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Carbon isotopes – in short 

13C 
 1.1% 

 stable 

 Depends on type of 

material and reactions 

during its formation 

 Delta value (δ13C)– 

relative to PDB (permill) 

 

14C (Radiocarbon) 

 10-10 % 

 Radioactive 

(t1/2 5730 years) 

 Formed in stratophere, 

a part of atmospheric 

CO2 and biosphere  

 a14C (pMC) 



How is the sample prepared for analysis at LNA 

1.   From carbonates - producing CO2 in reaction with 

acid (HCl, H3PO4) 

From organics – oxidation with CuO to CO2  

2.   A portion of CO2 is saved for δ13C (mass 

spectrometry, IRMS) 

3.  A portion of CO2 is turned to graphite (C) and 

pressed into aluminum target for a14C (accelerator 

mass spectrometry, AMS) 

 

 

 



Dating of mortar by the radiocarbon 

 The mortar dating as old as the Radiocarbon method 

 

 

 

 

 

 

 

 

 “It works!... Unless it doesn’t…” 

 



The problem of dating mortar and different 

philosophies attached 

 The principle of mortar dating 



The problem of dating mortar and different 

philosophies attached 

 The principle of mortar dating 

Ca(OH)2 + C*O2(g, atm) -> CaC*O3 + H2O   



The problems of dating mortar 

The problems: 

 Unreacted old carbonate – „dead carbon” 

contamination 

 Elements - uptake of carbon in the form of dissolved 

inorganic carbonates – cracks 

 Burning of building – yields new carbonate 

 No deeper than 5 cm – delayed hardening 

 If too alkaline – still uptakes CO2 from the air 

 

http://www.mortardating.com/method 



When dating mortar it is far better to... 

 Date organic residues 

 But if you really want to: 

Inclusions of white lumps -  

the most reliable… but… 

   Or follow the instructions... 

 

http://www.mortardating.com/method 



How to differ the old and the „new” calcium 

carbonate 

 Limestone/dolomite 
(old, no 14C) 

harder, white, transparent, 
slow reaction with acid 

 Ca-carbonate formed 
during carbonation 
of slaked lime (new, 
14C for dating) 

soft, white, powdery, 
quickly reacts with acid 

 

 



Philosophies... 

 Selecting successive CO2 gas fractions (the first fraction 

–for dating; „The Aarhus” method1) 

 Breaking of mortar and selecting fractions according to 

size and ability to disperse in water (the smallest 

particles with highest specific surface – carbon for 

dating; „The Italian” method2) 

 
1 Ringbom et al, Radiocarbon (2014) 619 

2 Marzaioli et al, Nucl. Instr. Meth. Phys B (2013) 246 

 



The Aqueduct in Skopje 

 

 The project for 

conservation and 

restoration of the 

Aqueduct  
(microscopic investigation, XRD, 

XRF, mineralogy, density, porosity, 

comprenhensive strength, water 

absorbtion, soluble salts....) 



The Aqueduct in Skopje 

 Position 

 Known history and expected ages 

 Sampling 

 

 



The Aqueduct in Skopje 

Position 
 Macedonia – NE Skopje (village Vizbegovo) 

 380 m long, part of 10 km water-supply system 

 2 access ramparts, 53 pillars, 54 base vaults and 42 smaller vaults 
on the closed and open discharging openings above the pillars 

 



The Aqueduct in Skopje 

Known history and expected ages 

 Reurbanization of Skopje by Byzantine emperor Justinian I 

(527 – 565 AD) 

 Mustafa Pasha  - 15th century 

 Isa-Beg’s water supply system - 16th century 

 

 



The Aqueduct in Skopje 

Sampling 

 6 positions – Aq1 to 

Aq6 

 Cca 200 – 500 g of 

compact mortars 



Experiment 

 Combine the Danish (Aarhus) and the Italian method:  

CRYOSONIC separation (SUSPENSION part is the best)  

+ first CO2 fractions 

 



