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Abstract :   
 
The Demerara Plateau is a marginal plateau which forms a bathymetric relief on the sea floor. Here, 
contourite deposits have been studied in detail, following the recent discovery of contourite sequences likely 
related to the bottom currents and linked both to contour current and peculiar sea-floor morphology. A 
chronostratigraphic framework, based on δ18O relative variations and palaeomagnetic events in sediment 
cores allows correlating sediment processes to current intensity changes and major climate phases (glacial or 
interglacial). The studied sediments are enriched in glauconitic grains. In addition, the glauconite 
mineralogical maturity can easily correlate to low sedimentation rate and slightly energetic bottom currents on 
the seafloor. Based on these data and using the glauconitic authigenic mineral as proxy for inferring the 
degree of winnowing at the sediment-water interface, we might put forward the hypothesis that the intensity of 
NADW is higher during the glacial stages and lower during interglacial periods. 
 

Highlights 

► A contourite depositional system is present on the Demerara Plateau. ► The winnowing effect induced by 
bottom current allows formation of authigenic mineral. ► The glauconitic content and maturity of glauconitic 
grains are indicator of the current intensity. 
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inferring the degree of winnowing at the sediment-water interface, we might put forward the 29 

hypothesis that the intensity of NADW is higher during the glacial stages and lower during 30 

interglacial periods. 31 

Keywords: marginal plateau, contourite, glauconite, Demerara Plateau 32 

 Introduction B.33 

Contourites are sediments deposited or reworked by the action of a persistent bottom 34 

current. The identification of sedimentary structures on the seafloor induced by current 35 

activity introduces the concept of contourites by Heezen (1959), Heezen and Johnson (1963), 36 

and Heezen and Hollister (1964). The presence of contourites is marked by a set of different 37 

depositional and erosional structures at different scales. All of these structures and their 38 

evolution compose a ‘Contourite Depositional System’ or CDS (Rebesco and Camerlenghi, 39 

2008).  40 

Contourites are generally characterized by a graded and often bioturbated sedimentary 41 

sequence (Faugères et al., 1984; Gonthier et al., 1984; Stow et al., 2002; Stow and Faugères, 42 

2008a; Rebesco et al., 2014; Shanmugam, 2016). The ideal sequence was established by 43 

Faugères et al. (1984) and Gonthier et al. (1984) and completed by Stow and Faugères 44 

(2008a). The alternation of positive and inverse grading sequences, composed of 5 units from 45 

C1 to C5, might record velocity current variations through time. The ideal contourite 46 

sequence is composed of the C1 to C5 units: 47 

- Unit C1 is the mud unit rich in clays, in fine silt without lamination and rich in 48 

bioturbation structures. This unit corresponds to a low current velocity; 49 

- Unit C2, mottled silt and mud, is coarser than C1 with silty lenses and bioturbation; 50 
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- Unit C3 is characterized by coarsening upward sediment grain size that increases 51 

Bioturbation might be strong and can destroy laminations. Erosional surfaces are 52 

possible, linked to high bottom current activity; 53 

- Unit C4:  mottled silt and mud, with silty lenses and bioturbation 54 

- Unit C5: mud unit rich in clays and in fine silt without lamination and rich in 55 

bioturbation structures, and this unit correspond to a low current velocity. 56 

C1 to C3 corresponds to the positive graded sequence generated by increasing current 57 

intensity and C3 to C5 to the negative (inverse) graded sequence following the decrease of 58 

current intensity (Faugères et al., 1984; Gonthier et al., 1984; Stow and Faugères, 2008b). The 59 

sedimentation can sometimes be affected by diagenetic processes with the formation of 60 

authigenic concretions such as nodules and/or encrustations of manganese, as well glauconitic 61 

grains, as reported by several authors (Bahk et al., 2001; Giresse and Wiewióra, 2001; Lee et 62 

al., 2004; Bahk et al., 2005; Stow and Faugères, 2008a; Faugères and Mulder, 2011).  63 

According to the existing literature (Banerjee et al., 2016), the formation of glauconitic 64 

grains is mainly associated to low sedimentation rate on the continental shelf whereas the 65 

glauconitisation process in deep marine environments is poorly known. Some authors relate 66 

the low sediment accumulation rates to winnowing effect at the sediment-water interface 67 

(Chafetz and Reid, 2000; Giresse and Wiewióra, 2001; Wiewióra et al., 2001; Giresse, 2008). 68 

Glaucony is a greenish grain which belongs to the glauconite mineral family, and which forms 69 

inside shells (often foraminifer tests) or pellets or biotite sheets (McRae, 1972; Odin, 1988; 70 

Giresse and Wiewióra, 2001; Wiewióra et al., 2001; Giresse, 2008; Banerjee et al., 2016).  71 

One of the objectives of the IGUANES oceanographic cruise (2013) on the Demerara 72 

Plateau (French Guiana) was to shed lights on the sedimentary processes at the origin of the 73 

observed depositional sequences, possibly in relation with climate oscillations. This site has 74 

been found to host a CDS, yielding sediments rich in authigenic grains of glaucony. In this 75 
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work, a  major element analysis of the green glauconitic grains has been carried out  with the 76 

objective of understanding the possible role of bottom current velocity in the early diagenetic 77 

processes forming glaucony and, consequently, to use this tool as a proxy for bottom current 78 

intensity. 79 

 Background of the study area C.80 

The Atlantic margin of the South American continent is affected by extended contouritic 81 

processes in several places, such as along the Argentina or Brazil margins (Viana et al., 1998; 82 

Faugères et al., 2002; Hernández-Molina et al., 2009; Rebesco et al., 2014; Shanmugam, 83 

2016). The Demerara plateau, which forms a seafloor salient prolonging the continental shelf 84 

down to ~ 3400m depth (Fig.1-2), has been described as a site where bottom currents might 85 

have strong control over the shape of the seafloor. The morphology of this plateau is thought 86 

to be at the origin of the contourite deposits, since it might favour the acceleration of bottom 87 

currents (Loncke et al., 2016; Tallobre et al., 2016).  88 

I.  Oceanographic setting   89 

The Demerara Plateau is located at latitude N 7°30 between the Equator and the Tropic of 90 

Cancer (Fig.1), climatically under the influence of the InterTropical Convergence Zone 91 

(ITCZ), whose northern limit is at N 10° during the boreal summer (Müller-Karger et al., 92 

1989; Arz et al., 1999; López-Otálvaro et al., 2009). The main water masses controlling the 93 

hydrodynamism in this area are (Reid, 1989; Peterson and Stramma, 1991; Tsuchiya et al., 94 

1994; Stramma and Schott, 1999):  95 

- The surface water with the Tropical Surface Water (TSW) and the North Tropical 96 

Gyre 97 

- The Antarctic Intermediate Water (AAIW) formed in the Southern Ocean 98 
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- The deep water masses composed by the North Atlantic Deep Water (NADW) derived 99 

from the North Atlantic and Arctic Seas, and the Antarctic Bottom Water (AABW) 100 

formed around Antarctica (Fig.1). 101 

II.  Geological setting 102 

The Demerara Plateau is a marginal plateau (Loncke et al., 2016; Mercier de Lépinay et 103 

al., 2016) located at the junction between the Central and Equatorial Atlantic Oceans (Fig.1). 104 

It is the conjugate margin of the Guinean Plateau. These two plateaus were initially separated 105 

by a transform fault. The marginal plateau of Demerara forms an indentation, an overhang on 106 

the seafloor that is 160 km wide and 350 km long (Fig.1), ranging from water depths of 200 to 107 

