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Regardless of the input dataset, an almost universal problem when building models of geologic systems 
is data bias. Whether working with subsurface wells, seismic data, production data or any number of 
other data sources, the goal of a good model is to present an inclusive, unbiased description of the 
geologic system based on what is invariably incomplete and biased information. In the subsurface this is 
often a challenge - the goal when drilling a well is usually to place the well, and gather data, where 
reservoir presence and reservoir quality are optimal and above average. Production data collection, 
likewise, is skewed towards the best reservoirs for obvious reasons. This presents data bias if not 
handled correctly. Often, outcrop data faces many of the same challenges. From measured sections to 
sampling for rock property characterization, to the selection of outcrops from which to gather this 
information, there is sample bias inherent to data acquisition in many of the same ways. 

 

Before data acquisition at an outcrop even begins, there is a natural bias built in to many, if not all, of the 
outcrops that we study. Differential erosion in a natural system preferentially exposes lithologies that are 
resistant to weathering. In this way, reservoir intervals are often disproportionately represented in 
outcrops when compared to non-reservoir, less resistant facies. Additionally, outcrops are often poorly 
distributed spatially. The simple distribution of multiple outcrops can lead to issues with data clustering 
and skewing of data towards more resistant facies. This often leads to 1) innacurate geometries and 
facies distributions away from control, as well as 2) a higher estimation of reservoir connectivity as 
outcrop assumptions are incorrectly imposed on intra-outcrop areas where little to no control data exists. 
Care must be taken when building geomodels from outcrop to ensure that the optimistic picture painted 
by outcrops is not incorrectly assigned away from control incorrectly. 

 

The Trail Member of the Cretaceous Ericson Sandstone is exposed along much of the western flank of 
the Rock Springs Uplift in Wyoming, as well as in nearby outcrops in Utah and Colorado. A complete 
vertical succession of the strata is exposed for over 100 km along strike and nearly 80 km along dip, 
providing access at a basin scale to quality outcrops of this high net-to-gross (NTG) fluvial package. On a 
local scale, the 70-120 m thick succession is well-exposed in its entirety through much of the field area. 
This provides an ideal opportunity to study and model the distribution of reservoir and non-reservoir 
facies at both a local, highly detailed scale, as well as stepping back to look at an upscaled regional 
model of the same system. 

 

Various methods and datasets were used as part of this study to better understand critical heterogeneity 
within the Trail Member at different scales. Each dataset carries its own bias that needs to be accounted 
for. Multiple vertical sections (2-6) were described at each locality, samples were collected for rock 
property characterization, and a photogrammetric model was built at each study site.  Facies were 
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assigned along each measured section, and fluvial reservoir geobodies were quantified in the 
photogrammetric model. Both datasets were imported into Petrel as pointsets and wells, and used as 
control data for subsequent static reservoir modeling of the Trail Member. 

 

On a local scale (1-2 km), we see a high degree of variability in the distribution of reservoir bodies. At the 
Dry Canyon locality, the relative vertical position of sands along the 2.5 km exposure changes 
appreciably, and with no obvious spatial trend. Based on five sections in this canyon and five additional 
sections from the immediate area, fluvial sands make up 50-80% of any one given measured vertical 
section. To better understand the bias that may be represented in the measured sections, a 
photogrammetric model was built in which all exposed channels were identified. Based on facies 
identification from the photogrammetric model, a lower NTG of 49% is calculated for the entire outcrop, 
suggesting that the measured sections are somewhat biased towards higher NTG exposures of the 
stratigraphy.  

 

This bias towards the description of sand-rich, resistant intervals over the poorly-exposed background 
strata can actually better inform and improve geomodels if handled correctly, however. Distribution of 
sands is non-uniform in the Trail fluvial system, both spatially and temporally. If spatial statistics account 
for less-resistant lithologies as well as the resistant, well exposed reservoir bodies, the ‘biased’ statistics 
from the outcrop are actually indicative of the system and improve the product. Within the Trail sands, 
autogenic clustering of channels leads to preferential accumulation of reservoir sands in certain areas. 
These areas are better represented in exposure, and that bias is actually representative of the system 
and even predictive. The challenge is to accurately contrast these channel clusters with what is outside 
of them – not to let a vertical facies proportion curve smear the statistics of these clustered channels 
more diffusely across a broad area. If this occurs, it leads to an underestimation of reservoir connectivity 
within fluvial channel complexes, where reservoir sands should be clustered together, and an 
overrepresentation of connectivity on a larger scale as reservoir facies are spread too uniformly across 
the interval away from outcrop.  Understanding the spatial statistics, and not only the vertical distribution 
of facies, is critical to building the right model based on outcrop and image statistics that favor resistant 
strata, and the emerging application of photogrammetry to outcrop studies is helping provide a quick and 
effective way to gather spatial data across the entire outcrop for this purpose. By understanding the bias 
that outcrops present on both large and small scales, we can generate a better understanding of the 
system if we understand the underlying geologic principles governing these irregularities. 

 

 


