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Introduction

Instrumentations designed to analyze the composition of the thermal desorbed/pyrolyzed hydrocarbons from the artificial maturation of organic matter have been used for decades. [START_REF] Lattimer | Direct analysis of polypropylene compounds by thermal desorption and pyrolysis-mass spectrometer[END_REF] performed one of the first thermal desorption/decomposition experiments coupled with mass spectrometry (TD-MS) to identify residual volatile chemicals, organic additives and degradation products of several polypropylene compounds. Since then, many thermal desorption experiments coupled with gas chromatography (GC) and/or mass spectrometry analysis have been performed. Most have used a simple thermally isolated furnace directly connected to a gas chromatography inlet followed by a FID and/or MS detection. TD-GC-FID-MS has been demonstrated to be a versatile system with many applications in petroleum geochemistry including, source rock kerogen and asphaltene characterization (e.g., [START_REF] Larter | Determination of structural components of kerogens by the use of analytical pyrolysis methods[END_REF][START_REF] Zhang | Stepwise pyrolysis of the kerogen from the Huadian oil shale, NE China: algaenan-derived hydrocarbons and mid-chain ketones[END_REF][START_REF] Zhang | Sources of organic matter in the Eocene Maoming oil shale in SE China as shown by stepwise pyrolysis of asphaltene[END_REF] and fossil fuel kinetics (e.g., Seeley et al., 2018 Larter and[START_REF] Larter | Pyrolysis methods in organic geochemistry: an overview[END_REF][START_REF] Tang | Development of multiple cold trap pyrolysis[END_REF]. TD-GC-FID-MS has also found wider applications in environmental studies where it has been used to assess the impact of oil pollution (e.g., [START_REF] Otto | Pyrolysis-gas chromatography-mass spectrometry with electronionization or resonance-enhanced-multi-photon-ionization for characterization of polycyclic aromatic hydrocarbons in the Baltic Sea[END_REF][START_REF] Harshman | Evaluation of thermal desorption analysis on a portable GC-MS system[END_REF][START_REF] Seeley | Environmental petroleum pollution analysis using ramped pyzolysis-gas chromatography-mass spectrometry[END_REF], and the consequence of oil spills on human health (e.g., [START_REF] Shultz | The 2010 Deepwater Horizon oil spill: the trauma signature of an ecological disaster[END_REF], coastal restoration (e.g., [START_REF] Zengel | Heavily oiled salt marsh following the Deepwater Horizon oil spill, ecological comparisons of shoreline cleanup treatments and recovery[END_REF], marine species effects (e.g., [START_REF] Wilson | A targeted health risk assessment following the Deepwater Horizon oil spill: polycyclic aromatic hydrocarbon exposure in Vietnamese-American shrimp consumers[END_REF], and microbial ecology (e.g., [START_REF] King | Microbial responses to the Deepwater Horizon oil spill: from coastal wetlands to the deep sea[END_REF]. It is a key tool in characterizing microplastic contaminants in the environment (e.g., [START_REF] Nuelle | A new analytical approach for monitoring microplastics in marine sediments[END_REF][START_REF] Yanagisawa | Simultaneous screening of major flame retardants and plasticizers in polymer materials using pyrolyzer/thermal desorption gas chromatography mass spectrometry (Py/TD-GC-MS)[END_REF][START_REF] Duemichen | Automated thermal extraction-desorption gas chromatography mass spectrometry: A multifunctional tool for comprehensive characterization of polymers and their degradation products[END_REF][START_REF] Mendoza | Microplastics in freshwater environments: a review of quantification assessment[END_REF]. Other applications have been made in the characterization of soil organic matter (e.g., [START_REF] Leinweber | Advances in analytical pyrolysis of soil organic matter[END_REF] and radiocarbon dating (e.g., [START_REF] Rosenheim | Improving Antarctic sediment 14 C dating using ramped pyrolysis: an example from the Hugo Island trough[END_REF].

