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 Arsenic and uranium concentrations in the marine environment are of 
common interest of the scientific community, because high contents of 
these elements are common in anthropogenically contaminated
sediments. 

 However, some enrichments of As and U also can be the product of 
natural processes (Anderson, 1981; Klinkhammer and Palmer, 1991).

Mining solid wastes and tailings, 
Chihuahua, Mexico

Ancient copper smelter, 
Santa Rosalia, Mexico



 Several redox-sensitive elements are known to be enriched in reducing 
sedimentary environments of continental margins with low dissolved 
oxygen (Böning et al. 2004, 2009)

Element Oxic conditions Suboxic or anoxic conditions

Arsenic

(hydr)oxoanions
can be adsorbed to metal oxides                

and other particles 

Böning et al., 2004, 2009; Brumsack, 1989; McManus et al., 2006

Uranium

typically dissolved uranil-
tricarbonate anion [UO2(CO3)3]4-

may reduce from U (+6) to the much 
less soluble U (+4) that tend to form 

particles and accumulate in sediments

Klinkhammer and Palmer, 1991; McManus et al., 2006 



Behavior of redox-sensitive elements in the water column  

(modified from Böning et al., 2004)
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 In addition to arsenic and uranium dissolved in sea water, these elements 
can be supplied to the ocean from the surrounding land masses

Continental and marine rocks

Uranium

Arsenic

Deep marine sedimentary
formations like black shales

Phosphorites and phosphatic
sandstones



 Location: La Paz Bay, southern 
part of the Baja California 
Peninsula, near the city of La Paz 

 Bathymetry: depth less than               
200 m and a maximum of 410 m
in the tectonic depression called 
Alfonso Basin

 Climate: desertic arid with very 
low precipitation, occurring 
mainly during the passage of 
tropical cyclones

Location of the study area
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 There seems to be no anthropogenic impact registered in the sediments 
of the studied area. The enrichments of As and U, instead, are probably 
controlled by natural processes.
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 All samples, after their pretreatment, were analyzed for major and trace 
elements using instrumental neutron activation analysis

 The accuracy and precision of the method was checked using certified 
reference materials of estuarine and marine sediments: NIST 1346, IAEA-
356 and SD-N-1/2

 The CA core was dated using the 
210Pb radiometric technique



 The main objective of this work is to describe the spatial distribution 
(seafloor sediments) and small scale (settling particulate matter) versus 
large scale (sediment core) temporal variability of arsenic and uranium 
concentrations, in order to establish the processes controlling their 
behavior in the southern Gulf of California.



 Arsenic and uranium concentrations (mg kg-1) in different sedimentary 
material from the La Paz Bay

Sedimentary material Arsenic Uranium

Alluvial sediments 
(n=21)

1.0-27.0
11.0±6.8

0.3-4.5
1.6±1.3

Settling particulate matter 
(n=182)

0.4-47.5
8.7±7.1

0.4-42.8
4.8±5.7

Surface marine sediments 
(n=261)

0.5-43.4
11.0±7.8

0.3-19.5
4.8±3.0

Fine sediments of the CA core
(n=34)

0.4-9.7
4.4±3.0

0.7-19.1
6.2±4.6

Upper crust average  
(Wedepohl, 1995)

2.0 2.5



 Arsenic in surficial marine sediments

Probable cause:

 Eroded marine rocks of 
the El Cien Formation 
with elevated phosphate 
content (Rodriguez-Meza, 
1999; Rodriguez-
Castañeda, 2002)

 Intrusive granitic and 
metamorphic rocks

 West to east littoral and 
nearshore transport of 
sediment along the 
southern coast



 Uranium in surficial marine sediments

The distribution of 
uranium contents seems 
to follow the bathymetry 

Probable cause:

 Transfer from the 
dissolved to the 
particulate phase, due to 
the very low oxygen 
content in the lower part 
of the water column (de 
Diego & Douglas 1999).
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 Arsenic in the sedimenting particulate matter and sediment core

Sediment trap data

Sediment core
data



 Arsenic in the sedimenting particulate matter and sediment core



 Uranium in the sedimenting particulate matter and sediment core



 Arsenic elevated content in the La Paz Bay system is mainly related to the 
supply of eroded surrounding rocks, transported by terrigenous way 
(aeolian or fluvial).

 Elevated uranium content in the La Paz Bay depends upon the existence 
of a low oxygen layer in the water column, which could be related to the 
intrusion of Superficial Equatorial Waters and Subsuperficial Subtropical 
Waters from the Equatorial Pacific Ocean into the Gulf of California

Yet to establish



To estimate the role of terrigenous                 
sources that supply elements into the bay

Continuous monitoring of oxygen vertical 
profiles near the sedimentary trap 
location in the Alfonso Basin

¿What to do next?

Your suggestions:






