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Abstract 

Ice-rafted detritus (IRD) across the North Atlantic provides an important archive for 

reconstructing the dynamics of adjacent ice margins during the Last Glacial Maximum 

(LGM). The complex relationship between ice sheet mass balance and IRD flux is still 

unclear; an increase in IRD could indicate both a positive or a negative mass balance. 

To address these uncertainties, the source of the IRD needs to be established. 

Determining the source of IRD for the British Irish Ice Sheet (BIIS) hitherto has only 

identified broad lithospheric provenances. This study aimed to link IRD within three 

adjacent deep ocean cores to individual ice streams draining the former BIIS using X-

ray Fluorescence (XRF) core scanning to define elemental geochemical provinces. 

Principal Component Analysis was used to establish five glacigenic ice stream end 

members from the former BIIS: 1) Irish Sea; 2) Celtic Sea; 3) Donegal; 4) Malin Sea 

and 5) Minch. These end members were then used to geochemically link the IRD in the 

deep ocean to ice stream source. All three deep ocean cores record BIIS IRD flux; 

contribution of IRD from the ice streams is governed by the presence of a marine-

terminating margin and the direction of the surface currents which are shown to be 

variable during deglaciation. Significant BIIS IRD contribution to the deep ocean 

occurs between 31-20 kyr BP. Analyses suggests a marine-terminating BIIS pre-

Heinrich event 4 and provides offshore evidence for a smaller regionalised marine 

terminating margin ~14 kyr BP and during the Younger Dryas stadial. The data 

highlight shifts in the timing of ice stream vs. ice lobe contribution from adjacent 

sources (Hebrides Ice Stream vs. Donegal Bay ice lobe) and that IRD source in the 

Rosemary Bank has stronger affinities with the Hebrides Ice Stream than with the 

adjacent Minch Ice Stream, indicating northward iceberg drift along the NW sector of 

the margin during and following the Last Glacial Maximum. 
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1 Introduction 
 

 

             
1.1 Rationale 

The present ablation and dynamic thinning of contemporary ice sheets is occurring at rates 

much higher than expected (Rignot et al. 2011). Significant mass loss is taking place on both 

the Greenland and Antarctic ice sheets, which are impacting on future ice sheet extent and 

thickness (Mouginot et al. 2015; Joughin et al. 2014). The West Antarctic Ice Sheet (WAIS) 

is of particular concern due to its buttressed marine-terminating margin and inherent sensitivity 

to climate perturbations (Joughin and Alley 2011). However, due to the short duration of 

observational datasets, the ability to accurately predict the fate of these ice sheets and the 

ramifications on future sea-level change is limited (Bamber and Aspinall 2013). Crucial to 

interpreting these changes is a need for a better understanding of ocean-atmosphere-cryosphere 

interactions over millennial timescales to put these present-day observations into context. 

Reconstructing palaeo-ice sheets grants the opportunity to better understand global climate 

change over longer time scales and improve current ice sheet models (Stokes et al. 2015). 

 The former British-Irish Ice Sheet (BIIS) is known to have had a large marine-

terminating margin and was comprised of several major ice streams (Bradwell et al. 2007; 

Dunlop et al. 2010; Clark et al. 2012; Chiverrell et al. 2013). These ice streams operated as 

fast flowing conduits draining the ice sheet. The mass balance of an ice sheet is fundamentally 

determined by these high flux corridors with repercussions for the overall stability of the ice 

sheet (Stokes et al. 2015). A greater understanding of palaeo-ice streams will improve our 

understanding of present-day ice-sheet behaviour (Stokes and Clark 2001) considering that 

more than 90 % of mass lost from the WAIS is through ice streams (Payne et al. 2004). 
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The ice-rafted detritus (IRD) record from the deep ocean has been used as 

palaeoclimatic proxy since the 1960sand has been instrumental in understanding the 

interactions involved in ocean-atmosphere-cryosphere linkages (e.g. Heinrich events) 

(Heinrich 1988; Bond et al. 1993; Broecker 1994).  However, significant uncertainty remains 

over the glaciodynamic processes that result in IRD flux to the sea bed. This uncertainty has 

been highlighted by Scourse et al. (2009) whereby an increase in IRD flux could be the result 

of ice sheet growth (positive mass balance) or, conversely it could be the result of ice sheet 

collapse (negative mass balance). The indicative meaning of the IRD record is thus unclear. 

