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Geogenic arsenic (As) in drinking water, especially in
groundwater, has impacted the health of over 100 million
people worldwide, with an estimated 20 to 50 million
people at risk in Bangladesh alone. It is understood that a
combination of sluggish flow and reducing chemical
environment in sedimentary aquifers releases As to
groundwater. The role of the aquifer sediment’s origin on
As occurrence in groundwater is incompletely known
because conventional wisdom suggests there is sufficient
As in geological material and that biogeochemical
reactions for mobilization are the primary control of
groundwater As. This view, while correct for some
specific aquifers, does not consider the heterogeneity of
As in the upper crust and its implications at the basin
scale.

The geochemical cycle of As leads to enrichment of As
in the upper crust (Rudnick and Gao, 2003). Sedimentary
processes also influence the distribution of As. Under low
temperature conditions, anoxic marine sediments have
functioned as widespread sinks with typically small As
enrichment, in many cases also associated with organic
matter. This is evident from the As enrichment in
carbonaceous shales (Tourtelot, 1964). Thermal alteration
within the earth preferentially partitions arsenic, as an
incompatible element, into the fluid phase resulting in As-
rich fluids that deposit As in favorable environments along
the flow path (Goldhaber et al., 2003). Sedimentary and
hydrothermal processes are especially notable where high
As anomalies have been reported in association with metal
(gold, antimony and copper) ore (van Hees et al., 1999, Hu
et al., 2004) and coal deposits (Yudovich and Ketris,
2005). Mining and mineral processing activities accelerate
the movement of As from these enriched solid sources to
aqueous environments and ecosystems. A parallel process,
albeit at a slower rate through the weathering and transport
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from enriched sources to the low gradient depositional
environments, is likely to lead to As enrichments
downstream (Saunders et al., 2005, Stanger, 2005, Guillot
and Charlet, 2007). Specifically, these studies
recommended that the search for the original source of As
should be conducted in ophiolitic, As-rich, arc-related
rocks in the Indus-Tsangpo suture zone (Hattori and
Guillot, 2003), where As was thought to be originally
accumulated in oceanic ferro-manganoan sediments of the
eastern Paleo-Tethys (Stanger, 2005). To resolve the
importance of the impact of these processes, this study
assesses the origin of the sediment in two aquifers of
Bangladesh that contain distinctly different As levels: the
Holocene aquifer with elevated groundwater and sediment
extractable As and the Pleistocene aquifer with low
groundwater and sediment extractable As (Table 1).

Table 1. Summary of As data from Aquifer Sands in Bangladesh

Bulk As Extractable As
N mean min max N mean min max
High As Holocene Aquifer 101 40 0.4 550 70 20 005 402 63 037 001 097
Low As Pleistocene Aquifer 27 15 03 54 16 01 001 05 15 0.09 0.00 0.37

Ratio of extractable As
N mean min max

* Source of Data: BGS and DPHE 01; Swartz 04, Zheng 05, Stollenwerk 07, Seddique 08, Selim Reza 10, Uddin 11;

* Locations of cores in Fig. 4a;

* Extractable As are mostly by oxalate, except for Zheng 05 which used phosphate;

* Bulk As, extractable As, and the ratio of the two between Holocene and Pleistocene aquifers are significantly

different at 99% confidence level. Two-tailed student t-test p-values are 0.003, 0.003, and 5E-08, respectively.

The contrast in As content between the Holocene and

the Pleistocene aquifers was attributed to a longer history
(Zheng et al., 2004) and more vigorous flushing (van Geen
et al., 2008) of the Pleistocene aquifer during the low sea
level periods during glacial intervals. However, this
explanation assumes that the sediments from both aquifers
are derived from a similar source and thus with
comparable As contents in similar mineral assemblages
before flushing. In this study we will compare the origin
of low-As Plio-Pleistocene aquifer and high-As Holocene
aquifer sediments in the Ganges-Brahmaputra basin by
determining the age of detrital components with samples
(n=20) from two sediment cores collected in Bangladesh
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(Fig. 1). New data from Ar-Ar dating of individual detrital
muscovite combined with bulk sediment and carbonate
¥7Sr/%Sr will provide constraints to sediment sources and
thus the ultimate geological source of As for Asian deltas.
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Fig. 1. Location of sediment cores used for provenance
study (solid circle with red square, same study sites from
(Zheng et al., 2005) overlain groundwater As distribu-
tion map in Bangladesh. Three types of Pleistocene red
beds where low As groundwater is found are indicated
(Hoque et al., 2011).

Key words: arsenic, geological source, Ar-Ar age of
muscovite, Sr isotope, Bangladesh, sediment provenance

References

BGS, DPHE (2001) Arsenic contamination of groundwater in
Bangladesh. In: British Geological Survey Report WC/00/19,
vol. 1-4 (Kinniburgh, D. G. and Smedley, P. L., eds)
Keyworth, UK: British Geological Survey.

