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In 2020 Dr. Heidi Mjelva Breivik contacted Christine Hastorf to initiate a joint project of a
Mesolithic excavation on a Norwegian island to be supported by the Peder Sather grant, that
provides research funds for scholars working together from both Norwegian Universities and UC
Berkeley. On the second submission the funds were granted for a small excavation, along with a
range of artifactual analyses. All analyses were to be completed in Norway except the
macrobotanical analysis to be completed by Christine Hastorf in the McCown Archaeobotany
Laboratory at UC Berkeley. This is that report on the eleven flotation samples collected, floated
and sent to Hastorf in the summer of 2026.

The site of Leira is located on Tustna a small island west of Trondheim. It is located on former
beach ridge first identified in 1990. Over time the site would have been above sea level at three
occasions during the Mesolithic: 9100 (Early Mesolithic), 7800 (Middle Mesolithic) and 6000
uncal Tustna is also situated at the meeting point of two fjords, Arasvikfjord/Vinjefjord and
Halsafjord. The Arasvikfjord would have provided easy and sheltered access to the East.
Although the coastline is exposed the Leira site lies nestled in between two low-lying
ENE/WSW-oriented rocky ridges, protecting the site from the prevailing westerly winds.
Inshore skerries and small islands would also have protected the waters outside the site,
making landing by boat easier. (Breivik et al 2026). This site is one of many (50) stone age
settlement traces registered on the island.

This recent excavation at Leira was important due to its Middle Mesolithic cultural deposit
having been sealed beneath a Tapes transgression layer protecting the deposits. The excavation
of the Leira site in 2025 brought together several complementary research initiatives. The Sather
funded excavation focused on multi-proxy analyses of the sediments, artifacts and ecofacts.
While sediment, pollen, stable isotopes, and ancient DNA analyses were added to the traditional
artifact analyses, this Norwegian team also added systematic macrobotanical sediment
collections, which this report presents the results from. The project and its goals and results are
found in the Breivik et al 2026 report.

The goal of this archaeobotanical analysis is to address part of the overarching questions
proposed in this project, including if it is possible to detect plant material, what taxa are still
present and if it is possible to indicate which times of the year the site was visited from the plant
material. Another question was if macrobotanical remains did survive in this very moist freeze-
thaw coastal situation.

In the two excavation units the absolute dates tell us that the excavations span the shift from the
Middle to Late Mesolithic, with the earlier dates at the bottom of the units. The bottom of unit
1034 is 6641-6497 BCE, and the top of that unit is 6476-6407 BCE, suggesting a one-hundred-
year use of the sector, averaging the median dates becomes roughly 6441-6570 BCE. The dating
for the region is in table 1.

Table 1. Norwegian Stone Age date phases (Breivik et al 2026).



Period Chronozones Timespan

Early Stone Age (9500 — 4000 BC)
Early Mesolithic (EM) (9500 — 8000 BC)
Middle Mesolithic (MM) (8000 — 6500 BC)
Late Mesolithic (LM) (6500 — 4000 BC)

The Archaeobotanical Sediment Collection by the Norwegian team:

Processing and subsampling of bucket bulk samples:

A total of 16 buckets of sediments were collected from the excavation units, comprising 5

from Trench 1, and 11 from Trench 2 (6 from quadrant A, and 5 from quadrant B). The five
buckets from Trench 1 and the 6 buckets from Trench 2, quadrant A were processed by water
flotation. The sediments were not artificially dried prior to water flotation but were instead left to
air-dry on trays until fully dry. As flotation and the subsequent sorting of the bulk samples were
time-consuming processes, the later samples had a considerably lower moisture content

than the earlier ones, as reflected in their decreased volume.

Before processing, five subsamples of approximately one tablespoon each were taken from
every bucket. These were intended for isotope analyses and as reserve material for potential
additional analyses, such as pollen and sedaDNA.

Following subsampling, the bulk samples were water floated to recover macrofossils and sieved
for artifacts. This was carried out in a 3-step process completed by the Norwegian team:

Step 1: Recovery of the light fraction through four-liter flotation.

Any large stones were removed from each sediment batch before measuring out a 4 L soil
sample for flotation.

These sub-samples were transferred to a suitable bucket. A 2.5 mm sieve was placed above a 0.2
mm sieve, and the bucket was tilted to allow a controlled flow of water through the sieves.

The sub-sample was floated for approximately 2-3 hours, or until the water became relatively
clear. The retained material was then spread onto folded aluminum foil trays and left to dry.
These 4 liters sub-samples were completed until each sample was floated.

