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Abstract

The Charlie-Gibbs Fracture Zone (CGFZ) is the main transform system in the North Atlantic Ocean. It
serves as a primary deep-water gateway for the Iceland-Scotland Overflow Water (ISOW) current.
Using high-resolution seismo-acoustic profiling, three types of contourite drift were identified in the
valleys of the inactive fractures and active transform of the CGFZ: (1) channel-related drifts, (2)
confined drift, and (3) plastered drift. The ISOW current is the main agent controlling drift formation
in the northern valley and eastern part of the southern valley, while the Denmark Strait Overflow
Water or Low Deep Water is suggested for the western part of the southern valley. Examination of
two sediment cores shows that the contourite drifts at least at their upper parts consist of
alternated muddy and silty contourites and pelagic/hemipelagic sediments. The contourite
deposition corresponds to the present interglacial interval. During glacial interval (MIS 3-2) and the
last glacial/interglacial transition, pelagic/hemipelagic sedimentation prevailed corresponding with
high IRD input. The position of the highly productive Subarctic Front overthe study area induced the
formation of diatom ooze beds at the beginning of MIS 1 and high-carbonate pelagites during some
intervals of MIS 3.
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Marine transform faults and fracture zones occupy vast areas of the Earth’s ocean floors and are
conservative plate boundaries formed by strike-slip faults. Their morphology differs significantly
from the surrounding abyssal plains and mid-ocean ridges, being narrow elongated depressions with
steep walls (Hensen et al. 2019), meaning that they may serve as deep-water gateways through
which water, sediments, and biota are exchanged with neighbouring plains (Hernandez-Molina et al.
2008).

The Charlie-Gibbs Fracture Zone (CGFZ) is one of the main transform systems in the North Atlantic
Ocean (Skolotnev et al. 2021b). Transform fault zones segmenting the axial part of the Mid-Atlantic
Ridge (MAR) with an offset of ~300 km are rare. They are mainly concentrated in the equatorial and
central sections of the Atlantic and were termed ‘terminator faults’ (Pushcharovskiy et al. 1995).
Subsequently, these extensive structures, usually consisting of several transform troughs (Ligi et al.
2002), were termed ‘megatransforms’ (Skolotnev et al. 2020). In northern latitudes, the CGFZ is a
unique structure.

The CGFZ is the primary gateway for the westward transport of Iceland-Scotland Overflow Water
(1ISOW) from the Iceland Basin to the Irminger Sea (Worthington and Volkmann 1965) (Figure 1). This
water, formed during winter convection in the Nordic Seas and comprising part of a lower branch of
the Atlantic Meridional Overturning Circulation system, is closely interconnected with global climate
changes during the Quaternary Period (e.g., Broecker et al. 1985). The ISOW current has a significant
sedimentological effect in the Iceland Basin, forming giant contourite drifts such as the Bjérn and
Gardar drifts on the eastern flank of the Reykjanes Ridge (Bianchi and McCave 2000). Passing
through the valleys of the CGFZ, the current may redistribute sediments due to increasing velocities,
forming depositionaland erosional morphological features. These processes occurin the deep-water
gaps and gateways (e.g. Hernandez-Molina et al. 2008; Glazkova et al. 2021) and fracture zones (e.g.
Borisov et al. 2023). Sediments deposited under the influence of near-bottom currents represent
valuable palaeoclimate archives (Rebesco et al. 2014). However, a profound understanding of the
sedimentary processes is necessary to distinguish the climatic signals.

The CGFZ has received considerable attention from both tectonic and hydrological perspectives. The
geology of the CGFZ has been extensively studied (Johnson 1967; Fleming et al. 1970; Olivet et al.
1974; Vogt and Johnson 1975; Lonsdale and Shor 1979; Searle 1979; Chernysheva and Kharin 2009;
Skolotnev et al. 2021a), as has its seismicity (Lilwall and Kirk 1985; Aderhold and Abercrombie 2016)
and seafloor topography (Skolotnev et al. 2021b). The hydrological regime has been investigated
using oceanographic and mooring stations (Worthington and Volkmann 1965; Shor et al. 1980;
Saunders 1994; Schott et al. 1999; Dobrolyubov et al. 2003; Bower and Furey 2017; Petit 2018;
Gongalves Neto et al. 2020), hydrological buoys (Morozov et al. 2010; Racapé et al. 2019; Zou et al.
2020), and modelling (Xu et al. 2018). Recently, interest in the CGFZ has increased due to the study
of its benthic fauna (Priede et al. 2013; Keogh et al. 2022 and references therein), and parts of the
CGFZ have been declared a Marine Protected Area (Smith and Jabour 2018).

Initial investigations of the depositional process focused on the near-bottom current direction,
inferred from the sedimentation pattern in its valleys (Le Pichon et al. 1971a, b; Worthington and
Wright 1971). More recently, it has been studied by side-scan sonar system and considerable
thicknesses of sediment were registered in the active part of the northern transform valley (Searle
1981). Sedimentary characteristics have been considered locally (Shor et al. 1980; Faugeres et al.



1983; Bashirova et al. 2017), and it was generally assumed that the main sedimentation drivers are
the ISOW bottom current and turbidity currents. Owing to high sedimentation rates, sediments from
the western part of the northern valley were used to reconstruct the ISOW regime during the
Holocene (Kisselet al. 2009, 2013). However, details of sedimentation processes in the CGFZ remain
poorly understood.

This study aims to reconstruct the sedimentary processes in the CGFZ during the Late Pleistocene to
Holocene based on high-resolution seismo-acoustic profiling data and lithological studies of
sediment cores.

Morphological and geological settings

The CGFZ is located in the North Atlantic and offsets the axial part of the MAR at latitude ~52°25'N
by ~340 km (Figure 1). It comprises two parallel transform valleys of an active offset part of the fault
zone between the MAR spreading segments (Figure 2). Intra-transform domain (ITD) ridges separate
the valleys and their summits have a depth of 2,000-3,000 m. A 40 km long intra-transform
spreading centre connects the northern and southern transforms at ~31°50'W (Figure 2). Active
transforms occupy the two valleys from the spreading centre to the rift zones of the MAR, which we
term the ‘northern and southern active valleys’ (Figure 2). Their inactive continuations are termed
the ‘northern andsouthern inactive valleys’ (Figure 2). The depth of the northern valley varies from
3,500-4,860 m in the active section to 3,800 m in the inactive section, and the depth of the southem
transform is up to 4,500 m and 3,900 m in its active and inactive sections, respectively. An outer
ridge with a crest depth of 3,100 m bounds the northern inactive valley to the north (Figure 2). This
ridge is a continuation of the small median ridge located at the intersection between the northern
active valley and the intra-transform spreading centre (Skolotnev et al. 2021b). The tectonic and
morphological characteristics of the CGFZ megatransform system are described in detail in Skolotnev
et al. (2021b, a).

Megatransforms are of particular importance because they separate segments of the MAR with
contrasting ages in the spreading processes starting in the Atlantic (Sokolov et al. 2020), and,
consequently, the thermal evolution of the mantle over different durations. In particular, according
to indexed magneticanomalies (Miiller et al. 2008), the MAR oceanicsegment south of the CGFZ has
a breakup age of between 130 and 108 Ma, while the segment north of the CGFZ has a breakup age
of 59 Ma. This means thatfor a long period, parts of the CGFZ that are currently inactive represented
the ocean-continent boundary of this transform type. The trigger for the opening of the MAR
segmentnorth of the CGFZwas the impact of the Iceland mantle plume (Dang et al. 2020); however,
it is likely that this plume is not the main driving force causing the split and further drift of
lithosphere plates (Storey 1995). The plume in the axial part of the MAR north of the CGFZ is limited
by a cold structural barrier that prevents the flow of heated and partially molten mantle material
southward over the CGFZ. This is confirmed by seismic tomography data (Schaeffer and Lebedev
2013) and a depth section along the MAR constructed from the SL2013sv model (Sokolov et al.
2022). This mantle-deep structure to the north and south of the CGFZ is also represented by the
various compositions of magmatic rocks and, consequently, in the varying morphology of the ocean
floor in the CGFZ and adjacent segments of the MAR (Skolotnev et al. 2021b). To the north of the
CGFZ, the topography of the basaltic basement has features characteristic of highly productive
magmatism, with volcanic edifices of the central type superimposed on the spreading ridge -like



relief and is hypsometrically more elevated than the southern segment. To the south of the CGFZ,
the ridge-like relief becomes less pronounced, with an almost complete absence of volcanic edifices
of the central type. According to existing data (Skolotnev et al. 2021b), the intra-transform area
inside the CGFZ is composed of gabbro, dunites, and peridotites.

Oceanographic setting

The CGFZ is one of the main corridors for surface to deep-water masses in the North Atlantic
(Daniault et al. 2016). Surface water near the CGFZrepresents abranch of the North Atlantic Current
(NAC), which northern edge represents the Subarctic Front (SAF) (Saunders 1994; Daniault et al.
2016; Gongalves Neto etal. 2020) (Figure 1). Together, the NACand SAF serve as the transition zone
between the waters of the subpolar (cool, fresh, and nutrient-rich) and of the subtropical (warmer,
saltier and relatively nutrient-poor) gyres (Krauss 1986; Belkin et al. 2009; Bolton et al. 2018). In
addition, oceanic fronts are known to be 'hot spots' of marine life due to increased primary
production in the area of their influence (Belkin et al. 2009).

Intermediate depths (500-1,500 m) are occupied by Labrador Sea Water (LSW) propagating
eastward through the CGFZ and carried by the NAC. The deep water is westward flowing ISOW,
which exists at depths of 1,500-3,500 m (Daniault et al. 2016). The ISOW is formed by winter
convection in the Nordic Seas and overflows to the Iceland Basin, spreading southward along the
Reykjanes Ridge as a cold and dense contour current. It turns westward through the CGFZ and flows
northward in the Irminger Sea along the western flank of the Reykjanes Ridge. In the Irminger Sea,
the ISOW joins with the Denmark Strait Overflow Water (DSOW), which also originates in the Nordic
Seas and descends southward along the Greenland margin at depths of 2,000-3,000 m, underlying
the ISOW (Daniault et al. 2016). The ISOW and DSOW contribute to the formation of the North
Atlantic Deep Water (NADW), representing the lower branch of the Atlantic Meridional Overturning
Circulation (Figure 1). According to mooring observations, the ISOW is characterised by salinities
greater than 34.94 and in situ temperatures from 2.4 to 3.4 °C (Bower and Furey 2017), which are
elevated values compared to other deep-water masses in the region (e.g. Morozov et al. 2010).

Strongly modified Antarctic Bottom Wateris another deep-water mass in the eastern North Atlantic
that occupies depths of more than 4,000 m and is called the Lower Deep Water (LDW) at these
latitudes (McCartney 1992; Daniault et al. 2016) (Figure 1). Despite there is little information on the
distribution of the LDW in the western part of the North Atlantic Ocean, the presence of colder and
fresher waters deeper than the ISOW in the valleys of the CGFZ has been reported by several
authors, especially within the southern valley. However, the origin of these waters is unclear and
they are variously referred to as NADW (Shor et al. 1980), DSOW (Dobrolyubov et al. 2003), or LDW
(Bower and Furey 2017).

