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1. Organic Residue Analysis: procedures

For ORA, ca. 1 g of pottery sample was ho-
mogenised in a mortar, 20 μL of an internal stan-
dard (n-C

34
, 1 mg/mL in cyclohexane) was added 

for quantification, and the sample extracted three 
times by ultrasonication (15 min) in 5 mL of di-
chloromethane/methanol (DCM/MeOH) (2:1 
v/v). After centrifugation (3000 rpm, 20 min) and 
evaporation under N

2
, the combined total lipid 

extract (TLE) was dissolved in 500 μL of DCM/
MeOH solution. An aliquot (200 μL) of the TLE 
was derivatised with 20 μL of BSTFA (with 1% 
TMCS), heated at 70 °C for 1 hour. After evapo-
ration of the excess of BSTFA, the sample was 
redissolved in 30 μL of cyclohexane for the HT-
GC-FID and GC-MS analyses.

GC-FID analysis was performed using an 
Agilent 8890 gas chromatograph, equipped with 
a DB-5HT capillary column (Agilent J&W, 15 
m x 0.32 mm x 0.1 μm). The sample (1μL) was 
injected on-column via an ALS autosampler. The 
oven temperature was held at 50 °C for 1 min, 
increased at a rate of 10 °C/min and maintained 
at 350 °C for 10 min, using helium as the carrier 
gas, with a FID temperature of 350 °C. Data pro-
cessing was carried out with MassHunter software 
(version 10.0).

For GC-MS analysis, an Agilent 8890 gas 
chromatograph coupled to an Agilent 5977B Inert 

Plus mass selective detector was used, fitted with 
a DB-5HT capillary column (Agilent J&W, 15 m 
x 0.32 mm x 0.1 μm). The samples (1 μL) were 
injected via an ALS autosampler through a split/
splitless injector (in splitless mode). The oven 
temperature was held at 50 °C for 1 min, then 
increased at a rate of 15 °C min-1 until 100 °C, 10 
°C min-1 until 240 °C, 20 °C min-1 until 380 °C 
and held at 380 °C for 7 min. Helium was used 
as carrier gas, held at a constant flow of 88 cm 
s-1. The analyses were carried out in the electron 
ionisation mode at 70 eV, the temperature of the 
source being fixed at 230 °C. Mass spectra were 
acquired in full scan mode (range 50-950 uma). 
The compounds were identified on the basis of 
retention times and mass spectra, compared with 
those obtained from analytical standards (Sigma), 
published literature, and the NIST20 library.

Another aliquot (200 μL) of the TLE was meth-
ylated following the protocol detailed in Fanti et 
al. (2018: Supplementary file 1): briefly, 5mL of 
a H

2
SO

4
–MeOH solution (2% v/v) were added to 

the selected samples and heated (70°C, 1 h). Af-
ter cooling, 3 mL of water were added, and lipids 
extracted with cyclohexane (3 x 2mL). The sol-
vent was evaporated under nitrogen in readiness 
for GC-C-IRMS analysis. A solution of C

16:0 
and 

C
18:0 

standards (Sigma) of known isotopic compo-
sition (determined by EA-IRMS) was methylated 
in parallel in the same batch.

Rivista di Scienze Preistoriche - LXXIV - 2024 - Supplemento on line

Supplementary data



2 3Laura Fanti, Léa Drieu, Martine Regert Pottery use by the first Neolithic communities of Sardinia (Italy): functional analysis of vessels …

Isotopic measurement of δ13C on selected 
compounds (C

16:0 
and C

18:0 
FAMEs) by GC-C-

IRMS was performed by the CIRAM (Martillac, 
FR) laboratory as a service contract. GC-C-IRMS 
analyses were performed using a Trace Ultra gas 
chromatograph coupled to a Delta V Advantage 
isotope ratio mass spectrometer (Thermo Fisher). 
The carrier gas was helium with a flow rate of 
2 mL min-1. 2 μL of each sample were injected 
into a CP-Sil 88 column for FAME (100 m × 0,25 
mm × 0,20 mm, J&W). The temperature program 
was as follow: 4 min isothermal at 40◦C followed 
by a gradient increase to 110◦C at 8◦C min-1, to 
170◦C at 5◦C min-1, then to 220◦C at 4◦C min-1, fi-
nally held for 30 min at 220◦C. Each sample was 
measured in triplicate. The results of the analy-
sis were reported in per mille (‰) relative to the 
Vienna Pee Dee belemnite (VPDB) international 
standard. F8-4 standard (Shimmelmann) and a 
laboratory standard FAME mixture, injected reg-
ularly between samples, were used for calibration 
and control of the precision and accuracy of the 

