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Summary 
Finding appropriate modern or outcrop analogs to ancient subsurface reservoirs requires both 
qualitative interpretations of the overall environments as well as a quantitative understanding of 
scales and magnitudes of formative processes, architecture and facies, as well climatic and 
tectonic settings. This presentation discusses the search for outcrop analogs of the coarse-
grained fluvio-deltaic, Permo-Triassic Prudhoe Bay Field in Alaska and the evaluation of the 
fluvio-deltaic Cretaceous Ferron Sandstone and the Jurassic Morrison distributive fluvial system, 
both in Utah. 
 

Introduction 
The sedimentology program at McMaster University emphasized integration of systematic field 
work with a physics-based understanding of sedimentary processes. The facies revolution 
emphasized the hydrodynamic significance of sedimentary structures in interpreting 
environments and processes of deposition, but many of the early interpretations were 
qualitative. It was common to refer to high versus low energy environments, largely based on 
how sandy the deposits were, without a clear definition of physical parameters. The 
interpretation of fluvial systems, in particular, commonly focussed on distinguishing stream type 
(i.e., “low-energy” meandering versus ”high-energy” braided), with the implicit assumption that 
plan view was the main determinant of the larger scale stratigraphy and particularly, 
sandstone(and or conglomerate) versus mudstone proportion (i.e., net to gross).  

Stratigraphy and facies analysis have finally found a more rigorous footing, that nevertheless 
requires strong field skills to identify depositional environments and the component architectural 
elements required to define the scale and magnitude of formative processes. These scaling 
relationships are critical in developing analog models that can be applied to subsurface 
problems, such as involve extraction of hydrocarbon resources or aquifer management. 
Designating the environment of deposition of an oil field using simplistic classifications such as 
being deposited by braided versus meandering streams is no longer sufficient. This talk 
examines the search for analogs for the supergiant Prudhoe Bay Field in Alaska and the 
evolution from qualitative to a more quantitative assessment allowing more rigorous evaluation 
of the size and scale of depositional systems suitable for subsurface reservoir characterization. 
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Prudhoe Bay Field, Alaska 
The Prudhoe Bay Oil field in Alaska, discovered in 1968, hosted about 25 billion barrels of oil in 
place. Core from the discovery well recovered several hundred feet of sandstone, conglomerate  
and lesser mudstone of the Permo-Triassic Ivishak Formation and was initially interpreted as 
alluvial fans and fan deltas, largely on the basis of its coarse-grained nature (Tye et al., 1999). 
The Ivishak Formation  conformably overlies the marine Kavik Shale and the transition from 
marine into fluvial suggested a broadly fluvio-deltaic setting (Fig. 1). Production began in 1977, 
but by the 1990’s serious declines as well as preponderance of oil in the more distal deltaic 
rimming facies prompted a re-evaluation of the depositional environments. Improvements in 
reservoir modeling technologies demanded far more detailed reservoir descriptions and began a 
search for appropriate modern and outcrop analogs that could be used to better characterize 
flow barriers and potential thief zones, especially as the field went into secondary recovery 
processes, and particularly water flooding. The fluvio-deltaic Ferron Sandstone and the fluvial 
Morrison Formation in Utah were both considered as possible outcrop analogs. Key questions 
about the size and scale of channels, the size, scale, and dip angle of delta front sandstones, as 
well as more refinement of the marine to fluvial transition were required.  

 

Figure 1. Regional dip cross section across Prudhoe Bay Field (from Tye et al., 1999) 

Examination of cores and well log successions in the fluvial sections revealed the thickest 
unbroken fining-upward facies successions were about 21 m, and this was used to place an 
upper limit on maximum thickness of the largest channels and consequently flow depths. It  is 
now understood that the stratigraphic record is biased towards thalweg and confluence scours, 
which may result in  an overestimate of mean bankfull depth, but 1D cores and well logs may 
not necessarily penetrate the thickest parts of channel belt deposits. Most hydraulic estimates of 
discharge are based on mean bankfull depth, that may be about 50% of thalweg or confluence 
scour depths.  
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More detailed evaluation of the transition between the Kavik shales and the Ivishak sandstones, 
using the quantitative approach of Ainsworth et al., (2011)  show it to be a fluvial-dominated, 
wave-influenced delta. Despite gravel-bed rivers being dominant higher in the Ivishak, shoreline 
facies are gravel free, indicating that the gravel-sand transition lay upstream of the shoreline. 
Integration of bankfull flow depths, grain size and sedimentary structures suggest that the 
gravelly Ivishak rivers  had a mean bankfull flow depth on the order of 11 m deep, flowed at a 
velocity of about 3m/s over a slope on the order of 3 x 10-3. Backwater length is on the order of 
10 kilometers. The backwater length commonly marks the point where rivers become less 
efficient at transporting coarser bedload, such as the gravel-grade sediment seen higher in the 
Ivishak. Although the sand-gravel transition likely occurred within a few tens of kilometers of the 
shoreline, gravel grade sediment does not appear to have been deposited at the shoreline. The 
backwater length may also control the propensity for channels to migrate laterally, forming wider 
channel belts landward of the backwater, versus narrower belts seaward of the back water 
where avulsion is promoted. 