3800 m (Fig.2).  108 

This bathymetric relief hosts two main types of sedimentation along its outer edge: mass 109 

transport deposit and contourites (Hurley et al., 1967; Ingram, 2006; Loncke et al., 2009; 110 

Gaullier et al., 2010; Pattier et al., 2013; Loncke et al., 2016). The main mass transport 111 

deposit (MTD) accumulations occurred between the Oligocene and the Pleistocene (Pattier et 112 

al., 2013; Pattier et al., 2015). The associated slope failure trace is still imprinted on the 113 

present-day bathymetry, forming a linear slope failure headscarp over 150 km in length that 114 

parallels the distal transform marginal plateau boundary (Loncke et al., 2016).  115 

The impact of the bottom current on the construction and evolution of the CDS along the 116 

Demerara Plateau is highlighted by recent studies (Loncke et al., 2009; Pattier et al., 2015; 117 

Loncke et al., 2016; Tallobre et al., 2016). The presence of the marginal plateau, an overhang 118 

on the seafloor, enables the intensification of the NADW (NW-SE) and promotes the 119 

formation of contourites on the Demerara plateau. Many erosional features, such as NW-SE 120 

oriented comet marks, have been identified and attest of the impact of bottom current on the 121 

seafloor structures.  122 
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III.  Climate general features of the study area 123 

The global climate oscillations are known through the study of various marine δ18O record 124 

areas in the Western Equatorial Atlantic (Arz et al., 1998; Lisiecki and Raymo, 2005; López-125 

Otálvaro et al., 2009; Lopes et al., 2014). Past climate changes in this area have driven 126 

latitudinal migrations of the position of the ITCZ, generating differences in precipitation rates 127 

and atmospheric humidity (Arz et al., 1999; López-Otálvaro et al., 2009; Kageyama et al., 128 

2013; Menviel et al., 2014). Particularly, during MIS 2 and MIS 4 glacial conditions, the 129 

vegetation in the Guiana basin was characterized by savanna-type ecosystems (van der 130 

Hammen and Absy, 1994)  whereas the sea surface temperature and the atmospheric 131 

temperature were ~4°C lower than present (van der Hammen and Absy, 1994; Nace et al., 132 

2014; Rama-Corredor et al., 2015). It is thought that during the ice age, the NE trade winds 133 

were stronger generating a southward migration of the ITCZ and inducing drier climate 134 

conditions. Consequently, the sediment discharges delivered by rivers (Maroni, Orinoco) 135 

decreased in the Guiana basin due to low precipitation rates. Conversely, the Amazonian 136 

basin became wetter enhancing sediment fluvial discharge from the Amazon River (Arz et al., 137 

1998; Arz et al., 1999; Mosblech et al., 2012). The hydrological activity of Maroni and the 138 

Orinoco was more important during the interglacial, as consequence of the ITCZ northward 139 

migration, when the Amazon basin turned into drier conditions. 140 

 Materials and methods D.141 

I.  Studied cores 142 

Three cores collected during the IGUANES cruise (2013, http://dx.doi.org/10.17600/13010030) 143 

are studied in this work (Fig. 2): 144 

- IG-KSF-05 (at 08°02.80 N and 052°23.19 W, 3014 m water depth, 7 m in length), 145 

located in the contouritic drift and most likely characterized by a continuous sediment 146 
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deposition. It is made of homogeneous grey-greenish mud with interbedded sandy 147 

intervals (Fig.3). 148 

- IG-KSF-11 (at 07°51.85 N and 052°29.25 W, 2370 m of water depth, 6 m in length), 149 

located in the moat that follows the headscarp slope failure, where the current 150 

influence is the strongest. This core is composed of grey-greenish mud containing 151 

scattered sandy lenses (Fig.4). 152 

- IG-KSF-15 (at 07°27.98 N and 052°19.76 W, 2578 m of water depth, 5 m in length), 153 

located in the moat same as IG-KSF-11 but located inside a comet mark shape 154 

depression. The core made of grey-greenish mud rich in green sandy grains with 155 

several carbonated-rich intervals interbedded (Fig.5). 156 

II.  Sediment analyses 157 

Visual descriptions on split cores were performed to identify sedimentary facies. The 158 

sandy fraction (> 63 µm) was separated by wet sieving for observation under the microscope 159 

in order to quantitative evaluating the sand composition.  160 

Grain-size analyses were performed on bulk sediment using a Malvern Mastersizer 3000 161 

with a Hydro EV wet sample disperser associated with Mastersizer application software v3.60 162 

on a 1 cm step sampling resolution for core IG-KSF-11 (Fig.4). Two series of measurements 163 

were generated: in bulk and carbonate-free sediment fractions. All samples (bulk sediment 164 

and carbonate-free) were placed in a solution of sodium metaphosphate (NaPO3) at 1.5 g/L to 165 

deflocculate clay minerals. The distribution of size particles are used as an indicator of the 166 

winnowing effect (McCave et al., 1995; McCave and Hall, 2006).  167 

Semi-quantitative geochemical analyses (element count rates) were performed along core 168 

IG-KSF-11 with an Avaatech X-Ray Fluorescence (XRF) core scanner (IFREMER, Brest) 169 

operated at both 10 kV and 30 kV and with a 1 cm sampling interval. In this study, Ca has 170 

been used to provide information about the biogenic components. 171 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

8 
 

III.  Glauconite study; quantification and analyses 172 

The quantification of glauconitic grains was carried out on the sandy fraction every 10 cm 173 

in cores IG-KSF-11 (Fig. 4) and IG-KSF-15 (Fig. 5). The glauconitic grains were isolated 174 

under the microscope. Those were weighed and the weight was normalized with respect to 1) 175 

the sandy fraction and 2) the bulk sediment and then expressed as a percentage (%).The 176 

glauconitic grains were classified into three colour categories: yellowish-green, green, and 177 

dark green (visual estimation), the last one being sub-divided into dark and very dark green 178 

Representative samples were selected on core IG-KSF-11 for SEM observation, using a SEM 179 

HITACHI S-4500. These samples (104 grains) were collected at different intervals on IG-180 

KSF-11: 0 cm, 50 cm, 270 cm, 300 cm, 450 cm, 460 cm and 590 cm. Quantitative elementary 181 

analyses were performed using a SEM-EDS system. Two measurements were carried out at 182 

the surface of each grain. These samples were collected at different intervals on IG-KSF-11: 183 

50 cm, 270 cm, 300 cm, 450 cm, 460 cm and 590 cm. To complete this study, 9 additional 184 

samples on the 0 and 100 cm interval on IG-KSF-11 and one on the top of IG-KSF-15) were 185 

analysed for X-ray diffraction (Philips) on the < 2 µm fraction for clay minerals. 186 

 Four thin sections from indurated sediment were obtained in the IG-KSF-11,  following 187 

the method described by Zaragosi et al. (2006). The selected intervals are: 20-40 cm; 337-188 

367 cm; 449-479 cm; 580-600 cm (glauconite rich horizons). Thin sections have been 189 

observed under transmitted polarizing microscope for micro-facies description. 190 

IV.  Chronostratigraphy 191 

Radiocarbon dates in different cores (IG-KSF-05 and IG-KSF-11) were obtained by 192 

Accelerator Mass Spectrometry (AMS) at the Poznań Radiocarbon Laboratory, using 193 

monospecific assemblages of well-preserved planktic foraminifer Globigerinoides sp. 194 

