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Summary

This paper presents a polygonal fault system model for fine grained Late Cretaceous sediments
deposited within the Western Interior Seaway. Polygonal fault systems (PFSs) are layer-bound normal
faults and fractures that form in fine-grained sediments early after deposition. The initially simple normal
faults grow vertically and intersect laterally. The fault traces coalesce to form polygonal geometries in
plan view. The faulting is initiated during sediment dewatering and mud particle consolidation and can
occur independent of external stresses. The Great Plains PFS (GPPFS) have faulted strata throughout
Canada and the United States. Individual faults can have up to 80 m of vertical relief, 100 to 1000 m of
inter-fault spacing. The GPPFS may occur over an area 2,000,000 km? in size. Faulting may be
responsible for wide ranging processes such as reservoir enhancement, slumping at outcrop and other

geotechnical hazards, or hydrocarbon seal integrity loss.

Introduction

Beneath the Great Plains of North America lie sediments deposited in the Cretaceous Western Interior
Seaway (WIS, Figure 1). The Western Interior Seaway was an inland sea that spanned across North
America from the Tethyan Sea in the Gulf of Mexico north to the Boreal Sea in Alaska from the mid-
Cretaceous to the early Paleogene (Catuneanu et al., 2000). The WIS split the North American continent
into two land masses - Laramidia to the west and Appalachia to the east. The WIS hosts a succession of
sediments, including a large volume of continental muds and clays (see Schultz et al., 1980, Roberts and
Kirschbaum, 1995, for example), bentonite, and other fine-grained material (Leckie et al., 2000). The
GPPFS is hosted within these sediments.

PFS are geological phenomena first identified on 2-D seismic data by Henriet et al. (1991) and on 3-D
seismic data by Cartwright (1994). The faulting in PFS is almost exclusively normal faulting (Cartwright,
et al., 2007) that occurs shortly after deposition and can occur with no external stress (Dewhurst, et al.,

1999). The faulting occurs in fine-grained muds and chalks that subaqueously dewater. A number of
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mechanisms have been proposed to explain the fluid expulsion dewatering. Syneresis, the spontaneous
contraction of a gel without solvent evaporation (Cartwright, 2011), low coefficients of residual friction in
muds (Goulty, 2001) and the expulsion of biogenic gas developed in the sediments (Maher, 2014) have
been proposed as PFS initiators. However, the mechanisms are still under review (Lopez, et al., 2015).
Since 1991, there have been hundreds of PFS identified throughout (in basins along continental margins
and identified using 3-D seismic data). Cartwright and Dewhurst (1998) identified a number of PFS
characteristics (Figure 2) that summarized their observations and that compare well to the observation
for the GPPFS.

Method and Examples

Initial work identifying faulting within the are outlined on Figure 1 resulted in a quick method to indentify
PFS. For 2-D seismic data, the data were interpreted to identify faulted strata above the Second White
Speckled Shale Formation seismic reflection. A 2-D seismic line from southeast Saskatchean (Figure 3)
shows the shallow faulting. Reflections above the Milk River Formation reflction are faulted by as much as
80 ms (~80 m, as viyr ~ 2,000 m.s). The 2-D seismic data images the shallow faulting, but the true
characteristics of the PFS can only be observed on 3-D seismic data. Also, wellbore logs can show faulted
areas that are not imaged on the seismic data, either because of low S:N data or weak or absent

impedance contrasts.

Figure 4 shows a two well cross section from southeast Saskatchewan showing about 20 m of missing
section at the Niobrara level. The beds above and below the missing zone are correlative. The
correlations can be used to determine the timing of the faulting as shown. The presentation will show

that faulting can occur quickly and over a very large area.

Figure 5 shows an amplitude map for a 3-D dataset in southwestern Manitoba. Seismic datasets were
‘time-sliced’, where reflection amplitudes were extracted at constant time intervals above the Second White
Specks Formation reflection. The Lea Park faulting imaged on the map 1) occurs over an area greater
than 10,000 km?, 2) has arcuate fault traces, potentially indicating a lack of external stress on the beds

during faulting.
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A number of additional observations will be made with data from throughou the Great Plains area. These

observations include:

e Anexample of PFS faulting from an area southeast of the large Milk River Formation biogenic gas

pool at Hattaon/Bigstick in southeast Saskchewan.

e Slumping at outcrop and how the slumping be be along reactivation of PFS faults.

¢ Examples of highway movement, dam failure and other geotechnical engineering occurances that

may have involved PFS affected rock.

e The possibility that a PFS faulted zone interpreted to be a vertical hydrocarbon seal may be a

‘leaky’ vertical seal.

Conclusions

This paper has presented some characteristics for the Great Plains polygonal fault system. Further

characteristics will be presented using seismic data, outcrop observation and wellbore logging. The

GPPFS covers a large area and the faulting may be responsible for a number of processes such as

reservoir enhancement within shallow Upper Cretaceous hydrocarbon reservoirs. Since the PFS is at or

near outcrop, there are a number of geotechnical examples that will show such projects may be

adversely affected by the faulting and fracturing within the polygonal fault system.
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Figure 1. Map of the Great Plains are of Canada
and the U.S. showing the depositional outline for
the Upper Cretaceous Pierre Shale Formation
(Roberts and Kirschbaum, 1995).