Goldhaber MB, Lee RC, Hatch JR, Pashin JC, Treworgy J
(2003) Role of Large Scale Fluid-flow in Subsurface Arsenic
Enrichment. In: Arsenic in Groundwater(Welch, A. H. and
Stollenwerk, K. G., eds), pp 127-164 Norwell, Massachusetts:
Klumer Academic Publisher.

Guillot S, Charlet L (2007) Bengal arsenic, an archive of
Himalaya orogeny and paleohydrology. Journal of
Environment and Health Part A 42:1785-1794.

Hattori KH, Guillot S (2003) Volcanic fronts form as a
consequence of serpentinite dehydration in the forearc mantel
wedge. Geology 31:525-528.

Hoque MA, Burgess WG, Shamsudduha M, Ahmed KM (2011)
Delineating low-arsenic groundwater environments in the
Bengal Aquifer System, Bangladesh. Applied Geochemistry
26:614-623.

Hu RZ, Burnard PG, Bi XW, Zhou MF, Pen JT, Su WC, Wu KX
(2004) Helium and argon isotope geochemistry of alkaline
intrusion-associated gold and copper deposits along the Red
River-Jinshajiang fault belt, SW China. Chemical Geology
203:305-317.

668

Reza A, Jean JS, Lee MK, Yang HJ, Liu CC (2010) Arsenic
enrichment and mobilization in the Holocene alluvial aquifers
of the Chapai-Nawabganj district, Bangladesh: A geochemical
and statistical study. Applied Geochemistry 25:1280-1289.

Rudnick RL, Gao S (2003) Composition of the Continental
Crust. In The Crust (ed. R. L. Rudnick). vol. 3 (Holland, H. D.
and Turekian, K. K., eds), pp 1-64 Oxford: Elsevier-
Pergamon.

Saunders JA, Lee MK, Uddin A, Mohammad S, Wilkin RT,
Fayek M, Korte NE (2005) Natural arsenic contamination of
Holocene alluvial aquifers by linked tectonic, weathering, and
microbial processes. Geochemistry Geophysics Geosystems 6.

Seddique AA, Masuda H, Mitamura M, Shinoda K, Yamanaka
T, Itai T, Maruoka T, Uesugi K, Ahmed KM, Biswas DK
(2008) Arsenic release from biotite into a Holocene
groundwater aquifer in Bangladesh. Applied Geochemistry
23:2236-2248.

Stanger G (2005) A palaeo-hydrogeological model for arsenic
contamination in southern and south-east Asia. Environmental
Geochemistry And Health 27:359-367.

Stollenwerk KG, Breit GN, Welch AH, Yount JC, Whitney JW,
Foster AL, Uddin MN, Majumder RK, Ahmed N (2007)
Arsenic attenuation by oxidized aquifer sediments in
Bangladesh. Science of The Total Environment 379:133.

Swartz CH, Blute NK, Badruzzman B, Ali A, Brabander D, Jay
J, Besancon J, Islam S, Hemond HF, Harvey CF (2004)
Mobility of arsenic in a Bangladesh aquifer: inferences from
geochemical profiles, leaching data, and mineralogical
characterization. Geochim Cosmochim Acta 68:4539-4557.

Tourtelot HA (1964) Minor-element composition and organic
carbon content of marine and nonmarine shales of Late
Cretaceous age in the western interior of the United States.
Geochimica et Cosmochimica Acta 28:1579.

Uddin A, Shamsudduha M, Saunders JA, Lee MK, Ahmed KM,
Chowdhury MT (2011) Mineralogical profiling of alluvial
sediments from arsenic-affected Ganges-Brahmaputra
floodplain in central Bangladesh. Applied Geochemistry
26:470-483.

van Geen A, Zheng Y, Goodbred S, Horneman A, Aziz Z, Cheng
Z, Stute M, Mailloux B, Weinman B, Hoque MA, Seddique
AA, Hossain MS, Chowdhury SH, Ahmed KM (2008)
Flushing history as a hydrogeological control on the regional
distribution of arsenic in shallow groundwater of the Bengal
Basin. Environmental Science & Technology 42:2283-2288.

van Hees EHP, Shelton KL, McMenamy TA, Ross LM, Cousens
BL, Falck H, Robb ME, Canam TW (1999) Metasedimentary
influence on metavolcanic-rock-hosted greenstone gold
deposits: Geochemistry of the Giant mine, Yellowknife,
Northwest Territories, Canada. Geology 27:71-74.

Yudovich YE, Ketris MP (2005) Arsenic in coal: a review.
International Journal Of Coal Geology 61:141-196.

Zheng Y, Stute M, van Geen A, Gavrieli I, Dhar R, Simpson HJ,
Schlosser P, Ahmed KM (2004) Redox control of arsenic
mobilization in  Bangladesh  groundwater.  Applied
Geochemistry 19:201-214.

Zheng Y, van Geen A, Stute M, Dhar R, Mo Z, Cheng Z,
Horneman A, Gavrieli I, Simpson HJ, Versteeg R (2005)
Geochemical and hydrogeological contrasts between shallow
and deeper aquifers in two villages of Araihazar, Bangladesh:
Implications for deeper aquifers as drinking water sources.
Geochimica et Cosmochimica Acta 69:5203-5218.