Measured ages were converted to calendar years using Calib 7.0.4 with the Marine 09 195 

calibration curve (Reimer et al., 2013).  196 
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Oxygen stable isotope ratios were measured on samples from cores IG-KSF-11 and IG-197 

KSF-05 using a 5 cm sampling step. These measurements were carried out on benthic 198 

(Uvigerina mediterranea) and planktonic (Globigerinoides ruber and Globigerinoides sp.) 199 

foraminifera at the Leibniz Laboratory for Radiometric Dating and Stable Isotope Research 200 

(Kiel, Germany). 201 

Magnetic parameters allow an identification of the magnetic field at the time of sediment. 202 

NRM and isothermal remanent magnetization (IRM) measurements were made on cores IG-203 

KSF-05 and IG-KSF-11, on U-channels (at 2 cm intervals) with a horizontal 2G Entreprises 204 

pass-through cryogenic magnetometer. NRM was demagnetized with an AF up to 80 mT 205 

using the in-line mounted alternating field (AF) demagnetizer. IRM was introduced in 1 T and 206 

-0.3 T fields, and the S-ratio (IRM-0.3T/IRM1T) was calculated. 207 

 Results E.208 

I.  Chronostratigraphy 209 

A multiproxy study was necessary to establish a chronostratigraphic framework. The steps 210 

followed for establishing a depth-age profile are described below, together with comments 211 

about the difficulties encountered.  212 

1. Radiocarbon data 213 

IG-KSF11: 214 

In core IG-KSF-11 from 0 to 190 cm depth the 14C ages range from 14 kyr BP to 50 kyr 215 

BP (Table 1), without any anomaly. The sediment accumulation rates calculated for this 216 

interval are: 217 

- 0 - 60 cm: 2.7 cm/kyr 218 

- 60 - 130 cm:  23 cm/kyr  219 

- 130 - 190 cm: 5.5 cm/kyr.  220 
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The first stratigraphically incoherent age occurs at 313 cm with 43 kyr cal BP, followed by 221 

the 530 cm level, where two different ages are obtained (49 kyr BP and 26 kyr BP). The 222 

second measurement was performed on bulk sediment. Unfortunately, this material does 223 

not contain enough organic matter for accurate dating. Other stratigraphically incoherent 224 

ages are found at the bottom of the core at 582 cm (39 kyr BP) and 600 cm (28 and 35 kyr 225 

BP). The base of the core (600 cm) was measured twice and the resulting ages are largely 226 

different with a gap of 7 kyr.  227 

IG-KSF-05: 228 

The upper part of core IG-KSF-05 (0 cm) is dated at 5.6 kyr BP. The ages obtained deeper 229 

range from 44 kyr to 5.6 kyr (table 1) and give the following sediment accumulation rates: 230 

- 0 – 29 cm: 2.4 cm/kyr 231 

- 29 – 50 cm: 1.2 cm/kyr 232 

- 50 – 169 cm: 33.9 cm/kyr 233 

Some stratigraphic incoherencies are also present in this deeper part of the core (Table 1): 234 

37.9 kyr BP at 169 cm, 30.6 kyr BP at 250 cm, 44 kyr BP at 340 cm and 41 kyr BP at 490 cm. 235 

Thus, the stratigraphic incoherence and the strong difference in the sedimentation rates 236 

highlight the anomaly of dating, especially in the lower part of the two cores.  237 

2. Stable isotopes and chronostratigraphy 238 

Tie points have been identified comparing the relative oxygen isotope variations in the two 239 

cores studied in this work (Fig.6, table 2), in order to correlate them with Marine Isotope 240 

Stages (MIS). 241 

The regional curves used here as references are (Fig.6): 242 

1) oxygen isotope ratios from core MD03-2616 recovered in the Guiana Basin at a 243 

water depth of 1233 m and published in López-Otálvaro et al. (2009); 244 
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2) the Atlantic Ocean compilation from Lisiecki and Raymo (2005), (2009); 245 

3) oxygen isotope ratios from core GeoB 3104 from a water depth of 767 m in the 246 

North Brazilian margin (Arz et al., 1998). 247 

- MIS 1 (0-11.7 kyr): The core-tops of IG-KSF-11 and IG-KSF-05 (0 cm) do not 248 

correspond to modern ages, possibly because the upper part of the sediment column 249 

was lost during coring.  A rapid increase of δ
18O values is observed at 10 cm depth in 250 

core IG-KSF-11 and at 18 cm depth in core IG-KSF-05, which can correlate with the 251 

beginning of MIS 1.  252 

- MIS 2 (11.7-24.1 kyr): Between 10 and 43 cm with a sedimentary accumulation rate 253 

of 2.7 cm/103 yr in core IG-KSF-11 and 18 and 139 cm with a rate of 9.2 cm/103 yr in 254 

core IG-KSF-05, relatively high positive δ18O values are thought to correspond to the 255 

MIS 2 cold stage. The low resolution of the isotope measurements does not allow us to 256 

precisely identify the glacial maximum, but the correlation with Arz et al. (1998) 257 

isotope curve, suggests that the LGM could be positioned at 20 cm depth in IG-KSF-258 

11 and at 35 cm depth in IG-KSF-05 (Fig.6);   259 

- MIS 3 (24.1-58.9 kyr): The interval comprised between 43 and 80 cm in IG-KSF-11 260 

(1 cm/103 yr) and between 139 and 451 cm in IG-KSF-05 (8.7 cm/103 yr) is tentatively 261 

assigned to MIS 3. However, its features cannot be directly compared to the global 262 

curves (Fig.6), mainly because of the occurrence of relatively negative values obtained 263 

in planktonic and benthic foraminifera in both cores (Fig.6). These oscillations are not 264 

evident at the global scale but are nonetheless observed regionally, as illustrated in 265 

López-Otálvaro et al. (2009);  266 

- MIS 4 (58.9-74 kyr): This (moderate) glacial stage is located in the 80-150 cm 267 

interval in core IG-KSF-11 (4.6 cm/103 yr) and in the 451-590 cm interval in core IG-268 

KSF-05 (9.2 cm/103 yr), based on the relative δ18O variations compared to MIS 3 269 
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(Fig.6). The pattern of isotope ratio values is considered coherent and comparable with 270 

the global temperature trends; 271 

- MIS 5 (74-130 kyr): The interval between 150 and 267 cm in IG-KSF-11 and 590 and 272 

694 cm in IG-KSF-05 is assigned to MIS 5. The MIS 5 is subdivided into five sub-273 

stages (MIS 5.1 to MIS 5.5) that are recorded in many areas of the ocean (Shackleton 274 

et al., 2003) where the MIS 5.5 consists in the most prominent temperature rise  275 

(Fig.6). In core IG-KSF-11, two intervals show considerably negative δ18O values (at 276 

160-200 cm depth and 235-365 cm depth, Fig.6) that could possibly match the MIS 277 

5.1 and 5.3. Thus, the basal prominent peak would be missing. The reason why it is 278 

lacking is not clear, but a non-depositional or even an erosional episode is possible. 279 

- MIS 6 (130-189.6 kyr) and MIS 7 (189.6-244 kyr)?: Below MIS 5, the correlation 280 

becomes really uncertain. A possible assignment of the interval comprised between 281 

267 and 371 cm in core IG-KSF-11 to MIS 6 is proposed, since the relatively positive 282 

