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ABSTRACT 

Lapeyrère	  Bay	  is	  located	  on	  the	  eastern	  side	  of	  Anvers	  Island,	  off	  the	  Western	  

Antarctic	  Peninsula.	  Though	  a	  large	  amount	  of	  data	  has	  been	  gathered	  in	  Lapeyrère	  

Bay,	  very	  little	  has	  been	  published	  on	  the	  fjord’s	  glacial	  retreat	  history.	  The	  primary	  

purpose	  of	  this	  study	  is	  to	  reconstruct	  glacial	  retreat	  from	  Lapeyrère	  Bay	  using	  

cores	  for	  chronology	  and	  facies	  analysis,	  shallow	  seismic	  for	  mapping	  facies,	  and	  

multibeam	  swath	  bathymetry	  for	  identifying	  seafloor	  morphological	  features.	  	  

Bathymetric	  maps	  display	  seafloor	  features	  including	  grounding	  zone	  wedges	  and	  a	  

glacial	  outwash	  fan.	  Core	  data	  have	  documented	  five	  sediment	  facies,	  interpreted	  as	  

open-‐marine,	  glacial	  outwash	  fan,	  and	  proximal	  glacial-‐marine	  deposits.	  	  

This	  study	  also	  seeks	  to	  assess	  the	  effectiveness	  of	  ramped	  pyrolysis,	  which	  

dates	  individual	  fractions	  of	  organic	  material	  combusted	  at	  successively	  higher	  

temperatures,	  by	  performing	  ramped	  pyrolysis	  14C	  dating	  and	  carbonate	  14C	  dating	  

on	  the	  same	  cores.	  Nine	  carbonate	  14C	  dates	  and	  ramped	  pyrolysis	  14C	  dates	  from	  six	  

depths	  in	  a	  proximal	  20.3	  m	  drill	  core	  yield	  discordant	  ages.	  Ramped	  pyrolysis	  ages	  

are	  younger	  than	  carbonate	  ages,	  and	  the	  difference	  between	  both	  methods	  

increases	  down-‐core.	  Ramped	  pyrolysis	  estimates	  the	  maximum	  age	  of	  the	  proximal	  

core	  as	  ~4000	  years	  younger	  than	  carbonate	  14C	  ages.	  	  

Two	  glacial	  reconstructions	  were	  developed	  to	  explain	  the	  deposition	  of	  

older	  foraminifera	  with	  modern	  organic	  matter.	  The first scenario is a full deglaciation 

of Lapeyrère Bay ~14,000-8,500 cal yr BP followed by a re-advance of Iliad Glacier and 

unnamed glacier. During the subsequent retreat foraminifera, reworked by the glacial 

fluctuation, were deposited in the glacial outwash fan while modern organic matter fell 
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out of suspension. The second scenario is a full deglaciation between ~14,000-8,500 cal 

yr BP without subsequent re-advance. In this scenario foraminifera are reworked through 

turbidite flows and constant re-suspension prior to deposition. 

The difference in dates yielded by ramped pyrolysis and carbonate 14C methods 

may indicate the glacial retreat history of other Antarctic bays and fjords are more 

complex than previously recognized. The “gold standard” of dating Antarctic sediment 

cores, carbonate 14C dating, may not be as reliable as previously thought.
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INTRODUCTION 

 The Antarctic Peninsula (AP) is one of the fastest warming regions on Earth, 

warming at an average rate of 3.4°C/century (Vaughan et al., 2003). In response, 

numerous studies are being conducted to document glacial retreat in the area (e.g. Cook 

et al., 2005; Rignot et al., 2008). But before interpreting the glacial response to modern 

warming and forecasting future melting trends, it is essential to put present changes in 

context with past ice retreat in the geologic record (Simms et al., 2011). After the Last 

Glacial Maximum (LGM), locally ~ 18,000 cal yr BP, ice that had been grounded at the 

continental shelf decoupled from the sea floor and retreated into AP bays and fjords as 

tidewater glaciers (Anderson et al., 2002; Fig. 1). The timing and direction of this retreat 

are constrained through seafloor morphological features (including glacial lineations, 

grounding zone wedges, and drumlins), which were carved into bedrock by receding ice 

(Wellner et al., 2006). Cores recovered by multiple cruises of the RV/IB Nathaniel B. 

Palmer also document retreat, through the transition from sub-glacial till to glacial-

marine and open-marine sedimentary deposits. Using primarily seafloor morphology and 

sediment cores, this study seeks to place modern glacial retreat in context with the 

geologic record by documenting Holocene ice retreat in a single AP fjord: Lapeyrère 

Bay.  

Lapeyrère Bay, like many AP fjords, lacks enough calcareous material for 

thorough carbonate radiocarbon (14C) dating of cores. Establishing a clear and extensive 

age profile is essential when interpreting the timing of glacial retreat from sediment 

cores, therefore other methods of dating need to be tested. In addition to reconstructing 

the timing of glacial retreat from Lapeyrère Bay, this study seeks to assess the 
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effectiveness of a novel 14C	  chronological	  method	  of	  dating:	  ramped	  pyrolysis.	  

Ramped	  pyrolysis	  dates	  individual	  fractions	  of	  organic	  matter	  pyrolyzed	  at	  

increasingly	  high	  temperatures.	  

 

Figure 1. The maximum extent of grounded ice at the LGM, as indicated by the black line 
surrounding the Antarctic Peninsula and West Antarctica. Dates outlined in red represent 
the timing of glacial retreat from locations along the Antarctic Peninsula. Dates were 
acquired by 14C dating sediments directly above sub-glacially deposited till in AP 
sediment cores (modified from Anderson et al., 2002). 
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BACKGROUND 

Antarctic Ice Sheets 

Antarctica is divided into three regions: the Antarctic Peninsula, West Antarctica, 

and East Antarctica. Vast ice sheets, the West Antarctic Ice Sheet (WAIS) and East 

Antarctic Ice Sheet (EAIS), overlie West Antarctica and East Antarctica, respectively. 

Unlike sea ice and ice shelves, which are already floating, ice sheets contain significant 

amounts of water that would dramatically impact sea level if melted. Together, the WAIS 

and EAIS amount to 25-30 x 106 km3 of ice. If melted, the EAIS would result in 60 m of 

eustatic sea level rise, and the WAIS would result in 5 m of eustatic sea level rise 

(Bentley et al., 2009).   

Currently, the EAIS is stable and grounded on the continent. However, the WAIS 

is grounded below sea level, and thus subject to destabilization by eustatic forcing. The 

WAIS also contains two floating ice shelves, the Ronne-Filchner and the Ross Ice Shelf. 

If these ice shelves were to disintegrate they would have no direct impact on sea level, 

but would no longer act as buttresses to the numerous West Antarctic glaciers behind 

them. The result would be a rapid increase in glacier flow rates, and thus sea-level rise 

(Scambos et al., 2003). This process of ice shelf disintegration followed by rapid glacier 

flow rates has been observed in the Antarctic Peninsula region following the 2002 

breakup of the Larsen B ice shelf (Scambos et al., 2003). One of the first efforts to model 

WAIS and associated shelf disintegration was by Mercer (1978). He found a warming of 

5°-10°C would result in a full breakdown of the WAIS (Fig. 2). More recent models 

agree that significant warming, ~5-7ºC would threaten the ice sheet as a result of 
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meltwater ponding (Joughin and Alley, 2011). Model predictions underlie the 

significance of understanding current and past ice responses to rapid warming.  

 

Figure 2. EAIS and WAIS depicted in black where grounded and white where floating 
ice shelves. a, describes Antarctica today, while b, is Antarctica after 5°-10°C of 
warming (Mercer, 1978).  
 
  Conversely, a significant grounded ice sheet does not overlie the AP. The AP ice 

volume of 95.2 x 103 km3 is distributed between small glaciers on the western and eastern 

peninsula, and floating Larsen ice shelves on the eastern peninsula. If melted, this ice 

volume would not dramatically impact eustatic sea level, equivalent to 0.24 m of rise 

(Pritchard and Vaughan, 2007).  

Modern Climate 

 Retaining ice in Antarctica is dependant on the sustained balance between ice loss 

through melting and calving, and ice formation through snow accumulation. This balance 

is directly tied to Antarctica’s climate. The AP’s warming climate, at a rate of 

3.4°C/century, has increased precipitation (Vaughan et al., 2003). Warmer temperatures 

support snow accumulation through augmented moisture in the atmosphere, and by 

increasing the number of cyclones forming in the western Bellingshausen Sea (Vaughan 
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et al., 2003). At an average of 0.5-1.0 m of snow accumulation a year, the AP has the 

highest snow accumulation rate in Antarctica (Thomas et al., 2008). However, the 

increased precipitation is not balanced with modern AP ice loss. Modern accumulating 

snow does not have a long enough residence time to compact into ice, as the process of 

ice formation occurs on century to millennial time scales (Remy and Parrenin, 2004). 

Snow is likely melting and incorporating into glacial runoff prior to densification into ice, 

as the total number of positive degree-days in the AP has increased 74% since 1951 

(Vaughan et al., 2003).  

 One result of the ice loss/accumulation imbalance in the AP is retreating glacial 

fronts. Cook and others (2005) documented the amount of AP glacial retreat since 1940 

through satellite images and areal photographs. They found 212 of the region’s 244 

glacier fronts have retreated, with the boundary between advancing and retreating 

glaciers moving southward over time (Cook et al., 2005; Fig. 3). Another process 

initiated due to warming and contributing to deglaciation is known as “dynamic 

thinning,” which is thinning through faster flow. Ice flow accelerated to 106-112% of 

1993 flow rates, between 1993 and 2005 along the AP western coast. The increased flow 

velocities result in overall ice sheet thinning and ice mass loss (Pritchard and Vaughan, 

2007; Pritchard et al., 2009). 
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Figure 3. In blue, glaciers experiencing overall retreat since 1940 (212 glaciers). In red, 
glaciers experiencing overall advance since the 1940 (32 glaciers) (Cook et al., 2005).  
 