Scourse et al. (2009) propose a hybrid model in which IRD can be a function of both ice sheet 

growth or collapse, however this hypothetical model requires verification through field testing. 

This PhD contributes to the NERC-funded BRITICE-CHRONO project. BRITICE-

CHRONO aims to reconstruct the retreat stages of the BIIS from its maximum extent during 

the Last Glacial Maximum (LGM) until it backstepped onto land. Marine geophysics, sediment 

coring and an extensive dating programme have been used to explore the decay of the BIIS. 

With this extensive dataset, it will be possible to link the IRD flux record from the adjacent 

deep ocean cores to the detailed retreat stages of individual ice streams draining the BIIS. To 

date, IRD fingerprinting techniques have been unable to identify specific ice streams within 

the BIIS, only an ambient BIIS signal with the exception of the Irish Sea Ice Stream (ISIS) in 

which Cretaceous chalk is used as a diagnostic fingerprint (Scourse et al. 2009).  
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Studies analysing IRD provenance commonly use a light microscope to pick, count and 

identify IRD grain types however this method is very time consuming (Scourse et al. 2000; 

Knutz et al. 2001; Haapaniemi et al. 2010). Scourse et al. (2009) highlight the problems of 

solely relying on this approach when identifying IRD provenance in more distal areas; whereby 

a single lithic species could derive from a multitude of localities and is therefore not solely 

diagnostic of a particular ice stream. The authors discuss the importance of using additional 

fingerprinting techniques to help confirm provenance allocation. Additional methods for 

fingerprinting IRD include: radiogenic isotopes (e.g: Sm-Nd; Rb-Sr; Pb; and K/Ar) (Hemming 

2004); magnetic properties (Peters et al. 2008; Walden et al. 2007) and X-ray diffraction 

(Andrews et al. 2011); these methods are also time consuming and can be destructive.  

High resolution non-destructive µX-ray fluorescence (µXRF) core scanning is a fast 

and effective tool for palaeoclimate research. The variation in elements along a core profile can 

indicate environmental change, sedimentological change, pollution inputs and can also assist 

in core correlation. µXRF core scanners have become increasingly popular over the last decade 

due to rapidity of analysis and high stratigraphic resolution. This technique can be applied to a 

range of sediments from a multitude of different sedimentary environments. µXRF core 

scanning has been used to identify IRD within sediment cores by spikes in elements such as 

Ca, Fe, Sr, Ti/K (Prins et al. 2001; Peck et al. 2007; Van Rooij et al. 2007; Hodell et al. 2008; 

Jonkers et al. 2010; Mao et al. 2014; Plaza-Morlote et al. 2017), however it has not been 

previously used as a method for determining the provenance of IRD other than broad 

geographical regions e.g. continentally derived IRD (Jonkers et al. 2010). 

µXRF scan data has been increasingly used for determining the provenance of marine 

sediment such as turbidites (Rothwell et al. 2006), glacigenic debris-flows (Pope et al. 2016), 

or the origin of glacial deposits in lake settings (Wittmeier et al. 2015). This study aims to use 

µXRF to determine the provenance of IRD in the deep ocean and to fingerprint its geochemical 

signature to the individual ice streams draining the BIIS. IRD in the adjacent deep ocean cores 

to the BIIS have been analysed extensively (Scourse et al. 2000; Knutz et al. 2001; Peck et al. 

2006; Peck et al. 2007; Walden et al. 2007; Peters et al. 2008., Hibbert et al. 2010; Scourse et 

al. 2009; Haapaniemi et al. 2010), but to date the geochemical compositional data does not 

allow the identification of specific ice stream sources (excluding the identification of ISIS by 

the presence of Cretaceous chalk by Scourse et al. 2009). Through using µXRF this study aims 

to determine the indicative meaning of the IRD record in the deep ocean and to improve our 

understanding of the collapse of the BIIS. 
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1.5 Western margin of the British Irish Ice Sheet 

Clark et al. (2012) highlighted that our knowledge of the offshore and marine sectors of the ice 

sheet margins for the BIIS are spatially incomplete and fragmentary. Considering that two 

thirds of the BIIS was marine based this is inhibiting for ice sheet reconstruction. The following 

sections aim to summarise our understanding of positions of the western ice margins of the 

BIIS at its last maximum extent and its subsequent retreat until it back stepped onto land (Figure 

1.2). 

