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In the Eastern Mediterranean, enhanced organic matter fluxes to 
the seafloor and anoxia encourage the formation of organic rich 
sediment units, known as sapropels. 
Recent studies have shown that conditions during the sapropel for-
mation are less stable than previously assumed, e.g the latest Sap-
ropel S1 is interrupted on both millennial  and centennial time 
scales. 
Here we present a high resolution geochemical study of a sub-
milimetric scale laminated sapropel S1from the southern Adriatic. 
The duration of the observed laminar couplets appear to be as 
short as a decade. We discuss the processes responsible for the 
compositional contrasts in the laminae, and the climatic drivers of 
variability in these processes.

Core site & Methods

• Homogenous matrix  
• Laminae are enriched 

in Fe and S→ Pyrite 
(FeS  )

• Pyrite in laminae are 
framboidal 
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Core site

Subsampling at 5 mm resolution for 
ICP-OES/ Bulk isotopes
Trays (2x ~20 cm) taken for:
• resin embedding of sediments under 
anoxic conditions
• resin block are analysed :
1. µXRF
2. LA-ICP-MS
3. Color analysis using a method exclud-
ing cracks (Zeeden et al., submitted)

Methods
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Laminae are:
• Dark 
• High in Pyrite 
• Enriched in Mo
→Sulfidic conditions at dediment interface during 
laminae formation

Greyscale pattern:
similar to pattern of 
bulk Mo/Al & Ba/Al =>
=> Anox.conditions &
high Export Productivity

Greyscale lamination: 
decada(4-16 yr) to centennial 
(~60-100 yr)   periodicity
 
no laminations at:
low Mo/Al & Ba/Al
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Sample and  
Fe+S content

Introduction

Image analysis and LA-ICP-MS

µXRF & SEM Greyscale vs. Bulk Geochemistry

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0

500

1000

1500

Frequency (1/yr)

Evolutionary Power Spectrum

Ti
m

e 
(y

r)

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

200

400

600

800

1000

1200

1400

Frequency (1/kyr)

Evolutionary Power Spectrum

Ti
m

e 
(k

yr
)

1700Ag
e 

(A
D

)

2009

Ti
m

e 
(y

r)

L*
 (t

hi
s 

st
ud

y)
Su

ns
po

t

Frequency (1/yr)

20 10 5
Period (yr)

6.67

7600 8000 8400 8800

240

320

400

1

-1.6

-2

-2.4

-0.8
-0.4
0
0.4

To
ta

l s
ol

ar
 

irr
ad

ia
nc

e 
(T

S
I)L*

δ 
18

 O
  

Q
un

f C
av

e 
 

(F
le

itm
an

n 
et

 a
l. 

20
03

) 

increased Siberian 
High

ITCZ 
southwards

Lo
g 

K
+ 

in
 G

IS
P2

  

(M
ay

ew
sk

i e
t a

l. 
19

97
) 

no laminations no laminations

No laminations: High siberian High (cold bora winds) + ITCZ southwards: 
both can cause ventilation 

When laminations occur: high correlation with TSI

Forcing Mechanisms?

Conclusions:
• Dark lamina during S1 : more anoxic conditions and increased  export productivity
• Variability occurs on a decadal time scale
• Variability is related to total solar irradiance
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