Holocene Climate and Glacial History 

 Rapid ice retreat also occurred in the AP after the LGM. Heroy and Anderson 

(2007) used sedimentology and radiocarbon dating to constrain the timing and pattern of 

retreat from the continental shelf throughout the Holocene epoch. They found the ice 

shelf retreated from the outer shelf ~18,000 cal yr BP, and then continued through the 

middle and inner shelf areas ~14,000 cal yr BP. Deglaciation began in the northern AP 

and progressed southward (Heroy and Anderson, 2007). The rate of deglaciation changed 

throughout the Holocene, dependant on AP climate. Since the time that middle and inner 

ice shelf retreat commenced, four anomalously warm periods have been identified using 

ice and marine core paleoenvironmental proxies: the Early-Holocene Optimum (11,000-

9,500 cal yr BP), the Mid Holocene Warm Period (4,500-2,800 cal yr BP), the Medieval 
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Warm Period (1,200-600 cal yr BP), and the Recent Rapid Warming (100 cal yr BP to 

present) (Bentley et al., 2009).  Punctuating late Holocene warming events were cooling 

periods, which resulted in minor glacial re-advances (Heroy and Anderson, 2007). These 

periods include the Neoglacial (2,500-1,200 cal yr BP) and the Little Ice Age (700-150 

cal yr BP) (Bentley et al., 2009; Fig. 4). Though environmental factors including air 

temperature, ocean current changes, and wind speed brought about these periods of 

warming and cooling they are recorded in sediment cores as changes in deposition rate, 

sediment composition and size distribution, and biogenic concentration.   

 

Figure 4. Periods of warming and cooling in the late Holocene determined by 
paleoenvironmental proxies (sea surface temperature and total organic carbon content) 
from AP ice and marine cores. Pink indicates periods of warming and blue indicates 
periods of cooling with minor glacial re-advances (Modified from Bentley et al., 2009; 
and references therein). 
 
Glacial Sediments 

 The two primary components of glacial-marine deposits are biogenic particles and 

terrigenous sediments. Deposition of each was found to be highly seasonal in an AP 

sediment trap study by Khim and others (2007). Terrigenous sediments comprise 95% of 

total particle flux in the winter, and 88% in the summer. Fine-grained (clay-silt sized) 
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terrigenous sediment input during summer months is largely driven by the influx of 

snowmelt and glacial meltwater from nearby land, and therefore the snow accumulation 

rate from the previous winter. Biogenic particles in comparison are entirely dependant by 

the intensity of primary productivity of surface waters, and year-to-year variability of 

phytoplankton blooms (Khim et al., 2007). Organic particle content also varies with 

distance from the glacier front. Proximal to the glacier biogenics amount to 1% of 

sediment content, which increases distally to the mouth of the bay 1-2% in a study by 

Ashley and Smith (2000). They describe this trend as a result of dilution by meltwater 

near the glacier.  

 Terrigenous sediment is not only deposited through snowmelt runoff and glacial 

melt; grains are deposited through subglacial plumes and calved icebergs. After	  icebergs	  

break	  off	  of	  tidewater	  glaciers,	  currents	  carry	  them	  away	  from	  their	  source.	  Through	  

dropping,	  dumping,	  and	  grounding	  icebergs	  deposit	  ice	  rafted	  debris	  onto	  the	  

seafloor.	  Dropping	  occurs	  when	  the	  base	  of	  an	  iceberg	  melts,	  allowing	  debris	  to	  sink	  

to	  the	  seafloor.	  Dropping	  tends	  to	  produce	  dropstones	  and	  aggregated	  clasts.	  

Dumping	  describes	  the	  overturning	  of	  an	  iceberg	  with	  a	  melted	  top.	  As	  the	  iceberg	  

turns,	  exposed	  sediment	  on	  its	  surface	  slides	  into	  the	  water	  (Lonne,	  1995).	  These	  

dump	  deposits	  also	  appear	  coarse	  and	  poorly	  sorted.	  Grounding	  occurs	  when	  the	  

iceberg	  makes	  contact	  with	  the	  seafloor,	  and	  disturbs	  sediment	  by	  dragging	  and	  

ploughing.	  The	  results	  are	  scours	  and	  small	  craters	  (Lonne,	  1995;	  and	  references	  

therein).	  As	  these	  three	  processes	  involve	  the	  random	  melting	  of	  individual	  

icebergs,	  ice	  rafted	  debris	  is	  discontinuously	  spaced	  on	  the	  seafloor.	  Around	  Anvers	  

Island	  the	  debris	  is	  concentrated	  within	  1	  km	  from	  the	  glacial	  front,	  as	  most	  calved	  
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icebergs	  melt	  within	  1	  km	  of	  the	  ice	  front	  due	  to	  tidal	  currents	  (Ashley	  and	  Smith,	  

2000).	  	  

 Glacial sediments are also deposited through subglacial plumes. Meltwater at the 

base of the glacier erodes subglacial till or the underlying bedrock, and the eroded 

material is transported away from the glacier to be incorporated in seawater. This 

sedimentation model depends on specific hydrologic characteristics of the glacier, 

including enough pressure or geothermal melting to fully saturate till. Resulting outwash 

sediments may deposit to form fans or submarine deltas, and appear highly reworked and 

heterogeneous in grain size (Gustavson and Boothroyd, 1987).  

Biogenic particles and terrigenous sediments (deposited by icebergs, surface and 

ice-front meltwater, and subglacial plumes) are recognizable in AP cores, and used to 

interpret glacial retreat. Variations in sediment composition record periods of proximal 

glacial-marine, distal glacial-marine, and open-marine settings. Trends used to identify 

these settings include an increasing pebble count, average grain-size, shear strength, and 

sedimentation rate more proximal to the glacier front. The percentage of the biogenic 

component increases distally (Domack and Ishman, 1993; Fernandez et al., 2011; Fig. 5). 
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Figure 5. Trends used to identify proximal glacial-marine, distal glacial-marine, and open 
marine deposits in sediment cores. (Modified from Fernandez et al., 2011). 
 
Antarctic Dating Methods 

In	  order	  to	  determine	  the	  timing	  of	  glacial	  retreat	  from	  AP	  bay	  sediments,	  

various	  chronology	  tools	  are	  needed	  to	  determine	  the	  age	  of	  facies	  changes	  within	  

the	  sediments.	  A	  well-‐established	  method	  of	  dating	  is	  carbonate	  14C	  dating,	  which	  

requires	  foraminiferal	  tests,	  shells,	  or	  other	  carbonate	  material	  to	  be	  extracted	  from	  

the	  cores.	  In	  some	  AP	  fjord	  cores,	  and	  notably	  Lapeyrère	  Bay	  cores,	  finding	  enough	  

calcareous	  material	  for	  thorough	  carbonate	  14C	  dating	  is	  a	  challenge.	  A	  number	  of	  

studies	  have	  used	  bulk	  Acid	  Insoluble	  Organic	  Material	  (AIOM)	  to	  date	  sediments	  in	  

Antarctic	  regions	  where	  carbonate	  cannot	  be	  found	  (e.g.,	  Domack	  et	  al.,	  2001;	  

Mosola	  and	  Anderson,	  2006).	  However,	  this	  method	  often	  yields	  ages	  that	  are	  older	  

than	  carbonate	  dates	  from	  the	  same	  horizon,	  which	  are	  interpreted	  to	  be	  closer	  to	  

the	  true	  age	  (Leventer	  et	  al.,	  2006).	  	  
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Ramped	  pyrolysis	  14C	  dating	  is	  a	  newer	  method,	  which	  may	  solve	  the	  AIOM	  

problem	  of	  old	  ages	  by	  dating	  individual	  fractions	  of	  organic	  matter	  pyrolyzed	  at	  

increasingly	  high	  temperatures	  (Rosenheim	  et	  al.,	  2008).	  The	  presumption	  is	  that	  

the	  older,	  reworked,	  and	  diagenetically	  stable	  carbon	  is	  not	  combusted	  until	  higher	  

temperatures	  are	  reached	  and	  thus	  minimizing	  the	  pre-‐aged	  contaminant	  in	  the	  gas	  

formed	  at	  lower	  temperatures.	  

Study Area 

 Anvers	  Island	  is	  located	  on	  the	  western	  side	  of	  the	  AP,	  across	  the	  Gerlache	  

Strait	  from	  the	  Danco	  Coast	  (Fig.	  6).	  Anvers	  Island	  is	  70	  km	  long	  and	  35	  km	  wide,	  

and	  is	  largely	  composed	  of	  coarse-‐grained	  granite	  (Rundle,	  1973).	  The	  island	  has	  a	  

maximum	  elevation	  (comprised	  of	  ice	  overlaying	  a	  mountain	  chain)	  of	  2400	  m,	  and	  

experiences	  colder	  temperatures	  (-‐3°C	  annual	  average	  air	  temperature)	  and	  more	  

precipitation	  (~1200	  mm	  annual	  precipitation)	  than	  the	  South	  Shetlands	  which	  are	  

~230	  km	  to	  the	  north	  (Ashley	  and	  Smith,	  2000).	  Surface	  ice	  velocities	  are	  controlled	  

largely	  by	  Anvers	  Island	  topography,	  with	  maximum	  velocities	  >200	  m/yr	  found	  in	  

bedrock	  valleys	  and	  minimum	  velocities	  10-‐15	  m/yr	  found	  between	  valleys	  

(Rundle,	  1973).	  On	  the	  eastern	  side	  of	  Anvers	  Island	  are	  two	  narrow	  fjords:	  

Lapeyrère	  Bay	  and	  Fournier	  Bay	  (Fig.	  7).	  	  The	  northern	  bay,	  Lapeyrère	  Bay,	  is	  the	  

primary	  focus	  of	  this	  thesis	  (Fig.	  8).	  A	  large	  glacier	  confined	  by	  steep	  walls	  and	  

vulnerable	  to	  avalanching	  enters	  into	  Lapeyrère	  Bay.	  This	  valley	  glacier	  is	  named	  

Iliad	  Glacier	  (Griffith	  and	  Anderson,	  1989).	  To	  the	  north,	  a	  small-‐unnamed	  glacier	  

feeds	  an	  unnamed	  cove,	  also	  known	  as	  Lapeyrère’s	  thumb.	  The	  unnamed	  glacier	  is	  a	  
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headland	  glacier,	  solely	  nourished	  by	  local	  accumulation	  (Griffith	  and	  Anderson,	  

1989;	  Fig.	  9).	  Iliad	  Glacier	  is	  partly	  responsible	  for	  draining	  the	  ice	  cap	  of	  Anvers	  

Island,	  as	  documented	  by	  ice	  flow	  patterns	  (Domack	  and	  Ishman,	  1993).	  	  Though	  a	  

large	  amount	  of	  data	  has	  been	  recently	  gathered	  by	  cruises	  in	  Lapeyrère	  Bay,	  very	  

little	  has	  been	  published	  on	  the	  fjord’s	  glacial	  retreat	  history	  or	  sediment	  flux.	  

