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Abstract 
 Lake chemistry, microbial processes, and organic matter (OM) strongly influenced dolomitization in 
near-surface environments through deposition of the Green River Formation (Eocene, Uinta Basin, Utah). 
These processes evolved as a function of paleoclimatic forcing and local environmental dynamics.  
 
Introduction 

Lacustrine sediments are commonly important source rock intervals and unconventional reservoir 

targets where cemented and thermally mature. The aims of this study are to determine links between OM 

production and preservation, microbial processes, dolomitization, and lake chemistry. Understanding 

these processes in paleoenvironmental context in unique ancient analogues helps develop predictive 

models of reservoir characteristics and resource potential in unconventional petroleum systems. 

 

Methods 
We apply a suite of stable isotopes integrated in petrographic and stratigraphic context to 

characterize and interpret environmental, microbial, and organic-matter influence on chemistry and 

pathways of dolomitization in an ancient lake. From more than 2.5km of measured section in core and 

outcrop, 266 measurements of δ13C and δ18O in carbonate, and 97 measurements of δ15N and δ13C in 

organic matter were obtained. One hundred and three thin sections, and three Ar-ion cross-section 

polished surfaces were examined and imaged with light microscopy, and/or scanning electron microscopy 

(SEM). Elemental abundance was measured in carbonate phases in four samples with electron 

microprobe. Additionally, to determine mineral abundance, semiquantitative X-ray diffraction was 

performed on 72 samples, and three duplicates.  

 
Results  

Interbedded siliciclastic fluvio-deltaic sediments, paleosols, lime muds, coated-grain carbonates, 
molluscan and ostracod-bearing limestone, and microbialites landwards of illitic profundal mudrocks 
dominate sedimentation in the lower Green River (D-Marker and below, includes Fresh-Transitional-
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Lower Rapidly Fluctuating Lake Stages of Tänavsuu-Milkeviciene and Sarg, 2012). Values of δ13C and 
δ18O in carbonates are variable, covariant, and range from -9.74 to 6.85‰ PDB (mean=0.56‰, n=126), 
and -10.09 to -0.09‰ (mean=-4.93‰) respectively. Positive excursions of δ13C in carbonate and δ15N in 
OM occur associated with profundal OM-bearing mudrocks, especially the Black Shale unit (Figure 1A, 
B). Microbialites, grain-dominated carbonates, and bioturbated micrites contain variable amounts and 
fabrics of dolomite, often with complex admixtures of calcite, dolomite, and Fe-dolomite. Fibrous dolomite 
isopachous cements and ooids, overgrowths, sparry crystals, dolomicrite, as well as sucrosic replacive 
textures occur in lower Green River carbonates, especially where fluvial input is limited.  

The lake expanded in the upper Green River (above D-Marker, includes Upper Rapidly 
Fluctuating-Rising-High Lake Stages), which is dominated by laminated dolomitic muds with variable 
organic content (i.e. “oil-shales”), except near diminished fluvial inputs. This transition is accompanied by 
extreme δ13C-enrichment in carbonate (up to 15.8‰PDB), and δ15N-enrichment up to (18.4‰ N2 air) in 
OM. Values of δ13C and δ18O in carbonates range from -8.37 to 15.8‰PDB (mean=5.57‰, n=140), and -
10.41 to 2.73‰ (mean=-2.34‰) respectively (Figure 1A, B). Authigenic dolomite, Na-carbonates 
(nahcolite, trona, and dawsonite), and feldspars are widespread. Dolomite crystals are commonly, but not 
ubiquitously zoned. Zoned crystals have Mg-calcite and calcite cores, coated in stoichiometric dolomite, 
and Fe-dolomite rims (Figure 1C, D).  

 
Discussion 
 These trends are interpreted as the result of changing hydrologic systems, paleoclimates, lake 
chemistry, organic productivity, and microbial processes. Transition across the D-Marker occurred at 
~51Ma, coincident with the peak of the Early Eocene Climate Optimum.  

 

Figure 1: A and B) δ13C and δ18O data at measured section, Hells Hole Canyon. Note positive excursions in δ13C (red arrows), in 
the Upper Green River. C Plain light image of an OM-bearing silty dolomudstone from the upper Green River. D) SEM image of area 

in (C) showing zoned calcite, dolomite (Dol), and Fe-dolomite, as well as detrital OM. 
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The lower Green River is interpreted to have been a more open hydrologic system with episodic 
large meteoric fluvial input in a warm, semi-arid, monsoonal climate. Lake water was heterogeneous and 
relatively fresh near fluvial inputs. Values of δ18O and δ13C in carbonates are largely consistent with 
expected meteoric values, however, positive excursions of δ13C in carbonate and δ15N in OM occur 
associated with increased OM productivity. Observations of fibrous isopachous dolomite cements and 
ooids, dolomite overgrowths, dolomicrite, sparry dolomite cements, as well as sucrosic replacive dolomite 
suggest dolomite formed both as primary precipitates and replacements of precursor carbonate in littoral, 
profundal, and lacustrine phreatic environments. Given the range of fresh fluvial and saline lacustrine 
waters interpreted, it is likely fluid mixing heavily influenced dolomite precipitation.  

The upper Green River is interpreted to have been a more aerially extensive, closed hydrologic 
system, deposited in a cooler and more humid climate with increased photosynthetic productivity and 
depleted oxygen. Widespread microbial decay of OM through methanogenesis (Talbot and Kelts, 1990; 
Pittman, 1996) and to a lesser degree, denitrification (Talbot, 2001) contributed prolific amounts of 
alkalinity to the system in low oxygen environments during times of relatively high lake level – enough to 
form widespread profundal Na-carbonates. This resulted in widespread formation of dolomite, commonly 
as sequential precipitation of calcite and Mg-calcite, then stoichiometric dolomite as crystal structures 
developed in profundal and lacustrine phreatic environments. OM surfaces provided favorable nucleation 
sites for Mg-calcite and dolomite precipitation. Fe-dolomite overgrowths precipitated after dolomite and 
calcite due to Fe-reduction in oxygen-depleted pore waters, probably not in communication with lake 
water. 
 
Conclusions 

1. Lake chemistry, microbial processes, sedimentation, and diagenesis co-evolved systematically as 
a function of paleoclimatic forcing and local environmental dynamics throughout deposition of the 
Green River Formation, with a major transition across the Early Eocene Climate Optimum 
(~51Ma). 

2. Microbial decay of OM, especially methanogenesis and denitrification were widespread in 
profundal low-oxygen OM-rich environments, especially in the upper Green River. This resulted in 
cyclic δ13C-enrichment in carbonate, and δ15N-enrichment in OM. This contributed prolific 
amounts of alkalinity to the system – enough to form widespread profundal Mg- and Na-
carbonates. 

3. Microbial processes strongly impact mineralization, especially dolomitization associated with 
abundant OM in the Upper Green River, and with microbialites and ooids in the lower Green 
River. This occurs through generating alkalinity via microbial decay of OM, and OM surfaces 
providing favorable nucleation sites for Mg-calcite and dolomite precipitation. 
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