Material and methods
Bathymetry and geophysical data

Data used in this study includes multibeam bathymetry data, very high-resolution seismo-acoustic
sub-bottom profiles obtained by the R/V Akademik Nikolaj Strakhov in 2020 (Skolotnev et al. 2021b,
a), and two sediment cores obtained by the R/V Akademik Sergey Vavilov in 2021 (Skolotnev et al.



2023). A bathymetric chart with a resolution of 250 m was compiled based on a multibeam survey
and other published data (Skolotnev et al. 2021b).

The seismo-acoustic profiles were obtained using an EdgeTech 3300 system. The system generates a
modulated long signal with a frequency varying linearly between 2and 6 kHz. The tapered waveform
spectrum produces images with a virtually constant resolution with depth. A sound velocity of 1,600
m/s was used for the time-depth conversion. The maximum sub-bottom penetration was 60-80 m
and the vertical resolution was 0.2—-0.5 m. Some preliminary results were published by Skolotnev et
al. (2021b, a). Additional archive low-resolution seismic profiles were used; namely V3012 and
V2706, which were collected by a seismic profiler on the R/V Vema.

Echo types were differentiated using the classification of Damuth and Hayes (1977), Damuth (1980),
and Kuhn and Weber (1993). Additional echo types were also distinguished in the study area based
on the acoustic facies shown.

Sediment cores

Two sediment cores (V53-Cland V53-C2) were retrieved using a 6 m long gravity corer. Core V53-C1
(465 cm long) was recovered at a water depth of 3,851 m from the flanked terrace of the northern
active valley. Core V53-C2 (520 cm long) was collected at a water depth of 3,138 m from the
confined basin on the south-eastern slope of the Reykjanes Ridge (for details see Skolotnev et al.
2023). Earlier published data on sediment cores from the study area were also considered. The
locations of all cores are shown in Figure 2 and Table 1. The sedimentary facies described in previous
studies were reinterpreted for this study. The sediment cores were split onboard. One half was
sampled at a 1 cm interval for further analyses, whereas the other half was used for lithological
description and packed as the archive section.

Micropaleontological analysis and IRD counts were performed using 1 cm slice samples with a 40 cm
stepin the sediment fraction coarser than 100 um. Wet sediment samples were taken directly from
the core using 8 cm? plastic cubes and washed in a sieve using distilled water. A minimum of 300
planktic foraminiferal shells were counted in each sample using a microscope. The percentage of N.
pachyderma (sin.) was determined. The concentrations of IRD and total foraminiferal counts were
calculated as numbers per 8 cm?® of wet sediment. The volcanic glass grains were counted separately
from quartz grains.

Calcium carbonate content of the sediments was determined by a coulometric method using an AN-
7529M carbon analyser and 1 cm slice samples with 10 cm intervals.

Chemical element composition was obtained using a portable X-ray fluorescence analyser (Olympus
Vanta-C) with 1 cm resolution in archive halves of the split cores. The In(Ca/Fe), Nb/Ti, and In(Si/Ti)
ratios were used as proxies for the biogenic CaCO;, and volcanogenic and biogenic silica
components, respectively (Croudace and Rothwell 2015). The water content was retrieved from a
ratio of Rayleigh to Compton peaks of argentum X-rays following Boyle et al. (2015). The titanium
concentrations were recalculated to the dry weight of the sample.

Grain-size analysis of the 1 cm sediment slices at 5 cm intervals was performed using a laser
diffraction particle sizer (SALD-2300, Shimadzu) at the Immanuel Kant Baltic Federal University,
Kaliningrad, Russia. The analysis was repeated twice for each sample: first for the bulk sediment and



then for the carbonate-free fraction following consecutive dissolution of organic matter by hydrogen
peroxide and carbonates using hydrochloric acid following McCave et al. (1995b). The size
distribution of the carbonates is represented by the difference in the size distribution of the bulk and
carbonate-free sediment (McCave et al. 1995b).

Grain-size fractions were determined following the modified scale of Wentworth (1922). The
boundaries between sand and silt and betweenssilt and clay were 63 um and 4 um, respectively. The
silt fraction was divided into sortable silt and fine-grained silt with a 10 um boundary as this value is
significant for the dynamic behaviour of sediment (McCave et al. 1995b). The textural name of the
sediment was given following the classification of Shepard (1954).

Mineral composition of the samples was analysed using X-ray powder diffraction at the Analytical
Laboratory of the Institute of Oceanology, Russian Academy of Sciences, using an X-ray
diffractometer D8 ADVANCE (Bruker AXC), with Cu-Ka, Ni 0.02 filter, 40 kV, 40 mA, and a LYNXEYE
strip detector. Data were collected by scanning in a discrete regime with a step size of 0.02, a
counting time of 8 s per step, in the range of 2.5-70°26 with rotation. The X-ray diffraction data
were processed and deciphered using DIFFRAC.EVA software. Corundum numbers from the
International Centre for Diffraction Data database were used for the quantitative analysis. In total,
21 samples of 1 cm slices were analysed for the two sediment cores.

Magnetic susceptibility was investigated to determine the relative content of magnetic minerals,
reflecting the terrigenous contribution to the sediment composition (Rothwell and Croudace 2015).
The Bartington MS3 system with surface sensor MS2E was used for the analysis of the archive core
section halves with a 0.5 cm measurement interval.

Lithological descriptions and sedimentary facies interpretation were made following published
literature (Stow and Piper 1984; Rebesco et al. 2014; Stow and Smillie 2020) using visual
macroscopic analysis and analytical data. Macroscopic analysis included colour, texture,
compositional descriptions, and sedimentary structure examination. The composition of each facies
was examined using a microscope.

Radiometric accelerator mass spectrometry (AMS) **C dating of three samples was performed at the
AMS Golden Valley (Centre for Collective Use of Scientific Equipment ‘Accelerator Mass
Spectrometry’, Novosibirsk State University and Novosibirsk Scientific Centre, Novosibirsk, Russia).
The bulk planktic foraminiferal community was chosen for dating as carbonate shells were not found
in sufficient amounts. The !*C age was calibrated using Calib 8.20 software and MARINE20
calibration curve (Heaton et al. 2020) with a global ocean age (AR) of 550 years. The calibrated age is
represented as cal ka BP (before present; the zero year is 1950).

Age model forthe upper sections of the sediment cores was compiled based on linear interpolation
between AMS *C dates and zero age on the horizon of 0 cm. The calcium carbonate (CaCO,), ice-
rafted debris (IRD), relative abundance of the cold-water species Neogloboquadrina pachyderma
(sin.), and total foraminiferal counts in the sediment cores were used for stratigraphic dissection of
the lower undated core sections. Following the previous studies, the decrease in CaCO; content,
togetherwithan increase in IRD and N. pachyderma (sin.), were correlated with the cold intervals of
the glacial cycle (Mcintyre et al. 1972; Ruddiman and MclIntyre 1976; Helmke and Bauch 2001). In



the V53-C2 sediment core, an additional time reference point was represented by the identified ash
layer.

Results
Morphologies and echo types

The tectonic, erosional, and depositional features were distinguished using the bathymetric and
echotype characteristics of the area. The erosional and depositional features are mainly confined to
the valleys of the CGFZ. Therefore, these features were primarily considered when assessing the
sedimentation processes in these areas. The description of the morphological features and
corresponding echo typesis presented separately to the valleys of the CGFZ to the east and west of
the intra-transform spreading centre so the area is divided into the ‘eastern and western sectors’.
The eastern flank of the Reykjanes Ridge is also considered.

Fifteen echo types were identified in the area, which were combined into six groups (Figure 3). The
layered (L) echo type is represented by continuous, distinct echoes with flat (L1, L4, and L5) or waved
(L2 and L3) seafloorand continuous, sharp, parallel sub-bottoms. The high-amplitude (HA) echo type
has been recognised locally as distinct continuous echoes with a thick (up to 11 m) high-amplitude
and continuous or discontinuous internal reflections. Groups of hyperbolic (H) echoes correspond to
often indistinct surface echoes with irregular (H1, H3, and H4) and regular (H2) overlapping
hyperbolae. Discontinuous sub-bottoms are represented in the H1, H2, and H3 types. Acoustically
semi-opaque patterns with chaotic reflections were assigned to the chaotic (C) echo types. Clis
typically seen as an acoustically transparent lens-shaped or horizontally stretched unit and C2 has
veryindistinct discontinuous echoes, both on the bottom surface and internally. Prolonged (P) echo
types have high-reflective surfaces and are characterised by absent (P1) or irregular (P2) sub-
bottoms. The irregular (1) echo type is represented by discontinuous and slightly undulating surface
reflections with intermittent sub-bottoms. The distribution of the echo types is shown in Figure 4.

Eastern sector of the CGFZ valleys. The eastern sector is represented by a northern inactive valley
and a southern active valley with its eastward inactive continuation (Figure 5a). The northern
inactive valley is bounded by an outer ridge from the north and ITD ridges from the south (Figure
5a). The valley depths vary from 3,800 m to 3,900 m, with a weak inclination to the west. A moat
was observed along the southern wall of the valley (Figure 5b—e). The width of the moat is 1,500—
3,500 m and it is up to 20 m deep. In the western part of the valley, a smaller moat appears along
the northern wall (Figure 5b). The moats are represented by L5 echo types (Figure 5a—c). A sheeted
and mounded small-scale sediment drift joins the moat from the north in the central and eastern
parts of the valley and is confined between two moats in its western part. The drift is characterised
by stratified echo types (L1 and L2) (Figure 5a, d, and e).

The high-amplitude conformable sub-bottom reflection separates two acoustically semi-transparent
intervals inside the drift at a depth of ¥4 m below the seafloor (Figure 5d and e). The upper interval
is well traced along the valley and was designated to seismic unit UL. In the northern inactive valley,
this seismic unit is uniform but may demonstrate slightly different thickness and transparency in
other valleys. The upper boundary of Ul is characterised by high-amplitude seafloor reflection and
the basal boundary represents the erosional surface. Reflection terminations demonstrate downlap
at the foot of the southern wall of the valley (Figure 5e) and end abruptly along the high-angle slope



of the northern wall (Figure 5d). Lower seismic units are mostly stratified but still have different
acoustic characteristics such as within the northern inactive valley and in other valleys. Therefore,
only the upper uniform unit U1l was identified in the study area. The second acoustically semi-
transparentintervalbeneath the erosional surface is characterised by an even greater transparency
and thickness (up to 7 m) than U1 (Figure 5e). This unit has a discontinuous basal boundary that
becomes poorly visible at the base of the valley walls. The seafloor between the valley walls and
moats is mainly represented by the C1 echo type (Figure 5a and e).

The bathymetry datarevealed small-scale sediment waves (dunes) on the valley floor (Figure 5b and
c). The wavelength of the dunes varies from 500-2,000 m and the wave height is 3-10 m. The dunes
forms involute irregularities on the valley floor and were indistinguishable on the echo-sounding
profiles due to their low vertical resolution.

The inactive fracture of the southern valley has depths of 3,600-3,800 m and its morphology differs
in its eastern and western sections (Figure 5f). The eastern section is relatively flat and covered by
sedimentdunes. The western section has a rough bottom formed by flanks of the structural heights
of the MAR. The archive seismic profile V2706 clearly shows an acoustically transparent sediment
body in the eastern section of the valley (Figure 5g). A V-shaped channel joins the sediment body
from the north. The channel is filled by acoustically stratified sediments with reflections onlapping
onto the structural high of the ITD and the sediment body.

