
Dissertation









  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 







 

 





 



 



Surface water circulation



Intermediate water formation



Deep Water formation

Hypersaline brines



sensu stricto



 



 

Sapropel i-cycle
Marine Isotopic

 Stage
Age, ka

S1 2 1 8.5

S2 6 3 #

S3 8 5a 81

S4 10 5c 101

S5 12 5e 124

S6 16 7 172

S7 18 7a 195

S8 20 7d 216

S9 22 7e 239

S10 30 9 331

S11 38 11 407

S12 48 11 461
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Thalassionema frauenfeldii

Thalassiotrix

Rhizosolenia

Rhizosolenia



Rhizosolenia



 



 

 



G. bulloides

Quercus Ulmu Corylus



 





 

G.

ruber



G. bulloides T.

quinqueloba

G. ruber

Core M40-4 SL67 M51-3 SL103 M51-3 SL104

Latitude 34°48.85’N 34°48.74’N 34°48.89’N

Longitude 27°17.76’E 27°17.10’E 27°16.93’E

Water depth 2158 m 2151 m 2154 m

Core depth Section 2 Section 2 Section 2

S5-Top 364 cm 375.5 cm 359.5 cm

Core Depth Section 1 Section 1 Section 1

455.4 cm 460.6 cm 446.3 cm

(454 cm) (460.5 cm) (444 cm)

91.4 cm 85.1 cm 86.8 cm

 (90 cm)  (85 cm)  (84.5 cm)

S5-Base

S5-Thickness



 

 

 

 





 

 

Ultralene SPEX CertiPrep









 

Depth, cm Sediment fabric

358.00 Enclosing Marl

361.00 Bioturbated Zone

363.50 Bioturbated Zone

365.50 Bright Layer

366.50 Dark Layer

367.50 Bright Layer

371.50 Dark Layer

377.00 Dark Layer

384.00 Bright Layer

393.00 Bright Layer

397.00 Dark Layer

404.70 Bright Layer

405.50 Dark Layer

413.50 Bright Layer

417.20 Bright Layer

418.80 Dark Layer

426.00 Bright Layer

427.20 Dark Layer

432.50 Bright Layer

433.50 Dark Layer

437.40 Dark Layer

440.30 Bright Layer

444.00 Bright Layer

445.00 Dark Layer

446.90 Bright Layer

450.00 Enclosing Marl



 



 

 

Globigerinella siphonifera

Globorotalia inflata

G. inflata



Globigerinoides sacculifer

G. sacculifer

Globigerinoides trilobus

G. sacculifer

G. sacculifer

G. sacculifer

Globigerinoides ruber

G. ruber G. ruber

G. ruber

G. ruber G.

ruber G. ruber

G. ruber

Globigerinoides conglobatus

G. conglobatus



Orbulina universa

O. universa

O. universa G. ruber O. universa

Globorotalia truncatulinoides

G. truncatulinoides

G.

truncatulinoides

Globigerina bulloides

G. bulloides

Beella digitata

B. digitata

Globoturborotalita tenella

G. rubescens



Globorotalia scitula

G. scitula

Dentogloborotalia anfracta

D. anfracta

Globoturborotalita rubescens

Neogloboquadrina incompta

N. incompta

N. pachyderma N. incompta N. incompta

N. pachyderma

Neogloboquadrina dutertrei

N.

dutertrei

N. dutertrei



Globigerina falconensis

G. falconensis

Turborotalita quinqueloba

T. quinqueloba

Globigerinita glutinata

G. glutinata

G. glutinata

Globigerinella calida

G. calida



a

b Globigerinella siphonifera c d Globorotalia inflata e Globigerinoides trilobus

f Globigerinoides sacculifer g Globigerinoides ruber h

Globigerinoides ruber i Globigerinoides ruber j Globigerinoides ruber

k Globigerinoides ruber l Globigerinoides conglobatus

m o Globorotalia truncatulinoides p Orbulina universa



a

b Globigerina bulloides c d Beella digitata e f Globoturborotalita tenella

g Globorotalia scitula h Dentogloborotalia anfracta i Globoturborotalita

rubescens j Neogloboquadrina incompta k Neogloboquadrina dutertrei l

Globigerina falconensis m n Globigerinita glutinata o Turborotalita quinqueloba

p Globigerinella calida



 

G. ruber G. bulloides



 