	  

Figure	  6.	  Image	  of	  the	  Antarctic	  Peninsula.	  Red	  circle	  indicates	  the	  study	  area	  on	  
Anvers	  Island.	  Landsat	  Image	  Mosaic	  of	  Antarctica	  (LIMA)	  downloaded	  from	  
http://lima.usgs.gov/access.php.	  	  
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Figure	  7.	  LIMA	  image	  of	  Anvers	  Island	  located	  off	  the	  Western	  Antarctic	  Peninsula.	  
Red	  circle	  indicates	  the	  study	  area,	  Lapeyrère	  Bay.	  



	   14	  

	  
	  
Figure	  8.	  Lapeyrère	  Bay	  illustrated	  by	  LIMA	  and	  bathymetric	  data.	  Two	  glaciers	  
enter	  Lapeyrère	  Bay,	  Iliad	  Glacier	  and	  an	  unnamed	  glacier.	  	  
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Figure	  9.	  The	  Iliad	  Glacier,	  which	  feeds	  Lapeyrère	  Bay,	  is	  categorized	  as	  a	  valley	  
glacier,	  and	  the	  small-‐unnamed	  glacier,	  which	  feeds	  the	  “thumb,”	  as	  a	  headland	  
glacier	  (Modified	  from	  Griffith	  and	  Anderson,	  1989).	  
	  
METHODS 

 Data used in this thesis were collected during two cruises of the RV/IB Nathaniel 

B. Palmer as part of a broader study of the Antarctic Peninsula. The first cruise was in 

2005 (NBP0502, also called SHALDRIL I), and the second was in 2007 (NBP0703). 

Each cruise collected geophysical data, including multibeam swath bathymetry, and 

sediment cores in Lapeyrère Bay. In addition, a 1986 cruise of the USGS Glacier 

acquired air gun single channel seismic data in the proximal portion of Lapeyrère Bay. 
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This study focuses on two sediment cores, a rotary-drilled core and a jumbo piston core, 

and two radiometric isotopic dating methods, carbonate radiocarbon dating and ramped 

pyrolysis radiocarbon dating.  

Multibeam Swath Bathymetry 

 A hull-mounted Simrad EM-120 was used to collect multibeam swath bathymetry 

data in Lapeyrère Bay. Acoustic signals were emitted from the base of the Nathaniel B. 

Palmer and the time between emission and reception was recorded. The time was then 

paired with GPS data to compile bathymetric maps. Using MB-System, the multibeam 

data were manually cleaned and gridded (10 x 10 m grid) onboard. Resulting high-

resolution maps (a couple meters vertical resolution) allowed for the characterization of 

seafloor morphological features, which indicate the timing, speed, and direction of glacial 

retreat since in LGM.  

Seismic 

 A single-channel air gun seismic survey from the 1986 United States Coast Guard 

icebreaker Glacier cruise was used in this study. The survey, number G6, crosses the 

proximal glacial outwash fan identified in multibeam, at the location of NBP0502 cores 

6E and 6D.  

Sediment Cores 

 This study focuses on two cores, a rotary-drilled core from the NBP0502 cruise 

(6E) and a jumbo piston core from the NBP0703 cruise (JPC-35), but incorporates 

observations from all cores taken in Lapeyrère Bay in 2005 and 2007 (Fig. 10). The 

NBP0502-6E core sampled the northern flank of Lapeyrère Bay, specifically an inner 

basin glacial outwash fan. The core was taken in 382 m of water, and collected 20.3 m of 
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material before encountering granite. A diamond drill bit was then used to recover 13 cm 

of the granite. Four other tightly clustered cores were attempted on the same fan. Of the 

four, only two kasten cores were successful, collecting 29 cm (KC-A) and 293 cm (KC-

D) of sediment similar to that of the rotary-drilled core (Shipboard Scientific Party, 

2005). 

 

Figure 10. Lapeyrère Bay Locations of two primary cores utilized in the thesis, NBP0502 
6E and NBP0703 JPC-35, as well as LIMA data. Note ice flow towards the bay from 
Iliad Glacier and an unnamed glacier.  
 
 The NBP0703 cruise recovered cores throughout Lapeyrère Bay. The core 

emphasized here, JPC-35, was collected from the outer basin and recovered 10.6 m of 

sediment in 769 m of water. A kasten core, KC-34, was taken adjacent to JPC-35 to 

ensure preservation of top sediment, as kasten cores collect sediment at the sediment-
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water interface and jumbo piston cores usually do not recover the surface sediments. The 

kasten core collected 194 cm of sediment consistent with the upper most portion of JPC-

35. In addition, the cruise collected one 289 cm core from the small-unnamed cove (KC-

33), and attempted four cores in the middle of the basin. Three of the four middle basin 

cores were successful, the 303 cm KC-26, the 288 cm KC-28, and the 12.08 m JPC-37, 

and all resembled the proximal rotary drill core 6E from NBP0502 (Shipboard Scientific 

Party, 2007). 

 Cores were photographed and visually described immediately after collection and 

splitting. The visual descriptions included grain shape and size, texture, sedimentary 

structures, pebble lithology, evident macrofossils, and color using a Munsell color chart. 

These descriptions portray the original state of the core, prior to any deterioration during 

storage. Cores were stored at Florida State University’s Antarctic Research Facility 

(ARF). All cores taken in Lapeyrère Bay by the NBP0502 and NBP0703 cruises were 

again described in March 2011, NBP0502 6E and NBP0703 JPC-35 under the most 

scrutiny. At ARF, cores were x-rayed to show any evidence of internal structures 

including laminations, bioturbation, ice rafted debris, and dropstones. Magnetic 

susceptibility, density, and resistivity measurements were also taken of the cores, using a 

GeotekTM multi-sensor core logger (MSCL); these MSCL measurements are used to 

determine compaction and the terrigenous versus biogenic component of the sediment. 

Smear slides were made for each horizon sampled for dating for evaluating changes in 

diatom abundance down core.  

 Rice University’s Malvern Mastersizer 2000 Laser Particle Size Analysis 

(MLPSA) equipment was used to quantify grain-size. The MLPSA measured grains 
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between 0.02 and 2000 µm, while larger pebbles (>5 mm) were visually counted every 5 

cm on x-rays. At ARF 5 cc samples were taken every 20 cm down-core for both 

NBP0502 6E and NBP0703 JPC-35. Sampling increased in frequency in areas of interest, 

including sand lenses. Samples were then combined with ~100 mL of de-ionized water 

and sodium metaphosphate to prevent clay flocculation. After samples were thoroughly 

stirred with magnetic stirrers and sat for ~24 hours, a portion of the mixture was extracted 

using a pipette and added to the MLPSA. When grain-size analysis was completed the 

data were characterized using the Wentworth grain-size classification with clay ranging 

from 0.02 to 4.0 µm, silt ranging from 4.0 to 63.0 µm, and sand ranging from 63.0 to 

2000.0 µm (Wentworth, 1922).  

Chronology 

	   This	  study	  acted	  as	  an	  assessment	  of	  the	  effectiveness	  of	  ramped	  pyrolysis	  

dating	  by	  conducting	  both	  ramped	  pyrolysis	  and	  carbonate	  14C	  dating	  on	  the	  

NBP0502	  6E	  and	  NBP0703	  JPC-‐35	  cores.	  Carbonate	  14C	  dates	  were	  acquired	  by	  wet-‐

sieving	  core	  sediment	  samples	  with	  a	  63	  µm	  sieve	  to	  isolate	  fine	  terrigenous	  grains,	  

foraminifera	  tests,	  and	  shell	  fragments	  (Fig.	  11).	  After	  drying	  in	  an	  oven	  at	  ~50°C,	  a	  

minimum	  of	  1	  mg	  of	  carbonate	  material	  was	  collected,	  bottled,	  and	  sent	  to	  the	  

University	  of	  California,	  Irvine	  for	  14C-‐accelerator	  mass	  spectroscopy	  (AMS)	  

processing.	  The	  resulting	  ages	  were	  corrected	  for	  the	  14C	  reservoir	  effect,	  the	  age	  of	  

the	  dissolved	  inorganic	  carbon	  (DIC)	  used	  to	  precipitate	  CaCO3	  tests.	  The	  age	  of	  DIC	  

is	  normally	  older	  than	  atmospheric	  CO2	  because	  of	  aging	  in	  the	  deepening	  ocean	  and	  

mixing	  into	  the	  surface	  ocean.	  In	  this	  study	  ages	  were	  corrected	  for	  the	  old	  carbon	  

reservoir	  effect	  using	  the	  1100	  BP	  correction	  for	  AP	  waters	  found	  by	  Milliken	  et	  al.	  
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(2009).	  Ages	  were	  then	  calibrated	  to	  calendar	  years.	  Calendar	  year	  calibration	  was	  

performed	  using	  CALIB	  6.0	  software	  Marine	  09	  calibration	  curve,	  which	  accounted	  

for	  changes	  in	  14C	  levels	  in	  atmospheric	  CO2	  over	  time	  by	  dating	  tree	  rings	  (Stuiver	  

and	  Reimer,	  1993).	  Nine	  carbonate	  14C	  dates	  were	  acquired	  from	  the	  inner	  fjord,	  

five	  from	  NBP0502	  6E	  and	  four	  from	  adjacent	  KC-‐6D,	  which	  is	  from	  the	  same	  

location	  as	  NBP0502	  6E.	  	  Only	  two	  dates	  were	  acquired	  for	  NBP0703	  JPC-‐35,	  due	  to	  

a	  particular	  lack	  of	  foraminifera.	  