 

1.5.1 Irish Sea Ice Stream 

The Irish Sea Ice Stream was the largest ice stream that drained the BIIS and therefore, its 

dynamism would have had internal repercussions for the BIIS as a whole (Patton et al. 2013). 

The ice stream was grounded but largely had a marine-terminating margin. The ice stream was 

fed  by ice from the Scottish Highlands, the Lake District and Ireland (Chiverrell et al. 2013). 

The ice flowed south across the Irish Sea Basin and into the Celtic Sea, the southernmost 

extension of the BIIS (Scourse et al. 1990). The extent of this advance has been contested by 

the presence of glacigenic material across the shelf even at the shelf break. It has been proposed 

that during the LGM the ice sheet had a grounding-line position across the mid-shelf (Figure 

1.2, blue line) and in this scenario glacigenic material at the shelf edge could derive from 

iceberg turbates and glacimarine deposits (Scourse et al. 1990; Scourse 1991). However, Praeg 

et al. (2015) have identified stratified diamicts at the shelf edge that are over consolidated and 

on this basis they propose that the ice stream reached the shelf edge (Figure 1.2, yellow line). 

A date from a single mollusc valve from glacimarine sediments indicates retreat by 24.3 kyr 

BP. Bayesian modelling (Figure 1.3) shows that the ice stream advanced into the Celtic Sea 

between 25.3-24.5 kyr BP (Chiverrell et al. 2013). This is supported by new geochronological 

data presented by Smedley et al. (2017) which demonstrates ice advancing to a limit across the 

northern Isles of Scilly at ~26 kyr BP. The timing of maximum extent coincides with the 

increase in IRD in the deep ocean (Scourse et al. 2009; Happaniemi et al. 2010) and the 

subsequent rapid collapse occurs after Heinrich event 2. The exact position of the ice margin 

is unknown (mid-shelf or shelf break position), however from the Bayesian modelling they 

infer the retreat was initially rapid, ~550 ma-1, but became progressively slower as the ice 

stream retreated between southern Ireland and Wales. However, in the northern Irish Sea Basin 

rates of retreat increased and the area was ice free by 23.7-22.9 kyr BP (Chiverrell et al. 2013). 
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Figure 1.2 Map depicting conflicting models of maximum extent of the last BIIS as mentioned in the 
text; Smedley et al. 2017 (Blue line); Praeg et al. 2015 (Yellow line); Peters et al. 2015 (Green line); 
Sejrup et al. 2005; Scourse et al. 2009; Clark et al. 2012 (Black line); Small et al. 2016 (Red line) and 
Bradwell and Stoker 2015 (Purple line). Major ice streams are also included 1) Irish Sea Ice Stream 2) 
Hebrides Ice Stream and 3) Minch Ice Stream; and trough mouth fans BF: Barra Fan; SF: Sula Sgeir.  
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1.5.2 Western Ireland and the Hebrides Ice Stream 

Offshore western Ireland large moraine complexes span the continental shelf providing 

evidence for a grounded ice sheet. Previous reconstructions have placed the western ice sheet 

limit at the Galway Lobe Moraine (Sejrup et al. 2005; Scourse et al. 2009; Clark et al. 2012) 

(Figure 1.2, black line), however Peters et al. (2015) positioned the limit ~ 80 km further west 

(Figure 1.2, green line). A radiocarbon date from a highly consolidated till indicates the ice 

sheet advanced across the Porcupine Bank after 24.7 kyr BP and was deglaciating by 19.2 kyr 

BP. Estimated retreat of the ice across the shelf range from ~70 to 180 m a-1 (Peters et al. 2015). 