More recently, Miller et al. (2013) used detrital zircon data in outcrops of the Ivishak Formation 
that showed relatively local sources, supportive of moderate-scale steep-gradient rivers, despite 
that fact that continental-scale river systems were well developed in the Permo-Triassic, 
reflective of peak development of the Pangean supercontinent. Analysis of paleosols show well 
developed vertisols and a lack of carbonaceous material or coals indicating temperate to cool, 
and possibly semi-arid environment. 

In looking for an outcrop analog, a number of fluvio-deltaic to fully fluvial systems were 
considered, with a focus on the Cretaceous Ferron Sandstone and Jurassic Morrison Formation 
in Utah. However, few of these outcrops were analyzed form a quantitative perspective to 
determine whether the size, scale, slope, backwater, and overall climatic and tectonic setting 
are appropriate, and, of them which are important and which may be less important as an 
analog 

Ferron Sandstone, Utah 
The Turonian Ferron sandstones in Utah is extensively exposed in outcrops allowing for 
collection of both vertical and lateral dimensions of channel facies. It contains gravel-bed rivers 
that feed sandy shorelines, although as in the Ivishak, gravels never reach the shoreline.  

Channels include incised trunk valleys that end downstream in smaller terminal distributary 
channels. Ferron channels are on the order of 4 to 5 metres deep with slope estimates on the 
order of 4 x 10-4 and a backwater length on the order of 10 km. Channels are somewhat smaller 
and slopes somewhat  steeper, resulting in similar backwater limits. Detrital zircon analysis 
shows that the Ferron deltas were fed by multiple trunk rivers that drained the Mogollan 
highlands to the south as well as the Sevier orogenic belt to the west.  

The Ferron has been interpreted as being deposited in a sub-tropical ever-wet environment. As 
a consequence, it is smaller but may have experienced a more vigorous hydrology, as well  
having more stable, vegetated floodplains. The Ferron includes examples of small-scale growth 
faults limited by the shallow depth of the Cretaceous Seaway and is similar to inferred depth of 
the Kavik Shale suggesting similarity of processes and scales for shallow marine components. 
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Morrison Formation, Utah 
The Morrison Formation includes the conglomeratic Salt Wash Member, that has been 
interpreted as a distributive fluvial system  (DFS) deposited in a semi-arid flood-basin (Robinson 
and McCabe, 1998, Owen et al., 2015). The larger upstream channels have been interpreted as 
gravel-bed braided  to meandering rivers, up to 10 m deep with decreasing amalgamation and 
diminution of size and grain size down fan.  The overall climatic setting and the scale and grain 
size of channels is similar to Prudhoe Bay, but the  DFS setting, unrelated to a marine linked 
system is a significant difference. Information regarding connectivity of sediment bodies and 
extent oof potential thief might be quite different for channels with the backwater limit versus 
those landward. 

Discussion and Conclusion 
The outcrop analogs have the advantage that the provide data on connectivity and length of key 
facies, such as conglomerates, that may affect fluid flow, but if scaling relationships are off, then 
these may not be appropriate to include in fluid models of the Prudhoe Bay Field. The Ferron 
includes examples of small-scale growth faults limited by the shallow depth of the Cretaceous 
Seaway and is similar to inferred depth of the Kavik Shale suggesting similarity of processes 
and scales for shallow marine components, despite the difference in climate regimes that might 
be expected to affect discharge to downstream sinks.  

No analog is perfect but the more aspects than can be quantified the better able we are to 
evaluate the appropriateness of application of a particular attribute. Improved understanding   of 
scaling relationships can also allow parameters to be modified when applied to a given 
subsurface example. 
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