 

Figure 11. Foraminifera collected from sample NBP0502 6E-2E-2 horizon 230-235cm. 
The red line indicates 100 µm. Upper left and bottom foraminifera identified as 
Fursenkoina	  fusiformis.	  Upper	  right	  foraminifera	  identified	  as	  Stainforthia	  
corplanata	  (Ishman,	  S.,	  per.	  com.).	  
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	   The	  second	  14C	  dating	  method	  applied	  was	  ramped	  pyrolysis.	  Ramped	  

pyrolysis	  was	  conducted	  on	  nine	  samples,	  six	  in	  NBP0502	  6E	  and	  three	  in	  NBP0703	  

JPC-‐35.	  Sample	  preparation	  was	  done	  at	  Tulane	  University’s	  Stable	  Isotope	  

Laboratory,	  using	  the	  methods	  of	  Rosenheim	  et	  al.	  (2008).	  To	  prepare	  samples	  for	  

ramped	  pyrolysis	  dating,	  sediments	  were	  dried	  in	  an	  oven	  at	  ~50°C	  and	  ground	  by	  

hand.	  The	  pulverized	  samples	  were	  added	  to	  glass	  centrifuge	  vials	  and	  acid	  washed	  

with	  2N	  HCL.	  Vials	  remained	  undisturbed	  for	  ~30	  minutes	  and	  then	  were	  

centrifuged	  for	  ~10	  minutes	  to	  dissolve	  all	  calcareous	  material.	  After,	  water	  was	  

added	  to	  each	  sample	  and	  centrifuging	  continued	  until	  mixtures	  were	  thoroughly	  

combined.	  All	  liquid	  was	  then	  removed	  and	  samples	  were	  pH	  tested.	  This	  rinsing	  

process	  was	  repeated	  until	  all	  samples	  neared	  a	  pH	  of	  7,	  at	  which	  point	  they	  were	  

placed	  in	  an	  oven	  at	  ~60°C	  for	  24	  hours.	  To	  prevent	  radiocarbon	  contamination	  

gloves	  were	  worn	  while	  handling	  samples	  and	  tools	  were	  regularly	  washed	  with	  

methanol.	  Plastics	  were	  not	  used	  in	  the	  laboratory,	  as	  they	  represent	  possible	  

contamination	  of	  carbon.	  	  

	   Before	  beginning	  ramped	  pyrolysis	  dating,	  all	  nine	  samples	  were	  analyzed	  

for	  total	  organic	  carbon	  (TOC)	  content.	  TOC	  was	  necessary	  to	  determine	  the	  amount	  

of	  sediment	  needed	  for	  each	  sample	  to	  produce	  approximately	  100	  µmol	  of	  CO2	  gas.	  

The	  laboratory’s	  Vario	  MicroCube	  Elemental	  Analyzer	  (EA)	  measured	  TOC	  from	  10	  

mg	  of	  acid-‐washed	  sediment.	  TOC	  measurements	  were	  also	  acquired	  at	  Dr.	  Adry	  

Bissada’s	  lab	  at	  the	  University	  of	  Houston	  using	  similar	  methods.	  TOC	  

measurements	  were	  different	  from	  each	  lab,	  though	  consistently	  offset.	  Data	  
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gathered	  from	  the	  EA	  at	  Tulane	  were	  chosen	  for	  ramped	  pyrolysis	  preparation,	  as	  

both	  methods	  would	  be	  performed	  on	  exactly	  the	  same	  samples,	  pretreated	  at	  the	  

same	  time.	  	  

	   Next,	  each	  sample’s	  weight	  equivalent	  of	  100	  µmol	  of	  CO2	  was measured	  onto	  

pre-‐combusted	  quartz	  wool	  and	  inserted	  into	  a	  quartz	  reaction	  tube.	  The	  tube	  was	  

then	  placed	  in	  the	  pyrolysis	  furnace	  and	  gradually	  heated	  from	  ambient	  

temperatures	  to	  ~800°C	  through	  a	  temperature	  ramp	  of	  +5°C/min.	  Emitted	  gasses	  

were	  trapped	  in	  one	  of	  two	  active-‐trapping	  9-‐loop	  traps	  immersed	  in	  liquid	  nitrogen	  

(-‐195°C).	  At	  any	  one	  time,	  the	  other	  trap	  was	  open	  to	  a	  vacuum	  line	  for	  evacuation	  

or	  sample	  transfer.	  The	  traps	  were	  toggled	  when	  enough	  CO2	  had	  accumulated	  

(estimated	  from	  an	  infrared	  gas	  analyzer)	  or	  when	  the	  reaction	  had	  an	  inflection	  

point	  of	  interest.	  Once	  transferred	  to	  the	  vacuum	  line,	  samples	  were	  cryogenically	  

separated	  through	  a	  series	  of	  two	  4-‐loop	  traps	  immersed	  alternatively	  in	  an	  

isopropyl	  alcohol	  slush	  and	  liquid	  N2	  to	  trap	  water	  and	  CO2	  respectively	  (Fig.	  12).	  

Five	  samples	  of	  CO2	  gas	  (ranging	  from	  ~8	  to	  28	  µmol	  CO2	  as	  quantified	  in	  a	  known	  

volume)	  were	  collected	  for	  each	  pyrolysis	  run	  of	  a	  sediment	  sample.	  The	  gas	  

samples	  (aliquots)	  were	  flame	  sealed	  in	  Pyrex	  vials	  with	  cupric	  oxide	  and	  silver	  

granules,	  and	  again	  combusted	  at	  525°C	  for	  2	  hours	  to	  remove	  any	  sulfur	  

compounds	  that	  could	  potentially	  adversely	  affect	  graphitization	  for	  14C	  analysis.	  

After	  being	  transported	  to	  the	  Woods	  Hole	  Oceanographic	  Institution	  samples	  were	  

dated	  using	  14C	  and	  δ13C	  analysis.	  Five	  aliquots	  were	  collected	  for	  each	  sediment	  

sample	  pyrolysis	  run	  to	  show	  an	  increase	  in	  age	  with	  temperature,	  as	  fresh	  and	  less	  
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diagenetically	  stable	  autochthonous	  organic	  debris	  is	  typically	  combusted	  first	  

(Rosenheim	  et	  al.,	  2008;	  Fig.	  13).	  	  

	  	  	  	  	  	  	   	  
	  
Figure	  12.	  The	  Stable	  Isotope	  Laboratory	  at	  Tulane	  University.	  After	  organic	  mater	  
was	  combusted	  it	  was	  passed	  through	  the	  vacuum	  line	  shown	  here.	  Water	  and	  
noncondensible	  gases	  were	  cryogenically	  removed	  using	  a	  cooled	  isopropyl	  and	  
liquid	  N2	  in	  insulated	  dewars	  (blue	  canisters).	  	  
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Figure	  13.	  Thermograph	  from	  previous	  ramped	  pyrolysis	  study	  (on	  cores	  from	  the	  
NW	  Weddell	  Sea,	  Eastern	  Antarctic	  Peninsula),	  in	  which	  ramped	  pyrolysis	  was	  
compared	  to	  AIOM	  dating.	  No	  carbonate	  material	  was	  dated	  from	  this	  core.	  Bar	  
height	  indicates	  age	  of	  aliquot	  trapped	  over	  a	  temperature	  range	  (bar	  width).	  
Photometrically	  measured	  CO2	  is	  also	  noted	  on	  the	  left	  axis	  as	  measured	  on	  the	  
heavy	  black	  line.	  The	  aliquot	  captured	  between	  ambient	  and	  320°C,	  containing	  11.5	  
µmol	  CO2,	  is	  the	  “true	  age”	  of	  the	  sample	  as	  it	  is	  the	  youngest	  (10,400	  14C	  years).	  A	  
plateau	  is	  also	  apparent,	  representing	  the	  final	  combustion	  of	  fresh	  autochthonous	  
organic	  material	  and	  the	  maximum	  age	  of	  the	  sample	  (Rosenheim	  et	  al.,	  2008).	  
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	   Differing	  from	  previous	  studies	  of	  ramped	  pyrolysis,	  this	  thesis	  calibrated	  

and	  reservoir	  corrected	  ramped	  pyrolysis	  ages	  using	  the	  same	  methods	  as	  the	  

carbonate	  14C	  dates.	  This	  allowed	  both	  methods	  of	  dating	  to	  be	  directly	  compared,	  

and	  facies	  to	  be	  described	  and	  visualized	  in	  terms	  of	  calendar	  years	  before	  present	  

(cal	  yr	  BP).	  Calibration	  and	  reservoir	  correction	  of	  ramped	  pyrolysis	  data	  was	  

appropriate,	  as	  the	  organic	  matter	  dated	  formed	  in	  the	  same	  carbon	  environment	  as	  

the	  calcareous	  foraminifera	  tests. 

DATA AND RESULTS 

Multibeam Swath Bathymetry Data 

Multibeam swath bathymetry has been collected for the entire seafloor of 

Lapeyrère Bay. The deepest part of the outer bay, where NBP0703 JPC-35 was cored, 

averages ~700 m water depths, whereas the deepest part of the inner bay averages ~500 

m water depths. This indicates Lapeyrère Bay is a very gently sloping feature, sloping 

~0.8°.  Multibeam also revealed both Iliad Glacier and the unnamed glacier enter the bay 

in ~200 m water depths, demonstrating a ~300 m thick sediment buildup at both glacial 

terminuses. Additionally, multibeam depicted the steeply (~30°) sloping walls of 

Lapeyrère Bay, which classify the bay as a fjord.  

 Multibeam data also exposed distinct morphological features on the seafloor. 

Because grounding at the continental shelf during the LGM, locally ~14,000 cal yr BP, 

glaciers retreated to their current positions (Anderson et al., 2002). During this retreat 

glaciers scraped all unconsolidated material off the seafloor, leaving bare bedrock and 

morphological features documenting the retreat (Heroy and Anderson 2005; Fig. 14). 
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These features have been recorded on a large scale for the entire AP, and were found on a 

smaller scale in Lapeyrère Bay.  

Figure 14. Large-scale geomorphic features around the AP documenting grounded ice 
retreat since the LGM. Study area, Anvers Island, boxed in black (Barnard, 2010). 
 

Two features were particularly apparent: grounding zone wedges and a glacial 

outwash fan. Grounding zone wedges are large build-ups of glacial-marine sediment and 

till. These sediment piles are formed when glaciers pause or switch from a period of 

advancing to retreating (Wellner et al., 2001). Three grounding zone wedges were found 

in Lapeyrère Bay indicative of two pauses in glacial flow. The outer most grounding zone 

wedge (Fig. 15C) is less sharp compared to the proximal two, and deeper. This is due to 

several processes related to its age: erosion by meltwater, furrowing by icebergs calved 
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from Iliad and unnamed glaciers, and draping by open marine sediments. After the outer 

most grounding zone wedge was deposited, Iliad Glacier and the unnamed glacier 

resumed retreat and deposited the two very clear and proximal grounding zone wedges 

(Fig.15A and B). Both wedges are non-reworked and similarly positioned near the ocean 

interface of their respective tidewater glaciers. The grounding zone wedge at the terminus 

of Iliad Glacier is particularly well defined, as it is steeply sloped and crested by parallel 

lineations.  
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Figure 15. Geomorphic features found in multibeam data indicative of glacial retreat 
from Lapeyrère Bay. (A) Grounding zone wedge most recently deposited by unnamed 
glacier. (B) Recent grounding zone wedge deposited by Iliad Glacier. (C) Older reworked 
grounding zone wedge. (D) Glacial outwash fan deposited by sediment laden hypopycnal 
plumes. 
 