The depths of the southern active valley varies from 4,100-4,540 m (Figure 5a). It is the narrowest
valley in the area. The valley bottom is complicated by an asymmetric median ridge 100—300 m high.
Very low amplitude hyperbolae and scattered reflections (H4) were recorded here, indicating an
absence of sediment.

Western sector of the CGFZ valleys. The western sector includes the northern active valley, its
western inactive continuation, and the southern inactive valley. The northern active valley is
typically deeper than 3,800 m, whereas its inactive continuation to the west is shallower and has a
depth range of 3,600-3,750 m (Figure 6a). There is an east—west elongated basin with a maximum
depth of 4,869 m in the eastern part of the northern active valley (Figure 6a). A sill with a depth of
3,800-4,000 m at 32°-32°20’W divides the nodal basin of the intra-transform spreading centre and
the depression of the active transform. The sill is formed by the median ridge and northern slope of
an oceanic core complex, developed near the intra-transform spreading centre (Skolotnev et al.
2021b). The C1, C2, and | echotypes were found onthessill and in the elongated basin (Figure 6a and
b). The western part of the valley deeper than 4,000 m is also characterised by non-stratified echo
types (H3, 1, P1, and P2).

There is an oblique terrace along the southern wall of the northern active valley (Figure 6a, c, and d).
The terrace dips from west to east from a depth of 3,500-3,550 m to 4000 m, which coincides with a
decrease in its height from 750-100 m. The horizontal part of the terrace is characterised by well-
stratified sub-bottom reflections (L2) and the upper acoustically semi-transparent seismic unit was
identified as U1 (Figure 6d and e). Archive low-resolution seismic profile V3012 shows that at least
the eastern part of the terrace is built up by an acoustically transparent sediment body (Figure 6c).
Sediment waves and dunes ranging 10-25 m high and 1-2 km in wavelength were found on the
terrace and thessill. Sediment core V53-C1 was retrieved from the sediment wave crestin the central
part of the terrace (Figure 6e).



The inactive continuation of the fault to the west, towards the limits of the study area, is generally
U-shaped but is complicated by a terrace along the southern wall of the valley (Figure 6f). The
terrace has a height of 70 m at the survey line and is represented by the stratified echo types L2 and
L4. Along the terrace, there is a channel-like structure represented by an acoustically transparent
upper interval (C1 echo type) approximately 6 m thick. This interval is bounded by a thick, high-
amplitude first sub-bottom reflection and low-amplitude parallel reflections below, with onlapping
reflection terminations (Figure 6f).

The southern inactive fracture valley has a depth of 3,800-4,000 m, which is the largest depth
among the inactive fractures in the study area (Figure 6a). There is a low inclination of the seafloor
toward the intra-transform spreading centre. Median ridges up to 150 m in height occur in the
central part of the valley (Figure 6a, g, and h). Gently sloping sediment drifts with convex-up
geometry were recorded between the northern wall of the valley and the median ridges (Figure 6g
and h). The sediment drifts are bounded by moats, which are deeper along the southern slopes of
the drifts. The depths of the moats in the sub-bottom profile locations are 5-15 m and the widths
are 1,000-1,700 m. The widths of the bodies are 2,000-5,000 m, depending on the space between
the median ridges and the ITD ridges. Thickening of the acoustically transparent intervals was
observed at the crests of the bodies. The increasing acoustic signal penetration depth of ~70 m was
recorded at the crest of eastern drift (Figure 6g). This drift is characterised by thick upper semi-
transparent unit U1 (~9.6 m) and high-amplitude underlying reflections. The sediment drifts, tops,
and low-angle slopes of the median ridges are represented by acoustically stratified echo types L1
and L2. The C1 echo type is widespread at the base of the valley walls and median ridges, and partly
fills the channels (Figure 6g and h). Small-scale undulations 2—3 m high were identified on the top of
the drift and sediment dunes of up to 10 m high cover the inner part of the valley. In the western
drift, the first high-amplitude sub-bottom reflection becomes unusually thick and was attributed to
specific echo type HA (Figure 6h).

Reykjanes Ridge, ITD, and MAR. In the study area, the Reykjanes Ridge is represented by the
spreading segment and deepening sector of the eastern flank of the ridge, covered with sediments
from the southern end of the Gardar Drift (Bianchiand McCave 2000). Well-distinguished sediment
waves cover the seafloor to the east of 32.5°W (Figure 2 and Figure 5a). They have a latitudinal
direction and are up to 20 m high and 2-3 km in wavelength. The sediment wave area is
characterised by stratified echo types (L1-L4), whereas hyperbolic echoes are typical for high-angle
slopes and ridge tops (Figure 5a).

The sub-bottom profile across a depression on the flank of the ridge, where the V53-C2 core was
obtained and location of the Integrated Ocean Drilling Program (IODP) site 1304, showed
pronounced features. A sediment drift with a U-shaped moat on its northern flank is located
betweenthe ridges at a depth of 3,100 m (Figure 7a and b). The depth of the moat is 55 m. The drift
is characterised by parallel reflections (L1 echo type) and the thickness of the first sub-bottom
transparent interval Ul is ~6 m. The acoustic reflections of the drift are aggradational in its
horizontal part and progradational along the drift edge where the maximum penetration of the
acoustic signal (~75 m) was found. The bottom of the moat is represented by the C1 echo type. The
surface of the drift is covered in dunes 2—3 m high and 1.2 km in length (Figure 7c).



The intra-transform domain includes ridges, spreading centre, and nodal basins (Skolotnev et al.
2021b). The highest ridges (1,100-1,400 m in depth) are located at the flanks of the spreading
centre. The western part of the ITD ridges is deeperthan the eastern part, with ridge summit depths
in the western part between 2,500 m and 3,000 m compared with 2,100-2,600 m in the eastern
part. The troughs between the separate ITD ridges reach 3,500 m and 3,200 m in the western and
eastern segments, respectively. The summits and high-angle slopes of the ridges are characterised
by various hyperbolae and irregular and prolonged echo types (Figure 4, H1-4, P1, P2, and |). The
nodal basins were not crossed by the echo-sounder profiler except at the northern part of the
southern basin where the H2 echo type was found. Various hyperbolic echoes (H1, 3, and 4)
characterise the spreading centre.

The western flank of the MAR adjacent to the southern valley comprises longitudinal ridges that
deepen westward. Their depth varies from east to west from 2,100-3,400 m. Troughs deeper than
3,800 m occur in the western part. Sediment cover is absent on the MAR south of the southern
active valley. Ridges are mainly represented by the H4 echo type, with H2 and C2 echo types in the
rift valley (Figure 4). On the western flank of the MAR, south of the southern inactive valley, flat
ridges and troughs between them correspond to layered (L1-4) and chaotic (C1) echo types,
respectively.

Sedimentary facies

Six sedimentary facies were identified in the two sediment cores (Figure 8 and Figure 9). Two facies
are common in both cores (F1 and F2), whereas the F3—F6 facies are unique for each core.

Facies 1 (F1) description. This facies consists of clayey-silty and silty-clayey calcareous mud of grey to
light greenish grey (V53-C1; 0-273 cm) and grey to olive grey (V53-C2; 0—-318 cm) colour (Figure 8
and Figure 9). This facies is characterised by moderate bioturbation. Calcium carbonate content is
greater than 33% in core V53-C1 and more than 30% in core V53-C2 and increases towards the core
top in both cores. This trend is synchronous with the In(Ca/Fe) ratio (Figure 8 and Figure 9). This
facies is associated with a low percentage of N. pachyderma (sin), IRD counts, MS values, and Tiq
content (Figure 8 and Figure 9). The Nb/Ti ratio records low values and decreases to zero in the
upper parts of the cores. The same slightly decreasing trend was found for the In(Si/Ti) ratio.

The mean grain size of the bulk sediment varies from 2—13 um in core V53-C1 and up to 22 pm in
V53-C2 (Figure 10a and b). Following carbonate dissolution, the mean grain size decreases, with a
maximum value of 8 um in V53-C1 and 10 um in V53-C2. Grain size distributions of the bulk samples
vary from unimodal to polymodal, with well-pronounced peaks in the clay and very fine-grained silt
fractions (Figure 10a and b). Component distributions show that the terrigenous fraction consists of
clay to coarse-grained silt with a minimum size of 10 um on the grain-size curve. The biogenic
(carbonate) fraction is mainly represented by very fine silt and clay sizes (Figure 10a and b). An
exception is the upper horizons of the cores (4-5 cm, 20-30 cm, and 90-91 cm in V53-C1 and 50—
150 cm in V53-C2) where a sand fraction (foraminiferal shells) is present.

The most abundant mineral is calcite, which varies from 55%—82% in core V53-C1 and from 69%—
90% in core V53-C2, with larger values found at the tops of the cores (Figure 10a and b). The other
principal minerals are clays, quartz, K-feldspars, plagioclase, and pyroxene in core V53-C1.



Amphibole (1-2%) and dolomite (1-2%) were detected only in the lower parts of the cores, at 187-
188 cm and 264-265 cm in V53-C1 and 291-292 cm in V53-C2 (Figure 10a and b).

The F1 facies has a high CaCO; content, which is concentrated mostly in the clay, fine silt, and fine
sand fractions and disguised the terrigenous component grain-size distributions (Figure 10a and b).
Grain-size analysis following the removal of carbonate material enabled the detection of gradational
trends in the terrigenous sediment. These trends are more visible in core V53-C2. Based on these
changes in the grain-size composition of the carbonate-free sediment, F1 was divided into two
facies: Fla and F1b. The Fla facies is characterised by a higher content of the mineral in the medium
to coarse-grained silt fraction (up to 50%) compared with Flb, and a lower amount of the clay and
fine to very fine-grained silt fractions (Figure 10a and b). In the F1b facies, the terrigenous medium
to coarse-grained silt fraction content is approximately 30% in core V53-C2 and 20% in core V53-C1,
with the remaining fractions represented by clay and very fine to fine-grained silt. The grain-size
distributions of the carbonate-free sediment also differ in the Fla and F1b facies. The Fla facies is
characterised by a pronounced mode in the medium to coarse-grained silt sizes (sortable silt),
whereas in the Flb facies, this mode decreases and the clay to very fine-grained silt mode is more
prominent (Figure 10a and b).

F1 interpretation. This facies is interpreted as having formed mainly under the influence of bottom
currents. The concomitant influence of pelagic settling of the carbonate material is reflected in high
calcium carbonate content and increased In(Ca/Fe) values indicating high sea-surface bioproductivity
during this interval. The prevailing clay to very fine silt sizes in the carbonate material reflects its
main nannoplankton (coccoliths) composition (Trentesaux et al. 2001). This biogenic material and
extensive bioturbation disguise the bi-gradational sequence typical for the contourites.
Nevertheless, it is evidenced from the grain-size data through changes in the medium to coarse silt
fraction of the carbonate-free sediment (Figure 10a and b). The periodical increase of mineral
fraction content and mean size, without changes in the terrigenous sediment source, is attributed to
intervals of the intensification of the bottom current (Stow and Faugeres 2008). This concurs with
the statement that the medium to coarse silt sizes are sorted by bottom currents due to selective
deposition (McCave et al. 1995b; McCave and Hall 2006). Based on the terrigenous grain-size
composition, the Fla and F1b facies are identified as silty and muddy contourites, respectively.