Figure 1.3 Various retreat margins of the Irish Sea Ice Stream showing the location of geochronological sites 
used for the Bayesian modelling and modelled ages for retreat (From Chiverrell et al. 2013). 
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Further north, Ó Cofaigh et al. (2012) identified a suite of nested arcuate ridges offshore 

Donegal Bay and interpreted them as moraines. Analysis of these moraines indicate that the 

BIIS reached the shelf break in this region (Figure 1.2, red line) and retreat from the shelf edge 

occurred before 23 kyr BP (Purcell 2014). Rates of retreat were initially rapid and associated 

with iceberg calving as recorded by the iceberg ploughmarks distal to the outermost moraine 

(Ó Cofaigh et al. 2012). Retreat across the shelf was slow and punctuated by still stands as 

indicated by the presence of nested moraines and thick beds of laminated glacimarine 

sediments (Ó Cofaigh et al. 2012; Purcell 2014). 

The Hebrides Ice Stream was grounded to the shelf break in the Malin Sea (Dunlop et 

al. 2010) (Figure 1.2, red line). Direct evidence from the glacial geomorphology across the 

shelf indicates the area was a zone of confluence for Irish and Scottish ice (Dunlop et al. 2010). 

IRD recovered from the Barra Fan (Figure 1.2) records major growth of the ice stream at around 

29 kyr BP and a shelf break position by 27 kyr BP (Wilson and Austin 2002; Scourse et al. 

2009).  Iceberg furrows on the outer shelf indicate initial retreat was associated with iceberg 

calving (Dunlop et al. 2010).  Evidence suggests deglaciation from the shelf edge at ~ 25 kyr 

BP with the ice attaining the present-day coastline position by 17-16 kyr BP (Clark et al. 2012; 

Hughes et al. 2016; Small et al. 2017). Geomorphological evidence indicates that initial retreat 

was rapid, followed by a slow punctuated retreat around bedrock obstacles (Dove et al. 2015; 

Small et al. 2016).  

 

1.5.3 Minch Ice Stream 

The continental shelf offshore NW Scotland exhibits well preserved glacial sediment and 

landform assemblages interpreted to record the extension of the BIIS (Bradwell and Stoker 

2015). The landforms indicate that the Minch Ice Stream flowed across the shelf depositing 

sediment in a large trough-mouth fan (Sula Sgeir Fan, Figure 1.2). Moraines across the shelf 

indicate past ice stream terminus positions. Bradwell and Stoker (2015) propose that the ice 

stream reached at least a mid-shelf position during the LGM (Figure 1.2, purple line), with 

outermost moraines from pre-MIS 2-3. Cosmogenic exposure ages from North Rona indicate 

that BIIS retreated from the mid-shelf area ~25 kyr BP (Everest et al. 2013). Radiocarbon dates 

from marine macro- and micro-fauna indicate open cold water conditions in the Minch at 15 

kyr BP (Bradwell and Stoker 2015). The retreat across the central Minch may have been rapid 

as indicated by the absence of moraines. Bradwell and Stoker (2015) predict that the majority 

of the ice stream margin was floating during deglaciation, with significant calving occurring. 
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However, the large complex of moraines in coastal waters suggests a long-lived stillstand by a 

stable grounded marine-terminating ice sheet margin most likely between 16-22 kyr BP.  

 

1.6 Geology 

The bedrock composition of the study area determines the geochemical composition of the 

glacial sediments across the continental shelf (Sheldon et al. 2016) and the IRD which calved 

from the BIIS (Farmer et al. 2003). It is therefore important to have a firm appreciation of the 

bedrock geology of the study area(s). 

The Irish Sea Ice Stream basin can be divided into two sectors: The Celtic Sea and the 

Irish Sea. The geology of the Celtic Sea is characterised by Miocene mudstone and siltstone. 

There are also outcrops of Devonian and Carboniferous mudstones and sandstones, the Early 

Permian Haig Fras granite and Upper Cretaceous Chalk (Edwards et al. 1991; British 

Geological Survey, 2008). The Irish Sea can be subdivided into the Irish Sea Basin and the 

northern Irish Sea. The Irish Sea Basin is characterised largely by Cenozoic, Permo-Triassic 

and Jurassic mudstone and sandstone. The Northern Irish Sea is comprised of Cenozoic 

mudstone, sandstone and conglomerate and Carboniferous to Jurassic mudstone, sandstone, 

limestone, siltstone, halite, volcanics and slate. There are also outcrops of coal and to the east 

of Anglesey, the Monian supergroup (British Geological Survey, 2008). 