δ
18O values might be consistent with a glacial stage (Fig.6), but there is no other proxy 283 

that could confirm this hypothesis. Even more difficult is the interpretation of the 284 

interval below 380 cm depth in core IG-KSF-11 (Fig.6) since it is possibly affected by 285 

heavy reworking. In an optimistic view, it could be possible to consider that the 286 

interval comprised between 371 and 422 cm depth might belong to MIS 7, but with no 287 

certitude. On the other hand, below 430 cm depth, the sediment is fully reworked. The 288 

question, which remains open in this work, is when this reworking took place, either 289 

during the glacial stage (MIS 8), the interglacial (MIS 7), or later. 290 

3. Palaeomagnetism  291 

As shown by Bleil and Von Dobeneck (1999),  the natural remanent magnetization (NRM) 292 

can record the direction (declination and inclination), the relative palaeointensity and the 293 

geomagnetic event during the Late Quaternary. In marine environments, the ferromagnetic 294 
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detrital minerals such as magnetite and hematite become aligned by the geomagnetic field as 295 

they fall through the water and become part of the sediment on the bottom of the sea; it is the 296 

detrital remanent magnetization (DRM) that often contributes predominately to the NRM in 297 

such marine sediments.  298 

In the cores IG-KSF-11 and IG-KSF-05, the NRM decrease during the demagnetisation 299 

and the S-ratio values varying between 0.9 and 0.8 indicate that the magnetic fraction of the 300 

sediment is dominated by minerals of low coercivity such as magnetite, with minor amounts 301 

of higher coercivity minerals - hematite or goethite (Tudryn et al., 2010). In the bottom (600 - 302 

450 cm depth) of the core IG-KSF-11, slightly lower S-ratio values (0.7 - 0.8) indicate 303 

increased contents of the hematite and/or goethite. NRM shows stability in direction and low 304 

inclination values, except in the bottom of the core IG-KSF-11 (Fig. 4) and the top of IG-305 

KSF-05 (Fig. 3). On the top of the core IG-KSF-05, an important variation in declination and 306 

inclination is recorded around the transition between MIS 1 (0-18 cm) and MIS 2 (25-139 cm) 307 

as identified through δ18O record (above); it likely corresponds to the Gothenburg 308 

Geomagnetic Polarity Excursion at 12.5 kyr (Mörner, 1977; Barbetti et al., 1980; Mörner, 309 

1986), described between 12.5 and 13.5 kyr in European and Cameroon lakes (Smith and 310 

Creer, 1986; Thouveny and Williamson, 1988; Maley et al., 1990). The Laschamp event, 311 

around 40 kyr (Bonhommet and Babkine, 1967; Guillou et al., 2004; Plenier et al., 2007), and 312 

the Blake event, around 119 kyr (Lund et al.; Smith and Foster, 1969; Gibbard and Cohen, 313 

2008), seem to be absent or not identifiable in the studied successions. Nonetheless, the 314 

stability of magnetic parameters suggests that the sediment was not affected by post-315 

depositional reworking, except for the basis of IG-KSF-11 and probably the top of IG-KSF-316 

05. 317 
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II.  Grain size analysis 318 

In the core IG-KSF-11 (Fig.4), the average clay content is 20% of the total sediment, 319 

while the fine silt-size fractions account for between 40 and 60% and hence constitute the 320 

dominant fraction. Coarse silt and sand correlate to Ca relative content suggesting that this 321 

relatively coarse fraction is made of biogenic carbonates, relatively abundant during estimated 322 

ice periods (MIS 2-4-6; Fig.4). 323 

The free carbonate  varies between 15 µm and 30 µm (Fig.4). With respect to the bulk 324 

sediment grain-size plot, the  is high between 420-600 cm and the bottom of the core. The 325 

values increase during the ice period MIS 6 (267-371 cm) and decrease to relatively low 326 

values during MIS 5 (150-267 cm). Some higher values correspond to the 200-230 cm 327 

interval and are associated with an increase in isotopic values. The  becomes high from 328 

MIS 4 and through the ‘weak’ MIS 3 interglacial (Fig.4). 329 

III.  Facies  330 

1. Analysis 331 
Seven sedimentary facies have been identified after visual description of all cores 332 

(Tallobre, 2017), combined with observations of thin sections on core IG-KSF-11 (Table 3). 333 

They are described as follows: 334 

- F1 Carbonate facies with indurated foraminifera-rich carbonate (Table 3, Fig.5). This 335 

F1 corresponds to remobilized sediment blocks, which are dated to the Oligocene-336 

Miocene period (Tallobre, 2017). This slope instability event has also been described 337 

further Northwest by Ingram et al. (2011). 338 

- F2 Glauconitic sand composed by glauconitic sand (20-30%) and biogenic debris 339 

(mainly foraminifera). Glauconitic grains are dominant and constitute up to 94% of the 340 

sandy fraction (Table 3, Fig.7A- 7B-8C). Laminae, sand lenses and bioturbation can be 341 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 
 

observed. Glauconite can (1) infill foraminifer tests whose the moulds can be 342 

preserved (Fig.7B, 8C) or (2) form infra-millimetric clasts (Fig.7C-7F). The latter 343 

show a high degree of fracturing, irregular shape and they can derive from erosion and 344 

transport of slightly lithified glauconitic beds hardground.  345 

- F3 Sandy facies. It is characterized by bioturbated foraminifera-rich sand mixed with 346 

glauconitic grains (between 0.1% and 1% of highly fractured glauconite grains in the 347 

sandy fraction, and around 20 % of sand and coarse silt) and joined grains as 348 

illustrated on the thin section (Table 3, Fig.7C-8E). Laminae or sand lenses can be 349 

found (Fig.7C).  350 

-  F4 Foraminifera- and glauconitic-bearing muddy facies with slightly laminated 351 

foraminifera rich mud (Table 3), few glauconitic grains (with a proportion lower of 352 

0.1%) in the sand fraction (Fig.7D-8D). It can be differentiated from F3 because of the 353 

low content of sandy grains and because glauconitic grains are less abundant in the 354 

mud and concentrated in bioturbation (Fig. 8A-8B).  355 

-  F5 Foraminifera sand composed by foraminiferal sandy facies (20% of sand and 356 

coarse silt) with joined grains and poor in glauconitic grains (Table 3, Fig.7E). The 357 

fracturing of grains is moderate to low. 358 

- F6 Foraminifera-bearing muddy facies similar to F5, (rich in foraminifera and rare 359 

glauconitic grains). The distinctive difference lies in the proportion of sandy grains 360 

(Table 3) that are diluted in the mud and not joined (Fig.7F). 361 

- F7 Muddy facies composed by massive mud (Table 3, Fig.7G) with low foraminifera 362 

and rare glauconitic grains.  363 

2. Comments 364 

Some of the described facies record contrasted hydrodynamic conditions and may 365 

correspond to a local expression of the ideal contouritic sequence. In particular: 366 
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- F2 Glauconitic sand and F3 Sandy facies, based on grain size and grain fracturing, 367 

associated to degraded organic matter (Tallobre et al., 2016), are characteristic of high 368 

winnowing conditions and may correspond to an equivalent of the C3 contourite 369 

sequence.  370 

- F4 Foraminifera- and glauconitic-bearing muddy facies, poorer in sandy grains may 371 

relate to the upper part of C2 with an increasing winnowing effect, whereas the lower 372 

part of C4 should correspond to decreasing winnowing effect. 373 

- F5 Foraminifera sand and F6 Foraminifera-bearing muddy facies, with quite abundant 374 

foraminifera tests (the sandy fraction) may correlate to the lower part of C2 and the 375 

upper part of C4 and a moderate winnowing effect. 376 

- Finally, F7 Muddy facies, the finest in terms of grain size, probably corresponds to an 377 

equivalent of units C1 and C5. The good organic matter preservation in this facies is 378 

consistent with very low winnowing effect (Tallobre et al., 2016). 379 

IV.  Glauconite study 380 

1. Glauconitic grain facies and contents  381 

Sediments collected in the moat are rich in glaucony (Fig.4-5). On the contrary, sediment 382 

from the contouritic drift, as IG-KSF-05 (Fig.3), contain less glauconitic grains and 383 

sometimes abundant pyrite can be found (usually anti-correlating the glauconite content).  384 