Many customized instrument configurations have been designed for specific applications. For example, compositional analysis of organic volatiles in fluid inclusions requires the decrepitation of the mineral matrix. This has been accomplished by various systems including an on-line crushing, thermal expansion, and laser ablation [START_REF] Volk | Using petroleum inclusions to trace petroleum systemsa review[END_REF]. [START_REF] Otto | Pyrolysis-gas chromatography-mass spectrometry with electronionization or resonance-enhanced-multi-photon-ionization for characterization of polycyclic aromatic hydrocarbons in the Baltic Sea[END_REF] interfaced a thermal desorption/pyrolysis unit to a gas chromatography that split the effluent to two mass spectrometers, one using photon ionization and the other using electron ionization, allowing for the simultaneous detection of both parent ion and ion fragment spectra. The system was used to investigate polycyclic aromatic hydrocarbon (PAHs) pollutants and their degradation within dissolved organic matter (DOM) in the Baltic Sea. [START_REF] Kano | A novel analytical pyrolysis device applicable for measurements of less volatile pyrolyzates[END_REF] set up an analytical pyrolysis device that allowed for the measurement of the less volatile pyrolyzates consisting of a vertical microfurnace pyrolyzer and a movable pyrolysis tube, which allowed the less volatile pyrolyzates to be trapped in the lower part that could then be flushed with a solvent for offline analysis. [START_REF] Nsaful | Lignocellulose pyrolysis with condensable volatiles quantification by thermogravimetric analysis-thermal desorption/gas chromatography-mass spectrometry method[END_REF] used a thermogravimetric analyzer (TGA) to thermally degrade lignocellulose with the volatilized pyrolyzates trapped and subsequently analyzed by GC-MS.

In this study, we describe a new analytical system that interfaces a Rock-Eval ® device with a dual vacuum and on-line recovery system. Rock-Eval ® has been widely used over the last forty years to identify the thermal maturity, the total organic carbon (TOC) content and the type of organic matter (OM) within sedimentary rock samples. It is the primary screening tool to characterize rocks for their petroleum generation potential [START_REF] Espitalié | Méthode rapide de caractérisation des roches mères, de leur potentiel pétrolier et de leur degré d'évolution[END_REF][START_REF] Espitalié | La pyrolyse Rock-Eval et ses applications[END_REF][START_REF] Behar | Thermal cracking of kerogen in open and closed systems[END_REF][START_REF] Lafargue | Rock-Eval 6 applications in hydrocarbon exploration, production and soils contamination studies[END_REF][START_REF] Behar | Rock-Eval 6 technology: performances and developments[END_REF]. Modified thermal thermovaporization and pyrolysis programs have been developed and applied to evaluate the properties of various investigated samples (e.g. [START_REF] Abrams | A new thermal extraction protocol to evaluate liquid rich unconventional oil in place and in-situ fluid chemistry[END_REF][START_REF] Inan | Thermo-vaporization for decontaminating hydrocarbon source rocks[END_REF]. The Shale Play™ method developed by IFPEN in 2014 is a specific Rock-Eval ® pyrolysis program dedicated to the characterization of liquid-rich rocks to better assess the in-situ liquid hydrocarbons still present within low permeability shales, tight sandstones and carbons, and other solid materials. This method generates new Rock-Eval ® parameters (Sh0, Sh1 and Sh2 peaks) that can be used to obtain better quantifications of free and adsorbed liquid hydrocarbons, more accurate Rock-Eval ® ™ T max values, and estimations of the original oil in place (Fig. 1; [START_REF] Romero-Sarmiento | New Rock-Eval method for characterization of shale plays[END_REF], 2016a,b, 2017[START_REF] Romero-Sarmiento | A quick analytical approach to estimate both free versus sorbed hydrocarbon contents in liquid rich source rocks[END_REF]. Selective solvent extractions showed that Sh2 is dominated by nonvolatile polar compounds and asphaltenes that behave similar to kerogen (Romero-Sarmiento et al., 2016b). The chemical composition of both Sh0 and Sh1 peaks was determined by reproducing the Shale Play™ temperature program in a thermal desorption device directly coupled to a gas-chromatography using dual mass spectrometry and flame ionization detection (TD-GC-FID-MS; Romero-Sarmiento et al., 2016a). Sh0 (100-200 °C) is comprised by free and sorbed low-to-medium molecular weight thermovaporized hydrocarbons (20), whereas Sh1 (200-350 °C) is comprised by medium and high molecular weight thermovaporized compounds (∼C 12 to C 30 ).