The Malin Sea is comprised mainly of Lewisian gneiss and Permian to Paleogene 

mudstone, sandstone, siltstone, limestone and argillaceous rocks and the Dalradian supergroup. 

The Torridon group occurs in the northern sector of the Malin Sea alongside many igneous 

intrusions and lava formations (British Geological Survey, 2008). The bedrock geology of 

Donegal Bay is not documented however, the onshore geology of the region is predominantly 

Carboniferous limestone, sandstone and siltstone and Pre-Cambrian schist and gneiss with 

quartzite (Geological Survey of Ireland, 2014). There are also igneous intrusions of Ordovician 

to Devonian granite along the northwest coast of County Donegal (Geological Survey of 

Ireland, 2014).  

The geology of the Minch can be divided into five regions. The Hebrides shelf is 

characterised by Permo-Triassic conglomerate, sandstone, siltstone and mudstone, Jurassic 

argillaceous rocks with subordinate sandstone and limestone and Lewisian gneiss. Whereas the 

continental shelf break is dominated by Eocene to Pliocene argillaceous rocks and sandstone. 

The Minch is mainly Jurassic argillaceous rocks with subordinate sandstone, limestone and 

mudstone with outcrops of Torridon group sandstone and igneous intrusions. The Torridon 

group extends along the coastline of the Eastern Minch and there are outcrops of Scourian 
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gneiss. The coastline of Cape Wrath is characterised by Precambrian to Ordovician rocks 

(British Geological Survey, 2008).  

 

1.7 Palaeo-hydrography 

Proxy reconstructions suggest that North Atlantic Ocean circulation was different during the 

LGM in comparison to contemporary circulation (Hebbeln et al. 1998; Bauch et al. 2001). The 

Atlantic Meridional Overturning Circulation (AMOC) is an important element of the climate 

system because it is associated with a net northward transport of heat (Lynch-Stieglitz et al. 

2007). The AMOC comprises the Gulf Stream and the North Atlantic Current which transports 

warm water northwards which then cools and sinks and forms the North Atlantic Deep water 

(NADW). The NADW is the southward-flowing cold nutrient-poor water (Buckley and 

Marshall 2016). During the LGM it has been documented that the NADW was displaced 

upwards into shallower, intermediate waters by nutrient rich waters from the Southern Ocean 

forming the Glacial North Atlantic Intermediate Water (GNAIW) (Marchitto and Broecker 

2006), however the LGM strength of the AMOC is still contested as discussed by Lippold et 

al. (2012).  Some studies argue for a weaker AMOC (Hesse et al. 2011), whilst others argue 

for a similar, or even stronger, formation rate than the present day (Hewitt et al. 2003). Lynch-

Stieglitz et al. (2007) contests these notions stating that the AMOC was neither completely 

sluggish nor stronger than the present day. However, because IRD flux is conditioned by 

iceberg trajectories and determined by ocean currents, the focus here will be on the strength 

and direction of surface currents during the LGM (Bigg et al. 1997). These surface currents 

transport icebergs across the ocean to zones of melting or grounding (Watkins et al. 2007). 

Using patterns of IRD deposition across the North Atlantic, Ruddiman (1977) and Grousset et 

al. (1993) determined that an anti-clockwise surface gyre was active during the LGM.  For the 

purpose of this study, this suggests icebergs calving from the BIIS will predominantly travel 

northwards along the margin, thus there will be a dilution of source material in the deep ocean 

cores by other southerly ice streams such as the Irish Sea Ice Stream.  

 

1.8 Conclusions 

The BIIS was a relatively small but dynamic ice sheet with 2/3 of the ice sheet marine based, 

it is an important example of how marine influenced ice sheets deglaciate. Reconstructing the 

behaviour of palaeo-ice streams operating in marine based sectors (such as the ISIS, the 

