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SIGNFICANCE OF AN ESE FRACTURE DIRECTION IN TERTIARY STRATA OF SOUTH DAKOTA AND NEBRASKA?
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ABSTRACT: A rich array of fracture types in the Tertiary strata of Nebraska and
South Dakota includes faults (predominantly normal), clastic dikes, veins
(chalcedony, calcite and gypsum), joints, and occasional deformation bands.
These fractures show a diverse array of morphologies orientation distributions
and complex age relationships. Generally north trending features can be associ-
ated with reactivation of Laramide features (a ‘Black Hills’ trend). More NE to
ENE trending structures have been associated with reactivation of basement fea-
tures such as those along the Colorado Lineament. The Toadstool fault in north-
west Nebraska falls in this category. However, a significant ESE to SE trending
and regionally distributed set of features is largely unrecognized and unex-
plained. These features include normal faults and conjugate joints at Slim Buttes
and Pine Hills in NW South Dakota, faults and clastic dikes in Badlands Na-
tional Park, the White Clay fault in NW Nebraska, one of several fault and joint
and chalcedony vein directions at Toadstool Geologic Park in NW Nebraska,
and a joint set in Brule Formation strata in the North Platte River valley area of
Nebraska. The faults and joints at Slim Buttes clearly formed before the uncon-
formably overlying Arikaree Group strata were deposited. The White Clay fault
is argued to have been active during and influenced the deposition of the basal
Ogallala Group strata. The ESE trending faults at Toadstool postdate diageneti-
cally produced silica mobilization and chalcedony vein formation, which is pos-
sibly coeval with Arikaree Group deposition and loading. Explanations for the
regional ESE direction of fracturing include: a) reactivation over time of a con-
sistently oriented, but unidentified, structural element; b) loading by a regionally

consistent stress field that persisted from pre- to post- Arikaree Group deposition|
times; or ¢) loading by a regionally consistent stress field during an earlier and
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Map showing normal fault strikes (red) and strikes of local chalcedony vein array (blue),
from the southern portion of the Toadstool Geologic Park study site. Note the fairly well de-
veloped SE to ESE trend. Underlying image USGS air photos.
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Conclusions:

- The Tertiary fracture history of the Great Plains is complex and
polyphase, requiring an extensive data acquisition campaign and a
multiple hypothesis framework to understand.

- A suite of similarly oriented normal faults, clastic dike, chalcedony
veins and joints at Slim Buttes, the Big Badlands, the White Clay
area, Toadstool Geologic Park suggest a regionally coherent SE to
ESE oriented fracture system exists.

- At Slim Buttes faulting is clearly pre-Arikaree Group. At the Badlands
preceded lithification and clastic dike emplacement. At Toadstool it
is syn- to post- chalcedony vein formation which is associated with
signficant diagenesis and silica mobilization. At White Clay it is of
Ogallala Group age. ESE oriented normal faulting, veining and joint-
ing persisted for a significant period of time.

- While N to NE oriented structures may reflect Colorado Lineament
basement reactivation trends, and more N-S oriented structures may
reflect reactivation of Laramide trends, the significant ESE orientation
- faults are normal and multdirectional, but a SE lo ESH may reflect local reactivation of a basement grain and/or a persistent
Tertiary regional stress field.

- An earlier set of NE trending normal faults is part of thel Acknowledgements: This work was not possible without the sub-
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