The system described below utilizes a Rock-Eval ® device coupled to a dual vacuum and on-line recovery system. This allows simultaneous determination of the Shale Play™ parameters and subsequent chemical characterization of the released hydrocarbons from the same sample, thereby eliminating any bias that could arise from conducting independent analyses on different samples. For instance, source rocks can be extremely heterogeneous and while efforts can be made to homogenous a samples, uncertainties arising from sub-samples remain. The main objective of this work was, therefore, to develop a recovery system interfaced directly with a Rock-Eval ® device. The advantage of this analytical system lies in (a) the recovery of most compounds released during a Rock-Eval ® analysis in gaseous or liquid phase (in solvent), (b) the possibility to store the recovered compounds for subsequent off-line analyses using different techniques (e.g. GC-FID/MS, GC-C-IRMS), (c) the capability to select a specific compound either by separating and using different cold traps, or by changing the pyrolysis temperature program and (d) the simultaneous acquisition of Rock-Eval ® parameters.

On-line recovery system coupled to a Rock-Eval ® device

In this study, we describe an analytical system designed to recover, purify, concentrate and re-sample compounds released during a Rock-Eval ® analysis (Fig. 2; Romero-Sarmiento et al., 2019). The first design section consists Fig. 1 Rock-Eval ® Shale Play™ Sh0 and Sh1 parameters obtained from whole-rock sample and its corresponding organic matter (OM) concentrate isolated by standard non-oxidizing acid trea™ (treatments )ents and drying procedures. An analytical approach to predict both free versus sorbed hydrocarbon contents in liquid-rich source rocks (modified from Romero-Sarmiento, 2019).

of a U-trap that can be connected to or isolated from the Rock-Eval ® device and the vacuum transfer line system. This is constructed of 1/4 in. stainless steel Swagelok tubing and two three-ways valves (Valves V1 and V2, Fig. 2). The U-tube condenses thermally desorbed/decomposed products from the Rock-Eval ® over a temperature interval. The nitrogen carrier gas flow from the Rock-Eval ® device fixed at 100 µL/min was previously controlled and split into two equal parts (50/50). A two-way valve (V3) isolates the U-tube condenser from the rest of the vacuum-line system that is used to purify and separate all compounds recovered in the U-trap. This section is constructed from stainless steel VCR Swagelok tubing and VCR Swagelok sealed valves (V3 to V12) gaskets. It includes two gas traps (T1 and T2, with and without silica gel respectively) and a sample recovery port for collecting liquid in a glass vial that is also cooled with liquid nitrogen. The entire unit can be evacuated by both primary rough and/or secondary turbo pumps, monitored by a vacuum Pfeiffer gauge. Like the U-trap, it can be heated to 150 °C to facilitate the release and quantitative transfer of less volatile compounds.

During a Rock-Eval ® analysis, the nitrogen carrier gas bearing the released organic compounds is split to the FID to obtain Rock-Eval ® parameters and the U-trap cooled with liquid nitrogen while isolated from the rest of the vacuum line. Depending on the analytical purpose, the U-trap can be connected during the complete pyrolysis cycle or only during a selected part of the thermovaporization and/or pyrolysis program. When the Rock-Eval ® analysis is completed, the U-trap is isolated from the Rock-Eval ® device and connected to the vacuum line where the evolved gases can be purify between cold traps T1 and T2 and the gas/liquids can be recovered for off-line analysis.

