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Abstract: Normal faults occur in the Niobrara Chalk and Pierre Shale in the following areas: Francis Case and Harmown D, Maher Jr, bﬁiP%~ @@infﬁgﬁ’hj and @@@mfﬁj; UW«V@VSQET‘;} 0“? Nebraska ot Omaha Harlan Count
Sharp lakes in central South Dakota, in the Lewis and Clark Lake area of northeast Nebraska, in the Harlan harmon_maher@unomaha.edu Reservoir NEy
Reservoir area of central-south Nebraska, and in western Kansas. Most of these localities are ones where Francis Case Lake (Platte & Chamberlain), S.D. Lewis and Clark Reservoir, NE and S. D. |

lakeshore outcrop coverage is fairly extensive. A variety of criteria were used to distinguish faults associated
with mass wasting versus those described here that reflect deeper processes. In any one area these faults

Left: Plot of 30 fault planes,
along with plots of poles to

have variable strikes and dip directions and throws that vary from centimeters to several tens of meters. In the Sl gfg‘j’;”gi (blue dots) and @ ;eSt
Niobrara chalks the fault zones typically display well developed striae, occasional slickensides, limited fractured 1 '/ég;«‘/ AL (blue plane great circle and
damage zones, and dilational jogs with greenish, coarse calcite fill. In some places the faults are associated ' Qx‘i i ‘;\V‘ } fﬁg:ﬁ ;’Ziejf;'i’;’}a'i"}’tmb
with very gentle monoclines, but elsewhere occur in horizontal strata. There is likely a weathering bias so that -L\,////" ( """‘ - : planes.

the faults are actually more common than observed. A

At any one locality these faults have or could be attributed to local deeper seated tectonism, differential com- | off: Piorre Shale in

paction, and/or glacial rebound. If due to tectonism, taken in aggregate they indicate fairly widespread (albeit Left: Lower hemisphere stereonet plot of 44 fault planes and Left: Lower hemisphers stereonst plot of 54 fault planes and 2 strias (red hanginm(ag juxtagﬁslid
minor) tectonism since the late Cretaceous. This would be consistent with the idea of a critically stressed conti- ,Z 4 Sgiae (tred clf_otS)- i’}f’hf’f"’t OftPZ/eS_ﬂiO fa#/fs along with dots) from Lewis and Clark Reservoir area. Right: Plot of poles to same ;gg’;fwa,j"Tf}gaoutjop
: . . . . . . . s amapop contour lines. OlS created witn sortware program - - ; ; .
nental interior with migrating sites of faulting. An alternate hypothesis is that these are polygonal faults due to by Allmendinger ot al. (in press). @ gi‘gfastgf%m;huﬁjggk‘;ggf;’;’;{fj;a’jglsysl’g’zhwggg pole concentration as- is from the south shore
diagenetically driven deformation in fine-grained mudrocks. Based on seismic and other data literature sug- servational bias due to the orientation of the shoreline outcrops. . ofthe lake.
gests subsurface polygonal faults occur in the Niobrara Chalks in the Denver-Julesburg basin area in eastern
Colorado. The faults seen in outcrop here could represent a more eastern equivalent fault assemblage, but one Above: Faulte (i " . I Lower left: Army Corp of Engi-
substantially less developed due to shallower burial depths and attendant decreased diagenesis. Smectitic N o g,’gggsﬂ’s 43.64523 N o) OXpOSSe &7 W offshors pasition). noers nm;;;p?llzvc;;v;ngﬁgtlﬁeb%gﬁg
clays associated with polygonal faulting elsewhere, are also abundant in these units. The fault kinematics (ex- Upfceir dashed S/ine/;‘sdcozt?ct with gver/ying a77d ugfa;:/teld /oes;a/ and coc;//u- taken from Diffendal et al. 20072,
> dS . N Po! | _ . | . . y v a iy o
tension in multiple directions) and widespread character is consistent with a diagenetic origin.  Such polygonal e o TS T GG BYBr A prOVIEES
faults would be expected to be stratabound and not extend to depth. Timing is uncertain, but a multistage dia- Left: Close up of fault on east side of river, roughly 5 miles W of Academy
genetic history associated with deposition and changing pore water chemistry provides context. For these (43.44556 N, -99.16986 W). The host rock is relatively unweathered Niobrara
" : : : : : C chalk. The recessive unit is a thin ash layer, which is downthrown by about 15
strata the possibility pf diagenetically driven deformation should be considered when faulting is found. cms on the left side. Dip-slip fault striae and parallel fault corrugations are
1020 W Left: Localities with faulting discussed in this poster. Base is visible on the multiple, branching slip surfaces.