 Core IG-KSF-11 a.385 

Vertical distribution of glauconitic grains for IG-KSF-11 (Fig.4) has been compared to 386 

δ
18O ratios for correlation with the glacial/interglacial intervals previously defined: 387 

- Between 500-601 cm (chronologically undefined interval), the sediments have a 388 

moderate content in glauconitic grains (0.08% on average for the bulk sediment), with 389 
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17% of yellowish-greenish, 42% of green and 41% of dark green grains (with the 390 

green shade illustrated in Fig.4);  391 

- Between 400 and 500 cm (reworked and chronologically undefined interval two high 392 

glauconitic grain content peaks stick out (430-440 cm and 480-490 cm): 11% and 13% 393 

in the bulk sediment and 94% and 91% in the sandy fraction (facies F2). The dark 394 

green grains represent 95-96% of glauconitic grains; 395 

- In sediment corresponding to glacial stages (10-43 cm in MIS 2, 80-150 cm in MIS 4 396 

and 267-371 cm in MIS 6), the green grain content is moderate (facies F3-F4) to high 397 

(facies F2). This is particularly true in the MIS 6 sediments where the green grain 398 

content reaches 1.2% in bulk sediment and 25% of the sandy fraction. Yellowish-399 

greenish grains are less abundant (up to 15% in the 267-371 cm interval), whereas 400 

green grains and dark green grains reach high concentrations (50% and 40%, 401 

respectively). As a general trend, the abundance of glauconitic grains decreases 402 

upward from the beginning of the glacial stage (Fig.4). 403 

- The interglacial periods (43-80 cm in MIS 3, 150-267 cm in MIS 5, and part of MIS 7 404 

at 371-400 cm) are characterized by low glauconitic contents (sometimes completely 405 

absent, facies F6-F7). When glauconitic grains are present, they are generally 406 

yellowish to greenish. The Holocene (0-10 cm) yields moderate glauconitic content of 407 

0.04 to 0.09% of the bulk sediment (50% of green and dark green grains, with up to 408 

80% of dark green at the top of the core). 409 

 Core IG-KSF-15 b.410 

In core IG-KSF-15 (Fig.5), the interval between170-470 cm is composed of an alternation 411 

of silty-clay and silty-sandy beds, all rich in glauconitic grains with 47% of dark green and 412 

26% of green grains corresponding to facies F2. The interval corresponding to 120-170 cm is 413 

made of carbonated reworked sediment (facies F1). Although some glauconitic grains are 414 
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present between 170-160 cm, the glauconitic concentration remains poor. The top of the core 415 

(0-120 cm) is characterized by fine sediments with low content in glauconitic grains (facies 416 

F4) and 50% of yellowish-greenish grains. 417 

2. SEM observations and microprobe analysis on glauconitic grains 418 

 Under the SEM observation, it has been possible to correlate the increasing colour 419 

darkness to the presence of cracks at the surface of the grain (Fig.9). These cracks become 420 

more abundant and deeper as the grains get darker. Micro-sheets are also observed, more 421 

numerous and more distinct as the green colour becomes darker. They can eventually form a 422 

‘rose’ structure (Fig.9). These neo-formed sheets gradually fill the intra-grain porosity.  423 

Elementary analyses were performed and compared for the four colour categories of 424 

glauconitic grains visually defined. The averages of results for major element compositions 425 

are presented in table 4. The reference mud samples collected correspond to beds with less 426 

than 0.1% of green grains. In the mud, the high value in Al2O3 suggests the occurrence of 427 

kaolinite, but this oxide can also be found too in illite and smectite. The Mg is generally found 428 

in smectite, and to a lesser extent in illite. 429 

On the basis of the obtained results, hereafter the points that can be highlighted: 430 

- Marine mud, on the top of core IG-KSF-11, analysed by X-Ray diffraction, is 431 

composed by 25% of smectite, 35% of illite and 40% of kaolinite. The content in 432 

Al 2O3 is 18.1%, 9% for Fe2O3, and 2.5% for K2O (Fig.10).  433 

- In greenish/yellowish grains, the content in Al2O3 decreases at 8.8%, whereas it 434 

increases for Fe2O3 to 27% and for K2O to 2.9% (Fig.10). 435 

- In green grains, the content in Al2O3 decreases again at 7.4%, the increasing keep up 436 

for Fe2O3 to 30.3% (and punctually until 33.4% on Fig.9) and for K2O to 3.2% 437 

(Fig.10). 438 
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- The trend continues for dark green grains: decrease for Al2O3 at 5.6%, and increase for 439 

Fe2O3 to 34% and for K2O to 4.3% (Fig.10). 440 

- For very dark green grains, the content in Al2O3 (5.8%) and in Fe2O3 (34.2%) vary 441 

only slightly whereas the content in K2O continue to progress in average to 5.8% (Fig 442 

10) and punctually until 6.5% in K2O (Fig.9). 443 

The greening process is characterized by a rapid and strong increase of iron (Fig.10). The 444 

potassium also increases, more slowly and keeps up longer than iron. 445 

 Discussion F.446 

The main weak point in this study is the uncertain chronostratigraphic framework. It has 447 

been established by putting together information inferred from different proxy data but it is 448 

far from being perfect. Unfortunately, all possible dating methods (applicable to this site) do 449 

not allow 1) building a more precise age model; 2) to identify with precision the presence and 450 

duration of sediment hiatuses.  The uncertainties remain significant, especially before MIS 5. 451 

Because of the impossibility of obtaining a better precision, we have limited the 452 

chronostratigraphy to the identification of glacial and interglacial stages proposing a 453 

correlation with isotope stages, as described in the paragraph 2, in order to describe the 454 

mechanisms at the origin of glauconite formation in the contourite sequences and their 455 

possible relation with climate. Despite the significant difficulty to establish a solid 456 

chronostratigraphic framework before MIS 5, the studied cores represent quite exceptional 457 

sediment archives for correlating the phenomenon of glauconite formation and to establish to 458 

what extends this feature can be used as a reliable proxy for paleoceanographic 459 

reconstructions. 460 
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I.  Glauconitisation process 461 

1. Formation and maturation of green grains 462 

During glauconitisation, the enrichment in K (from 2.9% to 5.8% K2O, Fig.9-10) and Fe 463 

(from 27% to 34.2% Fe2O3) occurs at different rates with glauconite maturation (table 4). The 464 

greening of grains expresses enrichment in Fe-smectite and interstratified Fe-465 

smectite/glauconite. The diachronic evolution, between Fe and K, illustrates the fact that iron 466 

is incorporated and oxidized rapidly, whereas K assimilation is a slightly slower process 467 

(Fig.10 and table 4). This greening is characterized first, by Fe-smectite neoformation, and 468 

then, by neoformation of interlayered minerals. Incorporation of Mg, Fe and K in the mineral 469 

structure (Fig.9) is the way to transform smectite into Fe-smectite and then into interstratified 470 