Calibration and validation of the vacuum line volumes

Several tests were performed using CO 2 and CH 4 gas standards to check for leaks and to calibrate the segmented volumes through the entire trapping and vacuum transfer system. Samples of pure gas CO 2 or CH 4 were introduced into the vacuum-line part from glass vials at the sampling location (T2; Fig. 2) and then sequentially trapped and released in the different parts of the vacuum line (T1 and U-trap) to test and calibrate the different volumes of the vacuum line (Fig. 2). Results from the vacuum line volume calibration tests performed using CO 2 standards are illustrated in Fig. 3 and the raw data are presented in Table 1. Fig. 3 shows the three different volumes studied through the vacuum line (volumes A, B & C) illustrating the relationship between the pressure values obtained with the Pfeiffer gauge within the vacuum line and the different amount of CO 2 introduced. These three plots (Fig. 3) show an excellent correlation between the increase of CO 2 amount and the pressures in the vacuum line (R 2 between 0.996 and 0.997). For each different CO 2 amount introduced in the vacuum line (five different amounts between 191 and 623 μmoles; Table 1), three analyses were performed and showed a reproducibility better than ±2%. In addition, the initial pressure (P initial ) obtained at the beginning and the end of each analysis in the same volume of the vacuum line indicates a complete sample recovery (ΔP initial : 100% ± 1%; Table 1). 2), and (iii) a good recovery percentage between initial pressure (P initial ) obtained at the beginning and the end of each analysis in the same volume A of the vacuum line (Δ P initial : 100% ± 1%; Table 2). 

Validation of the vacuum line transference without isotopic fractionation

Varying amount of two CO 2 gas standard references with different δ 13 C values were transferred between the system volumes and then analyzed by gas chromatography conversion isotope-ratio mass spectrometer (GC-C-IRMS;

Fig. 5 and Table 3). All tests report similar δ 13 C values compare to direct measurements of the CO 2 gas standards (<±0.6‰), with a low standard deviation calculated from at least three measurements and a good reproducibility for each sample and amount (±0.2‰). These calibration results confirm that the developed vacuum-line system is well designed to quantitatively trap and recover gaseous species for carbon isotopic analysis without fractionation. 

Validation of the on-line recovery system coupled to a Rock-Eval ® device

In order to validate the on-line part of the system coupled to the Rock-Eval ® device, three mineral standards, magnetite, siderite and azurite, were analyzed as previously described by [START_REF] Pillot | Identification and quantification of carbonates species using Rock-Eval pyrolysis[END_REF]. These carbonates have different thermal stability and will release CO 2 at different temperature steps during the Rock-Eval ® analysis.

The CO 2 generated from the Rock-Eval ® pyrolysis of these carbonate samples was quantified in the vacuum line using the previously calibrated volumes C (Fig. 6). The CO 2 was then purified and recovered for GC-C-IRMS analysis (Fig. 7; Table 4). Fig. 6 shows a good correlation between different carbonates amount analyzed on the Rock-Eval ® (R 2 at 0.99 in each case) and the pressures in the vacuum line (Table 4), similar to the calibrations presented above.

Reproducibility of all data is better than ± 2%. These results show that the on-line recovery system coupled to the Rock-Eval ® device is well designed to quantitatively trap and recover gaseous species released from the Rock-Eval ® for quantification and carbon isotopic analysis.

Application to the Shale Play™ method

The dual vacuum and on-line system coupled to a Rock-Eval ® was tested using several n-alkane standards (octane, decane, tetradecane, and hexadecane) using the Shale Play™ temperature program. These n-alkanes were selected to specifically focus on the 100 °C to 350 °C temperature range spanned by the Sh0 and Sh1 peaks. Following procedures described in Romero-Sarmiento et al. (2016a), several aliquots of n-alkanes were weighed in Rock-Eval ® crucibles filled with silica. A part of the hydrocarbons released during the Rock-Eval ® temperature program passed through the U-trap where they are trapped while the rest of the vacuum recovery system remains isolated.