| J the GIS map from Garrity and Solar (2009). The boundary
Kilometer  hatyween uKn& and uKp is the boundary between the Niobr-
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g Bend} . UKp P ara Chalk and Pierre Shale. oT = White River Group, mT =
= C‘h*a“m-bheﬂg%n ¢\, 1 Arikaree Group, and nT = Ogallala Group. < - ;
LD S -~ 2 Above: Sonnenburg & Under-
- Clark < 1 wood (2012) propose that polyg-
_telary Above: Photograph of small scale normal fault from along south shore of the onal fault systems are well devel-
: | lake. Offset orange layer is bentonitic ash layer. White coloration is due to oped in the Niobrara Chalk and
herina of the chalk. which i ic rich ke hen fresh. Pierre Shale in the subsurface of
Above: Outcrop displaying stratigraphy. 1 = contact between Niobrara chalk weathering of the chalk, which Is organic rich and dark grey when ires the Denver-Julesburg basin.
Ny un dern?ath k& Pisrre Shilel abj Vel' 2= Ardmtc;re ashes in Pierre shale. 3 = Image to right from their work
010" N o e e T e e T L 42°00" vein network in Pierre shale. 4 = loess mantle. :
TR e e 4200 Polygonal fault systems are arrays of stratabound normal faults that are rela- %Sgé/ 52{ ts'otg eaf;‘;’); g‘c’gii ii\‘;”é etry.
Western Kansas tively common in fine-grained marine sediments and which are thought tobe 0o ool yere "o51%) nas
SRl e s o e Google Earth photointerpretation of faults in due to diagenetically driven volume shrinkage associated with compaction, fluid /s suggested the faults ex-
........................ . Big Bend area. S.D expulsion and possible changes in clay chemistry (e.g. Cartwright & Lonergan posed in western Kansas are po-
' y FeTe 1996; Dewhurst, et al. 1999). lygonal, as is suggested in this
PR (MLNCICR N presentation.
< Above: Photograph of normal fault ex- 0 s ) Lf:t" ’;y cd g,oP Om%”?’ rlgse tcf;i_agrgm cl)7f 5t0_s;‘rikes Conclusions
SE posed in Pierre Shale strata just below ” . or1auits in Fierre shale igentiriea oy photointerpre- : : : :
e ‘ Spencer dam on the Niobrara river in tation of Google Earth images as being of deeper 1) Relatively small scale normal faults are broadly distributed throughout the Niobrara
K 3 NE Nebraska. Upper truncating sedi- ) Isea;eatr origin. (tJhi-squ?reclil tﬁst fct)ls uniformity Chalk and Pierre Shale of South Dakota, Nebraska and Kansas.
AT SR B ‘. ments are terrace deposits, and whitish . leaas 1o acceptance or null nypotnesis. : : ot ' : ' ot : i '
.~ Stockton .. 0" coloration reflects weathering. : g 2) Th_elr W|d§spread d!strlbuno_n, Complex orientation dlstrlb_utlon, and kinematics are
"6 _NW Ellis ” : consistent with formation by diagenetically driven deformation as a weakly developed
FINQGS: soreny gk 20 o . .
39°00N-fEE e cOuntE, 7 _t39°00'N " i Above: Normal fault in Castle Rock polygonal fault system, similar to what has been postulated for better developed fault
09 area (Kansas). Recent field work found : : :
Pz in excess of 10 normal faults of varying systems in the subsurface Niobrara Chalks of the Denver Julesburg Basin to the W.
T orientiation in the badlands exposures 3) In addition to basement reactivation, diagenetically driven deformation should be
99=00=W of Niobrara Chalk in this area. tertained ibility | faults f din fi ined strati hi it
Criteria for distinguishing mass wasting vs. faults W entertained as a possibility for normal faults found in fine-grained stratigraphic units.
that formed at depth: Below: Example of common calcite e o | 4) Abundant possibilities exist for the specific diagenetic processes driving polygonal
P : : slickensides and veins that adorn the i AL Above: Part of geologic out- ) P p J . p . J POIYY
a) movement sense and/or orientation opposed to fault zones in these and other areas. y 8 7 crop map of Logan County | fault development, but future research is needed to identify the drivers.