G. siphonifera

G. calida

ANN Species List

O. universa

G. conglobatus

G. ruber total

G. tenella

G. sacc total

S. dehiscens

G. siphonifera + G. calida

G. bulloides

G. falconensis

B. digitata

G. rubescens

T. quinqueloba

N. pachyderma L

N. dutertrei

P/D integrade + N. pachyderma R

P. obliquiloculata

G. inflata

G. truncatulinoides total

G. crassaformis

G. hirsuta

G. scitula

G. menardii + tumida

G. glutinata
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a)

b)

c)

d)



G. ruber

G. ruber G. siphonifera



 

 

a)

b)



A:

B:

C:



Step Ratio: resin to acetone n iterations

1 Pure Acetone 12

2 3 Resin: 2 Acteone 3

3 11 Resin: 4 Acetone 2

4 13 Resin: 2 Acetone 2

5 Pure Resin 3
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Core No.
Author

Code

Latitude

(dec)

Longitude

(dec)

Thickness 

of S5 (cm)

Depth in 

sediment 

(cm)

Water

depth (m)

KL83 32.6242 34.1581 27.5 390 1431

ODP 969E 33.8461 24.8939 37.5 318.75 2212

SL71 34.8186 23.2008 20 260 2827

KS205 38.2072 18.1344 23.5 482.5 2384

ODP 971A 33.7167 24.6833 22.8 40.2 2026

ODP 967C 34.0742 32.7314 28.5 74.5 2554

ODP 971C 33.7167 24.6833 82 80 2141

LC21 3 35.6667 26.5833 120 885 1522

KC01B 36.2569 17.7428 4 876 3643

Site 969 34.2333 29.8667 36 366 2400

Site 967 34.0742 32.7314 28 74 2550

MD 84641 33.0333 32.6333 18.5 371.5 1375

ALB 198 36.2167 17.4667 17.5 670 3555

ALB 197 35.7833 20.7000 10.7 443 2940

ALB 196 35.6833 21.8333 17.5 536 4270

ALB 195 35.8667 21.8833 28.6 393 3665

ALB 194 34.8000 23.4833 50 485 3000

ALB 192 34.6000 25.9833 42.9 557 2680

ALB 190 33.9000 26.1667 17.5 329 2900

ALB 189 33.9000 28.4833 14.3 336 2664

ALB 187 33.9833 31.0333 42.9 600 2500

RC9-181 33.4167 25.0167 26.6 226 2286

RC9-185 37.4500 21.6167 26.6 234 2858

KS09 35.1500 20.1500 26.6 213 2900

SIN97-GC01 35.8169 22.7011 7 285 933

BAN89-GC09 33.6439 24.7247 19.8 234.25 2011

BD02-GC01 37.5750 17.8089 9 329 2470

ADE3-23 8 8 34.7500 21.8800 10.5 225.5 2459

M40-4 SL67 34.8236 27.3044 91.4 364 2157

M40/4 68SL 34.6931 27.2739 52 398 2121

M40/4 75SL 35.8175 22.6728 20 350 1012

M51/3 SL96 32.7794 19.1961 11.5 225.5 1390

M51/3 SL98 33.7186 23.5097 22 251 1879

M51/3 SL99 33.0103 23.6336 13 252 1496

M51-3 SL103 34.8206 27.2861 85.1 375.5 2154

M51-3 SL104 34.8247 27.2925 86.8 359.5 2155

M51/3 SL110 32.6575 34.1050 24 601 1437

M51/3 SLF107 33.4536 32.5822 27 335.5 1296

M51/3 SL120 35.5781 30.4683 14 445 1275

6

7

9

1

2

4

5



A)

B)



 







 





 

 











 









 

 

Planktonic foraminifera from U channel samples

A B

C D



G. bulloides

G. ruber

Planktonic foraminifera in thin sections



Benthic foraminifera and radiolaria



 



Subtropical species

G. ruber

G. ruber G. ruber

G ruber G. ruber G. ruber

G. ruber

G. ruber

G. ruber G. ruber

G. ruber



G.

ruber

G. rubescens

G. rubescens

G. siphonifera

O. universa

G. tenella

N. dutertrei G. tenella

G. conglobatus B. digitata G.

falconensis G. truncatulinoides G. calida

G. conglobatus B. digitata

G. falconensis

G. truncatulinoides G. calida

Tropical species

G. ruber G. trilobus G. sacculifer D. anfracta

G. ruber

G. sacculifer G. trilobus

G. ruber

G. sacculifer G. trilobus

Transitional species

G. bulloides

G.

inflata



G. inflata

G. glutinata

G. scitula

Subpolar species

N. incompta

T. quinqueloba N. incompta

N. incompta

T. quinqueloba



 

