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Context - This project is based on a methodological development whose application is crucial in paleo-

oceanography and aims at improving the chrono-stratigraphy of marine sequences impacted by surface oceanic 

reservoir age issues. The dating of pollen material represented the innovative aspect of the project as it was 

carried out using a « compact » MICADAS (Mini Carbon Dating System) accelerator mass spectrometer, which 

makes it possible to measure the 14C activity of samples containing less than 100 µg of Carbon, with high 

precision, thus revolutionising the possibilities of AMS 14C dating on pollen grains. In this 2-year project, we have 

focused on the feasibility of a protocol for concentrating Pinus pollen grains and then we took samples (pipetting 

by mouth suction) for dating. Pollen dating were carried out in parallel (same samples) with traditional 14C dating 

in paleoceanography on foraminifera on the sediment fraction >150µm. 

 

Objectives - Questions of this project regarding the methodological involvement of « 14C data on pollen grains » 

for paleo-climatologists, paleo-ecologists and archaeologists working in the marine, continental, or at the 

interface between coastal and littoral environments, were linked to the EC2CO-DRIL action funding. This part is a 

LGO and HNHP collaboration with the LSCE-GEOTRAC (MICADAS dating), and the technical assistance of Ifremer-

DYNECO for the use of an inverted microscope to collect pollen grains. The Holocene paleoenvironmental study 

of the new long core MD04-2801 (8.5 m of Holocene) taken from the Algerian margin is mainly connected to the 

LEFE-IMAGO program. This multi-proxy study includes numerous dating (cf. DATAPOL tests on pollen grains and 

their treatments: MD04-TEST1 and MD04-TEST3), sedimentological (XRF, XRD and granulometry: with Ifremer-

GM) and palynological (pollen and other non-pollen palynomorphs: with HNHP-ISEM, dinocysts: at the LGO) 

analyses, as well as stable isotopes (PSO at the IUEM) and biomarkers (alkenones and n-alkanes at the LOCEAN). 

We also performed in 2020 the DATAPOL methodology on the Bay of Biscay core MD13-3438 across HS1 thanks 

to a complementary funding from the ISblue program (MD13-TEST2). 

 

Main results 

1) After having increased the quantity of pollen grains pipetted from 300 grains (MD04-TEST 1 in 2018 ; cf. 

Fig. 1) to 1,200 grains (MD13-TEST2 in 2019-2020, Fig. 2, and MD04-TEST3 in 2020-2021), dating on 

pollen grains could finally be validated with a mass between 20 and 60 µgC. We are now able to conclude 

that for the 20 µg required for the MICADAS, the correspondence is of about 1,200 Pinus grains. 

2) In parallel with the sorting of Pinus pollen grains, the palynological residues (« bulk palyno » with and 

without KOH treatments) were dated for samples analysed during TEST2 (Fig. 2) and TEST3 (still in 

progress in 2021, delayed due to the sanitary issues of 2020). This « bulk » includes all marine and 

continental refractory organic matter usually analysed on palynological slides. We assumed that the age 

order would be Pollen [no reservoir age] < « bulk » [mixed] < Foraminifera [affected by reservoir age]. 

Systematic results observed up to now is « bulk » [good reproducibility of analyses] >>> Pollen [error 

bars decrease for >20 µgC analysed] > Foraminifera [minimal difference with pollen of 1,000 years]. 

3) The sorting of Pinus pollen grains allows to obtain a better consistency in results, compared to the 

analyses on the « bulk », which is formally not recommended to date. Pinus pollen grains are however 

marked by an unexpected « ageing » that still need to be understood and deepen through other 14C tests. 



 

 
Figure 1 

 

 
Figure 2 

On core MD04-2801 (Algerian margin), the 2 first pollen dating (MD04-TEST1 : 931 and 731 cm ; green colour in 

Figure 1) were unfortunately not validated because the quantity of material, < 5µgC after treatment, was too low 

to obtain a carbon current and sufficient analysis time for reliable and precise ages. The pollen sample at 530 cm 

was not analysed because too little CO2 was obtained to be measured (<1µgC). Indeed, microsamples are 

measured as CO2 via the gaz interface system coupled to ECHoMICADAS. Due to the low carbon content of these 

samples, it is necessary to have the best 14C counting statistic to validate the ages with acceptable error bars. The 

necessary criteria are 12C current greater than 4µA and measurement times of more than 5 minutes. For this 

purpose, the required sample quantities are between 180 µgC and 1000 µgC for micro-carbonates and 100 and 

200 µg for organic matter after chemical treatment. These conditions are recommended on the MICADAS 

platform to obtain reduced error bars on the reconstructed radiocarbon ages. However, the first non-validated 

results (Figure 1) were encouraging in 2018-2019 as they announced the feasibility of dating micro-samples of 

pollen grains between 2019 and 2021 (MD13-TEST2 in Figure 2 and MD04-TEST3 not shown). These tests allowed 

to define the limit of 14C dating and the best conditions to obtain reliable dating for pollen (TEST 2), bulk (TEST 2) 

and bulk-KOH (TEST 3 not shown here) micro-samples, a pre-requisite to deepen obtained results by other tests. 

Future of the project 

A major step has been taken in advancing the project on the methodology to be implemented to collect pollen 

grains and obtain valid 14C results. Several avenues may improve the understanding of such complex subject: 1) 

sort and collect pine pollen grains from modern continental sediments (lake sediments, peats) and compare them 

with micro- or macro-plant remains // 2) sort and collect old pollen grains, outside the 14C range that is still 

detectable, in order to have a "background" reference signal at MICADAS // 3) sort and collect dinocysts in order 

to have an organic signal tainted by the reservoir effect but probably aged in the same way as dated organic 

micro-remains analysed in this project. If a diagenetic effect alters the Carbon signature of organic microremains 

buried in marine sediments, then a subtraction based on "dinocyst age - pollen age" may bring additional 

information. // 4) Finally, manual sorting for vacuum sampling is far too difficult and time-consuming to be 

carried out regularly. A platform equipped with a camera cytometer (imaging cytometer) could be relevant to 

work on the basis of palynomorph morphology so as to collect quickly the population of interest for 14C purposes. 
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