Facies 2 (F2) description. This facies is represented by IRD-bearing silty sand of grey to greyish
brown (V53-C1) and grey to olive grey (V53-C2) colour (Figure 8 and Figure 9). This facies comprises
the lower sections of the cores, at three intervals in core V53-C1 (273-333 cm, 376-392 cm, and
418-444 cm) and two intervals in core V53-C2 (321-342 cm and 379-520 cm). Striking features of
this facies are its low CaCO; content (< 33%), high IRD content, and high percentage of N.
pachyderma (sin) (> 50% in total foraminiferal counts). These characteristics are also accompanied
by an increase in MS values and Tiy content. High Nb/Ti ratio values were also recorded, as well as a
small increase in the In(Si/Ti) ratio. Moderate bioturbation is also typical.

Mean grain size is significantly higher than in the F1 facies and varies from 5-75 um and 7-81 um in
the bulk and carbonate-free sediment of core V53-C1, respectively (Figure 10a). In core V53-C2, the
mean grain size is slightly finer and ranges from 4-51 um in the bulk sediment and 6—32 um in the
carbonate-free sediment (Figure 10b). The high variability in mean size is mainly due to the
carbonate fraction content as evidenced by the difference between the bulk and terrigenous



distributions (Figure 10). The grain-size distributions of the bulk sediments have a single mode in the
sand fraction (e.g. 284—285 cm in core V53-C1; see Figure 10a) and are polymodalin samples of finer
grain-size (e.g. 470-471 cm in core V53-C2; see Figure 10b). The component distributions indicate
that the carbonate material is mostly sand-sized, and the terrigenous fraction is characterised by
various sizes from clay to sand.

Mineralogical composition is characterised by significantly lower calcite (< 50%) and higher quartz
content (24%—31% in core V53-C1 and 14%—23% in core V53-C2) than in the F1 facies. The other
principal minerals are clays, K-feldspars, plagioclase, and pyroxene. In contrast, orthoclase is absent
and amphibole and dolomite show their highest values (up to 6% and 4%, respectively).

F2 interpretation. The F2 facies is interpreted as hemipelagic sediment dominated by terrigenous
components. The polymodal grain-size distributions with the prevalence of coarse-grained silts and
fine to medium-grained sands are formed mainly by vertical settling with advection of far-travelled
terrigenous material (Stow and Tabrez 1998). The evidence of slow hemipelagic deposition is
supported by moderate bioturbation. The coarser particles have glacial origin, which is confirmed by
high IRD counts with a predominance of terrigenous quartz and volcanogenic minerals (Figure 8,
Figure 9, and Figure 10). The increased rates of ice-rafted deposition are typical for the glacial
intervals in the North Atlantic (e.g. Ruddiman 1977).

Facies 3 (F3) description. This facies consists of IRD-bearing silty-sandy calcareous mud with grey to
light brownish grey and greyish brown colour (Figure 8). It is present only in core V53-C1 at 392—-417
cm and 445-464 cm. The main difference from the F2 facies is the high CaCO; content (33%—50%)
that is comparable with the F1 facies. Fluctuations in the In(Ca/Ti) ratio were recorded, which
appearsto be conditioned by bioturbation. The percentage of N. pachyderma (sin) is the same as in
the F2 facies. The IRD content is also high and even higher than in the F2 facies, with a maximum
value of 127,000 grains per 8 cm? at the base of the core (464 cm) (Figure 8). The MS and Tigy values
are slightly lower than in the F2 facies, while the Nb/Ti ratio is at the same rate as in the F2 facies
(Figure 8).

Mean grain size is also very similar to the F2 facies; however, a notable difference was found in the
high presence of carbonate material, which concentrates in the fine-grained sand fraction (Figure
10a and b). The quartz and plagioclase contents are also high (17% and 12%, respectively), whereas
clays, K-feldspars, amphibole, pyroxene, and dolomite contents do not exceed 4% each (Figure 10a
and b).

F3 interpretation. The elevated Ca/Ti ratios and CaCO; content, together with the high content of
terrigenous fraction of sandy sizes and high IRD counts, suggest a simultaneous increase of biogenic
carbonate and terrigenous material input. This facies is fully bioturbated, indicating a slow uniform
sedimentation without the influence of turbidity currents (Stow and Smillie 2020). The high CaCO;
content in the sediment is mainly provided by planktic foraminifera, which is evidenced by the
prevalence of the sand sizes in grain-size distributions of the carbonate fraction corresponded to the
foraminifera shells (Trentesaux et al. 2001) and the domination of N. pachyderma (sin). The
increased biogenic production on the sea surface may result from the presence of the SAF over the
study area, which is characterised by elevated primary productivity common for oceanic fronts
(Belkin et al. 2009). High IRD counts, abundance of quartz and presence of gravel suggest that
terrigenous material is mainly delivered by icebergs (e.g. Bond et al. 1992). This material is not



sorted by bottom currents as reflected in polymodal grain-size distributions of carbonate-free clay
and silt fractions without the prevalence of the sortable silt in fine-grained fraction (McCave and Hall
2006). The dominance of polar foraminiferal species N. pachyderma (sin) and high IRD content
correspond to cold sea-surface conditions during sedimentation that are common for glacial
intervals (Mcintyre et al. 1972). Therefore, we propose that F3 facies is a high-carbonate pelagite
with an admixture of hemipelagic IRD material formed under the influence of SAF during cold
climatic conditions.

Facies 4 (F4). This facies is characterised by silty clay with a grey and greyish brown colour that
gradually changes to greenish grey at the bottom of the section (Figure 8). This facies was found in
core V53-C1 at 333-376 cm. It is characterised by distinct sedimentary structures such as parallel
lamination in the lower part of the section (355-376 cm), wispy, convolute lamination in the middle
part (345-355 cm), and rare micro-bioturbation in the upper part. The CaCO; content, together with
the In(Ca/Ti) ratio, demonstrates low values (8% CaCOs;). This is accompanied by an almost complete
absence of foraminiferal shells. The IRD content is also negligible, but the MS values show a sharp
increase and are up to nine times larger than those in the F1-F3 facies. The Tiy values also increase,
while the Nb/Ti ratio is at the same level as in the F2 facies and the In(Si/Ti) shows an abrupt
decrease caused by a high titanium content.

As the F4 facies is mainly terrigenous, the grain-size distributions of the bulk and carbonate-free
fractions are similar (Figure 10a). The sediment consists of a well-sorted fine to coarse-grained silt
fraction (60%; 10—63 um) with slight normal grading in the sediment grain size (see arrow in Figure
10a). The carbonate fraction is present in the clay and very fine-grained silt fractions.

The mineral composition of this facies is unusual. Among the low calcite and increased quartz
content, there is a notable absence of K-feldspar, amphibole, and dolomite, but an increased
orthoclase and pyroxene content. In addition, only this facies contains ilmenite.

F4 interpretation. This facies is interpreted as a fine-grained turbidite as the main features of a thin
(upper) turbidite sequence are a distinct parallel lamination and the absence of bioturbation (e.g.,
Stow and Smillie 2020). The absence of IRD material and foraminiferal shells in the lower part of the
layer collectively indicate instantaneous deposition from the fine-grained portion of the turbidite
flow (Stow and Smillie 2020). Increased magnetic susceptibility and titanium content, together with
low CaCO; values, indicate a volcanogenic or siliciclastic origin of the turbidite (e.g. Hunt et al. 2015).
The weak trend in sediment coarseness in the upper part of the bed is attributed to mixing with
overlying, more carbonate-rich F2 sediments through bioturbation.

Facies 5 (F5) description. This facies consists of siliceous ooze with an olive colour and is only found
in core V53-C2 at 342—-355 cm (Figure 9). Layers up to 3 cm thick are also found at 318-321 cm and
492-494 cm. According to visual examination, the facies comprises water-saturated sediment with a
laminated structure. Well-preserved fish bones were found in the ooze at 350 cm. Microscope
examination showed that 80% of the sediment consists of diatoms with radiolarians and sponge
spicules also present. This facies is characterised by peak values of In(Si/Ti), whereas other
parameters have minimal values (Figure 9).

According to grain-size analysis, the sediment is represented by very fine-grained sand to silt (80%).
The grain-size distributions are polymodal, with modes in the clay and very fine-grained silt, and a



broad peak in the coarse-grained silt fraction (Figure 10b). The carbonate material appears in the
coarse-grained silt and fine-grained sand fractions. In terms of mineralogical composition,
distinguishing features are the presence of pyrite and an absence of amphibole, pyroxene, and
dolomite (Figure 10b).

F5 interpretation. This facies is almost entirely represented by biogenic silica material with the
prevalence of diatoms identified through microscope observations. Peaks in In(Si/Ti) values confirm
high biogenic silica content (Croudace and Rothwell 2015) (Figure 9). The grain-size distributions in
the carbonate-free fraction reflect diatom and radiolarian shells rather than terrigenous sediment
(Figure 10b). High pyrite content indicates the mineralisation of increased quantities of buried
organic matter (Berner 1982). The bed with a high concentration of diatoms request specific
conditions for its formation. According to Bodén and Backman (1996) and Kemp et al. (1996), these
sea-surface conditions include the presence of zones of increasing primary production
corresponding to hydrographic fronts. Such conditions provide a concentration of diatoms in the
form of mats on the seasurface, their death because of nutrient depletion due to high consumption
rates and subsequent sinking to the seafloor with the formation of diatom oozes and mats (Bodén
and Backman 1996; Kemp et al. 1996). According to Bodén and Backman (1996) in the North
Atlantic, these specific settings may be achieved in the area of SAF, whose modern position is very
close to the CGFZ (Figure 1). Therefore we interpret this facies as diatom ooze formed due to
relatively fast pelagic settling from the highly productive zone of SAF.

Facies 6 (F6) description. This silty sand with a dark grey colour occurs exclusively in core V53-C2 at
355-379 cm (Figure 9). The F6 facies has the lowest CaCO; content, which coincides with the lowest
In(Ca/Fe) value and decreased number of foraminifera shells. This facies is associated with the
highest IRD counts, of which 50% are volcanic grains (Figure 9). Increased MS and Tiyq content values
are also recorded, as well as a peak in the In(Nb/Ti) ratio.

The grain-size distributions are unimodal, with a mode in the very fine-grained sand fraction (Figure
10b). The carbonate material consists of silt sizes. The mineralogical analysis was performed for one
sample from the bottom part of the F6 facies and shows strong similarity with the mineral content of
the F2 facies.

F6 interpretation. This facies is interpreted as a tephra bed due to the large number of volcanic glass
grains, high magnetic susceptibility values, and peak Nb/Ti values. The high IRD counts reflect
deposition of far-travelled volcanic ash from a subaerial eruption, rather than delivering of
volcanoclastic material by the drifting ice and icebergs. The dominance of the well-sorted
terrigenous fine-grained sand fraction in the grain-size distributions indicates a prevalence of single-
sourced sediment material (Figure 10b). The tephralayerwas also detected in a nearby core (JPC-13)
(Hodell et al. 2010) and was attributed to the North Atlantic Ash Zone 1 (AZ1), consisting of several
ash interbeds and related to the Vedde Ash layer (Younger Dryas), with an age of ~12.1 cal ka BP
(Hodell et al. 2010; Thornalley et al. 2011). Therefore, in core V53-C2, the tephra layer at 370 cm
depth corresponds with the Vedde Ash layer and may serve as an additional dating tie point with an
age of ~12.1 cal ka BP.