The other geomorphic feature identified by multibeam data was a glacial outwash 

fan (Fig. 15D). The fan is in the proximal fjord, and was likely built by sediment-laden 

hypopycnal plumes originating at Iliad Glacier. Pressure melting at the base of Iliad 

Glacial formed meltwater, which fully saturated till deposits. The meltwater, carrying 

eroded sediments from the grounding zone, transported the load into the open fjord. Once 

at the ocean, the sediment-freshwater mixture was less dense than the seawater, and 
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therefore rose to the top of the water column. The plume transported sediment a distance 

from the glacier prior to the debris falling out of suspension and depositing as the 

outwash fan (Gustavson and Boothroyd, 1987; Domack and Ishman, 1993; Fig. 16).  

A sediment-laden surface plume was seen emanating from Iliad Glacier during a 

two-helicopter survey on the 1986 Glacier cruise to Lapeyrère Bay. This sediment-laden 

surface plume is consistent with what is commonly found adjacent to tidewater glaciers 

in modern day AP fjords (Griffith and Anderson, 1989). Two hypopycnal plumes were 

found at the terminus of Maar glacier, on the southwestern side of Anvers Island, 

containing as much as 35 mg of sediment per liter of water (Ashley and Smith, 2000). 

Similar plumes, described as “cold tongues,” were found in Andvord Bay directly across 

the Gerlache Straight from Anvers Island (Domack and Ishman, 1993). The glacial 

outwash fan is in part identified as a fan and not a slump deposit from the northern fjord 

wall because it is a time-progressive feature. Dates (both carbonate and ramped pyrolysis 

14C methods) from core NBP0502 6E, drilled through the fan, are in chronological order 

(Fig. 10).  
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Figure 16. Schematic of basal meltwater and sediment-laden plume production in fjords 
along the Danco Coast (Domack and Ishman, 1993). 
 
Seismic Data 

 An air gun seismic survey conducted in Lapeyrère Bay on the Glacier 1986 cruise 

documented the inner fjord, including the glacial outwash fan location of core NBP0502 

6E (Fig. 17). The survey clearly identified the acoustic basement, as dense substrate 

returned very hard reflections (Fig. 18). This acoustic basement is interpreted as 

subglacial till or crystalline basement, and appears to be shallowest at the ice front (recent 

grounding zone wedge deposit) and beneath the glacial outwash fan deposit. Onlapping 

the acoustic basement are sediment drapes. The sediment drape between the ice front and 

glacial outwash fan is ~ 40 m thick, while the drape at the NBP0502 6E core location is ~ 

25 m thick. The bottom of the drilled NBP0502 6E core collected 13 cm of granite. This 

granite likely originated from a large boulder in the Iliad subglacial till deposit, and 

therefore the core barely permeated the acoustic basement. The final sediment drape 

identified in the seismic line is between the glacial outwash fan and the outer fjord. The 

drape is ~ 20 m thick. 
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Figure 17. Bathymetry of Lapeyrère Bay with the location of seismic line G6 annotated 
in red. The line documents the interior of the inner bay, as well of the glacial outwash fan 
deposit and core NBP0502 6E (Fernandez, R., per. com.). 
 

 
 
Figure 18. Seismic line G6 of Lapeyrère Bay, with acoustic basement interpreted with 
black lines, and sediment drapes marked with red lines. Location of core NBP0502 6E is 
identified in yellow (Fernandez, R., per. com.). 
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Sediment Core Data 

 The combination of core analysis methods (grain-size analysis, MSCL data, 

pebble count, photographs, onboard descriptions, and smear slides) conducted on two 

cores, NBP0502 6E (Fig. A1-3) and NBP0703 JPC-35 (Fig. A1-2), allowed identification 

of five sediment facies (Fig. 19). The first is dark olive gray fine-grained sediment, and 

the second is gray very fine-grained sediment. Though both appear distinctly different, 

they are each interpreted as open-marine deposits. The third sediment facies is greenish 

gray medium-grained sediment, and is interpreted as a sequence of turbidites. The fourth 

facies is very dark greenish gray fine-grained sediment, and is interpreted as glacial 

outwash fan deposits. The fifth sediment facies is diamicton, interpreted as proximal 

glacial-marine deposits. Facies and interpretations are described in detail below (Table 

1).  

Granitoid and basaltic pebbles < 2 mm in diameter were sampled throughout 

facies 1,3, 4, and 5. Their composition is consistent with the known geology of Anvers 

Island. Anvers Island is largely composed of Upper Jurassic to Upper Tertiary 

undifferentiated volcanic rocks, and an Upper Cretaceous to Lower Tertiary Andean 

Intrusive Suite (Adie, 1969).  

 Grain-size analysis revealed all facies as dominated by silt-sized particles 

(particles 4.0 to 63.0 µm in diameter). Diatoms in the modern Gerlache Straight are found 

to range in diameter from 2-20 µm, and would therefore be recorded as silt-sized in 

particle-size distributions (Rodriguez et al., 2002). To have only measured the size of 

terrigenous grains would need to have had diatoms chemically removed prior to analysis. 

As this was not done, high silt percentages may be taken in part as an indicator of 
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increased biogenic content, and not a true grain-size measurement. Such grain-size 

measurements, of both the terrigenous fraction and the biogenic fraction, are typical 

analysis of modern glacial sediments and allow for comparison to other studies (e.g. 

Evans et al., 2005; Boyd et al., 2008; Michalchuk et al., 2009; Milliken et al., 2009; 

Barnard, 2010; Hardin, 2011; Szczucinski and Zajaczkowski, 2010). 

 

Figure 19. Five sediment facies identified in Lapeyrère Bay for cores NBP0703 JPC-35 
and NBP0502 6E.  
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 Sediment 
Facies 1 

Sediment 
Facies 2 

Sediment 
Facies 3 

Sediment 
Facies 4 

Sediment 
Facies 5 

Lithology Dark Olive Gray 
Fine-Grained 

Sediment 

Gray Very Fine-
Grained 

Sediment 

Greenish Gray 
Medium-Grained 

Sediment 

Very Dark 
Greenish Gray 
Fine-Grained 

Sediment 

Diamicton 

Interpretation Open Marine Open Marine Series of 
Turbidites 

Glacial Outwash 
Fan 

Proximal Glacial 
Marine 

Average Grain-
Size (% sand, 

silt, clay) 

4%, 71%, 25% 0%, 61%, 39% 16%, 65%, 19% 4%, 66%, 30% 9%, 65%, 25% 

Biogenic 
Component 

High High Intermediate Intermediate Low 

Bioturbation Occasional None None None None 
X-ray Facies Homogenous, 

Discontinuous 
Laminations, 
Continuous 

Laminations, 
Bioturbated, 

Chaotic 

Homogenous Homogenous, 
Discontinuous 
Laminations, 

Chaotic 

Homogenous, 
Discontinuous 
Laminations, 

Chaotic, 
Diamicton 

Homogenous, 
Discontinuous 
Laminations, 

Chaotic, 
Diamicton 

Proximal Fjord Not Present Not Present Not Present NBP0502 6E  
(0-1500 cm) 

NBP0502 6E 
(1500-2030 cm) 

Distal Fjord NBP0703 JPC35 
(0-80 cm and 
500-1060 cm) 

NBP0703 JPC35 
(80-170 cm) 

NBP0703 JPC35 
(170-500 cm) 

Not Present Not Present 

 
Table 1. Summary of core data and facies interpretations for NBP0703 JPC-35 and 
NBP0502 6E. 
 
Sediment Facies 1:Dark Olive Gray Fine-grained Sediment 

 The sediment facies 1 is comprised of highly biogenic mud with an occasional 

fine sand component. Pebbles are dispersed throughout the facies, with a maximum of 5 

pebbles counted in a single horizon, and an average of 1.2 pebbles found in a horizon. 

Sediment facies 1 is only sampled in the outermost core, NBP0703 JPC-35, and describes 

the top 80 cm and bottom ~500 cm of the core (Fig. A1-2). Grain-size analysis revealed 

the facies as a mud with 4% sand, 71% silt, and 25% clay (Fig. 20). The density log 

through the unit is relatively uniform, averaging 2.3 g/cm3.  Little compaction has taken 

place in the unit. Magnetic susceptibility data throughout the facies averages a moderate 

471.4 SI, indicating a relatively small terrigenous signature.  Smear slides support the 

magnetic susceptibility data, documenting a plethora of non-reworked diatoms (Fig. 21). 
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The diatoms present are a typical modern western Antarctic Peninsula assemblage and 

include: Thalassiosira antarctica, Actinocyclus actinochylus, Cocconeis spp., 

Fragilariopsis obliquecostata, Fragilariopsis kerguelensis, with the majority of diatoms 

being Chaetoceros resting spores. The long pennate diatoms, Fragilariopsis 

obliquecostata and Fragilariopsis kerguelensis, are indicative of sea ice, which is a 

common and highly seasonal feature of the western Antarctic Peninsula (Leventer, A., 

per. com, 2012).  

Sediment facies 1 is interpreted as open-marine deposits, as NBP0703 JPC-35 is 

located in the outer basin far from the modern ice margin (Fig. 10). The top of the core is 

therefore not recording glacial sediments, but recent open-marine highly biogenic 

sedimentation (seen in the greenish hue of the facies). If glacial sediments were 

incorporated in the facies, the particle size distribution would not appear homogenous. 

Samples would more widely range in grain size due to the various modes of glacial-

marine sedimentation. 
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Figure 20. Particle-size distribution of sediment facies 1, interpreted as open-marine 
sedimentation. Each colored line represents a single 5cc sediment sample taken over a 1 
cm horizon, within sediment facies 1, processed using MLPSA. 0.02 to 4.0 µm are clay-
sized particles, 4.0 to 63.0 µm are silt-sized particles, and 63.0 to 2000.0 µm are sand-
sized particles (Wentworth, 1922). 
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Figure 21. Smear slide of NBP0703 JPC-35 637cm. Diatom abundance supports open-
marine sediment interpretation. The red bar indicates a 50 µm scale. 
 