the modern or paleO-Sl()pe direction. ; showing mapped array of Acknowledgements: Funding from the Petroleum Research Fund of the American Chemical Society, and from the GDL Foundation has helped support this research. A
T H : : ] ] 30 ) faults in the Niobrara Chalks host of undergraduate students contributed to this research through the years including: Jalot Al-Absy, Jake Anderson, Ben Bates,Joe Boro, Angie Burgett, Matt Coan, Jace
b) pOSItIOn in Weathe"ng prOfIIe and CIlff' vy I > ( reen) and Pierre shale Cochran, Konal Dobson, Bronson Gerken, Alexandria Gilbert, Sarah Ferguson, John Glover, David Haase, Theresa Halligan, Kyle Kloewer, Ryan Korth, Andy Lewis, Tony
c) fau": geometry: p|anar versus cu rved_ Right: Examp/e of faults 289 3 73 g _ _ Maida, Aleece Nanfito, Sam Nath, Jordan Mertes, Laura Pickett, Sarah Pistillo, Phil Schiele, Andrew Schwab, Chris Sautter, Erin Sherrill, Jenn Stilmock, Jermiah Taylor,
d) associated coarse vein material in dilational evident on Google Earth - 2 = | (black) in Russell Springs Nick Valentour, Dave Vanosdall, Drew Williams, and Erin Young.
. that are interpreted not to ; area.. From Carlto:_v (1954). References:
]Ogs- b f m t'n b t f 65 97 Left Area proportlonal rose - Cartwright, J.A., and Lonergan, L., 1996, Volumetric contraction during the compaction of mudrocks: A mechanism for the development of regional-scale polygonal fault systems: Basin Research, v. 8, p. 183-193,
. . u n €0 ass wastl g’_ u O 261 101 dla ram Of 53 faults Strlkes doi:10.1046/j.1365-2117.1996.01536.x.
e) Offset Of Weatherl ng pI'OfI |eS VS. Ove l'p Il ntl ng . deeper Seated Or[gln, 2;”;3 1;‘;5 tg t d f b A - Cartwright, J. A., Wattrus, N., Rausch, D., & Bolton, A., 2004, Recognition of an early Holocene polygonal fault system in Lake Superior: Implications for the compaction of fine-grained sediments; Geology, v. 32; no. 3;
f faUIt tl’uncatiOn b Oun er de OSitS. 2‘; 111713 exlrace ror above map p E) 235:'3(;?1,56,. , Map of Logan County showing areal geology; Kansas Geological Bulletin , plate 1. :/lwww.kgs.ku.edu/General/Geolo ogan/index.htm
g)) Mass Wasting Sty¥ei - tﬂe Nio‘l))rara chalks chi-squared test for uniformi- -8arﬁ~rig§t,1ﬁ2‘.1, al\f1dpDe]cv|\/_hL?rst,CE:).N.,t¥9§8, Laser-bolugd ;o?nyp;:tion faﬁts iln?‘i nel-gralllinted li?jirgle;ts? Gh;gfcgical Sk(gcieliy o?AlrSerica Elaﬁletiln,gylhg, p./1(2142—h1t25|7,doi:10.1130/0016-7606(1998)110<1242:LB-
ty leadS tO the acceptance Of E:FiIF;'?':;CO:z' r., Mohlman orner. arve arren ummerside abian VOrso ie uide to the Geology of the Harlan County Lake Area, Harlan Coun ebras-
vVersus the Pierre Shale' Slump in Pierre Shale with basal Sllp surface along the » g the null hypothesis_ In addi- krlj: f(goncjsel;vzltizﬁJa.ﬁclj\/lSE:'vey I’Z)Ii:\)/.isli?c.;n(,:unive’rsli?’;yGo.{c Il;lleb.ra}s/’kz'cli‘.l,_ivr:/colp, I’Egﬁgz;tiinal Circu?ar’ 186 51 t;) j RAAE 1.0 A, 2002, Field Guide fo the Geology of the Harlan Gounty Lake Area, Harlan Gounty feb
. . . 213 149 ) ; ; ; - Kernan, N. 2013, The Polygonal Fault System of the Niobrara Formation, AAPG http://www.searchanddiscovery.com/abstracts/html/2013/90169rms/abstracts/kern.htm
contact with the underlylng Niobrara Chalk (arrow). 209205201197 165161157153 thn, faCIng directions tested -Garrity, C. P. & Soller, D. R., 2009, Database of the Geologic Map of North America — Adapted from the Map by J. C. Reed, Jr. and others (2005): United States Geological Survey Data Series 424, v. 1.
19189185 | 177173199 f - Sonnenberg, 2012, The Niobrara Petroleum System, Rocky Mountain Region; AAPG Search and Discovery Article #80206, http://www.searchanddiscovery.com/documents/2011/10355sonnenberg/ndx_sonnenberg.pdf
as unirorm. - Sonnenberg, S. & Underwood, 2012, Polygonal Fault Systems: A New Structural Style for the Niobrara Formation, Denver Basin, CO; AAPG Search and Discovery Article #50624,