Fe-smectite/glauconite. It expresses the chemical evidence of the maturation process of 471 

glauconitic grains (Odin, 1988; Giresse and Wiewióra, 2001; Wiewióra et al., 2001; Giresse, 472 

2008; Baldermann et al., 2013; Baldermann et al., 2015; Banerjee et al., 2016). 473 

Greening is controlled by the chemical evolution and oxidation state of Fe. Ferrous Fe is at 474 

the origin of the grains green colour and its oxidation in Fe-ferric is responsible for the 475 

darkening. The elementary composition is the indicator of mineralogical evolution phases 476 

(Fe-smectite, interstratified Fe-smectite/Glauconite, and glauconite). The chemical evolution, 477 

and thus the greening, are related to the development of numerous micro-sheets (illustrated on 478 

the SEM pictures on the Figure 9) infilling the intra-grain porosity. These characteristics 479 

indicate the maturity of glauconitic grains. The multiplication of Fe-smectite and interlayered 480 

micro-sheets (see SEM pictures on Fig.9) generates density variations (between original mud 481 

and the different mineralogical states (Giresse, 2008)). The greening process is associated 482 

with the neoformation of interstratified Fe-smectite/illite by the incorporation of K. The 483 

neoformed Fe-smectite, which are hydrated, are less dense. This growing neoformation of 484 

hydrated minerals causes the decrease of density and increase of volume. Hence, the 485 
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neoformation generates a pressure inside green grains which induces cracking at the grain 486 

surface, well developed and clearly shown on the SEM pictures (Fig.9). These cracks are thus 487 

an indicator of the mineralogical maturity of glauconitic grains (Giresse, 2008). 488 

2. Glauconitisation at the sea/surface interface 489 

The analyses performed on green grains indicate a geochemical trend and that the 490 

greening is accompanied by elementary and mineralogical changes (Fig.9-10).  491 

However, the limiting factor for glauconitisation is the availability of Fe (supplied by the 492 

alteration of minerals of continental origin) and K (directly provided by sea water). In the 493 

anoxic mud of deep-sea sediments, iron is mainly present as Fe2+. The rapid oxidation of 494 

organic matter causes a redox front between the grain and the surrounding mud, making the 495 

micro-environment around the foraminifera more oxidising than the mud matrix (Odin, 1988; 496 

Giresse and Wiewióra, 2001; Wiewióra et al., 2001; Giresse, 2008). Thus, Fe2+ migrates 497 

rapidly inside foraminifera tests, where it is partly oxidized into Fe3+ and possibly 498 

incorporated into octahedral structures; smectites become Fe-smectites (Fig.10.1 and 10.2). 499 

This process occurs relatively rapidly at the water/sediment interface. In contrast to Fe, K 500 

migrates slowly and gradually from seawater into the micro-environment inside buried 501 

foraminifera tests below the seafloor to form glauconite assemblages (Fig.10). The interlayer 502 

incorporation of K, and consequently glauconitisation, requires a long exposure period at the 503 

sea water/sediment interface. If these two conditions are filled, the transformation of detrital 504 

clay minerals into Fe-smectite, interlayered Fe-smectite/glauconite and glauconite is possible 505 

(Fig.10). The formation of mature glauconitic grains, composed of Fe-smectites and 506 

interlayered Fe-smectite/glauconite (with 5% to 6.5% K2O in our samples Fig.9), occurs 507 

rapidly during the early diagenetic process (about 10 to 100 kyr). The complete 508 

glauconitisation process (with more than 8% of K2O expected (Giresse, 2008)) needs a longer 509 

period of time, ranging from 2 to 10 Myr (Odin and Fullagar, 1988; Odin, 1988; Gaudin et al., 510 
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2005; Baldermann et al., 2013), and as such often happens during late marine diagenetic 511 

processes. 512 

3. Glauconitisation and winnowing effect 513 

During early diagenesis, glauconitisation occurs at the water/sediment interface with low 514 

sedimentation rates to promote the incorporation of Fe and subsequently K (McRae, 1972; 515 

Odin, 1988; Giresse and Wiewióra, 2001; Wiewióra et al., 2001; Giresse, 2008). At times, 516 

low sedimentation rates can be induced by the winnowing effect linked to bottom current 517 

activity (Chafetz and Reid, 2000; Giresse and Wiewióra, 2001; Wiewióra et al., 2001; 518 

Giresse, 2008). 519 

In Demerara contouritic sediments, the glauconitic facies (F2) are characterized by high 520 

sandy and silt content, high value of , high fracturing of grains, and an enhanced 521 

degradation of organic matter (Tallobre et al., 2016). These elements suggest that the 522 

glauconitisation might be related to high winnowing effect. Moreover, the here described 523 

glauconitic facies corresponds to sediments collected in the moat (Fig.4-5) stronger bottom 524 

water winnowing) whereas this facies is absent in sediments collected in the drift (Fig.3, 525 

weaker bottom water winnowing, finer sediments and rare glauconite fracturing features).  526 

As a consequence, we put forward the hypothesis that during the period characterized by 527 

the highest current intensity, the winnowing effect inhibits sediment deposition and instead 528 

causes erosion at the seafloor and high fracturing of foraminifers’ tests. The mud directly in 529 

contact with seawater, is more oxidising than in the underlying mud, which can promote the 530 

occurrence of a redox front and, likely, glauconitisation (Fig.10).  531 

Glauconitisation at the seafloor is concomitant to the formation of indurated beds. 532 

Occasionally, during the erosional phases, some coarse clasts can be reworked from the 533 

seafloor, deposited and mixed within the glauconitic sandy facies as intraclasts (facies F2, 534 

Fig. 8C-8F). 535 
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II.  Glauconite and contourite sequence 536 

The link between glauconitic grain maturity, winnowing effect and current intensity 537 

allows us to propose an alternative ‘ideal’ contouritic sequence that integrates the glauconite 538 

content and its degree of maturity (Fig.11). Thus, units C1 and C5 might correspond to low 539 

current velocity muddy facies, with a low glauconitic grain content and maturity (Fig.3 and 540 

4). The C2 and C4 mottled muddy facies should record current velocity decrease and 541 

subsequent increase, corresponding to negatively and positively graded sediments. Those 542 

facies contain abundant glauconitic grains including a mixture of different green grains with 543 

dominance of dark green and light green grains. The dark green grain concentration increases 544 

with coarsening in C2, and it decreases in the fining upward of C4, and inversely for 545 

yellowish-greenish grains (Fig.3, 4 and 5). Finally, the C3 sandy facies corresponding to the 546 

maximum current velocity is characterized by a high content of dark green grains as 547 

illustrated along the cores (Fig.3, 4 and 5). At the maximum of bottom current intensity, 548 

during low sedimentation, hardground surfaces might form with possible erosion and 549 

formation of glauconitic intraclasts.  550 

III.  Winnowing effect and current velocity Quaternary evolution 551 

While the evolution of the NADW intensity is still subject to discussion, the results 552 

obtained in this study for the Demerara Plateau (IG-KSF-11 and IG-KSF-05) provide further 553 

evidence on the factors that may have affected the strength of deep-ocean circulation and its 554 

effect on sedimentation in the equatorial western Atlantic. It is necessary to bear in mind that 555 

the chronostratigraphic framework obtained on the studied cores is not sufficiently robust for 556 

being considered conclusive. However, based on the δ
18O relative variations and 557 

palaeomagnetic records, we propose the distinction between glacial vs interglacial intervals in 558 

these cores, in order to discuss the evolution of bottom currents according to climate 559 

conditions. 560 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

24 
 

To resume the features observed in the sediments, the glacial stages are characterised by:  561 