Hebrides Ice Stream and the Minch Ice Stream) will greatly inform our understanding of 

present-day ice sheet behaviour. Analysing marine sediment cores provides a means of 
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developing a greater understanding of the collapse of the BIIS. Using µXRF to fingerprint IRD 

to the individual ice streams draining the BIIS will help to determine the indicative meaning of 

the IRD record and how it relates to the collapse of the BIIS. These techniques will be discussed 

in the following chapter. 
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  Figure 2.1 Location map showing the locations of the deep ocean cores MD04-2820CQ, MD04-2822 
and MD04-2829CQ; and the continental shelf cores analysed within this study. The continental shelf 
cores are divided into three areas: the Irish Sea Ice Stream (Red circles); the Hebrides Ice Stream and 
Donegal Bay ice lobe (purple circles) and the Minch Ice Stream (pink circles).  
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Study area Core 
name 

Latitude Longitude Water 
depth 

Length of core 
(m) 

Coring 
technique 

Continental shelf cores 
Irish Sea 
Ice Stream 

JC106-
003VC 

48.32403 -8.99061 211 1.65 Vibro core 

Irish Sea 
Ice Stream 

JC106-
012VC 

48.97906 -9.94756 170 1.59 Vibro core 

Irish Sea 
Ice Stream 

JC106-
013VC 

48.98537 -9.95148 168 3.3 Vibro core 

Irish Sea 
Ice Stream 

JC106-
018VC 

49.54034 -8.99374 146 1.86 Vibro core 

Irish Sea 
Ice Stream 

JC106-
019VC 

49.53904 -8.99170 145 1.62 Vibro core 

Irish Sea 
Ice Stream 

JC106-
033VC 

50.27430 -8.34522 132 1.82 Vibro core 

Irish Sea 
Ice Stream 

JC106-
051PC 

51.34570 -6.18485 116 6.29 Piston core 

Irish Sea 
Ice Stream 

JC106-
054VC 

53.26616 -5.12741 146 3.19  Vibro core 

Irish Sea 
Ice Stream 

JC106-
055VC 

53.26718 -5.13792 160 1.31 Vibro core 

Irish Sea 
Ice Stream 

JC106-
056VC 

53.61575 -4.83919 65 5.50 Vibro core 

Irish Sea 
Ice Stream 

JC106-
063VC 

53.65871 -4.50771 91 5.77 
 

Vibro core 

Irish Sea 
Ice Stream 

JC106-
068VC 

53.61113 -4.04128 49 3.05 Vibro core 

Irish Sea 
Ice Stream 

JC106-
069VC 

53.74102 -4.11442 47 0.71 Vibro core 

Irish Sea 
Ice Stream 

JC106-
071VC 

53.75242 -4.43444 61 4.84 
 

Vibro core 

Irish Sea 
Ice Stream 

JC106-
073VC 

53.84030 -4.59079 67 4.04 Vibro core 

Irish Sea 
Ice Stream 

JC106-
078VC 

54.04859 -4.09088 41 0.74 Vibro core 

Irish Sea 
Ice Stream 

JC106-
084VC 

54.58745 -4.26520 63 4.48 Vibro core 

Irish Sea 
Ice Stream 

JC106-
087VC 

54.32303 -5.03023 133 5.20 Vibro core 

Donegal 
Bay 

JC106-
096VC 

54.48188 -9.16968 75 3.06 Vibro core 

Donegal 
Bay 

JC106-
102VC 

54.62345 -9.51890 90.5 2.52 Vibro core 

Donegal 
Bay 

JC106-
112VC 

54.84513 -10.18137 125 1 
 

Vibro core 

Hebrides 
Ice Stream 

JC106-
123VC 

55.62552 -8.46130 91 1.435 
 

Vibro core 

Table 1. Summary table of core details. 
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2.2 Fingerprinting ice-rafted detritus 

The BIIS was a highly dynamic ice sheet with a relatively large proportion of its margin 

terminating in the ocean. The marine terminating margins would have been major sources of 

IRD to the deep ocean reflecting the retreat/readvance phases of the ice sheet (Scourse et al. 