Facies associations



Some of the identified facies form vertically stacked facies associations (FA-A, FA-B, FA-C, FA-D, and
FA-E), which are described below and presented in the Figure 11.

Facies association A (FA-A) is formed from interbedded facies Fla and Flb (Figure 11). This
alternation was identified only on the base of the grain-size composition of the terrigenous sub-
fraction and was undistinguished by visual logging. The transitions between the coarser-grained Fla
and finer-grained F1b are very gradual and their alternations form bi-gradational sequences (Figure
10a and b). This facies association comprises the upper parts of both of the studied cores (Figure 10a
and b) and ranges from 270 cm in core V53-C1 to 305 cm in core V53-C2.

Facies association B (FA-B) corresponds to gradation between F2 and F1, where the latter is
represented by FA-A. The FA-B association has a single appearance in each sediment core and is
characterised by gradual, bioturbated contact (Figure 11, Figure 8, and Figure 9). The thickness of
this association is 330 cm in core V53-C1and 320 cm in core V53-C2.

Facies association C (FA-C) consists of the stacking of the F5 and F2 facies (Figure 11). This facies
association was found in the lower part of core V53-C2 (Figure 9) and is characterised by a sharp
contact between facies without bioturbation. The total thickness of the two FA-C associations is 60
cm.

Facies association D (FA-D) comprises the F3 and F2 facies (Figure 11). It appears twice and
exclusively within the lower part of core V53-C1l. The contact between facies is gradual and
bioturbated. The thickness of the two FA-D units is 90 cm (Figure 8).

Facies association E (FA-E) is represented by gradation from the F2 to F4 facies and then back to F2
facies (Figure 11). The contact between the F2 and F4 facies is sharp (erosional?) whereas the
boundary between the F5 and F2 is gradational and micro-bioturbated. This association is present in
the lower part of core V53-C1 and has a thickness of ~80 cm (Figure 8).

Age model

Two AMS **C dates were obtained for the sediments of core V53-C1 and one in core V53-C2; all
obtained dates fall within the Holocene interval (Table 2). In the V53-C1 sediment core, the
beginning of the Holocene (11.7 ka, Walker et al. 2009) was established approximately at 270 cm as
indicated by the decrease inthe N. pachyderma (sin) relative abundance and IRD content (Figure 8).
In the V53-C2 sediment core, the Holocene boundary was established at 340 cm based on the AMS
14C date of 11.18 cal ka BP. Additionally, the level of the distinguished ash layer identified as Vedde
Ash bed with the well-known date of 12.1 cal ka BP was used as a tie point (Figure 9). The MIS 2/1
boundary was established at 300 cm in core V53-C1 and 410 cm in core V53-C2, respectively (Figure
8, Figure 9). In the V53-C1 sediment core, the interval of high CaCO; content at 390-465 cm is
assigned to MIS 3 suggesting the MIS 3/2 boundary at ~390 cm. The lower boundary of MIS 3
remains uncertain. According to constructed age model, we suggest that the V53-C1 core goes back
to MIS 3 covering more than 50 kyr, whereas, the V53-C2 core goes back to MIS 2 covering more
than 20 kyr. Average sedimentation rates for the dated intervals of the Holocene sediments are 20
cm/kyr in core V53-C1 for 0-161 cm and 24 cm/kyr in core V53-C2 for 0-320 cm.

Discussion



Morphological features and sedimentary processes

Current-controlled sedimentation. Examination of the multibeam bathymetry and echo-sounder data
identified sediment bodies with a mounded and sheeted geometry and associated channels and
moats in the valleys of the CGFZ and at the eastern flank of the Reykjanes Ridge. The sediment
bodies and channels are covered by dunes and sediment waves. Their internal structures are
characterised by stratified and undulating echo types. These distinctive morphological and seismic
features reflect the uneven sedimentation processes in the valleys. Pelagic or hemipelagic
sedimentation, typical for vast areas of the ocean, produces a uniform sediment cover over bottom
irregularities (Moore 1969; Davies and Laughton 1972). Therefore, gravity-driven deposition or
bottom-current activity may be responsible for the observed sediment distribution. Mass-transport
and gravity flow deposits are well distinguished on high-frequency echograms, as they have diffuse,
fuzzy, and acoustically transparent echoes (Damuth 1980), whereas layered echo types with
continuous parallel reflections, corresponding to the stratified units, are common for contourite
deposits (Kuhn and Weber 1993; Stoker et al. 1998; Faugeres et al. 1999; Rebesco and Stow 2001).
Therefore, based on the morphology and the distribution of echo types, we interpret the mounded
and sheeted sediment bodies as contourite drifts and contourite channels and moats that formed
under the influence of bottom currents. According to diagnostic criteria, summarised in Rebesco et
al. (2014), channel-related, plastered and confined drift types have been inferred.

Channel-related mounded and sheeted drifts were identified in the northern and southern inactive
fracture valleys. The channel morphology of the northern inactive valley is shaped by the ITD ridges
and the outerridge that formthe southernand northern walls of the channel, respectively. The drift
is located mainly along the northern wall and is characterised by mounded and sheeted
morphologies and axial thickening of reflections (Figure 5d and e). Moats, located along the
southern and northern walls, have a predominantly non-depositional, rather than erosional,
character, which can be perceived from the condensing reflections and the absence of truncated
terminations (Garcia et al. 2009). The location of the moats on both sides of the drift is a common
feature of this drift type (Rebesco et al. 2014; Esentia et al. 2018) and reflects an intensification of
the current along the ITD ridges and the outer ridge. Due to the two-sided position of the
erosive/non-depositional features, it is not possible to determine the direction of the bottom
current, which could be bidirectional or recirculating in the restricted morphology of the valley (e.g.
Morozov et al. 2010; Glazkova et al. 2022). A uniform visible sediment thickness in the moat and
drift in the central part of the valley (Figure 5d) indicates that the present moat, at least in this
location, may be inherited from previous asymmetric depositional or tectonic processes. The floor of
the valley is coveredin small, irregular sediment dunes common to areas of increased hydrodynamic
activity (Stow et al. 2009). While cross-valley seismo-acoustic profiles are scarce, the bathymetric
profiles show the asymmetry of deposition and the presence of the contourite drift along the entire
northern inactive valley (Figure 5b and c).

Channel-related driftis also proposed in the eastern part of the southern inactive valley (Figure 5g).
The position of the contourite channel along the northern edge of the drift is supposed to be
conditioned by the presence of ITD ridges and/or the westward direction of the main near-bottom
current. The small sediment dunes on the bottom surface and high-amplitude parallel reflections in
the moat confirm an intensification of the current along the valley (Figure 5g).



The channel-related mounded drifts were also detected in the western section of the southern
inactive fracture valley. The drifts are restricted by ITD ridges to the north and median ridges to the
south (Figure 6a, g, and h). The median ridges are represented by tectonic piercement structures
(Skolotnev et al. 2021b). Similar to the northern inactive valley, the drifts have mounded geometry
with moats located along the northern and southern flanks. In the mounded part of these drifts, a
divergence in reflections was found, and lapout terminations are associated with the moats that
confirm uneven sedimentation under a bottom current control (Faugeres et al. 1999). Sediment
dunes are widespread on the seafloor, indicating the influence of a bottom current in the valley
(Stow et al. 2009). Drifts were observed ontwo echo-sounder profiles; however, given the mounded
geometry of the valley bottom, we infer that contourite drifts are more frequently distributed in the
central part of the valley between 32°5'W and 34°W.

Plastered drift was identified in the northern active valley. In this valley, the most striking feature is
the elongated basin of tectonic origin (Skolotnev et al. 2021b). The ubiquitous distribution of high-
scattering C2 echo types at the bottom of the basin (Figure 6a) and the irregular and prolonged
reflections (C2, P2, P1, H3, and I) in the transform trench further to the west ( Figure 6a) indicate the
absence of a thick sediment blanket. Conversely, the terrace at the southern wall is represented by
acoustically transparent sediment drift adjusted to the ridges of the ITD, as shown in the low-
frequency seismic profile V3012 (Figure 6c). The high-resolution seismo-acoustic signals penetrate
the upper part of the sediment drift only, which is characterised by a slightly mounded shape and
stratified acoustic structure (Figure 6a, d, and e). The presence of the contourite drift concurs with
Searle (1981) who also reported a thick sediment body along the southern wall of the valley.

The origin of the drift is not entirely clear and could be partly due to tectonic processes. We suggest
that the elongated basin and deep depression along the northern wall of the transform could have
been developedthrough recent faulting along the terrace. High-magnitude earthquakes in this area
and the pull-apart type of the elongated basin concur with this assumption (Aderhold and
Abercrombie 2016). The absence of acoustically stratified sediments in the new tectonic depression
supports the recent formation of the depression and the prevalence of gravity-driven depositional
processes. The deep depression and elongated basin may serve as a corridor for the current
favouring lateral sedimentation on the terrace. Based on the high-resolution seismo-acoustic
profiling, the upper part of the plastered contourite drift is mostly aggradational; however, an
upslope progradation at the northern edge of the drift is visible (Figure 6d), which probably
corresponds to the interaction of bottom-currents with the drift morphology (Faugéres et al. 1999).
The total thickness of the drift sediments could not be determined due to the low penetration of the
acoustic signal. Therefore, it is not clear whether drift deposition began before or after the faulting
and whether there is a basement structure inside the drift. Regardless, at present, the northern
slope of the drift is steep (up to 16°), which may be caused by faulting in this tectonically active
valley.

A similar, but smaller scale, acoustic pattern and morphology were detected on the single transverse
profile in the inactive western part of the northern valley (Figure 6f). A terrace is present along the
southernwall of the valley. The upper part of the terrace comprises contourite drift, as indicated by
its mounded geometry, layered echo types, and a sediment aggradation pattern at the northern
edge of the terrace. Contrary to the active segment of the transform valley, the channel along the
terrace is represented by a flat and convex-down stratified reflection pattern. This is suggestive of



the sediment infill of the channel resulting from gravity-flow deposits. The predominantly turbiditic
composition of the nearby sediment cores KS 7911 and KS 7912 (Faugeres et al. 1983) (Figure 4 and
Figure 6f) confirms this hypothesis.

Confined drift was found in the isolated depression on the eastern flank of the Reykjanes Ridge. It is
characterised by a mounded geometry with a moat along its northeastern slope (Figure 7). This moat
separates the drift from the constraining ridges and is represented by the C1 echo type that may be
interpreted as gravity flow deposits or channel-related sediments, formed under strong currents.
The overall drift geometry is typical for mounded separated drifts (Faugeres et al. 1999; Rebesco et
al. 2014); however, drift dimensions are restricted by the surrounding ridges, meaning it can be
defined as confined drift. The drift and moat positions suggest that the bottom current enters the
depression from the northeast and propagates to the north and south along the structural highs
(Figure 7a). Taking into account the position of the drift, it is considered to be a southern
continuation of the Gardar Drift elongated on the eastern flank of the Reykjanes Ridge (Figure 1),
(Bianchi and McCave 2000; Channell et al. 2006).