Sediment Facies 2: Gray Very Fine-grained Sediment 

 Sediment facies 2 is much grayer than sediment facies 1, and is composed of 

homogenous mud with no sand component. Grain-size analysis described the facies as 

61% silt and 39% clay (Fig. 22). No pebbles were found in sediment facies 2. The facies 

is only identified in NBP0703 JPC-35, and is located between 80 cm and 170 cm of the 

core (Fig. A1-2). Sediment facies 2 has the lowest average magnetic susceptibility and 

density measurements found in the core, magnetic susceptibility averaging 282 SI and 

density averaging 2.1 g/cm3. Smear slides from the 90 cm section display a significant 

diatom assemblage. The diatom assemblage and considerably low magnetic susceptibility 

measurements support sediment facies 2 interpreted as open-marine deposits, because it 

is highly biogenic despite its grayer character. A likely explanation of the lack of a coarse 
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sediment fraction is perennial sea ice cover. Fast sea ice during the period would prevent 

icebergs from traveling into the distal fjord and depositing pebbles and ice rafted debris. 

Fast sea ice cover would still permit open-marine circulation at depths and the deposition 

of biogenic sediments. 

 

Figure 22. Particle size distribution of sediment facies 2, interpreted as open-marine 
sedimentation. Each colored line represents a single 5cc sediment sample taken over a 1 
cm horizon within sediment facies 2. 
 
Sediment Facies 3:Greenish Gray Medium-grained Sediment 

 Sediment facies 3 represents a sequence of sandy turbidites. The sequence is 

found only in NBP0703 JPC-35 between 170 cm and 500 cm (Fig. A1-2). Facies 3 is 

packaged by two large turbidites, which were preferentially sampled for grain-size 

analysis. The upper most turbidite is comprised of an average of 49% sand, 45% silt, and 

6% clay; whereas the facies as a whole is comprised of an average of 16% sand, 65% silt, 
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and 19% clay (Fig. 23). The two turbidites have anomalously high magnetic 

susceptibility measurements; the uppermost (170-220 cm) of 1449.5 SI and the 

lowermost (480-500 cm) of 853.3 SI, indicating both are primarily terrigenous material. 

Smear slides also describe a very high terrigenous component. Few diatoms are present, 

relative to the other NBP0703 JPC-35 facies, whereas a plethora of euhedral grains of 

micaceous minerals, pyroxenes, and quartz are found (Fig. 24). Density values in the 

interval are statistically similar to those of sediment facies 1, and average 2.3 g/cm3. The 

pebble count for sediment facies 3 average 1.6 pebbles, with a maximum of 6 pebbles 

found in a single horizon. The terrigenous turbidites were likely deposited as a result of 

slope failure, either from the northern fjord edge or resulting from erosion of the eastern 

grounding zone wedge.  
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Figure 23. Particle-size distribution of two sandy turbidites packaging sediment facies 3. 
The green line samples the upper most turbidite (170-220 cm) and the red line samples 
the lower most turbidite (480-500 cm). 
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Figure 24. Smear slide of sediment facies 3, NBP0703 JPC-35 190 cm, interpreted as a 
series of sandy turbidites. Large linear feature is a sponge spicule, but image largely 
depicts granules and not biogenics. Red bar indicates 100 µm.  
 
Sediment Facies 4:Very Dark Greenish Gray Fine-grained Sediment 

 Sediment facies 4 is a homogenous mud with an occasional coarse sand 

component. The coarse component is identified in particle-size analysis as a bimodal 

curve, even though the facies is dominantly mud, averaging 4% sand, 66% silt, and 30% 

clay (Fig. 25). Sediment facies 4 is only found in NBP0502 6E, and describes the upper 

15 m of the core (Fig. A1-3). The facies shows a coarsening downward trend towards the 

diamicton facies, and ice-rafted debris (IRD) are found more frequently down-core. 

MSCL data reveal moderate magnetic susceptibility values, of 198.4 SI, indicating an 

intermediate biogenic component. Smear slide analysis also identified an intermediate 

biogenic component in facies 4. Diatoms are present, though some appear fragmented. 

Pebbles are more frequent in facies 4 than in previously described facies, with an average 
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of 2.6 pebbles found in horizons every 5 cm down core, and a maximum of 9 pebbles 

found in a single horizon. Shear strength values were collected for NBP0502 6E using a 

hand-held Torvane. Sediment facies 4 presents with the lowest shear strength values, 

averaging ~0.05 kg/cm2. The facies, especially the upper 8 m, is very soupy. Facies 4 is 

interpreted as a glacial outwash fan primarily because of its mixed and reworked biogenic 

and terrigenous signatures. The core is also known to have sampled a glacial outwash fan, 

as a fan was identified in both multibeam swath bathymetry data and in the G6 air gun 

seismic line.  

 

Figure 25. Particle-size distribution of sediment facies 4. Each colored line represents a 
single 5cc sediment sample taken over a 1 cm horizon, within sediment facies 4. Note the 
bimodal curve, representing a large homogenous mud component (peaking ~ 10 µm), as 
well as a smaller coarse sand component (peaking ~1000 µm). The presence of two peaks 
indicates mixing of glacial terrigenous sediment (~1000 µm peak) and marine highly 
biogenic sediments (~10 µm peak). 
 
Sediment Facies 5:Diamicton 

 Sediment facies 5 is a sandy mud containing a similar coarse sand component as 

sediment facies 4. Facies 5 contains 9% sand, 65% silt, and 26% clay (Fig. 26), and has a 

lower average and maximum pebble count (1.7 pebbles in a horizon, with a maximum of 
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8 in a single horizon) than sediment facies 4.  Angular ice rafted debris > 5 cm in 

diameter are common in the facies, and become more frequent and tightly packed down-

core (best described by the diamicton x-ray facies). The facies is only identified in 

NBP0502 6E, specifically the lower 5.3 m of the core (Fig. A1-3). Magnetic 

susceptibility data reveal a lower biogenic concentration in sediment facies 5, averaging 

212.5 SI. Shear strength values are intermediate to high in the facies, all between 0.1 and 

0.2 kg/cm2. Smear slides of the unit display fewer diatoms, and those present appear 

reworked. The intermediate to high shear strength values, anomalously high IRD 

packing, and variety of grain sizes specifically indicate glacial-proximal sedimentation. 

The facies unlikely sampled till, as a small but significant biogenic component is still 

present (Fig. 27). Below the facies, 13 cm of granite was drilled and sampled. The granite 

likely indicates a till deposit below sediment facies 5. 

 

Figure 26. Particle-size distribution describing the diamicton facies. Each colored line 
represents a single 5cc sediment sample taken over a 1 cm horizon, within sediment 
facies 5.The distribution is similar to facies 4, and appears bimodal though not as 
homogenous around either peak.  
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Figure 27. Smear slide of diamicton facies, from NBP0502 1846 cm. The facies has a 
similar assemblage as facies 4, but appears increasingly reworked. An example is the 
crescent-shaped diatom in the right of the image. The non-reworked diatom is a full ring 
shape. The red bar is 100 µm for scale.  
 
X-ray Facies: 

 X-rays taken of NBP0502 6E and NBP0703 JPC-35 revealed various internal 

features not seen in photographs or visually described onboard. X-rays express these 

features through density variations. Using Adobe Photoshop, x-rays were modified, 

primarily by changing contrast, so that high-density areas appear opaque white and low-

density areas, including voids, appear black. Once adjusted, the x-rays were used to count 

the number of pebbles > 5 mm in horizons selected every 5 cm down core. Five x-ray 

facies were identified: homogenous, continuously laminated, discontinuously laminated, 

bioturbated, diamicton, and chaotic (Fig. 28). No bioturbation was found in NBP0502 6E 
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x-rays, but bioturbation was apparent in three horizons of NBP0703 JPC-35 5-7 m in the 

form of burrows. These burrows were likely formed by scaphapods, commonly found in 

Antarctic substrate. A scaphapod shell was collected for carbonate 14C dating in the inner 

basin NBP0502 6E core. Also noted in x-rays were soft-sediment deformation structures, 

formed by the deposition of large IRDs (Fig. 29). Through integrating x-ray findings and 

sediment facies, glacial-marine deposits were interpreted. Bioturbated, continuously 

laminated, discontinuously laminated, and homogenous x-ray facies were largely found 

within horizons identified by the dark olive gray fine-grained sediment facies, whereas 

the diamicton and chaotic x-ray facies were largely found within horizons identified by 

the diamicton sediment facies.  
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Figure 28. X-ray facies identified in Lapeyrère Bay and found in NBP0502 6E and 
NBP0703 JPC-35 cores. All images are oriented with the top of the core up and depict 10 
cm sections. 
 



	   47	  

 
 
Figure 29. X-rays depict soft sediment deformation. The left x-ray is uninterpreted, 
whereas the right x-ray is annotated to show IRD and a dense sediment deformation tail. 
X-rays orient the top of the core up and the distance between the lines as 10 cm.  
 
Chronology Data 

 Two cores in Lapeyrere Bay, NBP0502 6E and NBP0703 JPC-35, were analyzed 

using two 14C dating methods: carbonate 14C dating and ramped pyrolysis 14C dating. 

NBP0502 6E was sampled the most extensively, with five carbonate dates and ramped 

pyrolysis 14C dates from six horizons acquired. Four samples were previously carbonate 

14C dated in adjacent core NBP0502 KC-6D. Those dates are included in NBP0502 6E 

age profiles for the most complete chronology. Two carbonate and three ramped 

pyrolysis dates were collected from the outer fjord core, NBP0703 JPC-35.  

 Ramped pyrolysis results are not consistent with the previous study by Rosenheim 

and others (2008) using the method, where ramped pyrolysis was compared to AIOM 
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dating on cores from the northwestern Weddell Sea (Fig. 13). First, Lapeyrère Bay 

reaction curves of photometrically resolved CO2 concentrations during temperature ramp 

are more complicated than Weddell curves (Fig. 30). Multiple peaks are present within 

the reaction curves, representing several episodes of increased decomposition rate during 

pyrolysis. Second, the age spectra from each of these samples was considerably narrower 

than those in previous work (Rosenheim et al., 2008; Fig. 13), with evidence of some age 

reversals at higher temperatures (Fig. A2-3). This indicates organic material in Lapeyrère 

Bay is more homogenous in age than sediment from the previous study. To compare 

ramped pyrolysis dates to carbonate dates the aliquot with the youngest age was selected 

as most representative of the true age of the sediment sample. It is assumed, similarly to 

Rosenheim et al. (2008), that fresh autochthonous organic carbon fixed at the time of 

sedimentation will decompose at lower temperatures than the older, pre-aged carbon that 

is admixed into the bulk AIOM.  