Step 2: Secondary recovery of the light fraction from the heavy fraction using pour over style

All remaining sediment from the initial flotation of each sample was retained in the bucket and
flooded with water, ensuring that the water level remained below the rim. The water was
carefully poured through a stack of sieves consisting of a 2.5 mm sieve above a 0.6 mm sieve.
Only the water and floating organic material were allowed to pass into the sieves, while the
heavier sediment remained in the bucket. This process reduced the amount of gravel and sand
requiring subsequent sorting. The procedure was repeated until no floating material

appeared on the water surface.



Step 3: Heavy fraction processing and sieving

A 2.5 mm sieve was placed above a 0.6 mm sieve and positioned in a sink. The remaining
sediment was scooped from the bucket and placed into the upper sieve. The material was
washed thoroughly with water, allowing finer sediment to pass through to the lower sieve.
This process resulted in pour over fractions that could be examined separately for
archaeological finds and ecofacts. Lithic artefacts were collected and stored in plastic bags
labelled with the appropriate context information. Organic remains, including bone fragments
and other ecofacts, were left to dry prior to further analysis.

The retrieved macroplant material is from this flotation system of the eleven collected samples.
These were sent to University of California Berkeley to be analyzed at the McCown
Archaeobotany Laboratory in the Department of Anthropology.

The Macrobotanical Analysis:

Each water processed sample was weighed for shipping. Once arrived in the Berkeley laboratory,
a sorting form was produced for these samples. The completed sort forms with the raw tally data
for each sample are in appendix 1. Nine of the eleven samples were sorted by Christine Hastorf,
two were sorted by Elizabeth Dresser-Kluchman, currently a post-doctoral fellow in the
archaeobotany laboratory. Hastorf checked all the samples.

Laboratory methods:

Once in the McCown laboratory, the light fraction sample weights were recorded on the
two sorting forms created for each sample, the first recording the overview, and the second,
phase 2 form records the specific plant matter present. Each of the eleven light fraction sample
forms were filled out with all the provenience information. The light fraction samples (hereafter
simply referred to as the “samples”) were sub-divided for analysis with the use of nested brass
geological screens into four particle sizes: >2mm, 1-2 mm, 0.5-1 mm, and <0.5 mm (pan). This
partitioning of the samples to be studied under the microscope allowed for faster sorting, as the
human eye works more effectively when items are all roughly the same size. Each of these sub-
samples were placed on a sorting tray and systematically studied under a Wild M38 low power
boom-mounted stereo microscope with a dual fiber optic illumination and a 5-40 power range.
We analyze the specimen trays beginning with the largest matrix to the smallest from each
sample in turn. Any archaeobotanical material is removed from each of these fractions, counted,
weighed and separated into different containers for future analysis, should the archaeologists
wish more work on the specimens.

Only charred botanical remains were considered to be archaeological, and these
carbonized materials were removed and classified as wood, parenchymatous tissue fragments,
bark, seeds, or other. Wood fragments and parenchymatous fragments smaller than 2.0 mm at
largest dimension were not counted as these fragments of materials smaller than these sizes are
virtually impossible to identify even by specialists. Non-archaeological or botanical materials
such as fungus galls, snails, bone, modern macrobotanical materials, other non-botanical charred
materials, and other miscellaneous materials were not removed. The larger seashell fragments
were removed assuming the archaeologists will want to study these. All materials were recorded



as present or absent in each fraction size on the sorting form. Recorded as well were comments
regarding the condition and contents of the sample as a whole. The main materials we identified
are wood and parenchymatous fragments, with some bark, and several potential very small seeds
in the less than .5 mm size, fungi, and seashells. Two additional seed fragments could be
Poaceae and two Asteraceae, both common wild, robust plants throughout the world. Both
specimen groups are in poor preservation and therefore are only given a possible designation.

Once removed from the matrix the identified specimens were counted, weighed, and
recorded on the sorting form, along with comments specific to the plant category. Each class of
carbonized materials was then placed in a gelcap or crystal box with a label with the class, size,
and provenience. The combined containers were placed in the bag with the original sorted
matrix to be returned to Norway. Some of flotation samples were so large and dirty that only a
portion of the sample was analyzed. This is noted on the sorting forms, which allows for the
adjustment to the original volume when completing statistical analysis. The unsorted and sorted
portions were clearly labeled should the archaeological project wish to study the unsorted portion
in the future.

The data from the flotation, sorting, and recording forms were transferred to an excel file
spreadsheet, for ease of analysis and visual presentation. These samples were extremely dirty,
that is, the samples were mainly filled with sediment and decomposed peat, making for very
difficult visualizing and extraction of the charred plant remains. As you can see from Table 2,
there were virtually no seeds in any of the samples, with wood then parenchymatous fragments
only extracted. Table 2 has the weights and counts of these plant remains, noting that at least we
can see different densities across the different excavation units.