instrument. The results were corrected for the car-
bon added in the process of methylation, using a 
mass balance equation (Rieley 1994; Paakkonen 
et al. 2020: 6).
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Tab.1 - Relationships among morphological and morphometric features (rim diameter, height, volume), 
use-wear, biomolecular and isotopic identification of residues of contents, and assignment to functional 
categories of the EN vessels from Su Carroppu di Sirri, Carbonia. 
Rim Ø: rim diameter, h: height of the vessel; V: vessel volume; n.d.: not determined; ICD: interior carbon 
deposits; Lipid conc μg/g: lipid concentration in the TLE, in μg of lipids/g of sample, calculated from 
GC-FID chromatograms; P/S: palmitic/stearic acid ratio; GC-MS: biomolecular compounds identified in 
the total lipid extracts by Gas Chromatography-Mass Spectrometry: SFA: saturated fatty acids, ME: meth-
ylated, SOCFA: saturated odd-chain fatty acids, CxOH: linear alcohol containing x carbon atoms, Kx: 
mid-chain ketones containing x carbon atoms; GC-C-IRMS: isotopic values of FAMEs (fatty acid methyl 
esters) obtained by Gas-Chromatography-Combustion-Isotope Ratio Mass Spectrometry, corrected for the 
carbon added in the process of methylation, using a mass balance equation.

Relazioni tra le caratteristiche morfologiche e morfometriche (diametro all’imboccatura, altezza, volu-
me), usura, identificazione biomolecolare e isotopica dei residui dei contenuti, e assegnazione alle cate-
gorie funzionali dei recipienti del Neolitico antico da Su Carroppu di Sirri, Carbonia. 
Rim Ø: diametro all’orlo, h: altezza del vaso, V: volume del vaso, n.d.: non determinato; ICD: deposi-
ti carbonizzati sulla superficie interna; Lipid conc μg/g: concentrazione dei lipidi negli estratti lipidici 
totali, in μg di lipidi per g di campione, calcolati dai cromatogrammi GC-FID; P/S rapporto acido pal-
mitico/stearico; GC-MS: composti identificati negli estratti lipidici totali attraverso Gascromatografia-
spettrometria di massa: SFA: acidi grassi saturi, ME: esteri metilidi, SOCFA: acidi grassi saturi a catena 
dispari, CxOH: alcoli lineari contenenti x atomi di carbonio, Kx: chetoni contenenti x atomi di carbonio; 
GC-C-IRMS: valori isotopici dei FAMEs (acidi grassi metilati) ottenuti attraverso Gascromatografia-
combustione-Spettrometria di Massa del Rapporto Isotopico, corretti per il carbonio aggiunto durante il 
processo di metilazione utilizzando un’equazione di bilancio della massa

2. Relationships among morphological and morphometric features, use-wear, biomolecular 
and isotopic identification of residues of contents and assignment to functional categories
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n Style Vessel number Sample number Morpho-typology Morphometric 
features

Use-wear Lipid 
conc μg/g

P/S GC-MS GC-C-IRMS Content 
interpretation

Functional category

1

EN
Cardial 
decorated

CAR654+ 
CAR5682

CAR5682 Big size vessel 
with thick 
walls, unknown 
morphology

n.d. No identifiable pattern 7.5 17 SFA (C
10:0, 

C
12:0

, C
16:0

>>C
18:0

), 
SOCFA (C

9:0
, C

11:0
, C

13:0
, 

C
15:0, 

C
17:0

), UFA (C
18:1

), odd-
numbered n-alkanes (C

25
, C

27
, 

C
29

), alcohol (C
28

OH), sterols 
(β-sitosterol, stigmastanol), 
heating markers (K

31
, K

33
, 

K
35

, vanillin derivatives: 
4-hydroxybenzaldehyde, 
vanillin, acetovanillone and 
4-methoxy-2-[(trimethylsilyl)
oxy]phenyl}(phenyl)
methanone)

- Heated plant 
residue

1-Processing with 
heating, plant 
products

2
EN
Cardial 
decorated

CAR5039 Not sampled Restricted big size 
vessel

Rim Ø: 320 mm No identifiable pattern n.d.