When the temperature reaches 350 °C, the U-trap was isolated from the Rock-Eval ® device, heated to 150 °C to facilitate transfer, and connected to the vacuum line section where it is collected in an evacuated glass vial cooled with liquid nitrogen. When the transfer was completed, the glass vial containing the recovered fraction was disconnected from the vacuum line, rinsed with solvent and analyzed by a liquid gas chromatograph. Rock-Eval ® FID signal normalized by the initial mass for each pure n-alkane are presented in the Fig. 8 and the raw data as well as the percentage of organic compounds recovery calculated from GC traces chromatogram are listed in Table 5.

Table 5 Pure n-alkane recovery through the developed on-line system coupled to Rock-Eval ® device showing loss and correction factor associated with the evaporation of the investigated pure n-alkanes.

n-alkanes Initial Amount (mg) Recovered Amount (mg) Recovery (%) %Loss to evaporation* (%) %Recovery correct for evaporation (%) Measured recoveries of the n-alkanes ranged from 72 to 87% (Table 5) and is dependent on volatility, with the lowest molecular weight species showing the lowest recovery. However, a portion of the n-alkanes is known to be lost from evaporation as the trapping vial is extracted with solvent in the open air. The amount of evaporative loss was measured from vials prepared with ∼4 mg of each n-alkane and solvent extracted. As expected, n-C 8 , the most volatile hydrocarbon, experiences the greatest lose to evaporation while nearly all of the n-C 16 was recovered (Table 5). Accounting for evaporation, the corrected recoveries range from 99% of n-C 8 to a low of 72% for n-C 16 . These results indicate that some of the higher molecular weight compounds evolving from the Rock-Eval ® device condense in the vacuum lines and are not trapped in the sampling vials. The recovery factor is most likely proportional to the boiling point of a compound under vacuum.

The system was also tested to investigate the hydrocarbons released during the Rock-Eval® Shale Play™ analysis of produced oil samples. A 39 °API oil was prepared following the same method used for the n-alkane standards and then thermally vaporized from 100 to 350 °C (Sh0 + Sh1 peaks) into the U-tube trap. The lightest molecular n-alkanes (15) are mainly released at the Sh0 temperature range (100 °C to -200 °C). Medium molecular weight n-alkanes (>C 15 ) are released at both Sh0 and Sh1 temperature range (100 °C to 350 °C; Fig. 9). The trapped material was then transferred to the vacuum line system and re-trapped into a glass vial immersed in liquid nitrogen. A solvent extract of the sample vial was analyzed by GC-FID and compared to the initial oil composition (Fig. 9). Good recovery (∼70 to -90%) of most of the low-molecular weight hydrocarbons released in the Sh0 and Sh1 temperature range is observed. For this oil sample, the percentage of the compound recovery is similar comparing to those obtained for pure n-alkane samples (i.e. comprises to 70% and 90%). The observed losses are mainly with the heaviest compounds (>C 15 ). This behavior is probably due to the retention of the high-molecular weight compounds in the dual vacuum on-line system. It should be noted that some of the hydrocarbons between C 18 and C 23 are missing (Fig. 9). This is probably related to the imposed plateaus at 200 °C for 3 min to obtain a better separation of Sh0 and Sh1 peaks during the Rock-Eval ® Shale Play™ analysis. Nevertheless, the GC analysis of the recovered oil fraction provides a good qualitative assessment and characterization of the low and high-molecular thermovaporized compounds (32).

Conclusions

A dual vacuum and on-line system was developed to recover and identify compounds thermally released during a Rock-Eval ® analysis of liquid and solid samples. This system was developed to provide from the analyzed sample both the Rock-Eval ® Shale Play™ parameters and the thermal vaporized (100-350 °C) materials for subsequent off-line molecular and isotopic analysis. Test results indicate that a quantitative recovery is possible for thermovaporized low molecular weight compounds (Sh0) and good recoveries for the less volatile species (Sh1). No isotopic fractionation is evident in CO 2 evolved from carbonates prepared using Rock-Eval ® suggesting that the coupled Rock-Eval ® vacuum line recovery system is suitable for both carbon isotopic measurements on recovered gas species and molecular characterization of thermovaporized compounds.