All calibrated and reservoir-corrected ages for both methods are plausible, 

ranging from ~700 to ~8500 cal yr BP. They are all in chronological order down-core, 

with the exception of the second oldest ramped pyrolysis 14C date in NBP0502 6E (6,514 

cal yr BP) and the second oldest carbonate 14C date in NBP0703 JPC-35 (1,240 cal yr 

BP). But, carbonate and ramped pyrolysis 14C dates yield discordant ages. For the 

proximal core, NBP0502 6E, ramped pyrolysis ages are significantly younger than 

carbonate ages, and the difference between both methods increases down-core (Fig. 31B). 

Ramped pyrolysis estimates the maximum age of core as ~4,000 years younger than 

carbonate 14C ages (Fig. 31C). For the 10.6 m distal gravity core, two carbonate dates are 

not statistically different and are comparable or younger than ramped pyrolysis dates. 
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Interpretation down-core is limited by the number of carbonate dates (Fig. 32). 

Extrapolation of a linear age trend using foraminifera dates is not possible because they 

are in reverse chronological order down-core. However, the similarity of these ages 

down-core may be indicative of a source of foraminifera having the same age.  

The two dating methods also yield varying sedimentation rates for each core. 

Ramped pyrolysis estimates a moderate sedimentation rate of ~ 3.3 mm/yr for the outer 

fjord, whereas carbonate dating estimates a rate of ~ 4.4 mm/yr. For the inner fjord both 

dating methods estimate lower sedimentation rates, of 2.6 mm/yr by ramped pyrolysis, 

and 1.8 mm/yr by carbonate 14C dating (Table 2).  

 

Figure 30. Reaction curves displaying the amount of photometrically measured CO2 
produced at each temperature. The four plotted curves are each from a different 
combustion run of same sample, NBP0502 6E 245 cm. The curves show very little 
variation from run to run, but do show multiple peaks, which were not seen in previous 
studies (Rosenheim et al., 2008). 
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Figure 31. (A) Raw ramped pyrolysis ages plotted down-core for NBP0502 6E. Youngest 
aliquot ages (true ages) are plotted with older aliquot ages from the same horizons, as the 
variability in aliquot ages indicates how heterogeneously aged organic carbon is within 
the sediment. (B) Calibrated and reservoir corrected ramped pyrolysis and carbonate 14C 
dates plotted down-core for NBP0502 6E. Distance between lines represents the 
discrepancy between the dating methods. (C) The same data, with the addition of 
NBP0502 KC-6D carbonate 14C dates. Linear trends are applied to both dating methods 
and projected to the bottom of the core. 
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Figure 32. (A) Raw ramped pyrolysis ages plotted down-core for NBP0703 JPC-35. 
Youngest aliquot ages (true ages) are plotted with older aliquot ages from the same 
horizons, as the variability in aliquot ages indicates how heterogeneously aged organic 
carbon is within the sediment. (B) Calibrated and reservoir corrected ramped pyrolysis 
and carbonate 14C dates plotted down-core for NBP0703 JPC-35. Distance between lines 
represents the discrepancy between the dating methods.  
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Dating Method NBP0502 6E and KC-6D 
Inner Fjord 

NBP0703 JPC-35 
Outer Fjord 

Calibrated Ramped Pyrolysis 14C ~2.6 mm/yr ~3.3 mm/yr 
Calibrated Carbonate 14C ~1.8 mm/yr ~4.4 mm/yr 

 
Table 2. Sedimentation rates, calculated using ramped pyrolysis and carbonate 14C dates, 
for the inner and outer fjord.  
 
Total Organic Carbon Content 

 TOC percentages were acquired in the process of prepping samples for ramped 

pyrolysis dating, but the values are also useful in comparing biogenic components down-

core and between two cores (Table 3). Six %TOC values were found for the inner core, 

NBP0502 6E. The values show no trend down-core, and range from 0.13 to 0.29 %TOC. 

Three samples were collected for the outer bay core, NBP0703 JPC35, which similarly 

show no down-core trend. They range from 0.41 to 0.65 %TOC, with all values higher 

than NBP0502 6E %TOC values (Table 3). This is consistent with the outer fjord 

location and comparatively higher biogenic component (seen in magnetic susceptibility 

data) of NBP0703 JPC35 (Fig. A1-2). 
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Inner Fjord Sample TOC % 

NBP0502 6E1E1 85 cm 0.13 

NBP0502 6E2E2 245 cm 0.25 

NBP0502 6E4E1 855 cm 0.23 

NBP0502 6E7E1 1525 cm  0.23 

NBP0502 6E8E1 1715 cm  0.16 

NBP0502 6E8E2 1964 cm 0.29 
 

Outer Fjord Sample TOC % 

NBP0703 JPC35-2C 433 cm 0.59 

NBP0703 JPC35-3C 769 cm 0.41 

NBP0703 JPC35-4B 1058 cm 0.65 
 
Table 3. %TOC values from EA at Tulane University Stable Isotope Laboratory. Values 
from the inner fjord core (NBP0502 6E) are overall lower than values from the outer 
fjord core (NBP0703 JPC35). 
 
DISCUSSION 

Ramped Pyrolysis 

The age differences produced by ramped pyrolysis and carbonate 14C dating call 

into question the assumption that foraminifera found in a horizon truly represent the age 

of that horizon. The dates acquired in this study likely describe a degree of reworking of 

foraminifera prior to deposition in the horizon from which they were sampled. One 

scenario explaining how inner fjord ramped pyrolysis ages are younger than carbonate 

ages and how that difference increases down-core, is that Iliad Glacier and unnamed 

glacier re-advanced in the recent Holocene. As the glaciers then retreated back to the 

current position old foraminifera were incorporated in glacial sediments. The 

foraminifera were re-deposited in the glacial outwash fan, through hypopycnal plumes, 
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along with modern organic matter falling out of suspension. In this case, ramped 

pyrolysis dates reflect the modern organic carbon and thus the true age of deposition, 

whereas carbonate dates reflect a mix of inner fjord sediments dated prior and post glacial 

re-advance. 

Another possible scenario is that both Iliad Glacier and the unnamed glacier 

retreated after the LGM and did not subsequently re-advance. Older foraminifera (~50-

3,500 cal yr BP older) could be deposited with young organic matter through constant re-

suspension in the water column and mixing by turbidity flows from the steep northern 

fjord edge. Both scenarios supply younger organic matter, dated by ramped pyrolysis, 

and older foraminifera, dated by carbonate 14C, in Lapeyrère Bay and are in agreement 

with sediment core descriptions.  

Sources of Uncertainty 

Though the laboratory errors from AMS analysis are extremely small, multiple 

other sources of uncertainty affect chronology results in this study, including the 14C 

reservoir correction, sampling methods, and ramped pyrolysis producing maximum 

possible ages.  

A 14C reservoir correction is necessary when dating material developed in a 

marine setting, as ocean waters contain old carbon. In the Antarctic, this correction is 

typically much greater than in equatorial settings. However, there are various methods of 

constraining the reservoir. The reservoir correction applied in this study, 1100 14C yr BP, 

was found by Milliken et al. (2009) by dating sediment found at the core-water interface, 

the sediment assumed most modern and deposited at 0 cal yr BP. The sediment dated 

1160 + 40 14C yr BP; therefore a minimum reservoir correction of 1100 14C yr BP may be 
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applied down-core. This study was unable to apply carbonate 14C dating to the sediment-

water interface of NBP0502 6E and NBP0703 JPC-35, as the top of each core lacked 

enough calcareous material for AMS processing.  

Additionally, a reservoir correction may be constrained by dating other modern 

materials; including dating dissolved inorganic carbon (DIC) in the water column and by 

dating corals. The age of DIC in western AP waters ranges from 1000 to 1130 14C yr BP, 

comparable to the top-sediment reservoir (Milliken et al., 2009). This is of course a 

measure only of the modern reservoir of old carbon, but the fact that it is relatively 

consistent through different water masses suggests that it may not have changed much 

over time. Hall et al. (2010) assessed the 14C reservoir of the Southern Ocean by dating 

solitary corals found in the McMurdo Ice Shelf of the Ross Sea. By pairing U/Th and 14C 

analysis (based on the 14C signature of mid 20th century bomb testing) of the corals, they 

found a reservoir age of 1144 + 120 years. U/Th data revealed the corals range in age 

from modern to ~6000 yr BP, yet all corals yielded a reservoir age around 1144 years. 

Therefore, according to Hall and others (2010), the reservoir age has been relatively 

consistent throughout the past 6000 years with only minor perturbations, irresolvable by 

current the data set.  

Sampling also adds a degree of geologic error to the chronology of Lapeyrère 

Bay. Varying amounts of sediment were used to obtain dates, between 5cc and 20cc 

samples. Each of these sediment samples represents a minimum of a 1 cm, and up to 10 

cm, interval of the core, not a discrete horizon, which affects the age profile for both 

ramped pyrolysis and carbonate 14C dating.  Specifically for carbonate 14C dating, many 

foraminifera (~100) are collected after sieving a sediment sample. Each foraminifera test 
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likely has a different age, but as all foraminifera of a sample are combusted together in 

AMS processing, the carbonate 14C date of the sample is an average of the ages of all 

foraminifera tests collected for that sample.  

Finally, the true ages yielded by ramped pyrolysis are best described as maximum 

possible ages. Each aliquot contains CO2 produced by a mixture of organic carbon. The 

true age of the sample is taken as the aliquot of the youngest age, as it is less likely that 

the sample was contaminated by young carbon than old carbon. However, the youngest 

aliquot still represents a mixture of OC of different ages. If the aliquot was taken over a 

smaller temperature range for instance, the sample would likely date younger, as it would 

contain a larger portion of diagenetically unstable carbon and a smaller portion of older 

reworked carbon. The error of dating organic carbon may therefore be described by the 

variability in aliquot ages of a sample, as they represent how mixed carbon of different 

ages is within the horizon. 

Glacial Reconstruction 

 During the LGM ice extended to the AP continental shelf; it then receded into the 

middle and inner shelf ~14,000 cal yr BP (Heroy and Anderson, 2007; Fig. 33A). In the 

first scenario, glaciers subsequently retreated between ~14,000 cal yr BP and ~8,500 cal 

yr BP, the maximum carbonate 14C age (Fig. 33B). This retreat allowed for foraminifera 

deposition in the glacial-proximal setting through ocean circulation (NBP0502 6E). 

Unnamed glacier and Iliad Glacier then re-advanced between ~8,500 cal yr BP and 

~5,000 cal yr BP, the difference in maximum ages from carbonate 14C and ramped 

pyrolysis 14C ages in NBP0502 6E (Fig. 33C). The maximum extent of re-advance 

formed the distal-most grounding zone wedge, and excavated older foraminifera to be 
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incorporated in glacial sediments. Then, between ~5,000 cal yr BP and present, glaciers 

stepped back into the fjord, depositing the two proximal grounding zone wedges (Fig. 

