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ABSTRACT	
  

Despite numerous studies conducted within the Mediterranean basin to understand the 
timing and climatic influences governing the formation of organic rich sedimentary 
layers, sapropels, a conclusion regarding the mechanisms behind the enrichment and 
preservation of the organic carbon (OC) within the sapropels remains elusive. As such, 
a significant flaw within our understanding of biogeochemical processes that influence 
the climate and oxygenation of the Earth’s oceans and atmosphere exists. Current 
literature is dominated by two hypotheses which attempt to explain the enrichment and 
preservation of OC with no consensus between the two schools of thought. One of 
which highlights oxygen depleted, anoxic water conditions as a factor while the second 
relies upon increased productivity within the water column. As such, this study 
proposes a third hypothesis which states that an increase in organic matter (OM) 
preservation may be related to the increased presence of the high surface area mineral, 
smectite (Wehausen & Brumsack 1999, Foucault & Melieres 2000) at the time of 
sapropel formation. This study investigates the interaction between OM and the mineral 
matrix within core sample from the Ocean Drilling Program (ODP) Leg 160 site 967 
using multiple methods including: SEM imaging, XRD analysis, EGME ‘free surface’ 
mineral area (MSA) testing, and geochemical testing for total organic carbon (TOC) and 
CaCO3 content. From these methods, we falsified the hypothesis that MSA is a 
dominant factor in the preservation of OM by the lack of correlation present between 
MSA and TOC. Instead, results obtained during this study provide new evidence 
supporting the model presented by Kemp et al. (1999) which hypothesises siliceous 
productivity is the mechanism controlling OM preservation within sapropels. As such, 
this study presents Kemp’s model of productivity as the preferred method of OC 
enrichment and preservation within the Mediterranean Basin, and subsequently furthers 
our understanding of the biogeochemical processes governed by OC. However, 
continued study of these OC rich sediments is required to better understand the burial 
and preservation of OC within this region. 

KEYWORDS	
  	
  

Mediterranean, Sapropel, Anoxia, Productivity, Clay Mineral Association, Organic 
Carbon Preservation 
  



 2 
Clay mineral, Anoxia, Productivity 

	
  
 

Contents	
  
Title ................................................................................................................................... 1	
  
Running Title .................................................................................................................... 1	
  
Abstract ............................................................................................................................. 1	
  
Keywords .......................................................................................................................... 1	
  
List of Figures and Tables ................................................................................................ 3	
  
Introduction ...................................................................................................................... 4	
  
Geological Setting/Background ........................................................................................ 8	
  
Methods .......................................................................................................................... 18	
  
Sample Collection and Subsampling: ............................................................................. 18	
  
Geochemistry: ................................................................................................................. 20	
  
Imaging: .......................................................................................................................... 21	
  
Clay mineralogy: ............................................................................................................ 22	
  
observations and Results ................................................................................................ 23	
  
Geochemical Testing ...................................................................................................... 23	
  
TOC and Carbonate Results: .......................................................................................... 23	
  
Surface Area Results: ..................................................................................................... 26	
  
Clay mineralogy ............................................................................................................. 33	
  
Association of OM within the mineral matrix: ............................................................... 36	
  
Discussion ....................................................................................................................... 40	
  
Conclusion: ..................................................................................................................... 46	
  
Acknowledgments .......................................................................................................... 47	
  
References ...................................................................................................................... 48	
  
Appendix A: EGME measured mineral surface area ..................................................... 51	
  
Appendix B: Inorganic carbon ....................................................................................... 53	
  
Appendix C: Total Carbon measurement using a Perkin-Elmer CHN analyser ............ 54	
  
Appendix D: SEM: Using the FEI Quanta 450 .............................................................. 55	
  
Appendix E: Clay Separation: ........................................................................................ 56	
  
Appendix F: Clay Identification: .................................................................................... 57	
  
Appendix G: Clay purification for XRD analysis: adapted from the methods presented in 
Poppe et al. (2001) .......................................................................................................... 58	
  
 
 	
  



 3 
Clay mineral, Anoxia, Productivity 

	
  
 

LIST	
  OF	
  FIGURES	
  AND	
  TABLES	
  	
  

 
Figure 1: Overview of the Mediterranean Basin showing sample location, sub-basins 
and current directions. .................................................................................................... 11	
  
Figure 2: Cross-section of the hydrology of the Mediterranean Basin, showing 
formation of differet water masses and their pathways. ................................................. 13	
  
Figure 3: Distribution of clay mineral sources around the Mediterranean Basin. .......... 18	
  
Figure 4: Core photo of ODP leg 160, core 967B-9H highlighting sampled core. ........ 20	
  
Figure 5:Total organic carbon (TOC) content and CaCO3 free TOC values plotted 
against depth in meters below sea floor. ......................................................................... 24	
  
Figure 6: CaCO3 contents plotted against depth  for sapropel cycles i-280-i-284 .. ...... 25	
  
Figure 7: Ethylene Glycol Monoethyl Ether (EGME) measured surface areas and 
CaCO3 free surface areas with depth (mbsf) of sapropel cycles i-280 – i-284. ............. 27	
  
Figure 8: Ethylene Glycol Monoethyl Ether (EGME ) measured surface area from 
samples where organic matter was removed, sapropel cycles i-280 –i-284. .................. 29	
  
Figure 9: Difference between measured surface area for pre and post organic matter 
(OM) removed samples .................................................................................................. 30	
  
Figure 10: Ethylene Glycol Monoethyl Ether EGME measured surface areas from 
organic matter (OM) removed sapropels and marls with total organic carbon (TOC) 
against depth (mbsf). ...................................................................................................... 31	
  
Figure 11: Ethylene Glycol Monoethyl Ether (EGME) measured surface area (MSA) 
reported on a CaCO3 free basis with total organic carbon against depth (mbsf) ............ 32	
  
Figure 12: X-ray diffraction patterns of 6 samples ranging from marl to marl through 
sapropel i-284 show that smectite (Sm), illite (I), kaolinite (Ka) and chlorite (Chl) and 
palygorskite (Ply). .......................................................................................................... 35	
  
Figure 13: Photo composite showing Type I organic matter (OM) association between 
two sapropel samples from i-280 of absent and major bioturbation effects ................... 38	
  
Figure 14: Photo composite of samples from sapropel i-280, i-282 and i-284 placed 
from lowest to highest degree of bioturbation. ............................................................... 39	
  
 
 
 	
  