G. ruber G. bulloides

G. bulloides G. ruber

G. ruber

G. bulloides

G. ruber G. bulloides



G. ruber G. bulloides



 



G. bulloides



 







Top

left Top right

Bottom:

Bottom left Thalassionema

Thalasiotrix Rhizosolenia Chaetocerus Bottom

right Thalassionema Rhizosolenia



±

a)

b)

c)



 

 

N. pachyderma

Correlation

point 

Species/

Stable isotope
Definition 

971A

depth

SL104

depth

i1 N. pachyderma  C Prominent isotopic depletion peak at sapropel cessation. 39.25    / 

f1 G. scitula  faunal Last sample before species reappears in detectable quantities. 40.75 360.4

i2 N. pachyderma  C Second prominent isotopic enrichment peak. 45.75    / 

f2 G. sacculifer  faunal Last sample before species reappears in detectable quantities. 48.75 405.4

i3 N. pachyderma  13C Prominent isotopic depletion peak between i1 and i11. 49.75    / 

f3 O. universa  faunal Last sample before species reappears in detectable  

quantities after short absence.

51.25 413.8

i4 G. ruber  18O Prominent shoulder of isotopic depletion after maximum 

enrichment within sapropel.

52.75 432.1

f4 G. scitula  faunal Species no longer present in detectable quantities. 53.25 427.3

i5 N. pachyderma  13C First prominent isotopic enrichment peak. 53.75    / 

i6 G. ruber 18O Prominent shoulder before sharp enrichment trend. 56.25 437.8

f5 G. sacculifer faunal Species no longer present in detectable quantities. 57.75 440.2

f7 O. universa  faunal Species no longer present detectable quantities after large 

abundance at sapropel base.

59.75 442.9

f6 N. pachyderma  faunal Last sample before species reappears in detectable quantities  

after short absence.

60.25 441.4

f8 G. inflata  faunal Species no longer present in detectable quantities. 61.75 445.9

i7 G. ruber  18O Mid-point of isotopic depletion at sapropel onset. 62.25 446.4

i8 G. ruber  13C Peak before isotopic depletion. 63.25 447.4

f9 G. ruber  pink faunal Last sample before species appears in detectable quantities. 63.75 448.3

f10 N. pachyderma  faunal Prominent peak below sapropel preceding sharp drop in abundance. 65.25 448

f11 N. pachyderma  faunal Lowest abundance of species after sapropel formation. 31.25 356.8

i9 G. ruber  13C Prominent peak in isotopic enrichment after sapropel. 31.25 353.5

f12 G. sacculifer  faunal Last sample before species reappears in detectable quantities. 43.75 387.1

i12 N. pachyderma  18O First major depletion. 55.75    / 

f13 G. glutinata  faunal Species no longer present in detectable quantities within sapropel. 57.25 437.2

i10 G. ruber  13C Shoulder during isotopic depletion in basal third of the sapropel. 59.25 442.6

i11 N. pachyderma  13C Prominent isotopic depletion peak after sapropel onset. 59.25    / 

f14 G. siphonifera  faunal Last sample before species appears in detectable quantities. 71.25 454.3







A)

B)



 

Rhizosolenia Thalassionema





 

 

G. ruber G. bulloides



G. ruber G. bulloides

G. ruber N. pachyderma



G. bulloides G. ruber

G. bulloides

G. bulloides

G. ruber

G. ruber

G. ruber N. pachyderma

N. pachyderma

G. ruber N.

pachyderma

 





 







Rhizosolenia

Thalassionema







 







 

 





G. ruber G. bulloides G. ruber

G, ruber







 

G. inflata G. conglobatus T. quinqueloba N. incompta G.

scitula N. dutertrei

G. inflata



G. conglobatus

G. conglobatus

T. quinqueloba

T. quinqueloba

N. incompta

N. incompta

G. scitula

G. scitula

N. dutertrei

N. dutertrei

N.

dutertrei

N. dutertrei



Juvenile Index

G. scitula

G. scitula

A

B



N. pachyderma

G. rubescens

N. dutertrei G.

inflata G. scitula

G.

rubescens G. rubescens



G. ruber G. siphonifera

G. ruber G. siphonifera

G. ruber G. siphonifera

G. ruber

G. ruber G. siphonifera



Benthic foraminifera

 



Rhizosolenia





 

G. ruber G. siphonifera



G. ruber

G. ruber G. siphonifera









 



G. ruber





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

“XRF_data_stitched.xls” and

“input_data_for_wavelet_analysis.xls”,



 



 





in











in



in











in





in





in

in



in