The described recovery system can be used to characterize a wide of geologic solid and liquid samples including source and reservoir rocks containing natural petroleum or contaminated with drilling additives and various petroleum products. Although Rock-Eval ® device was primarily developed to investigate sedimentary rocks and kerogens from the perspectives of petroleum industry, this analytical technique has been increasingly used in other geoapplications including: (1) the characterization of organic matter in soils (e.g., [START_REF] Di-Giovanni | Determination of eroded geological formations using organic matter characterization (Moulin basin, Alpes-de-Haute-Provence, France)[END_REF][START_REF] Disnar | Soil organic matter (SOM) characterization by Rock-Eval pyrolysis: scope and limitations[END_REF][START_REF] Hetényi | Stepwise Rock-Eval pyrolysis as a tool for typing heterogeneous organic matter in soils[END_REF][START_REF] Sebag | Monitoring organic matter dynamics in soil profiles by 'Rock-Eval pyrolysis': bulk characterization and quantification of degradation[END_REF][START_REF] Graz | Annual fossil organic carbon delivery due to mechanical and chemical weathering of marly badlands areas[END_REF][START_REF] Saenger | Soil organic carbon quantity, chemistry and thermal stability in a mountainous landscape: a Rock-Eval pyrolysis survey[END_REF]Hétényi and Nyilas, 2014); (2) the study of recent lacustrine sediments (e.g., [START_REF] Campy | Evolution of the matter fluxes since 12,000 years in the high Doubs valley (France)[END_REF][START_REF] Di-Giovanni | Geochemical characterization of soil organic matter and variability of a postglacial detrital organic supply (Chaillexon Lake, France)[END_REF][START_REF] Meyers | Lacustrine sedimentary organic matter records of Late Quaternary paleoclimates[END_REF][START_REF] Ariztegui | Lacustrine organic matter and the Holocene paleoenvironmental record of Lake Albano (central Italy)[END_REF][START_REF] Steinmann | Recent changes in sedimentary organic matter from Lake Neuchatel (Switzerland) as traced by Rock-Eval pyrolysis[END_REF][START_REF] Jacob | Major environmental changes recorded by lacustrine sedimentary organic matter since the last glacial maximum near the equator (Lagoa do Caco, NE Brazil)[END_REF][START_REF] Sanei | Petrological changes occurring in organic matter from recent lacustrine sediments during thermal alteration by Rock-Eval pyrolysis[END_REF][START_REF] Boussafir | Petrographical and geochemical study of modern lacustrine sedimentary organic matter (Lagoa do Caco, Maranao, Brazil): relationship between early diagenesis, organic sedimentation and lacustrine filling[END_REF][START_REF] Zocatelli | Late Holocene paleoenvironmental changes in Northeast Brazil recorded by organic matter in lacustrine sediments of Lake Boqueirao[END_REF][START_REF] Lavrieux | A 6700 yr sedimentary record of climatic and anthropogenic signals in Lake Aydat (French Massif Central)[END_REF][START_REF] Sebag | Coupled Rock-Eval pyrolysis and spectrophotometry for lacustrine sedimentary dynamics: application for West Central African rainforests (Kamalete and Nguene lakes, Gabon)[END_REF]; and (3) the evaluation of recent marine sediments (e.g., [START_REF] Peters | Rock-Eval pyrolysis of Quaternary sediments from leg-64, site 479 and site 480, Gulf of California[END_REF][START_REF] Hussain | Source rock potential of shallow-water evaporatesan investigation in Holocene-Pleistocene salt flat sabkah (playa), West Texas New-Mexico[END_REF][START_REF] Calvert | Lack of evidence for enhanced preservation of sedimentary organic-matter in the oxygen minimum of the Gulf of California[END_REF][START_REF] Combourieu-Nebout | Quaternary marine and continental paleoenvironments in the western Mediterranean (Site 976, Alboran Sea): palynological evidences[END_REF][START_REF] Ganeshram | Factors controlling the burial of organic carbon in laminated and bioturbated sediments off NW Mexico: implications for hydrocarbon preservation[END_REF][START_REF] Ozcelik | Organic facies characteristics of quaternary sediments, Gulfof Izmit, Marmara Sea, Turkey[END_REF][START_REF] Holtvoeth | Late Quaternary supply of terrigenous organic matter