Experiment 

 6 samples of mortar, 10 – 15 g of bulk sample 

 Measuring of pH (all 7, 7-8) - acceptable 

  

 

 
3 cm 



Experiment 

 CRYOSONIC separation 

 

 

 
Subsampling from surface 

Dipping into liq.nitrogen 

and in oven at 80 °C, 

alternately 



Experiment 

 CRYOSONIC separation 

 

 

 

“Gentle” hammering 

Wet sieving,  

fractions   larger than 450 mm – TALOG, INKL;   

 smaller than 450 mm - LUMP and SUSP 



Experiment 

 CRYOSONIC separation 

 

 

 

Treating in ultrasonic bath, 30 minutes:  

LUMP - fraction that sedimented  

SUSP - fraction dispersed in water 

Reaction with acid - CO2 production: 

SUSP1 - fraction of CO2 produced within 60 s 

SUSP2 - fraction of CO2 produced after 60 s 

  till the end of reaction 



Experiment 

 INCLUSION (>450 µm) 

 

 

 

 



Experiment 

 INCLUSION 

 

 

 

 



Experiment – the structure 

 Not all fractions were analyzed – prepared in CO2 

and graphite 

 All: LUMP <->SUSP 

 If avaible: INKL 

 For the check: TALOG 

 One Aq sample with all fractions 



Experiment – How to chose the most 

plausible results? 

 We postulated that all the samples (Aq1-Aq6) were 

of the similar age 

 What does 13C tell us? 

 INKL – the most reliable (no charcoal was found!) 

 If “dead carbon” contamination exists line of age 

should be (from the oldest): 

TALOG > LUMP/SUSP2 > SUSP1=INCL 



Results – first 13C  

 

 

 



Results – first 13C  

 

 

 



Results – first 13C  

 

 

 



Results – 13C and 14C 

 

 

 



Results – 13C and 14C 

 

 

 

Modern sample! 

Very low δ13C -  

Intensive fractionation! 
T 

I 

S 



Results – 13C and 14C 

 

 

 

Modern sample! 

Very low δ13C -  

Intensive fractionation! 
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Results – 13C and 14C 

 

 

 

Suspended (S) fractions older than the inclusions (I)!  



Results – 13C and 14C 

 

 

 Trend due to 

“the old” 

carbon 

contamination  

Suspended (S) fractions older than the inclusions (I)!  



Results – 13C and 14C 

 

 

 Trend due to 

“the old” 

carbon 

contamination  

Trend due to “the 

old” carbon 

contamination and 

fractionation …?  

Suspended (S) fractions older than the inclusions (I)!  



Results – 13C and 14C 

 

 

 

The most 

plauisble 14C 

dates  



Results – 14C age calibration 



Results 

1957-58; 

1999-2002 



Discussion 

1957-58, 1999-2002 



Discussion 

 

 
1957-58; 

1999-2002 



Discussion 

 

 
1957-58; 

1999-2002 



Discussion 



Discussion 

Data combining… 

 

 Chi. square test, 5% 

Most plausable age of 

Aqueduct construction 

is15 - 17 cet. 



Conclusions 

 

 
• In dating use more samples of the same object 

• δ13C points to the reliability of the radiocarbon results 

• Inclusions are a good material, but need to be 

compared to the other fractions 

• CRYOSONIC method did not yield reliable results 

(SUSP from 40 000 BP to modern, one sample even 

true!) 

• The issue persists: “It works!... Unless, it doesn’t…” 



Conclusions 

 

 
The most plausible date 

of the Aqueduct is during 

Mustafa Pasha or Isa-

Beg (15-16 cent.).  
(even if we had charcoal, that would be the most 

precise result, since the calibration curve is quite 

flat in that time period) 

 

And the Byzantine times 

can be ruled out! 

Oh, I know these aren’t from the mentioned eras, 

they are from the 21st century! 

And, also, they look nice…  all shiny and glittery! 
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