3
EN
Cardial 
decorated

CAR5040 Not sampled Open bowl 
(subspherical?)

n.d. No identifiable pattern n.d.

4
EN
Cardial 
decorated

CAR5062 Not sampled Restricted bowl n.d. No identifiable pattern n.d.

5
EN
Cardial 
decorated

CAR6006 Not sampled n.d. n.d. No identifiable pattern n.d.

6
EN
Cardial 
decorated

CAR6019 Not sampled Restricted? bowl n.d. No identifiable pattern n.d.

7
EN
Cardial 
decorated

CAR7389 Not sampled Open hemispheric 
bowl

Rim Ø: 212 mm No identifiable pattern n.d.

8

EN cordon 
decorated

CAR5141 CAR4538 Open deep 
truncated cone big 
size vessel with 
plastic cordon

n.d. No identifiable pattern < 5 - - Absence of lipids 6-Storing, low-lipid 
products?

9

EN undecorated CAR4349 CAR4347 Open deep ovoidal 
vessel

Rim Ø: 146 mm
H: > 125 mm
V: >1.3 L

Loss of inclusions in 
the interior surface 
from below the rim

< 5 - - Absence of lipids 2-Processing without 
heating, low-lipid 
products?

10
EN undecorated CAR5053 CAR5670 Open deep ovoidal 

bowl with vertical 
handle

n.d. Loss of inclusions in 
the interior surface 
from below the rim

< 5 - - Absence of lipids 2-Processing without 
heating, low-lipid 
products? 

11/12
EN undecorated CAR5304 CAR5304+CAR5304R Unknown (sherd) n.d. ICD, charred deposits < 5 - - Residue and 

sherd: Absence of 
lipids

1-Processing with 
heating, low-lipid 
products?

13/14
EN undecorated CAR5306 CAR5306+ 

CAR5306R
Unknown (sherd) n.d. ICD, thin-patina layer < 5 - - Residue and 

sherd: Absence of 
lipids

1-Processing with 
heating, low-lipid 
products?
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n Style Vessel number Sample number Morpho-typology Morphometric 
features

Use-wear Lipid 
conc μg/g

P/S GC-MS GC-C-IRMS Content 
interpretation

Functional category

15/16
EN undecorated CAR5906 CAR5906+ 

CAR5906R
Unknown (sherd) n.d. ICD, charred deposits < 5 - - Residue and 

sherd: Absence of 
lipids

1-Processing with 
heating, low-lipid 
products?

17/18
EN undecorated CAR5389 CAR5389+ 

CAR5389R
Unknown (sherd) n.d. ICD, charred deposits < 5 - - Residue and 

sherd: Absence of 
lipids

1-Processing with 
heating low-lipid 
products?

19

EN cordon 
decorated

CAR4127 CAR4430 Restricted 
subspherical big 
size vessel

Rim Ø: 250 mm
H: > 200 mm
V: > 9.2 L

No identifiable pattern 64.6 0.61 SFA (C
8:0

-C
12:0

, C
16:0

<C
18:0

, 
C

20:0
), SOCFA (C

9:0
, C

15:0
, C

17:0
), 

UFA (C
18:1

), even and odd-
numbered n-alkanes (C

23
-, C

30
), 

sterols (cholesterol, β-sitosterol)

δ13C
16:0  

-29,51 
δ13C

18:0  
-33,36

Δ13C -3,85

Dairy fats 6-Storing, dairy 
fats

20

EN cordon 
decorated

CAR4127 CAR4782 See n. 13 See n. 13 No identifiable pattern < 1 1.4 Tr SFA (C
16:0

, C
18:0

), tr UFA 
(C

18:1
), MAGs (C

16:0
, C

18:0
), 

cholesterol, alcohols (C
28

OH, 
C

30
OH)

- Not reliable 
concentration

See n. 19

21
EN cordon 
decorated

CAR5894 CAR5693 Restricted 
subcylindrical big 
size vessel

Rim Ø: 278 mm
H: > 150 mm
V: > 8 L

No identifiable pattern < 5 - - Absence of lipids 6-Storing, low-lipid/
dry solid products?

22

EN undecorated CAR2815 CAR4079 Restricted 
subspherical big 
size vessel with 
horizontal handle

Rim Ø: 240 mm
H: > 100 mm
V: > 7 L

No identifiable pattern < 5 - - Absence of lipids 6-Storing, low-lipid/
dry solid products?