Macrobotanical Data Presentation:

These floated samples were not the same volume, but as noted in Table 2, they range from 6.5 to
17 liters., making direct comparisons impossible. These counts and weights therefore must be
related to these flotation volumes to standardize them and make them comparable. This was done
and presented in Figures 1, 2, and 3. Figure 1 is the wood weight/volume plotted by sample. You
can see the range of density of both wood. Figure 2 illustrates the parenchyma fragment weight
/volume, illustrating evidence of food deposition across the two trenches, bread, porridge or
soup. Figure 3 presents the standardized density of the few seeds, with seed weight/flotation
volume across all of the eleven samples.

There are three groups of flotation samples from these two excavation units/trenches/ditches.
These sectors of the excavation do have different densities of charred material, with wood being
the dominant specimen type. Sector 1030 from trench 1 has two samples; the west sample has
denser wood than the east sample taken. The 1034 sequence also from trench 1 provided three
samples that were collected in a vertical sequence from bottom to top. There we see no trend in
wood density in that sequence whereas the parenchyma density increased through time, and
surprisingly there were no seeds found within those samples. The third group of samples is from
Trench 2 that provided a group of buckets 1-6 with bucket 1 from the top of the trench and
bucket 6 the final collection bucket from the bottom of the unit. The figures display no change



Table 2. The Leira macrobotanical counts and weights from the eleven bucket samples that were floated. Twigs were separated out

here to see if there was a pattern. They were combined with the wood in the figures. B means bucket, * cf Poaceae, ** cf Asteraceae.
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in the wood density in the sequence but there is a decrease in parenchyma by the third bucket
with nothing found below that level. Surprisingly, these trench 2 samples are the only ones that
have seeds in them. These sparse results suggest that different activities were being deposited in
the two trenches, with more food remains in trench two and more fuel in trench 1.

There is enough wood from the samples from trench 1 that could be identified should the
archaeologists want taxa identification. We do know from the productive pollen analysis at this
site that provenience 1034 has regular pine (Pinus sp.), alder (Alnus sp.), hazel (Corylus sp.) and
birch (Betula sp.)., all appropriate taxa for the region. Some wood analysis to identify if there is
pine or not would be useful, especially due to the pollen’s show of pine. Previous excavations at
the site did support pine’s presence in the wood remains. While there are perhaps fragments of
some seeds in the very small subsamples, I do not feel confident in their identification, due to
their poor condition.
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Figure 1. Standardized density of wood by provenience. Ditch/Trench 1 is much more involved
in burning/hearths.
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Figure 2. Standardized density of parenchyma fragments by provenience. Ditch/Trench 1 is
much more involved in burning/hearths.
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Figure 3. Standardized density of seeds by provenience. Ditch/Trench 2 has more seeds than
trench 1, where no seeds were encountered in the flotation samples.

Due to the style of the pour over flotation and processing with drying then wetting of the
samples, we probably lost some of the seeds between excavation and arriving in the laboratory,
in addition to the very peaty light fractions that were analyzed. Overall, this analysis can mainly
speak to the different deposition histories of the two trenches, one with more wood and
parenchyma and the other with some small seeds

Reference

Heidi Mjelva Breivik, Skule O.S. Spjelkavik , Saeideh Ghafouri, 2026, Research excavation at

the Stone Age site of Leira, Aure municipality, NTNU Vitenskapsmuseet arkeologisk rapport
2026:x.
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Sorter Name and Date [E¢ puwe s2er X ucuman ID Date | SepVessvogy | Ditch A
| Cultural Context Code ) Layer 1
r action Type Light Flot >/ Bulk Scatter Prov %
ltems Pulled 'Spot checked Entered into Prov A
Database Invest | wmeg 4.2.726
Total Weight; >2mm | Wt >imm Wt >0.5mm | Wt. ;g.:mm/ Wt. Total
Material: \00%S| BlownYMN J108%S{ BlownY/N | 24%S.] BlownY/N 6 % S.] BlownY/N % S. Blown Y/
Wt. Count | Wt Count | Wt Count Wt\ Count Wit Count
Wood o.5MYl 7 \
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Dung \
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Leira, Aure 2025 Archaeological Project' Archaeobotanical Flot Sheet (Ph 1)

Sample # /.(L
2
l

Sorter Name and Date | ( A/H—aﬂ'ﬁ;{/ Iﬁ’ %/—/ 2w b Ditch

(E(actlon Type < lgV Bulk Scatter Pick Layer
oample Volume (L) 7 Sample Weight (G) 3 o4, 2 Prov X A
ltems Pulled and Date G Prov R ettt