33D). As Iliad Glacier retreated, the older reworked foraminifera deposited in the glacial 

outwash fan, through meltwater plumes, along with modern organic matter falling out of 

suspension. Core descriptions of NBP0502 6E and NBP0703 JPC-35 conform to this 

scenario as well as the second scenario. However, foraminifera identified in the 

Lapeyrère Bay proximal core, NBP0502 6E, were largely intact (Fig. 11). Foraminifera 

reworked through glacial re-advance would be broken and fractured. This supports the 

second scenario as the more likely glacial reconstruction of Lapeyrère Bay.  

 The second scenario similarly describes a degree of foraminifera reworking, but 

without a glacial re-advance between ~8,500 and ~5,000 cal yr BP. In this scenario, Iliad 

and unnamed glaciers retreated into Lapeyrère Bay, to their current locations, between 

~14,000 and ~8,500 cal yr BP (Fig. 33A,C-D). This retreat began highly biogenic open-

marine sedimentation in the outer fjord (NBP0703 JPC-35). In retreat the glaciers paused 

twice, first depositing the distal and then approximately contemporaneously the two 

proximal grounding zone wedges. A high average shear strength, variable grain-size, and 

high IRD compaction in the diamicton x-ray facies document the proximal glacial-marine 

setting of NBP0502 6E during the retreat. Between ~8,500 cal yr BP and present, 

foraminifera have been continually re-suspended and mixed by turbidite flows prior to 

deposition with modern organic matter in the glacial outwash fan deposit (Fig. 33E). 

During this time the inner fjord core, NBP0502 6E, records the deposition of a glacial 

outwash fan through a highly reworked IRD and pebble-rich diamicton x-ray facies, 

increased average grain sizes, and a low biogenic component. This is supported by the 
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lack of bioturbation identified in x-rays and broken diatom assemblages described in 

smear slides. 

 Presently, Iliad Glacier is stabilized on a basement high, as seen in the seismic 

data. The stance is typical of fjord-confined glacial retreat patterns (Fernandez et al., 

2011; Fig. 33E). Between ~5,000 cal yr BP and present the distal core, NBP0703 JPC35, 

records open-marine sedimentation through lower average grain sizes, abundant and 

diverse diatom assemblages, relatively high TOC values, and bioturbation identified in x-

ray facies. The open-marine deposits are punctuated by a series of turbidites, likely from 

a grounding zone wedge destabilization between ~1,500 cal yr BP and present.  
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 The timing of glacial retreat from Lapeyrère Bay (in both scenarios) is consistent 

with findings from a study conducted by Hall and others (2010) on the Maar Piedmont of 

southern Anvers Island. By radiocarbon dating shells and moss-rich peat samples from 

land, they concluded ice was at or further receded from its current position 700-970 cal yr 

BP. Shelled organisms could not have lived and peat could not have deposited if the area 

was ice covered. This thesis supports the theory as foraminifera, indicative of ocean 

circulation, were deposited in Lapeyrère Bay ~8,500 cal yr BP. Retreat from northern 

Anvers Island followed by the southern Maar Piedmont of Anvers Island agrees with the 

trend found by Heroy and Anderson (2007) of deglaciation beginning in the northern AP 

and progressing southward. Deglaciation of northern Anvers Island ~8,500 cal yr BP, is 

also consistent with other AP studies describing deglaciation of most presently ice-free 

areas occurring between ~10,000 and 6,500 cal yr BP, followed by several periods of 

possible glacial re-advance (e.g. Ingolfsson, 1998; Milliken et al., 2009).   

 A study by Hardin (2011) of Beascochea Bay, ~130 km to the south of Lapeyrère 

Bay, applied 210PB, 137Cs, and 14C dating techniques to 10 marine sediment cores and 

found glaciers fully retreated from the bay between ~1,800 and ~1,600 cal yr BP, and 

subsequently re-advanced. Deglaciation to present day conditions occurred ~170 cal yr 

BP in Beascochea Bay. This retreat is considerably more recent than findings for 

Lapeyrère Bay, and is likely explained by geographic variance. Lapeyrère Bay is situated 

on the northern outer rim of Anvers Island, vulnerable to high winds and cyclones off the 

Bellingshausen Sea, and warmer open ocean circulation. Conversely, Beascochea Bay is 

farther south, and buffered from open ocean weather systems, which would aid in 
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deglaciation, by the series of islands lining the western AP including Anvers Island to the 

north and Renaud Island to the south. 

Late Holocene Climate 

 Sediment core, geochemical, and multibeam data from Lapeyrère Bay do not 

display late Holocene climate fluctuations, including the Little Ice Age and Mid-

Holocene Warm Period (Fig. 4). The two cores examined in this study, one largely 

sampling a glacial outwash fan deposit, may not be a high enough resolution survey to 

identify recent century-scale climate events.  

Sedimentation Rates 

Sedimentation rates in Lapeyrère Bay were found to be higher in the distal fjord 

than in the proximal fjord by both dating methods. The distal fjord average sedimentation 

rate is between ~3.3-4.4 mm/yr, a relatively high sedimentation rate, and the proximal 

fjord average sedimentation rate is between ~1.8-2.6 mm/yr, a relatively moderate 

sedimentation rate. These values are unexpected, as typically sedimentation rates increase 

closer to the ice front. For instance Flandres Bay, ~60 m southwest of Lapeyrère Bay, has 

a high sedimentation rate of ~8.3 mm/yr near the ice margin, almost four times the inner 

fjord sedimentation rate of Lapeyrère Bay. Outer Flandres average sedimentation rate is 

~4.2 mm/yr, comparable to what was found in distal Lapeyrère Bay. The higher average 

sedimentation rate in the outer fjord compared to the inner fjord of Lapeyrère Bay may be 

a result of high productivity in the water column, and consequently rapid deposition of 

diatoms. This is documented by the high silt content in NBP0703 JPC35 particle size 

distributions, as diatoms are silt-sized, and by the plethora of Chaetoceros resting spores 
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identified in smear slides. Chaetoceros resting spores are indicative if high surface water 

productivity (Leventer, A., per. com, 2012). 

CONCLUSIONS 

 Lapeyrère Bay is a fjord, as multibeam swath bathymetry surveys have revealed 

30º steeply sloping walls. Multibeam also revealed two grounding zone wedges, 

indicative of two pauses in glacial flow. A glacial outwash fan is located on the northern 

wall of the proximal fjord, supplied by hypopycnal sediment-laden plumes. Seismic data 

from the bay describes two basement highs in the proximal fjord, one at the modern ice 

front and one beneath the glacial outwash fan deposit. Between the highs is a ~40 m thick 

draping of sediment. Two cores, one from the proximal fjord and one from the distal 

fjord, are described by five sediment facies, which are interpreted as open-marine, 

turbidite, glacial outwash fan, and proximal glacial-marine deposits. Similarly, cores 

were described using six x-ray facies. The density contrast between dense material and 

voids allowed bioturbation and laminations to be observed. TOC values were used as a 

proxy for organic content in the proximal and distal fjord. TOC values do not show a 

down-core trend, but outer fjord values are overall higher than inner fjord values. 

To put facies interpretations in the context of glacial retreat, and to calculate 

sedimentation rates, two methods of 14C dating were applied: carbonate 14C dating of 

foraminifera, and ramped pyrolysis 14C dating of individual fractions of organic matter. 

Ramped pyrolysis results differ from previous studies. Age spectra produced by each 

sediment sample are narrower than expected and not always increasing with temperature.  

This indicates sediment in Lapeyrère Bay is more homogenous in age than sediment from 

the previous Weddell Sea study. Applying the date of the youngest aliquot, in the 
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proximal core ramped pyrolysis ages are significantly younger than carbonate ages, and 

the difference between both methods increases down-core. In the distal gravity core, two 

carbonate dates are comparable to or younger than ramped pyrolysis dates. The two 

dating methods also yield varying sedimentation rates for each core, though both methods 

yield lower rates for the inner fjord than the outer fjord.  

To explain the differences in dating methods, two scenarios of glacial retreat are 

described in which old foraminifera are reworked and deposited with modern organic 

matter. The first scenario is a full deglaciation of Lapeyrère Bay between ~14,000-8,500 

cal yr BP followed by a re-advance of Iliad and unnamed glaciers ~8,500-5,000 cal yr 

BP. From ~5,000 cal yr BP to present glaciers again retreated to their modern position. 

During this retreat foraminifera, reworked by the glacial fluctuation, were deposited in 

the glacial outwash fan with modern organic matter falling out of suspension. 

The second scenario for glacial retreat from Lapeyrère Bay is a full deglaciation 

between ~14,000 and ~8,500 cal yr BP without subsequent re-advance. In this scenario 

foraminifera are reworked through turbidite flows and constant re-suspension prior to 

deposition in the glacial outwash fan. Deglaciation ~8,500 cal yr BP is consistent with 

findings from southern Anvers Island, and follows the trend of progressive deglaciation 

from the northern to southern AP. This is a more likely scenario, as foraminifera found in 

the proximal fjord are not fractured or broken by glacial reworking, as one would expect 

in scenario 1. 

The difference in dates yielded by ramped pyrolysis and carbonate 14C methods 

may indicate the glacial retreat history of other Antarctic bays and fjords are more 

complex than previously recognized. Most sediment cores from the region are dated 
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using solely carbonate 14C, and the dates are assumed to represent accurately the horizon 

sampled if they in chronological order down-core. In this study most carbonate 14C ages 

were largely in chronological order down-core, yet they appear to represent extensive 

foraminifera reworking prior to deposition, as seen by ramped pyrolysis. Placing 

carbonate dates in this context may dramatically change the interpretation of glacial 

retreat from Antarctic bays. Applying two methods of dating in Lapeyrère Bay resulted in 

sediment cores interpreted as ~4000 cal yr BP younger, possibly documenting a glacial 

re-advance. The “gold standard” of dating Antarctic sediment cores, carbonate 14C dating, 

may not be as reliable as previously thought. 
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Figure A2-3. Ramped pyrolysis thermographs from two NBP0502 6E depths, each with 
five gas aliquots sampled. Bar height indicates age of aliquot trapped over a temperature 
range (bar width). Photometrically measured CO2 is also noted on the left axis as 
measured on the heavy black line. In each case the youngest aliquot date was used as the 
true age of the sample. 
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