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Abstract

Rock units consisting of both evaporites and siliciclastics, such as those of the Permian-Triassic of the midcontinental U.S., are of interest to
the petroleum industry because they typically serve as seals, act as marker beds as seen in well logs, and pose drilling hazards. However,
distinct differences in mixed evaporite-siliciclastic units between surface and subsurface have been overlooked. These differences present
challenges in resolving stratigraphic nomenclature, lithologic correlation, and age determinations. Here we use observations of cores and
outcrops from the Nippewalla Group of the southern midcontinent and the Opeche/Goose Egg/Spearfish Formations of the northern
midcontinent to compare and contrast the sedimentology and stratigraphy at different depths and various spatial scales. We recognize multiple
petrographic textures of rocks composed of both evaporites and siliciclastics and, from them, interpret a variety of depositional and diagenetic
processes. Supplemental dissolution experiments add a semi-quantitative framework, allowing for estimation of loss of rock thickness and
volume to late-stage, shallow diagenesis. Our observations lead to refinements in facies interpretations and diagenetic history as well as relation
of seemingly different lithological units present in core and outcrop. This new knowledge yields solutions to the stratigraphic challenges of
extrapolating outcrop data to the subsurface, and vice versa.
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Permian red beds
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Permian red beds and evaporites Walker, 196

Nippewalla/El Reno Groups (Blaine Fm, Flowerpot Fm, etc),
Opeche Shale, Spearfish Fm, Lykins Fm, Dunham & Pine Salts




red beds and evaporites:

red beds and evaporites are important to the
petroleum industry
can be seals

act as marker beds in subsurface
pose drilling hazards

red beds and evaporites present challenges

in resolving stratigraphic nomenclature and
age determinations

in recognition of lithologic correlations

in reading detailed lithology in subsurface

Detailed lithologic observations can help industry.



Nippewalla Group
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Opeche Shale
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Permian core samples
~ 1 bedded evaporites
= | formed In ephemeral
# "% acid saline lakes

displacive evaporites §
formed in mudflats and
sandflats from acid
saline ground waters




bedded halite
formed In acid
saline lakes
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Permian core samples
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red siliciclastics formed as lake deposits, mudflats,
sandflats, dunes, and desert soils
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Is correlation possible between cores, and
between cores and outcrops?
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Challenges:

1) few cores, incomplete cores

2) outcrops are incomplete (no halite, poorly-
cemented), weather easily

3) geophysical methods cannot easily distinguish
mixed halite:redbeds
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comparison of lithologies in outcrop and in subsurface

stage

formation

lithologies in outcrop

lithologies in core

Dog Creek Fm.

red mudstone, red sandstone,
minor gypsum/anhydrite

red mudstone, red sandstone, displacive halite|
minor bedded halite, minor gypsum/anhydrite

Blaine Fm.

gypsum/anhydrite; thin
Microcodiurm carbonate

gypsum/anhydrite, bedded halite, displacive
halite, minor red mudstone; minor red
sandstonte; thin Microcodium carbonate

Flowerpot Sh.

red mudstone, red sandstone)]
gypsum/anhydrite

displacive halite, bedded halite,
gypsum/anhydrite, red mudstone,
minor red sandstone

Cedar Hills Ss.

Nippewalla Group

red sandstone, red mudstone

red sandstone, red mudstone,
minor displacive halite
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Salt Plain Fm.

red mudstone, red sandstone,
gypsum/anhydrite

displacive halite, bedded halite,
gypsum/anhydrite, red mudstone,
minor red sandstone

Harper
Sandstone

red sandstone, red mudstone

red sandstone, red mudstone,
rare displacive halite

no halite
In outcrop

lots of halite
In subsurface




Mtn and other outcrops In
OK and KS

gypsum/anhydrite with
cm-scale pedogenic
carbonate

e 125’ of Blaine Fm in Amoco
Rebecca K. Bounds core, KS

 >98% recovery over ~1800
foot interval (Permian)
displacive halite (dh) most
common lithofacies




Rebecca K. Bounds #1 core, Greeley County, Kansas B Scenic Qverlook, Rte. 160,
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different lithofacies have same mineralogy

Nippewalla Group cores, Kansas

6cm

halite, quartz, and hematite in all rocks



different lithofacies have same mineralogy

Opeche Shale cores, North Dakota
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halite, quartz, and hematite in all rocks



resistivity log for part of Williston Basin
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How do we know that halite once existed
In high abundance in the outcrops?




How do we know that halite once existed
In high abundance in the outcrops?

beds of pseudomorphs of halite chevron crystals

indicate past shallow saline lakes



How do we know that halite once existed
In high abundance in the outcrops?

cumulate halite crystal casts on bedding planes
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indicate past saline lakes



How do we know that halite once existed
In high abundance in the outcrops?

randomly oriented halite “pagoda” casts

indicate past groundwaters



How do we know that halite once existed
In high abundance in the outcrops?

collapse structures
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indicate late dissolution near surface



Rebecca K. Bounds #1 core, Greeley County, Kansas B Scenic Qverlook, Rte. 160,
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Experiment:

How much red sed would remain if halite dissolved?
(1) measure height and weight of displacive halite
(2) dissolve in freshwater

(3) dry remaining red sed

(4) measure height and weight of remaining red sed
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Experiment:
How much red sed would remain if halite dissolved?

before dissolution: after dissolution: %o rock lost
displacive halite red sediment to dissolution

height mass height mass by by
Sample (cm) (9) (cm) (9) height mass
Blaine Fm., 2016'10-2017" 5.0 300 87 1.0 38.749 80.0 88.3
(614.73-614.78 m)
Blaine Fm., 1974'6"-1975' 14.0 866.65 5D 158.314 60.7 81.7
(601.84-601.98 m)
Flowerpot Sh., 2181'8"-2182'3"  20.0 1139.60 2.4 55.786 88.0 95.1
(665.02-665.18 m)
Flowerpot Sh., 2301'5"-2302'4" 26.7 1403.76 12.5 446.174 Y 68.2
(701.47-701.74 m)
Blaine Fm., 2016'-2016'10" 22.0 126375 4.0 91.700 81.8 92.7
(614.5-614.72 m)

Flowerpot Sh., 2056'2"-2057' 22.0 2192.51 4.9 146.482 81.6  93.3
(626.73-626.95)

A great volume and thickness of halite may have been
lost to late-stage, near-surface dissolution.




Is correlation possible between cores, and
between cores and outcrops?
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PROBABLY NOT SO EASILY
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Conclusions:

Similar mineralogy for different lithofacies makes well log
Interpretations difficult.

Late-stage dissolution near surface presents challenges in
estimating subsurface lithology and thicknesses.



Is correlation possible between cores, and
between cores and outcrops?
BUT THERE IS HOPE
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 High-quality cores and detalled lithologic studies of field and
cores samples are most important technigues for
understanding these rocks and their stratigraphy
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