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Abstract

The Eocene Green River Formation (GRF) in the Piceance Basin (PB) of Colorado is estimated to contain the largest oil shale deposits in the world, and
is a well-documented example of a lacustrine depositional system. Understanding the depositional environment and sedimentary processes in the basin
depends upon detailed geochemical analysis across the basin. Quantitative analysis of the GRF can be achieved by detailed geochemical data derived
from Inductively Coupled Plasma Optical Emission Spectroscopy and Mass Spectrometry (ICP-OES-MS). Sampling in the Douglass Pass area represents
the basin margin and the basin center area is characterized by two complete cores, Shell 23X-2 and John Savage 24-1, sampled at the U.S. Geological
Survey Core Research Center. Selected major and trace elements plus TOC values were input Minitab software and analyzed by multivariate statistical
approach, which defined 5 clusters on both the basin margin and basin center, respectively. The newly formed clusters can be chemically distinct units,
i.e., chemofacies. Five chemofacies were generated to characterize the depositional processes of the basin in the Eocene Epoch. For the basin margin,
chemofacies 1 is characterized by high Si, Al, Fe, K, Ti, Zr and low Ca, Mg, S and Mo, representing siliciclastic with low redox; chemofacies 2 is
characterized by high TOC, moderate high in Ca, Mg, Sr, Mn and low in S, implying carbonate with high TOC feature; chemofacies 3 is high in Ca, Mg,
Sr, Mn, As and Mo, and low in Al, Si, Ti, K, marking carbonate under high redox; chemofacies 4 is characterized by high Si, K and low in S, Mo and
TOC, showing the features of sandstone; chemofacies 5 is high in Si, Al, Ti, Fe, S, Co, Cr, C, Ni and low in Ca, Mg, Sr, Mo and TOC, representing
pyritic siliciclastic facies with low TOC. In the basin center, the generated 5 chemofacies show different features from the margin. For Shell 23X-2,
chemofacies 1 is high in Ca, Mg, P, Sr, Mn and moderate in Si, Al, Ti, Fe and K, representing siliceous dolomite; chemofacies 2 is high in Si, Al, Ti, K,
Fe, Zr, S, Mo and low Ca, Mg, Na, showing siliciclastic with high redox feature; chemofacies 3 is high in As, S, Mo TOC and low in Na, Ca, and Mg,
indicating high TOC with high redox condition; chemofacies 4 is high in TOC, Can and low in Fe, S, Mo, Cu, U, reflecting TOC with calcite rich, under
low redox condition; chemofacies 5 is high in Na and low in other elements, marking high salinity facies. As for John Savage 24-1, it has similar features
to Shell. Integrating basin margin and center together, it has been proved that hierarchical clustering analysis is a very useful tool to characterize the
depositional process of the basin. The variations of chemofacies between the basin margin and the center are controlled by Early Eocene Climate
Optimum (EECO).
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