to the Congo deep sea fan (ODP site 1075): Implications for equatorial African paleoclimate[END_REF][START_REF] Holtvoeth | Organic matter in riverinfluenced continental margin sediments: the land-ocean and climate linkage at the Late Quaternary Congo fan (ODP Site 1075)[END_REF][START_REF] Holtvoeth | Soil organic matter as an important contributor to late Quaternary sediments of the tropical West African continental margin[END_REF][START_REF] Tamburini | Investigating the history of East Asian monsoon and climate during the last glacial-interglacial period (0-140000 years): mineralogy and geochemistry of ODP Sites 1143 and 1144, South China Sea[END_REF][START_REF] Baudin | Organic signatures of rapid climatic changes in Western Mediterranean during North Atlantic cold events of the Last Glacial[END_REF][START_REF] Baudin | Distribution of the organic matter in the channel-levees systems of the Congo mud-rich deep sea fan (West Africa). Implication for deep offshore petroleum source rocks and global carbon cycle[END_REF][START_REF] Kim | Geochemical characterization of the organic matter, pore water constituents and shallow methane gas in the eastern part of the Ulleung Basin, East Sea (Japan Sea)[END_REF][START_REF] Marchand | Organic carbon sources and transformations in mangrove sediments: a Rock-Eval pyrolysis approach[END_REF][START_REF] Tribovillard | Paleodepositional conditions in the Orca Basin as inferred from organic matter and trace metal contents[END_REF][START_REF] Tribovillard | Organic-matter preservation and accumulation in an anoxic setting: the Orca Basin, Gulf of Mexico[END_REF][START_REF] Biscara | Transport of terrestrial organic matter in the Ogooué deep sea turbidite system (Gabon)[END_REF][START_REF] Riboulleau | Unexpectedly low organic matter content in Cariaco Basin sediments during the Younger Dryas: origin and implications[END_REF][START_REF] Hare | Characterization of sedimentary organic matter in recent marine sediments from Hudson Bay, Canada, by Rock-Eval pyrolysis[END_REF][START_REF] Hatcher | Diagenesis of organic matter in a 400 m organic rich sediment core from offshore Namibia using solid state 13C NMR and FTIR[END_REF]. Additional testing is needed to determine the applicability of the coupled Rock-Eval ® -vacuum and on-line recovery system to these types of samples and (replace and by as) well as for material studies in other disciplines.
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 3 Fig. 3 Validation of the vacuum line volumes showing pressure variation obtained with the Pfeiffer gauge as a function of the different CO 2 mass introduced into the volumes A, B and C.
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 4 Fig. 4 Validation of the vacuum line volumes showing pressure variation obtained with the Pfeiffer gauge as a function of the different CH 4 mass introduced into the volumes A and B.
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 5 Fig. 5 δ 13 C values of the recovered CO 2 after vacuum line volume calibration tests comparing to the reference isotopic signature.
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 6 Fig. 6 Validation of the on-line volume coupled to the Rock-Eval ® device showing pressure (Please replace pressure by CO2) variation obtained with the Pfeiffer gauge as a function of the different carbonates mass introduced into the Rock-Eval ® device.
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 7 Fig. 7 δ 13 C values of carbonates standards (siderite, magnesite, azurite) obtained by GC-C-IRMS analyses from vacuum line recovery system.
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 8 Fig. 8 Rock-Eval ® FID signals between 100 and 350 °C normalized by the initial mass for pure n-alkane standards: decane, tetradecane and hexadecane.
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Highlights

• Development of an on-line recovery system coupled to a Rock-Eval® device.

• For one sample, Sh0 & Sh1 peaks, molecular and isotopic compositions are provided.

• Most released compounds were recovered by the dual vacuum and on-line system.

• The system can be used to characterize both solid and liquid samples.
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