2009). Fingerprinting the source of the IRD in the adjacent deep ocean cores to individual ice 

streams has the potential to establish any marine margin instabilities within the BIIS and 

determine the synchronicity between the various ice streams. The IRD characterising any 

individual ice stream will be sourced mainly from local glacial erosion of the continental shelf 

and landmass within the catchment of the ice stream (Farmer et al. 2006; White et al. 2016) 

       
Hebrides 
Ice Stream 

JC106-
129VC 

56.18944 -8.55304 130 1.33 
 

Vibro core 

Hebrides 
Ice Stream 

JC106-
139VC 

56.17709 -8.97967 148.8 3.67 
 

Vibro core 

Hebrides 
Ice Stream 

JC106-
146VC 

56.47296 -8.70696 150 4.14 Vibro core 

Hebrides 
Ice Stream 

JC106-
149VC 

56.39728 -7.44881 136 4.5 Vibro core 

Hebrides 
Ice Stream 

JC106-
153VC 

56.25168 -7.58738 113.5 3.35 
 

Vibro core 

Minch Ice 
Stream 

JC123-
010VC 

58.66957 -6.10917 123.5 5.36 Vibro core 

Minch Ice 
Stream 

JC123-
012VC 

58.06561 -5.5139 68.1 2.55 Vibro core 

Minch Ice 
Stream 

JC123-
015VC 

58.16218 -5.50133 119.5 3.86 Vibro core 

Minch Ice 
Stream 

JC123-
018VC 

58.37602 -5.45453 113 5.24 Vibro core 

Minch Ice 
Stream 

JC123-
031PC 

57.9188 -6.22988 125 6.55 Piston core 

Minch Ice 
Stream 

JC123-
039VC 

59.09388 -7.14055 183 3.95 Vibro core 

Minch Ice 
Stream 

JC123-
045VC 

58.85708 -6.63305 142.5 4.94 Vibro core 

Minch Ice 
Stream 

JC123-
049VC 

58.78002 -4.80542 86.5 2.37 Vibro core 

Deep ocean cores 
Goban 
Spur 

MD04-
2820CQ 

49.0697 -13.4128 3633 10.04 Giant box 
core 

Rockall 
Trough 

MD04-
2822 

56.8423 -11.3827 2344 37.7 Giant 
piston core 

Rosemary 
Bank 

MD04-
2829CQ 

58.9488 -9.57167 1743 10.08 Giant box 
core 
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(except for Heinrich events), hence the geology of the continental shelf and adjacent landmass 

will determine the composition of the glacial sediments and the IRD calving from any 

particular ice stream. It can be assumed that the ambient IRD signal will be from the proximal 

ice stream; there will be far-field IRD but, excluding Heinrich events, the majority will be 

sourced from the BIIS. Fingerprinting IRD in the adjacent deep ocean requires a two-step 

approach: 1) to geochemically characterise the presumed source material; and 2) to 

geochemically characterise the IRD signature in the deep ocean. These two approaches will be 

explained further below and the results presented in Chapters 4, 5 and 6. 

 

2.2.1 Geochemical signature of the shelf end members 

Core locations 

Marine sediment cores were collected on RRS James Cook cruise JC106/JC123 in 2014/2015 

(BRITICE-CHRONO cruise report 2014/2015) (Figure 2.1; Table 1). Core locations were 

chosen based on sub-bottom profiles to capture the transition from basal till to glacimarine 

sediments. These sediments were recovered using a vibrocorer and a piston corer. The cores 

were split and visually described aboard both research cruises.  

Core Selection 

For the purpose of this study, cores were selected based on location, glacigenic lithofacies and 

geochronology. Cores were selected along the central flow pathway of the ice streams with 

additional cores collected perpendicular to ice stream flow to characterise the local catchment 

geology and to determine the spatial variability in their geochemical signature. Core logs and 

radiocarbon dates were compiled for BRITICE-CHRONO by BRITICE-CHRONO team 

members (radiocarbon dates in Appendix 1). These data were used to select cores with 

appropriate glacigenic lithofacies. Glacimarine and waterlain diamict lithofacies were the focus 

of analysis as they represent the ice-rafted detritus calving from the margin (Farmer et al. 

2003). These lithofacies represent the continental shelf glacial end members and the source of 

the offshore IRD flux.  

Radiocarbon dates 

Radiocarbon dates were obtained from samples of marine carbonate (single or broken valves) 

and benthic foraminifera by BRITICE-CHRONO. A total of 38 radiocarbon dates were 

obtained for the cores which are the focus of this study. Radiocarbon sampling targeted 

lithofacies boundaries or the base of a core when it bottomed out in deglacial sediment, to 


































































































































































































































































































































































































