Gravity flow deposits. Debris flows and turbidity currents are common along the MAR due to rough
relief and high seismic activity (e.g. Van Andel and Komar 1969; Mitchell 2018). In our study,
following Damuth (1980), acoustically transparent or chaotic records with diffuse and prolonged
surfaces and flat or hummocky relief are interpreted as mass transport and gravity flow deposits
(Figure 3 and Figure 4). These deposits were detected locally at the base of the ridge slopes in the
inactive part of the fracture zone (Figure 5e, Figure 6g, and h), on the eastern and western slopes
and at the bottom of the elongated basin of the northern active transform (Figure 6a and d), and on
the bottom of the western part of northern inactive fracture valley (Figure 6f). In the northern
inactive valley, the acoustically transparent intervalunderthe basal reflection of U1 may correspond
with buried mass transport deposits (Figure 5d and e). Inthe southern inactive valley of the western
sector, deposits of downslope density currents are frequent at the foot of the ITD ridges, the
southern slope of the valley, and high-angle slopes of median ridges (Figure 6a, g, and h).
Acoustically transparent lenses with onlap terminations fill the moats of the westernmost contourite
drift in the southern inactive valley (Figure 6h), suggesting partial burying of the drift by turbidites
(Faugeresetal. 1999). At the base of the ridges, chaotic echo typesimply the development of gravity
processes when the sediment on the ridge slopes reaches unstable conditions. The high seismicity
activity in the region, related mainly to the active transforms and rift valleys (Skolotnev et al. 2021b),
triggers the gravity processes and promotes this wide distribution of gravity flows and mass
transport deposits. The presence of turbidites and mass flow deposits in the valleys of the CGFZ was
also registered in previously studied sediment cores (Faugeres et al. 1983; Bashirova et al. 2017)
(Figure 4).

Bottom current variations and depositional environment reflected in sediment and acoustic data

Facies associations. The grain-size composition of muddy and silty contourites of facies association
FA-Aindicates deposition under weak bottom currents (about 10 cm/s) (Figure 11). The fine-grained
bi-gradational sequences of gradually altered finer F1b and coarse Fla facies resemble C1-C2 and
C4-C5 divisions of the standard contourite sequence (Stow and Faugéres 2008). The finer unit is
deposited undervery low or absent current control and may also reflect hemipelagicdeposition (e.g.
Stow and Faugeres 2008; Yu et al. 2020). The coarser unit is typically settled from the suspended



load as the current intensity increases (Brackenridge et al. 2018). Such changes in the depositional
regimes correspond with contourite drift accumulation under weak bottom currents distally to the
current core (e.g. de Castro et al. 2021). The muddy and silty sizes of the contourites may also be
explained by the prevalence of fine-grained material in the sediment source that can be distantly
located or represented by resuspended particles and particles pirated by the bottom current from
very low-density, fine-grained turbidity currents. The relatively high content of calcareous
nannofossil material, unsorted by bottom currents, implies the influence of pelagic settling.

The FA-B association corresponds to the shift from hemipelagic facies to fine-grained contourites.
This sequence differs from the FA-A association by the prevalence of IRD of fine to medium sand
sizes in the hemipelagic sediment (facies F2). Poor sorting of IRD-bearing sediment and polymodal
grain-size distributions suggest an absence of sorting by bottom currents. The FA-B sequence
changed to FA-C and FA-D in the lower parts of the sediment cores; those comprising facies F5 and
F3 were formed under pelagic settling of biogenic material derived from highly productive sea-
surface areas (Figure 11). Intercalation of the hemipelagic and pelagic facies suggests that the
bottom currents were inactive during this interval of sediment formation.

The FA-E association is interpreted as base-cut-out fine-grained turbidite, whose deposition
interrupts the slow hemipelagic sedimentation (Figure 11). Such partial turbidite sequence could be
deposited from the distal part of the turbidity current or represent an overbank deposit (Stow and
Smillie 2020). Both processes are possible and agree with the position of core V53-C1 on the top of
the sediment wave and to the east of the local depression on the terrace of the northern active
valley (Figure 6e). This depression may serve as a channel for the axial part of gravity flows
originating on ridges of the ITD and passing the terrace down to the bottom of the transform. The
chaotic acoustic reflections (C1 echo-type) in the channel, interpreted as gravity flow deposits,
support this assumption (Figure 6e).

Vertical stacking pattern of the facies associations expresses changing from mainly vertical settling
processesinthe lower parts of the sediment cores to current-controlled sedimentation in the upper
sections. Contouritic and pelagic/hemipelagicsequences occupy the same intervals in both sediment
cores, assuming a time dependence of the activity of the bottom current.

Cyclic pattern of seismo-acoustic records. The high-resolution seismo-acoustic profiles show a
distinct alternation of more transparent units (T) with higher amplitude reflection packages (R). This
pattern is well defined in the axial parts of the plastered and confined drifts in the northern active
valley and eastern flank of the Reykjanes Ridge and is expressed as layered echo types ( Figure 6d, e,
and Figure 7b). The correlation of profilerand sediment cores data shows that the upper acoustically
semi-transparentinterval Ulcorresponds with the fine-grained contourite association FA-A formed
during the warm MIS 1 and characterised by high sedimentation rates (up to 24 cm/kyr) (Figure 12).
The underlying high-amplitude reflections (R) correspond with the F2 facies and FA-D facies
association accumulated during the cold MIS 3—-2. We suppose that the high acoustic reflectivity of
these sediments is caused by the high IRD content (i.e. sand material) in the F2 and F3 facies, which
leads to lower porosity and amplified bulk density (e.g. Bond et al. 1992) that increase an acoustical
impedance (Richardson and Briggs 1993). A comparison of the seismo-acoustic data with the 13JPC
core (Hodellet al. 2010) confirmsthat the high-amplitude reflections coincide with glacial sediments
with high IRD content (Figure 12). The reason for the different thicknesses of these reflections and,



consequently, of the glacial sediments at the V53-C2 and V53-C1 coring sites is unclear and requires
furtherinvestigation. However, given the correlation of the seismo-acousticand sediment core data,
we suggest that the acoustically transparent units (T) may have formed under the influence of
bottom currents during interglacials. In contrast, units with amplified reflections (R) correspond to
hemipelagic/pelagic deposition with high IRD input and the absence of current control. Therefore, at
least in their upper parts (~70 m), the sampled contourite drifts may consist of alternated contouritic
and pelagic/hemipelagic sediments rather than pure contourites. These cyclic variations in lithology
and seismo-acoustic patterns of the drifts are interpreted as due to variations in bottom current
influence and sediment supply. This interpretation differs from the data on drifts formed in other
sediment environments such as, for example, Faro Drift, where lithological and acoustical
alternations were attributed to the bottom currentintensity (Stow et al. 2002). We suppose that the
intercalation of the contouritic and pelagic/hemipelagic sedimentation in the drifts due to variations
of control by bottom current and sediment sources could be common for regions where both are
strongly linked to climate changes, with examples from the North Atlantic contourite drifts (e.g.
Cremer et al. 1993).

Water masses and contourite drifts: sedimentary model

The valleys of the CGFZ are mainly filled with ISOW and its westward current was thought to be the
main driver of current-influenced sedimentation (Shor et al. 1980; Searle 1981; Faugéres et al.
1983). However, according to more recent hydrographic observations (e.g. Bower and Furey 2017),
the depths of the axis (2,000-3,000 m) and lower boundary (3,500 m) of the ISOW are typically
shallower than the valleys of the CGFZ (3,800-4,600 m). Therefore, a deeper water mass can be
present in the valleys. Such a deeper, colder, and fresher water mass was repeatedly reported by
oceanographic observations, especially in the southern valley (Shor et al. 1980; Saunders 1994;
Dobrolyubov et al. 2003; Bower and Furey 2017). The origin of this water mass is contradictory,
beingvariously interpreted as LDW (Bower and Furey 2017) or DSOW (Shor et al. 1980; Dobrolyubov
et al. 2003). This water mass enters the valleys from the west (Saunders 1994; Daniault et al. 2016)
and its direction is mainly eastward in the southern valley (Dobrolyubov et al. 2003; Bower and
Furey 2017) but could be westward in the northern valley due to entrainment by the ISOW current
(Shor et al. 1980). According to Shor et al. (1980), the fresher and denser near-bottom water mass
(DSOW) may penetrate from the southern to the northern valley through depressions between the
ridges of the ITD. The mean current speed of the westward-flowing ISOW is greater than 6 cm/s in
the northern valley, whereas the mean current speed of the eastward-directed near-bottom wateris
approximately 2 cm/s in the southern valley (Bower and Furey 2017). The eastward transport may
be enhanced due to deep intrusions of the eastward-flowing NAC over the CGFZ (Saunders 1994;
Bower and Furey 2017; Xu et al. 2018; Racapé et al. 2019). Of note, most of the oceanographic
measurements were carried out on a transect at 35°W, with the deepest measurement at
approximately 3,700 m in the northern valley and 3,850 m in the southern valley that is shallower
than the bottom of the valleys to the east of this transect.

As such, the following sedimentation model is proposed for the CGFZ area. The westward-directed
ISOW current readily enters and fills the northern valley from the northeast (Figure 13). The depths
of the eastern part of the ITD ridges (2,000-2,500 m) and intervening depressions (up to 3,350 m)
enable the ISOW current to penetrate the eastern part of the southern valley. The constricted
valleys intensify the near-bottom current, which is responsible for the erosional or non-depositional



elements along the ridges and drift accumulation at the areas of current decrease (Hernandez-
Molina et al. 2008). The ISOW current is responsible for the formation of the contourite drifts in the
isolated depression on the eastern flank of the Reykjanes Ridge, in the northern valley, and eastern
part of the southern inactive valley (Figure 13). The contourite drifts in the southern inactive valley
(western part) are formed mainly under the influence of the deeper, eastward-flowing LDW (or
DSOW), which enters both valleys from the east, but significantly, is blocked by the ISOW current in
the northern active valley at the terrace depth of 3,500—4,000 m (Saunders 1994) (Figure 13).
However, the fault depression at the northern edge of the terrace, with a maximum depth of 4,870
m, may be filled by this fresherand denser water mass, although this assumption requires additional
hydrographical observations. The location of the drifts of the northern valley and the flank of
Reykjanes Ridge deeperthan the core of the ISOW current determines muddy and silty types of the
contourites. This concurs with, for example, de Castro et al. (2021) who have shown that muddy and
silty contourites are formed distal to the bottom current axis. The distal location of the plastered
contourite drift is also confirmed by non-migratory sediment waves on the top of the drift that
correspond to sluggish bottom current characteristics (Bianchi and McCave 2000; Faugeéres and
Mulder 2011).

The sediment material of studied contourite drifts mainly comprises terrigenous and biogenic
components with some addition of volcanogenic. The contouritic sedimentation is provided by the
ISOW current, which delivers fine-grained terrigenous particles. The nepheloid layers within the
ISOW were found on the eastern slope of the Reykjanes Ridge at depths of 2,200-2,500 m (Bianchi
and McCave 2000) and in the western part of the northern valley (35°W) at depths of 2,000—-3,200 m
and 3,550-3,700 m (Shor et al. 1980). ISOW provides the detrital fraction gathering resuspended
particles along the Gardar Drift and fine-grained material from turbidity currents at the head of the
Maury Fan (Davies and Laughton 1972; Bianchi and McCave 2000; Kissel et al. 2009). This material
originates from the Faroe Bank Channel and the Iceland-Faroe Ridge and consists mainly of basaltic
grains from the Iceland Shelf and distal volcanic silts and fine sands (Ruddiman 1972). In the CGFZ
area, these sediment particles may settle from the nepheloid layers and/or be redistributed by the
near-bottom currents.