23

EN TLCW 
decorated

CAR4179 = 
CAR5069

CAR6024 Slightly restricted 
medium deep 
hemispheric bowl 
decorated with 
incised lines

Rim Ø: 116 mm
H: 72 mm
V: 0.45 L

Slight peripheral 
abrasion (pedestalled 
temper) of the exterior 
base 

< 5 - - Absence of lipids 5-Serving/eating

24

EN TLCW 
decorated

CAR5073 Not sampled Slightly restricted 
deep hemispheric 
bowl decorated 
with incised lines 
and impressed dots

Rim Ø: 160 mm
H: 105 mm
V: 1.9 L

Pitting, loss of 
inclusion on the 
interior body and 
bottom

< 5 - 2-Processing without 
heating

25

EN TLCW 
decorated

CAR5143 = 
CAR4521

CAR5600 Closed deep 
necked jar with 
cylindric neck and 
subovoidal body, 
decorated with 
incised lines

Rim Ø: 170 mm
H: > 135 mm
V: > 5.2 L

No identifiable pattern < 5 - - Absence of lipids 6-Storing and/or 
carrying low-lipid 
products (liquids?)

26 EN TLCW 
decorated

CAR4521 = 
CAR5143

CAR4518 See n. 18 See n. 18 No identifiable pattern < 5 - - Absence of lipids See n. 25

27

EN TLCW 
decorated

CAR5609 CAR5678 Big-size vessel 
(incomplete 
profile) decorated 
with incised line

n.d. No identifiable pattern < 5 - - Absence of lipids 6-Storing, low-lipid/
dry solid products?
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n Style Vessel number Sample number Morpho-typology Morphometric 
features

Use-wear Lipid 
conc μg/g

P/S GC-MS GC-C-IRMS Content 
interpretation

Functional category

28

EN undecorated CAR6041 CAR5958 Open (subovoidal?) 
bowl (incomplete 
profile) with 
handle/lug attached 
on the rim

n.d. No identifiable pattern 136.7 6.2 SFA (C
14:0

, C
16:0

>>C
18:0

), SFA-
ME (C16:0, C18:0), UFA (C

18:1
), 

UFA-ME (C18:1)

- Plant residue, 
heated

1-Processing with 
heating, plant 
products

29 EN undecorated CAR4910 CAR4176 Open (subovoidal?) 
bowl

n.d. No identifiable pattern < 5 - - Absence of lipids 5-Serving/eating

30
EN undecorated CAR5959 CAR4776 Slightly restricted 

subovoidal (?) 
bowl 

Rim Ø: 120
H: > 55 mm
V: > 0, 5 L

No identifiable pattern < 5 - - Absence of lipids 5-Serving/eating

31

EN undecorated CAR4962 CAR4957 Slightly restricted 
subovoidal (?) 
vessel

n.d. No identifiable pattern 52.9 1.3 SFA (C
10:0

, C
12:0

, C
16:0

>C
18:0

, 
C

20:0
, C

22:0
, C

24:0
), SOCFA (C

9:0
, 

C
17:0

) UFA (C
18:1

), MAGs (C
16:0

, 
C

18:0
), n-alkanes (C

29
), alcohols 

(C
26

OH, C
28

OH), cholesterol, 
β-sitosterol, tr DAGs, TAGs 
(T48, T50, T52 (max), T54)

δ13C
16:0  

-27,91 
δ13C

18:0  
-28,08

Δ13C -0,17

Mixture animal 
fat/plant, and/
or non-ruminant 
fats and/or plant 
residue

6-Storing, animal 
fats/plant products

32

EN undecorated CAR4023 CAR5692 Closed deep 
necked jar, 
subspherical body 
and cylindric neck

Rim Ø: 86
H: > 167 mm
V: > 3 L

No identifiable pattern < 5 - - Absence of lipids 6-Storing and/or 
carrying liquids?
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2. Early Neolithic pottery from Su Carroppu - morphotypological classification and 
functional categories. Figures (colour) 

Fig. 1. Early Neolithic pottery from Su Carroppu: morphotypological classification (image, drawings and photos: L. Fanti).

Ceramica del Neolitico antico da Su Carroppu: classificazione morfotipologica (immagine, disegni e foto: L. Fanti).
Fig. 2. Functional categories in the EN assemblage of Su Carroppu (image, photos and vessel drawings: L. Fanti).

Categorie funzionali del complesso ceramico del Neolitico Antico di Su Carroppu (immagine, foto e disegni: L. Fanti).