- relative high glauconitic grain content;  562 

- high maturity of glauconitic grains;  563 

- sandy facies, rich in sand and coarse silt; 564 

- high degree of fracturing of the shell debris and glauconitic grains;  565 

- largely winnowed organic matter.  566 

Within the intervals corresponding to the full interglacials, it is possible to observe: 567 

- moderate to very low glauconitic content, 568 

- low maturity of glauconitic grains, 569 

- muddy facies, rich in clays and fine silt 570 

- low degree of fracturing of shells,  571 

- better preservation of organic matter. 572 

Taken together, the observed differences between glacial and interglacial sediment 573 

characteristics suggest that global climate exerts a strong control on contourite deposition and 574 

associated diagenetic processes. Evidence of a high winnowing effect, which coincided with 575 

low sedimentation rates caused by a high current velocity, would be consistent with the 576 

hypothesis of a vigorous bottom current activity during the glacial periods (Curry and Oppo, 577 

2005; Böhm et al., 2015; Lippold et al., 2016).  578 

Particularly, the degree of glauconite maturity in the cores studied in this work, suggests 579 

the presence of an active overturning circulation during the glacial phases in this segment of 580 

Atlantic Ocean. Lippold et al. (2016) evidenced the persistence of a vigorous oceanic 581 

circulation during the LGM in the relatively shallow (>2000 m depth) Southern Atlantic, but 582 

the case of Demerara Plateau is even more peculiar, because of its particular morphology. As 583 

stated before, the large indentation is thought to be at the origin of the intensification of the 584 

NADW, favouring the formation of contourites (Tallobre et al., 2016). Here, we put forward 585 
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the hypothesis that during glacial stages, the action of overturning circulation could have been 586 

amplified by the Demerara Plateau morphology, inducing a strong and prolonged winnowing 587 

on sediments as testified by the glauconite neoformation. 588 

 Conclusion G.589 

This study describes the characteristics of deposits belonging to contourite sequences on 590 

the Demerara Plateau, through the detailed analyses of sediment cores retrieved during the 591 

IGUANES cruise. A very distinctive sediment feature is the presence of an authigenic 592 

mineral, the glauconite, that here is thought to be formed under the effect of bottom water 593 

hydrodynamic conditions, since the formation of glaucony might be relatively rapid at the 594 

water/sediment interface during the first stage of diagenesis. 595 

In particular, the winnowing effect is very likely at the origin of the formation of 596 

glauconite (composed of Fe-smectite and interlayered Fe-smectite/glauconite) that is observed 597 

to develop mainly inside foraminifera tests at the sediment-water interface.  598 

The detailed study of glauconite grains allowed to identify the different phases of the 599 

glauconitisation process, and characterized by (1) increasing relative abundance of glauconitic 600 

grains and (2) increasing degree of mineralogical maturity.  601 

The degree of maturity has been defined by (a) grain colour (yellowish green for immature 602 

glauconite to dark green for very mature glauconite), (b) the presence of cracks at the grain 603 

surface, together with the enrichment in neoformed microstructures  and decreasing porosity 604 

inside grains and (c) by mineralogical and chemical composition change. The formation of 605 

glaucony is relatively rapid at the water/sediment interface during the first stage of diagenesis.  606 

Hence, the features of glauconitic grains are here used as an indicator of the winnowing 607 

effect. This proxy is thought to have a good potential since it allows a semi-quantitative 608 
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estimation of the current intensity and, combined with other sedimentological and 609 

geochemical parameters, could have an interest in studies of contouritic deposits. 610 

In this study, the characteristics of glauconitic sediments and their correlation with the 611 

major climate shifts, suggest that the NADW flow was strengthened during glacial periods, 612 

likely because the local morphology (indentation of the Demarara Plateau) may have 613 

generated a strong and prolonged bottom water winnowing. 614 
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Table 1: Radiocarbon dates for well-preserved Globigerinoides sp. fractions from samples 837 

collected from core IG-KSF-11. The calibrated ages were calculated using Calib 7.0.4 with 838 

the Marine 09 calibration curve (Reimer et al., 2013). 839 

Table 2: Tie points identified in the IG-KSF-05 and IG-KSF-11 core based on correlation 840 

with reference oxygen isotope curves (Martinson et al., 1987; Walker et al., 2009) 841 

Table 3: Sedimentary facies table based on the description of core, microscopic observation 842 

(sand fraction and thin section). 843 

Table 4: Average chemical composition measured by microprobe coupled to the SEM on mud 844 

and on green grains coming from the core IG-KSF-11 at different depth on the core (0 cm, 60 845 

cm, 70 cm, 90 cm, 300 cm, 420 cm, 442 cm, 460 cm, 590 cm). For each grain, 2 measures 846 

was performed, results the average is established in function of the grain colour (yellowish-847 

green, green, and dark green, the last one being sub-divided into dark and very dark green).  848 

Figure 1: General map and location of the study area with position of North Atlantic Deep 849 

water (NADW) and Antarctic Bottom Water (AABW). 850 

Figure 2: Bathymetric map with the position of cores analysed in this paper. The core IG-851 

KSF-05 was collected inside the drift of the Demerara Contourite Depositional System (CDS) 852 

whereas the core IG-KSF-11 and IG-KSF-15 were collected inside the moat of this CDS. 853 

Figure 3: Sedimentary log of core IG-KSF-05, collected in the sedimentary drift, presenting 854 

the identified sedimentary facies (more details about facies in table 3), the planktic 855 

(Globigerina ruber) and benthic (Uvigerina mediterranea) oxygen isotope records, the 856 

palaeomagnetism record (NRM, inclination and declination), glauconitic grain concentration 857 

on bulk sediment (total green grains with the green curve) and Ca XRF record. 858 

Figure 4: Sedimentary log of core IG-KSF-11, collected in the contouritic moat, illustrating 859 

the identified sedimentary facies (more details about facies in table 3), planktic (Globigerina 860 
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ruber) and benthic (Uvigerina mediterranea) oxygen isotope record, the palaeomagnetism 861 

record (NRM, inclination and declination), glauconitic grain quantification on bulk sediment 862 

(total green grains with the green curve, and the bars represent the relative content in function 863 

of the greening (yellowish, green and dark green grains), the sortable silt on the free-864 

carbonated record and Ca XRF record. 865 

Figure 5: Sedimentary log of core IG-KSF-15, collected in the moat, with glauconitic grain 866 

quantitative estimation on bulk sediment (total green grains with the green curve) and Ca 867 

XRF record. 868 

Figure 6: Reference isotopic curves of Guyana (López-Otálvaro et al., 2009), a global curve 869 

for the Atlantic domain (Lisiecki and Raymo, 2005; Lisiecki and Raymo, 2009; Lopes et al., 870 

2014), North Brazil (Arz et al., 1998), and IGUANES data for cores IG-KSF-05 and IG-KSF-871 

11. 872 

Figure 7: Thin section photos illustrating the different micro-facies F2 to F7 (see table 3). 873 

Figure 8: Thin section s of some sediment facies. (F: foraminifera, G.If: glauconitic infilling, 874 

Gic: glauconitic intraclast, GM: glauconitic mould, Qz: quartz) 875 

Figure 9: Illustration of the degree of glauconitic maturity. The different degrees of maturity 876 

are illustrated by the colour of grains, the structure at the grain surface with MEB picture, the 877 

micro-structure with MEB picture, and the elementary composition measured by microprobe 878 

which is one-time the on the single related grain. 879 

Figure 10: Schematic evolution of glauconitic grains from pristine marine mud to dark green 880 

grains with the mean elementary composition measured by microprobe and established for 881 

each class colour with the two values on each grain. 882 

Figure 11: Schema of the ideal contouritic sequence (modified from (Stow and Faugères 883 