Vertical input from pelagic settling resulted in high content of coccoliths is registered during MIS 1
that is common for contourite muds and interglacial intervals in the North Atlantic (e.g. Ruddiman
and Mclintyre 1976; Bankole et al. 2020). Deposition of high-carbonate pelagite and diatom ooze
during MIS 3 and glacial-interglacial transition (beginning of MIS 1), respectively, is supposed to be
connected with the SAF — main hydrological front in the North Atlantic. Such fronts are characterised
by elevated sea-surface primary production and are known as ‘hot spots’ of marine life (Belkin et al.
2009). During the Late Quaternary, position of the SAF underwent drastic changes that affected
northern heat transport and Atlantic Meridional Overturning Circulation (e.g. Bolton et al. 2018;
Perner et al. 2018). Our data suggest a location of SAF over the study area during some episodes of
the MIS 3 — high values of total foraminiferal counts coinciding with increased IRD content ( Figure 8).
These episodes may be connected with unstable climate conditions of the intermediate glacial MIS 3
associated with prominent millennial-scale Dansgaard-Oeschger events. According to modelling
results, these events are connected with the ocean surface freshwater fluxes related to ice sheet
processes (Zhang and Prange 2020). The shifts of SAF location in the area of the Reykjanes Ridge
result from the freshwater advection (e.g. Perner et al. 2018) and, therefore, could be conditioned
by freshwater inputs during MIS 3. However, this suggestion needs additional studies.



Local distribution of diatom ooze and its absence in the sediments from the same period in the
neighbouring sediment cores from IODP site 1304 (Channell et al. 2006; Hodell et al. 2010; Fagel and
Mattielli 2011) may be explained by the topography of the contourite drift complicated by
sedimentary dunes (Figure 7c) or/and by patchiness of the diatom mats on the sea-surface.
However, the presence of the diatom mats through the sediments at IODP site U1304 supports the
periodical presence of the SAF over the area during the Quaternary (Channell et al. 2006).

Hemipelagic settling provides IRD and volcanic ash components delivered from distal sources.
Tephra layers of Icelandic origin are widely dispersed across the North Atlantic (e.g. Rutledal et al.
2020). High content of the IRD in the North Atlantic sediments is an indicator of glacial
sedimentation and the ice-rafted material in the CGFZ area could have originated from Laurentide,
Greenlandic, Icelandic, and Scandinavian Ice Sheets depending on the sea-surface paleocirculation
pattern (e.g. Ruddiman 1977).

High seismic activity in the area (Aderhold and Abercrombie 2016; Skolotnev et al. 2021a; Sokolov et
al. 2024) produces widely distributed sediments through downslope gravity flows in the CGFZ area
(Figure 13). Turbidites and mass flow deposits of varying thickness were found in core V53-C1 and
extensively in othersediment cores from the study area (Faugéres et al. 1983; Bashirova et al. 2017).
The fine-grained sediment material, delivered by distal gravity flows, is mainly redistributed by near-
bottom currents in the area of contourite drifts. If the gravity flows are proximate to the drifts or
occur during periods of inactive bottom currents, turbidite beds may be included in the contourite
drift. Such occurrences were recorded on sub-bottom profiling records in the inactive southern
valley (Figure 6h) and in core V53-C1in the northern active valley (Figure 8).

Late Quaternary evolutionary stages

Depositional evolution during the Late Pleistocene to Holocene. The two main depositional modes
were recorded in the studied cores. According to the constructed age model, the current-controlled
sedimentation corresponds with the interglacial (Holocene) period. In contrast, during cold and
intermediate intervals of the last glaciation (MIS 2 and MIS 3) a dominance of hemipelagic
deposition with intercalation of turbiditic and pelagic processes was registered (Figure 8, Figure 9,
and Figure 11). Based on the sedimentary model (Figure 13), the contouritic sedimentation on the
CGFZ valleys is mainly controlled by the flow of ISOW and possibly partially DSOW, which are the
main components of the NADW (Worthington 1976). Late Quaternary variability in the formation of
the NADW is believed to be closely linked with global climate changes and its circulation pattern is
characterized by the glacial and interglacial end members (e.g., Broecker and Denton 1989;
Sarnthein et al. 1994; Lisiecki et al. 2008). During the interglacial state (including the Holocene) the
NADW is formed in the Nordic Seas and the flows of ISOW and DSOW are intensive. This circulation
state agrees with our data onthe current-controlled sedimentation in the valleys of the CGFZ (Figure
14a).

During glacial intervals, the convection in the Nordic Seas was greatly reduced and shallow water
convection developed to the south of Iceland producing Glacial North Atlantic Intermediate Water
(GNAIW) and allowing largely intrusion of the Glacial Antarctic Bottom Water (GAABW) to the North
Atlantic (e.g., Sarnthein et al. 1994). The boundary between GNAIW and GAABW was at
approximately 2000-2500 m depth (Sarnthein et al. 1994; Thornalley et al. 2010) resulting in
domination of the GAABW over the CGFZ area (Figure 14b). Although our data do not provide



information about changesin deep watertype overthe study area, it clearly shows the decreasing of
bottom current intensity at least in the northern valley and over the eastern flank of the Reykjanes
during glacial interval. The absence of the current control on the deposition during MIS 3-2 in the
studied sediment cores confirms the significant drop in the intensity of the NADW current (McCave
et al. 1995b, a; McCave and Hall 2006; Elmore et al. 2015; Sivkov et al. 2015; McCave and Andrews
2019) and sluggish current of the GAABW in the North Atlantic during glacials (Manighetti and
McCave 1995; Thornalley et al. 2010). Although a third end-member of deep water circulation was
proposed for the Heinrich events with the absence of the GNAIW formation (e.g., Sarnthein et al.
1994; Rahmstorf 2002), our data do not allow us to distinguish between this short mode and glacial
mode because of poor dating of the glacial sediments in the cores.

Direction of the bottom current flow through time. The direction of the bottom flow can be
determined by mineralogical data providing information on particle province. Amphibole may serve
as an indicator of a North American shield source in the North Atlantic during the Late Pleistocene—
Holocene period (Fagel and Mattielli 2011). According to our mineralogical data, amphibole is
presentin core V53-C2 to at least 290 cm, which correspondsto ~11-10 cal ka BP (Figure 10c). In the
southern core V53-C1, the presence of amphibole is recorded from the bottom of the core to a
depth of 160 cm, which roughly corresponds with the Middle Holocene (Figure 10c). This shows the
existence of the eastward bottom current flow during the Late Pleistocene—Middle Holocene in the
valleys of the CGFZ and corresponds with sluggish westward ISOW flow and its subsequent gradual
recovery during the cold MIS 2 and Early Holocene, respectively (Sarnthein et al. 1994; Kissel et al.
2009; Fagel and Mattielli 2011). Our data match well with the results of Fagel and Mattielli (2011)
(Figure 2 and Figure 10c), who reported a deep-water connection between the LabradorSea and the
Iceland Basin through the CGFZ up to ~6 ka BP. The extended presence of amphibole in the
sediments from the southern core (up to the Middle Holocene in V53-C1) compared with the
northern core (up to the Early Holocene in V53-C2) (Figure 10c), indicates that eastern-sourced deep
waters occurred for longer in the valleys of the CGFZ than further to the north in the Iceland Basin.
This finding corresponds with a shallower position of the ISOW current during the Early Holocene
than at present (Thornalley et al. 2013), which may promote the filling of the CGFZ valleys by
eastward flowing LDW or DSOW. During the Late Pleistocene, only GAABW could have been
responsible for the carrying of amphibole through CGFZ as it filled the transform valleys ( Figure 14).

Conclusions

In this work, we used seismo-acoustic profiling and lithological data to determine the sedimentary
processes in the valleys of the CGFZ and the adjacent eastern flank of the Reykjanes Ridge. The
channel-related mounded and sheeted drifts were recorded in the northern and southern inactive
valleys. The ITD ridges and median ridges govern the position of the contourite channels and moats
in this system. Plastered drift was found along the southern wall of the northern active valley and its
position is proposed to be linked with tectonic processes in the active transform. Confined drift was
detectedin the isolated depression on the eastern flank of Reykjanes Ridge. Vast-spread sediment
dunes and waves indicate bottom current activity over the drifts.

Considering the depths of the contourite drifts and modern circulation pattern, we have inferred
that the ISOW currentis responsible for the formation of the drifts in the isolated depression on the
eastern flank of the Reykjanes Ridge, in the northern valley, and in the eastern part of the southern



inactive valley. The contourite sedimentation in the western part of the southern inactive valley is
governed mainly under the influence of the deeper, eastward-flowing LDW or DSOW.

Based on the studies of two sediment cores, we have found that contourite drifts consist of
alternated muddy and silty contourites and pelagic/hemipelagic sediments rather than pure
contourites. We have inferred that this intercalation is caused by changes in the circulation pattern
in the North Atlantic Ocean linked to global climate changes. The alternation of the contouritic and
hemipelagic/pelagic deposition is proposed to be reflected in the acoustically layered structure of
the drifts.

The contourite deposition with high accumulation rates (averaging 19—24 cm/kyr) corresponds to
the recent interglacial interval and very likely to the Late Quaternary interglacials. The gradual
increase in the westward-flowing ISOW current from the Late Pleistocene to the Middle Holocene
was revealed based on the mineralogical data showing consistent disappearance of amphibole from
the sediments. The current-controlled deposition occurred simultaneously with a high input of
biogenic material resulting from pelagic settling.

Pelagic/hemipelagic sedimentation prevailed during cold intervals (MIS 3-2) and the last
glacial/interglacial transition and corresponds with high IRD content in the sediments. The position
of highly productive SAF over the study area induced the formation of diatom ooze beds at the
beginning of MIS 1 and high-carbonate pelagites during some intervals of MIS 3. Depositional units
related to short-term events were also foundin the studied sediment cores. A turbidite bed reflects
the local gravitational processes common in the study area and tephra layers (North Atlantic Ash
Zone 1) were formed due to volcanic eruptions in Iceland.

This study sheds light on sedimentation processes in the fracture zone, which serves asa deep -water
passage for the northern-sourced ISOW. The hydrology of deep waters of northern origin and their
climatic variability in the North Atlantic are well studied. However, the degree of influence of deep
waters of southern origin remains poorly understood and requires further research. In addition, we
focused on the Late Quaternary interval of sedimentation history, but the pre-Quaternary period
remains poorly understood. This raises questions about the relationship between tectonic evolution
and sedimentation in the fracture zone, which are addressed to future studies.
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Figure Captions

Figure 1. Generalised scheme of the circulation pattern in the subpolar North Atlantic Ocean based
on Daniault et al. (2016) and the location of the CGFZ. The position of Subarctic Front (SAF) is
according to Perner et al. (2018). Study area is indicated by the white box. The green-coloured area
denotesthe Gardar Drift. Topography: MAR - Mid-Atlantic Ridge, CGFZ - Charlie-Gibbs Fracture Zone,
and WEB - Western European Basin. Circulation: NAC - North Atlantic Current, LSW - Labrador Sea
Water, ISOW - Iceland-Scotland Overflow Water, DSOW - Denmark Strait Overflow Water, NADW -
North Atlantic Deep Water, LDW - Lower Deep Water, and SAF - Subarctic Front.