GeoConvention 2017

1) rarely identified at outcrop

2) tiered deformation
zones J

3) planform polygonal outlines over 2,000,000 km? or more
4) hosted in fine-grained Upper Cretaceous strata
5) fault offset decreases with depth, ending at
the Second White Speckled Shale Formation
6) normal faulting; random fault strike lengths and azimuths

Figure 2. The Great Plains PFS characteristics
are consistent with other PFS (Cartwright and
Dewhurst, 1998).
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Figure 3 — Two dimensional seismic line from
southeast Saskatchewan showing faulted Upper
Cretaceous sediments. The 200 ms time is ~
200 m below ground surface. The deeper
reflection from Colorado Formation strata and
deeper are unfaulted
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Figure 4 — Two well cross section from
southeast Saskatchewan a missing ~20 m of
section in the Niobrara Formation. And the fault
timing based upon correlative markers in the two
wellbores.

Figure 5 — Campanian Lea Park amplitude
reflection for a confidential 3-D survey acquired
in Manitoba near the Saskatchewan border
approximately at Twp 15. The low amplitude
areas map arcuate fault traces that have ~15 m
of vertical offset in the Lea Park beds.



References

Cartwright, J. 2011. Diagenetically induced shear failure of fine-grained sediments and the development of polygonal fault
systems, Marine and Petroleum Geology, 28(2011): 1593-1610. doi: 10.1016/j.marpetgeo.2011.06.004.

Cartwright, J., 1994. Episodic basin-wide fluid expulsion from geopressured shale sequences in the North Sea Basin, Geology,
22, p. 447-450. doi: 10.1130/0091-7613(1994)022<0447:EBWFEF>2.3.CO;2.

Cartwright, J., and Dewhurst, D., 1998, Layer-bound compaction faults in fine-grained sediments, Geological Society of America
Bulletin, 10 (10): 1242-1257, doi: 10.1130/0016-7606(1998)110<1242:LBCFIF>2.3.CO; 2.

Cartwright, J. A., Huuse, and Aplin, M. C., 2007, Seal bypass systems, Am. Assoc. Pet. Geol. Bull., v. 91, n. 8, p. 1141-1166,
doi: 10.1306/04090705181.

Catuneaunu, O., Sweet, A., and Miall, A., 2000, Reciprocal stratigraphy of the Campanian-Paleocene Western Interior of North
America, Sedimentary Geology, 134 (2000): 235-255, doi: 10.1016/S0037-0738(00)00045-2.

Goulty, N., 2001, Mechanics of layer-bound polygonal faulting in fine-grained sediments, Journal of the Geological Society, v.
159, 2001, p. 239-246, doi: 10.1144/0016-764901-111.

Henriet J.P., Batist M., and Verschuren M. 1991. Early fracturing of Paleogene clays, southernmost North Sea: Relevance to
mechanisms of primary hydrocarbon migration. In Generation, Accumulation and Production of Europe’s Hydrocarbon. Edited
by A. M. Spencer. Special Publications of the European Association of Petroleum Geologists, 1: 217-227.

Leckie, D.A., Schrdder-Adams, C. J. and Bloch, J., 2000, The effect of paleotopography on the late Albian and Cenomanian
sea-level record of the Canadian Cretaceous Interior Seaway; Geological Society of America Bulletin, v. 112, p. 1179-1198,
doi: 10.1130/0016-7606(2000)112<1179: TEOPOT>2.0.CO;2.

Lopez, T., Antoine, R., Darrozes, J., Rabinowicz, M., and Baratoux, D. 2015. Formation of polygonal fracture system as a result
of hydrodynamic instabilities in clay-rich deposits Geological Society of America Annual Meeting, Baltimore, Maryland. Available
from https://gsa.confex.com/gsa/2015AM/webprogram/Handout/Paper267450/Poster_Clays_GSA15.pdf [accessed on April 16,
2016].

Maher, H. 2014. Distributed normal faults in the Niobrara Chalk and Pierre Shale of the central Great Plains of the United
States, Lithosphere, 6(5): 319-334. doi: 10.1130/L367.1.

Roberts, L., and Kirschbaum, M., 1995, Paleogeography of the Late Cretaceous of the Western Interior of Middle North
America- Coal distribution and sediment accumulation, USGS Professional Paper 1561, US Government Printing Office,
http://pubs.usgs.gov/pp/1561/report.pdf (accessed April 2016).

Schultz, L., Tourtelot, H., Gill, J., and Boerngen, J., 1980, Composition and properties of the Pierre Shale and equivalent rocks,
northern Great Plains region, USGS Professional Paper 1064, http://pubs.usgs.gov/pp/1064b/report.pdf (accessed April 2016).

GeoConvention 2017 2



