrate microbotanical analyses in future research (see
Morell-Hart, 2019). Without guaranteeing success in obtaining results from every artefact, we
can say that the potential for recovery is high and the resulting yields are valuable fodder for
interpretation.

Archaeologists and paleoethnobotanists have already been documenting the relationship
between people, their environment, and local climates through analysis of plant proxies (e.g.,
Castillo, et al., 2018; Galop, et al., 2003; von Baeyer, et al., 2021). These studies allow us to
better understand cropping strategies (plants cultivated or agrarian techniques) used in the
past when people were confronted with recurrent episodes of drought or flooding

(Smith, 2014) or abrupt changes in the climate (d’Alpoim Guedes, et al., 2018; Riehl, 2009). We
are convinced that, by incorporating multiple types of environmental analyses--including
microbotanical residues--we will obtain meaningful data about long-term plant use that could
help our current transition toward more resilient agricultural practices (see Shukla, et al.,
2019; Portner, et al., 2022). At a very basic level, however, by attending to direct proxies of
plant processing and consumption, we are better able to align our expectations of food
sources with the actual residues they leave behind.
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FIG 1. CRAFTING OF AN OBSIDIAN BLADE, PREPARATION OF THE CORE AND FLAKING USING A PRESSURE TOOL.
PHOTOS BY SHANTI MORELL-HART, SEAN DOYLE PICTURED
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FIG 2. OBSIDIAN TOOLS DAMAGED. A) BLADE BREAKING WHILE CUTTING THROUGH THE ORANGE SWEET POTATO; B)
MICROFLAKES FALLING WHILE CUTTING THROUGH THE MAIZE COB; C) BLADE BREAKING WHILE CUTTING
THROUGH THE PURPLE SWEET POTATO. PHOTOS BY SHANTI MORELL-HART

FIG 3. THE THREE SCALES OF RESIDUES LEFT ON THE BLADES. A) LOW QUANTITY OF RESIDUES (OBS-3); B)
MODERATE QUANTITY OF RESIDUE (OBS-4); C) HIGH QUANTITY OF RESIDUES (OBS-9). OBSERVED USING REFLECTED
LIGHT MICROSCOPY AT 12.5X MAGNIFICATION. PHOTOS BY ELOI BERUBE

FIG 4. THE THREE SCALES OF DAMAGE (REFLECTED LIGHT). A) LIGHT DAMAGE (0BS-1); B) MEDIUM DAMAGE (OBS-
3); C) INTENSIVE DAMAGE (0BS-2). PHOTOS BY ELEANOR DUSHIN
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FIG 5. MICROBOTANICAL REMAINS RECOVERED. A) SPHERICAL ARBOREAL PHYTOLITHS FROM DICOT WOOD (OBS-8);
B) MAIZE KERNEL STARCH (OBS-2); C) MAIZE RONDEL PHYTOLITH (OBS-2); D) MAIZE LEAF CROSS-BODY PHYTOLITH
(OBS-15); E) MANIOC STARCH (OBS-9); F) SQUASH STARCH (OBS-7); G) SWEET POTATO STARCH (OBS-4).
TRANSMITTED LIGHT MICROSCOPY AT 200X-400X. PHOTOS BY ELOI BERUBE

FIG 6. CONCENTRATION OF STARCH GRAINS IN OBS-5 AT 200X. A) DRY WASH; B) WET WASH; C) SONICATED WASH.
TRANSMITTED LIGHT. PHOTOS BY ELOI BERUBE
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FIG 7. AGGLOMERATE OF STARCH GRAINS (0BS-19, WET WASH). TRANSMITTED LIGHT AT 200X MAGNIFICATION.
PHOTO BY ELOI BERUBE


https://www.exarc.net/sites/default/files/Figure_7_0.jpg
https://www.exarc.net/sites/default/files/Figure_7_0.jpg

