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Marine Sediments : Earth’s History Book

• Interested in establishing 
baselines of variability.

• Modern (including last 50-
100 years) data likely contains 
an anthropogenic component.

• Microfossil assemblages, 
trace element, stable isotope, 
and organic geochemistry, etc.

•A bottom-up view of the world, 
but an integrated one.
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Santa Barbara Basin – Trap Data 

1997-1998 El Niño



Santa Barbara Basin – Population 
Changes 
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Santa Barbara Basin – Flux Changes 
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Santa Barbara Basin – High Foram 
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Calendar year (A. D.)
1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

R
el

at
iv

e 
pe

rc
en

t (
%

)

0

20

40

60

80

100

G. bulloides

G. quinqueloba

N. pachyderma

N. dutertrei
Other

G. ruber
G. rubescens

Santa Barbara Basin – Sediment 
Record 

• Box core, x-
rayed and 
sampled varve 
by varve.

• PDO?

El Niño events
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(DeBenardi et al., 2008, Paleoceanography)

Santa Barbara Basin – Sediments
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(NASA, http://oceanmotion.org/html/background/timeline1978-88.htm)

(Field et al., 2006, Science)

Santa Barbara Basin – Sediment 
Record 

• 20th century 
changes attributed to 
warming of the 
California Current.



100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

UNARE PLATFORM

TORTUGA

TORTUGA BANK

BARCELONA

MARGARITA

CUBAGUA

ARAYA

CUMANA

PIRITU
LAGUNA DE TACARIGUA

RIO UNARE

CABO
CODERA

FARALLON
CENTINELA

11°N

10°N 66° 65°

Depth (m)

The Cariaco Basin
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Cariaco Basin - Climatology
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Cariaco Basin - Climatology



Cariaco Basin – Seasonal Biology
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Cariaco Basin – Varved Sediments

• Annual varves composed of 
a sediment couplet – a light-
colored silica-rich laminae and 
a dark-colored terrigenous-rich 
laminae.

• Verified by 210Pb and 
comparison to historical 
earthquake data.



Cariaco Basin – Foram Abundance
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Cariaco Basin – Foram Abundance
r= 0.6
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Cariaco Basin – Foram Abundance

Longitude
90° W 30° W 30° E60° W 0° E

La
tit

ud
e

90
°S

60
°S

30
°S

Eq
.

30
°N

60
°N

90
°N

r= 0.5



Cariaco Basin – Foram Abundance

G. bulloides abundance
14C production
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Cariaco Basin – Foram Abundance

Calendar year (A. D.)
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• Decadal and 
centennial modes 
dominate.

• Multidecadal mode 
superimposed on a 
millennial (?) pattern.

- Stronger trades
- More southerly ITCZ
- Cooler N. Atlantic?

- Weaker trades
- More northerly ITCZ
- Warmer N. Atlantic?



The Cariaco Basin – Teleconnections
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Cariaco Basin – Foram Abundance

Abandonment of Greenland 
Viking settlements, beginning 
of the Aztec Empire

Final collapse of 
Classic Mayan 
civilization
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Cariaco Basin – Societal Impacts?

Abandonment of Greenland 
Viking settlements, beginning 
of the Aztec Empire

Final collapse of 
Classic Mayan 
civilization

Cubs win World 
Series…



The Cariaco Basin – Other Species
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The Cariaco Basin – Other Species
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The Cariaco Basin – Reflectance

(Peterson et al., 2000, Science)
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• What controls sediment 
reflectance (color)?

• Organic carbon content 
is a prime candidate, but 
hard to imagine other 
variables not important!

The Cariaco Basin – Reflectance

(Peterson et al., 2000, EOS, Trans. AGU)



(Peterson et al., 2000, Science)

The Cariaco Basin – Other



Conclusions

• Sediment records are needed to provide baseline 
variability – need to expand geographic coverage where 
possible.

• Change is occurring all the time, with substantial 
climate-driven fluctuations even within a relatively small 
taxonomic group such as foraminifera.

• These population variations likely influence geochemical 
cycling within the water column through total fluxes and/or 
relative fluxes of different ballast materials.

• Choose your “representative” taxa carefully!
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