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abstract

The origin of dolomite is a long-standing enigma in sedimentary geology. It has been proposed 
that microorganisms, especially anaerobic microorganisms, can overcome kinetic barriers to facilitate 
dolomite precipitation, although their specific role in dolomite formation is still unclear. Our experi-
mental results demonstrate that disordered dolomite can be synthesized at room temperature abiotically 
from solutions containing polysaccharides such as carboxymethyl cellulose or agar. We propose that 
when dissolved in solution, polysaccharides can be strongly adsorbed on Ca-Mg carbonate surfaces 
through hydrogen bonding. The adsorbed polysaccharides may help weaken the chemical bonding 
between surface Mg2+ ions and water molecules, which can lower the energy barrier to the desolvation 
of surface Mg2+-water complexes, enhance Mg2+ incorporation into the precipitating carbonate, and 
thereby promote disordered dolomite formation. In natural environments, it is possible that polysac-
charides produced by microorganisms, e.g., extracellular polysaccharides, may play a key role in 
promoting disordered dolomite nucleation and crystallization. In marine sediments, the accumulated 
dissolved carbohydrates produced from organic matter degradation during early diagenesis may also 
serve as catalysts for disordered dolomite formation.
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introduction

An association between microorganisms and carbonate pre-
cipitation has long been recognized both in modern and ancient 
sedimentary environments, as well as in laboratory studies. 
Microbes, especially bacteria, are common and ubiquitous 
constituents in modern carbonate sediments and are involved 
in carbonate formation through several metabolic pathways, 
such as photosynthesis, ammonification, sulfate reduction, and 
methanogenesis under both oxic and anoxic conditions (Buczyn-
ski and Chafetz 1991; Schultze-Lam et al. 1996; Vasconcelos 
and McKenzie 1997; Douglas and Beveridge 1998; Castanier et 
al. 1999; Bosak and Newman 2003; Roberts et al. 2004; Dupraz 
and Visscher 2005; Visscher and Stolz 2005; Wright and Oren 
2005; Kenward et al. 2009).

The role of microorganisms, especially sulfate-reducing 
bacteria (SRB) and methanogens, have also been indicated in 
dolomite formation (Hardie 1987; Compton 1988; Vasconcelos 
et al. 1995; Vasconcelos and McKenzie 1997; Wright 1997; 
Mazzullo 2000; Warren 2000; Van Lith et al. 2003a, 2003b; 
Roberts et al. 2004; Wright and Wacey 2005; Sánchez-Román 
et al. 2008, 2009, 2011; Kenward et al. 2009; Deng et al. 2010). 
Dolomite is a common mineral in rock records. However, the 
rare occurrence of modern dolomite, and the notorious difficulty 
in abiotically reproducing the nucleation and precipitation of 
dolomite at low temperatures under laboratory conditions, has 
resulted in the long-standing problem in sedimentary geology 
known as the “dolomite problem” (Zenger et al. 1980; Tucker 

and Wright 1990; Land 1998). It has been observed that some 
modern dolomite formations are associated with sediments 
where microbial sulfate reduction (SR) and methanogensis are 
active (Hardie 1987; Compton 1988; Vasconcelos et al. 1995; 
Vasconcelos and McKenzie 1997; Mazzullo 2000; Warren 2000; 
Van Lith et al. 2003a; Roberts et al. 2004; Wright and Wacey 
2005; Kenward et al. 2009), and it was claimed that dolomite 
can be synthesized under laboratory conditions in the cultures 
of SRB and methanogens (Vasconcelos et al. 1995; Warthmann 
et al. 2000; Van Lith et al. 2003a, 2003b; Roberts et al. 2004; 
Wright and Wacey 2005; Kenward et al. 2009). Several studies 
claimed that aerobic bacteria can also mediate dolomite forma-
tion (Sánchez-Román et al. 2008, 2009, 2011; Deng et al. 2010), 
however XRD patterns did not confirm dolomite phases.

Despite intensive studies on the formation mechanism of 
sedimentary dolomite, the role of microorganisms is still poorly 
constrained. It is generally agreed that Mg2+ ions in aqueous 
solutions have a strong inhibitory effect on the crystallization of 
calcite and dolomite and favor aragonite precipitation (Lippmann 
1973; Berner 1975; Reddy and Nancollas 1976; Reddy and Wang 
1980; Mucci and Morse 1983; Oomori and Kitano 1987; Falini et 
al. 1996; Davis et al. 2000; Raz et al. 2000; de Leeuw and Parker 
2001; Higgins and Hu 2005; Stephenson et al. 2008; Astilleros et 
al. 2010). Mg2+ ions form one of the strongest bonds with water 
molecules among the divalent cations (Noyes 1962; Lippmann 
1973; Sverjensky and Molling 1992; Richens 1997; Arvidson and 
Mackenzie 2000; Raz et al. 2000; Wang and Xu 2001; Stephenson 
et al. 2008) and may possibly only be partially dehydrated when 
incorporated into a growing nucleus of calcite or dolomite. The 
residual hydration sphere of the incorporated Mg2+ ions would * E-mail: hfxu@geology.wisc.edu