(2008a)) and according to the glauconitisation processes. The concentration and the 884 

mineralogic maturity of the green grains increase with the winnowing intensity. 885 
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Depth core 

(cm) 

Core Material Age 
14

C 

(yr BP) 

1 sigma calibrated age 

(yr cal. BP) 

    min max average 

0 IG-KSF-11 Globigerinoides sp. 13 930 ± 80 BP 14 201 14 466 14 334 

60 IG-KSF-11 Globigerinoides sp. 34 400 ± 600 

BP 

35 630 37 248 36 439 

130 IG-KSF-11 Globigerinoides sp. 37 100 ± 800 

BP 

38 560 39 974 39 267 

130 IG-KSF-11 Globigerinoides sp. 50 000 ± 4 000 

BP 

   

313 IG-KSF-11 Globigerinoides sp. 42 700 ± 1 500 

BP 

42 287 45 138 43 713 

452 IG-KSF-11 Globigerinoides sp. 48 000 ± 3 000 

BP 

- - - 

530 IG-KSF-11 Globigerinoides sp. 49 000 ± 4 000 

BP 

- - - 

530 IG-KSF-11 Mud organic matter 26 170 ± 450 

BP 

27 519 28 574 28 047 

582 IG-KSF-11 Globigerinoides sp. 39 700 ± 1 100 

BP 

40 675 42 385 41 530 

600 IG-KSF-11 Globigerinoides sp. 35 300 ± 700 

BP 

36 716 38 227 37 472 

600 IG-KSF-11 Globigerinoides sp. 28 400 ± 200 

BP    

29 479 30 059 29 769 

       

0 IG-KSF-05 Globigerinoides sp. 5 640 ± 40 BP 4 027 4 158 4 093 

290 IG-KSF-05 Globigerinoides sp. 17 460 ± 100 

BP 

18 485 18 763 18 624 

50 IG-KSF-05 Globigerinoides sp. 34 400 ± 600 

BP 

34 991 36 551 35 771 

169 IG-KSF-05 Globigerinoides sp. 37 910 ± 870 

BP 

39 262 40 584 39 923 

250 IG-KSF-05 Globigerinoides sp. 30 600 ± 400 

BP 

31 965 32 617 32 291 

250 IG-KSF-05 Mud organic matter 24 370 ± 230 

BP 

26 154 26 661 26 408 

340 IG-KSF-05 Globigerinoides sp. 44 000 ± 3000 

BP 

42 912 47 381 45 147 

490 IG-KSF-05 Globigerinoides sp. 41 000 ± 2000 

BP 

41 339 43 001 42 170 

657 IG-KSF-05 Globigerinoides sp. >43 000 BP - - - 

table 1: Radiocarbon dates for well-preserved Globigerinoides sp. fractions from samples collected 

from core IG-KSF-11. The calibrated ages were calculated using Calib 7.0.4 with the Marine 09 

calibration curve (Reimer et al., 2013) 
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IG-KSF-05 

 

IG-KSF-11 

Intervals 
Duration 

(kyr) 
stade source 

 

Intervals 
Duration 

(kyr) 
stade source 

0-18 0-11.7 MIS 1 
Martinson 

et al., 1987; 

Walter et 

al., 2009 

 

0-10 0-11.7 MIS 1 

Martinson 

et al., 1987; 

Walter et 

al., 2009 

25-139 11.7-24.1 MIS 2 

 

10-43 11.7-24.1 MIS 2 

139-451 24.1-58.9 MIS 3 

 

43-80 24.1-58.9 MIS 3 

451-590 58.9-74 MIS 4 

 

80-150 58.9-74 MIS 4 

? 74-130 MIS 5 

 

150-267 74-130 MIS 5 

     

267-371 130-189.6 MIS 6 

     

371-422 

? 
189.6-244 MIS 7 

     

? 244-291 MIS 8 

Table 2 : Tie points identified in the IG-KSF-05 and IG-KSF-11 core based on correlation with 

reference oxygen isotope curves (Martinson et al., 1987; Walker et al., 2009) 
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  Characterisitc Components Glaucony maturity 
Fracturation of 

components 
Structure 

Environment 

interpretation 

F1 - Carbonate 

facies 

Rich in carbonate, indurated 

mass, low hydratation of 

sediments 

- Rare glaucony  

-Some iron oxyde 

- Foramnifera rich 

  Low to medium Absence 
Mass Transoprt 

Deposit 

F2 - Glauconitic 

facies 

Glaucony rich 
- Glaucony rich 

- Foramnifera rich 

- Dark green 

- Clasts 

Medium to 

high 

- Bioturbation rich 

- Sandy foraminifera  

laminae 

Contourites 

Glaucony rich 
- Glaucony rich 

- Foramnifera rich 

- Dark green 

- Inside foramnifera or with 

foraminifera shape 

Medium to 

high 

- Bioturbation rich 

- Sandy foraminifera  

laminae 

Contourites 

F3 - Sandy facies 
Foraminifera  rich, glauony in 

foraminifera 

- Glaucony rich 

- Foramnifera rich 

- Quartz in biotrubation 

- Light to dark green 

- Inside foramnifera or with 

foraminifera shape 

Medium to 

high 

- Bioturbation rich 

- Sandy foraminifera  

laminae 

Contourites 

F4 - Foraminifera- 

and glauconitic- 

bearing  Muddy 

facies 

Glaucony and foraminifera  

rich 

- Some glaucony  

- Foramnifera rich 

-Some iron oxyde 

- Quartz in biotrubation 

- Glaucony in foraminifera 

test or with foraminifera 

shape 

- Light to medium green 

Low to medium Bioturbation rich Contourites 

F5 - Foraminifera 

sand 

Foraminifera rich without 

glaucony 
- Rare foramnifera 

- Low glaucony and 

sometimes none glaucony 
Low Bioturbation rich Hemipelagite 

F6 - Foraminifera 

bearing  Muddy 

facies 

Foraminifera rich with little 

glaucony 

- Rare glaucony 

- Foramnifera rare 

-Some iron oxyde 

- Low glaucony and 

sometimes none glaucony 
Low 

- Bioturbation rich 

- Sandy foraminifera  

lenses 

Hemipelagite 

F7 - Muddy facies 
Very fine matrix and grains 

poor 

- Rare glaucony  

- Foramnifera rare 

-Some iron oxyde 

- Low glaucony and 

sometimes none glaucony 
Low 

Low to high 

Bioturbation 
Hemipelagite 
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  Al2O3 MgO Fe2O3 K2O SiO² 

Mud 18.1% 1.6% 9.0% 2.5% 46.8% 

Greenish/ 

yellowish grain 
8.8% 2.9% 27.0% 2.9% 47.1% 

Green grain 7.4% 3.6% 30.3% 3.2% 51.2% 

Dark green grain 5.6% 3.3% 34.0% 4.3% 49.1% 

Very dark green 

grain 
5.8% 3.1% 34.2% 5.4% 48.6% 

Table 4 : Average chemical composition measured by microprobe coupled to the 

SEM on mud and on green grains coming from the core IG-KSF-11 at different depth 

on the core (0 cm, 60 cm, 70 cm, 90 cm, 300 cm, 420 cm, 442 cm, 460 cm, 590 cm). 
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