Investigatof] Sél/-# ET YA

Presence/Absence Preservation Characteristics

Wood 4 Condition 112(3 5

Parenchyma Vv Quality 112|314

Seeds Fragmentation 11213

Bone v Firing conditions 1{2]3[4|51]6

Shell v~ et A huced 0 o%\c(ALz.o()
Dung + ot ol

~SUd YA
Draw shells seen in sample:

C;sting seeds

Observations of Sample
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Liera, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 2) Sample # 7
Sorter Name and Date |{ A+fast L /4 [ ) ID Date Ditch A~
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Wt. Count | Wt Count | Wt Count | Wt Count Wt Count
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Leira, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 1)|ESEI JICEE:: 8
Sorter Name and Date | E®2 Dressec_ {\ychwiany | Sepr 18,2076 Ditch I
action Type \Light )’ Bulk\ Scatter Pick Layer A
sample Volume (L) [Sample Weight ()  727.2 5 Prov a o ]
ltems Pulled and Date Prov Bucketr
Investigato] 3. Gl .
(o .03,

Presence/Absence

Preservation Characteristics

(
‘\ ssting seeds

Draw shells seen in sample:

Wood P Condition 112]13]41]5
Parenchyma e Quality 11234
Seeds P(7) | | Fragmentation 11213

Bone Firing conditions 112|3|4]5]|6
Shell
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Observations of Sample
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Liera, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 2)

Sample # 8
B

Sorter Name and Date | E® Dwesses-Xludwan| ID Date | Sept. 13,2076| Ditch
Cultural Context Code | ——— . Layer 1
( action Type (Light Flot/ ( Bulk )Scatter Prov Qn
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Leira, Aure 2025 AH‘thO[OJI{ al PrOJer t: Archaeobotanical Flot Sheet (Ph 1)|SEl R

Sorter Name and Date C }494;, 1‘17»[_ wwl\o Ditch 2
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raction Type Aight \ @Scatter Pick Layer
>ample Volume (L) Sample Weight (G) |9 SW s Prov RoA
Items Pulled and Date U Prov BU-LM "”

Investigato] (632, 24

Presence/Absence Preservation Characteristics

Wood v Condition 11213]4]5
Parenchyma v Quality 112|314
Seeds 7 Fragmentation 1(2]3

Bone Firing conditions 1121314516
Shell

Dung

Draw shells seen in sample:
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\. _sting seeds

Observations of Sample
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Liera, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 2)
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a Sample # ﬁ’
Sorter Name and Date | C Heo 4o ID Date |5 Se,+3 4| Ditch 2.
Cultural Context Code . : A Layer J
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Database
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Leira, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 1){IESE R :: O
Sorter Name and Date | (" He., b4 14Se0l26 Ditch L
raction Type @ ‘ Bulk Scatter Pick Layer |
wample Volume (L) Sample Weight (G) |9 % . g/ Prov RA
Items Pulled and Date Prov 6‘4""'/41\5
Investigator $g H
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Presence/Absence Preservation Characteristics
Wood VvV Condition 112 13]4]}5
Parenchyma Quality 1{2(3]4
Seeds v’y Fragmentation 11213
Bone Firing conditions 1121314516
Shell
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Draw shells seen in sample:
B
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Liera, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 2) Sample # ) 9,
Sorter Name and Date | ¢ HaStwc [ ID Date | /4 Sesf-2¢ | Ditch 2
Cultural Context Code . \ Layer )
- -action Type ('Light Flot, ) / Bulk Scatter Prov RKRA
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Database Invest S%H 13.3.2¢
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d ¢
Poa tede Lt wool | 2 |
1 )
"
N

Unidentifiable seed fragment

UNKN

L

f)‘(,am //w BV O~ ?




Leira, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 1)|ISEIJ 3 [ (

Sorter Name and Date |¢ A-\esboef [Y Seat, 20206 Ditch 2_
(Lliraction Type (\/Li}hy \ (Bul@ Scatter Pick Layer )
oample Volume (L) Sample Weight (G) 70,9 ¢, Prov b w6
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Items Pulled and Date

Investigaton H 2, 13/3/ 2
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Presence/Absence Preservation Characteristics

Wood / Condition
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Parenchyma Quality 11234
Seeds v Fragmentation 11213
Bone Firing conditions 112314 5]|6
Shell
Dung

Draw shells seen in sample:
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__2sting seeds @f 7{
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Observations of Sample
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Liera, Aure 2025 Archaeological Project: Archaeobotanical Flot Sheet (Ph 2)
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