Figure 2. Bathymetry of the CGFZ area according to Skolotnev et al. (2021b) and the location of the
studied and referenced sediment cores (see Table 1). The major faults and rift axis positions are
from Skolotnev et al. (2021b). Light-blue squares outline bathymetry charts in the corresponding
figures. Note that core V53-C2 was collected 1 km southwest of the IODP site 1304. ITD - intra-
transform domain, MAR - Mid-Atlantic Ridge.

Figure 3. Echo types of the CGFZ area.

Figure 4. Scheme of echo type and sedimentary facies distribution with a bathymetry background.
The echo type descriptions are given in Figure 3. Pie charts show presence of sedimentary facies in
the studied and referenced sediment cores. Blue arrows show the propagation of the Iceland-
Scotland Overflow Water (ISOW) current. White and dark grey isobaths correspond to 1,500 m and
3,500 m depths, which are the upper and lower boundaries of the ISOW. ITD - intra-transform
domain, MAR - Mid-Atlantic Ridge.

Figure 5. Scheme of echo type distributions (a), examples of cross-valley bathymetric profiles (b, c,
and f), high-resolution seismo-acoustic profiles (d and e), and archive low-resolution seismic profile
(g) for the northern and southern valleys of the eastern sector of the CGFZ. The position of (a—g)
profiles is shown in (a). Grey lines on the bathymetric chart denote the position of the channel-like
structuresin the northern valley. The Iceland-Scotland Overflow Water (ISOW) near-bottom current
is shown by blue arrows in (a) and blue circles in (b—g). The colour schemes for the bathymetry are
the same as in Figure 2. The echo type descriptions are in Figure 3. White and dark grey isobaths on
(a) are 1,500 m and 3,500 m depths, respectively. 1 — intra-transform spreading centre, ITD — intra-
transform domain, MAR — Mid-Atlantic Ridge, U1 — upper acoustically semitransparent seismic unit.

Figure 6. Scheme of echo type distributions (a), examples of high-resolution seismo-acoustic profiles
(b and d-h), and archive low-resolution seismic profile (c) for the northern and southern valleys of
the western sector of the CGFZ. The location of sediment cores is shown on the sub-bottom profiles
by arrows; the position of the sediment core KS 7911 (Faugeres et al. 1983) is projected onto the
sub-bottom profile (f). The colourschemes forthe bathymetry are the same as in Figure 2. The echo
type descriptions are in Figure 3. White and dark grey isobaths on (a) are 1,500 m and 3,500 m
depths, respectively. 1 — intra-transform spreading centre, 2 — oceanic core complex, ITD — intra-
transform domain, M — median ridge, T — terrace, U1 — upper acoustically semitransparent seismic
unit.

Figure 7. Scheme of echo type distributions (a), high-resolution sub-bottom profiles (b), and
bathymetric profile (c) of the sediment drift on the eastern flank of the Reykjanes Ridge. The
direction of the Iceland-Scotland Overflow Water (ISOW) flow is shown by blue arrows. The location
of core V53-C2 and IODP site 1304 (Channell et al. 2006) is shown by arrows on (b). The colour
schemes for the bathymetry are the same as in Figure 2. The echo type descriptions are in Figure 3.



White and dark grey isobaths on (a) are 1,500 m and 3,500 m depths, respectively. U1 — upper
acoustically semitransparent seismic unit.

Figure 8. Sedimentary logs for core V53-C1, collected in the northern active valley of the CGFZ. Red
stars indicate *C dates with cal ka BP denoted beneath each star. IRD — ice-rafted debris, MS —
magnetic susceptibility.

Figure 9. Sedimentary logs for core V53-C2, collected in the isolated depression on the eastern flank
of the Reykjanes Ridge. Red stars indicate *C dates with cal ka BP denoted beneath the star. Yellow
star indicates an additional time point from the ash layer. IRD — ice-rafted debris, MS — magnetic
susceptibility.

Figure 10. Grain-size composition, representative grain-size distributions, and bulk mineral content
for cores V53-C1 (a) and V53-C2 (b). Amphibole content (relative %) for cores V53-C1, V53-C2, and
HU91-045-080 (Fagel and Mattielli 2011) (c). Bulk mineral content for core HU91-045-080 is from
Fagel and Mattielli (2011) (d). Dotted lines show the correlation of the well-dated HU91-045-080
core with the core V53-C2 by mineralogical composition. Black arrows indicate bi-gradational trends
in the mineral subfraction of F1 facies and blue arrow shows normal grading trend in the F4 facies.
Facies description is in Figure 8 and Figure 9.

Figure 11. Vertical facies associations, identified in the studied sediment cores with connection to
the estimated hydrodynamic regime and intensity of sea-surface bioproductivity.

Figure 12. Correlation of the seismo-acoustic profiler records with the sediment cores from confined
contourite drift on the flank of the Reykjanes Ridge (a) and plastered drift in the northern active
valley (b). The cyclic alternation of acoustically transparent/semitransparent (T) and reflective (R)
units is proposed to be associated with intercalation of contouritic and hemipelagic/pelagic
deposition, respectively, linked to climate changes. Stratigraphy and depths of core 13JPC are
redrawn from Hodell et al. (2010). The grey fill on the core diagrams, superimposed on the profiler,
corresponds with glacial intervals (MIS 4-2) in the sediments. Facies numbers are described in Figure
8 and Figure 9. AZ1 — North Atlantic Ash Zone 1, U1 — upper acoustically semitransparent seismic
unit.

Figure 13. Scheme of sedimentation processes in the CGFZ. Arrows indicate bottom currents of the
Iceland-Scotland Overflow Water (ISOW) in light blue and the Lower Deep Water (LDW) and
Denmark Strait Overflow Water (DSOW) in purple. The question mark near the abbreviation of water
masses denotes uncertainty in their origin. ITD — intra-transform domain, MAR — Mid-Atlantic Ridge.

Figure 14. Late Quaternary changes of the deep and intermediate water circulation in the CGFZ area,
corresponding with interglacial (a) and glacial (b) conditions in the North Atlantic Ocean. The water
boundaries are compiled according to Sarnthein et al. 1994; Rahmstorf 2002; Thornalley et al. 2010. The
grey dotted line in (a) corresponds to 34.94 isohaline drawn according to Bower and Furey (2017)
and outlined the modern boundaries of the Iceland-Scotland Overflow Water (ISOW). Red arrows
denote the position of the studied sediment cores. GAABW — Glacial Antarctic Bottom Water, GNAIW
— Glacial North Atlantic Intermediate Water, ITD — intra-transform domain, MAR — Mid-Atlantic
Ridge.



Table Captions

Table 1. Location of the sediment cores in the study area. Cores from the same location are shown
in italics.

Table 2. Results of radiocarbon dating for V53-C1 and V53-C2 sediment cores. Radiocarbon ages
were calibrated using Calib8.2 and MARINE20 calibration curve (Heaton et al. 2020) with the global
ocean age (AR) of 550 years.



Core Lat. N Long. W Water  depth | References
(m) / length (m)
V53-C1 52°37.080’ 33°34.726' 3850 / 4.65 This study
V53-C2 53°03.301" | 33°32.719' 3140 /5.20 This study
10DP1304 53°03.401' | 33°31.781' 3080 / 264 Expedition 303 Scientists 2006
KN166-14-13JPC | 53°03.410 33°31.78' 3082 /12 Hodell et al. 2010
(13JPC)
HU91-045-080 53°03.40 33°31.78 3024 /3.30 Fagel and Mattielli 2011
AMK-4515 52°03.14’ 29°00.12’ 3630 / 3.70 Bashirova et al. 2017
KS 7701 52°21.2 35°10.4' 3780 / 5.40 Faugéres et al. 1983
KS 7910 52°19.4' 35°38.4' 3790 /9.70 Faugeres et al. 1983
KS 7911 52°42.0' 35°27.5 3650 / 10.7 Faugeres et al. 1983
KS 7912 52°46.0' 35°27.6' 3460 / 2.38 Faugéres et al. 1983

Table 1




Calibrated

14 H
Lab. code gzrihn(acr:s and Dated material (aCBP)age Error £ (1czllgamBaP) age median
P (cal ka BP)
Gv-4069 | V3¢ Bulk planktonic | oo, 40 281-423 0.35
0-1 foraminifera
V53-C1 Bulk planktonic
GV-4070 160-161 foraminifera 8223 47 8428-8607 8.53
V53-C2 Bulk planktonic
GV-4071 320-321 foraminifera 10224 52 11093-11256 | 11.18

Table 2
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Echo type Description | Interpreta- Echo type Description | Interpreta-
tion tion
Layered 1 (L1) Flat surface Mixed Hyperbolae 4 (H4) | Singular, large, | High-angle
with package of | deposition: irregular slopes and
high-amplitude | hemipela- hyperbolic ridges
continuous gic and by echoes without | without
parallel bottom sub-bottom sediment
reflectors currents reflectors cover
Undulating Mixed Transparent Mass-
continuous deposition: lens-shaped transport
surface hemipela- echo, and gravity
reflector gic and by sometimes with | flows
underlain by bottom chaotic filling deposits
well-stratified currents underneath
conformable prolonged flat
reflectors or undulating
: : surface
Undulating Mixed reflector
high-amplitude | deposition:
surface hemipela-
reflector with | gic and by Chaotic 2 (C2) Reflection with | Mass-
one sharp bottom P almost transport
conformable currents 7 — complete mask | and gravity
underlying c2 . | of acoustic flows
reflector ~ | inner deposits
. ’ tratification by
Flat or slightly | Pelagic or Siraty
undulating high- | hemipela- iy A
amplitude gic. Prolonged 1 (P1) | Distinct Low-angle
surface ; seqlmen- prolonged slopes with
reflector with | tation reflection. Sub- | limited or
one sharp ? | bottom without
conformable | reflectors are | sediment
underlying scarce or cover
reflector = absent
High-amplitude | Deposition Prolonged 2 (P2) | Distinct Slopes
compacted n, ) <7~ | prolonged without
stratified and contourite 4 | bottom surface | sediment
discontinuous | channel M reflectors with | cover
reflectors X E low amplitude
o~ irregular sub-
Hyperbolae 1 (H1) | Hyperbolae of | Hemipela- P bottoms
~u | different height | gic or
&’:\ < |with deposition Irregular (I) Irregular Low-angle
: Rg D ~ | conformable or | by bottom o undulating slopes or
y aﬁ = iregular sub- | currents e surface with | ridge
2 Eoioms. | [i% \ rare irregular summit with
i e and limited
Hyperbolae 2 (H2) | Repeating Low-angle | | discontinuous | sediment
hyperbolae with | slopes sub-bottoms cover
;/emces tangent w!thoug o High amplitude (HA) | High-amplitude | Volcanic
0 the seafloor | with thin v d imataral
or a sub-bottom | sediment .s"; acel an ateria
reflectors cover emnd
reflectors
Hyperbolae 3 (H3) |Low-amplitude | Erosional
irregular channels
hyperbolae of
H3 _ | different vertex
~ T high with
unconformable
hyperbolae
sub-bottoms
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V53-C1 (northern active valley, 3851 m depth)
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V53-C2 (flank of the Reykjanes Ridge, 3138 m depth)
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