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FOREWARD

Every so often the time is right for a core workshop in association with the AAPG Mid-continent 
Section meeting.  The last workshop was in 1991 (http://www.kgs.ku.edu/PRS/publication/1991/
OFR91_52/) and the one before that was in 1983 (http://www.kgs.ku.edu/Publications/Bulletins/
Sub6/).  A major impetus for convening a workshop this year was the availability of two nearly 
continuous southern Kansas cores covering most of the Paleozoic, over 2500 ft in combined length.  
They were collected by the Kansas Geological Survey in conjunction with a U.S. Department of En-
ergy/National Energy Technology Laboratory funded carbon storage feasibility project within the 
past few years. Two other reasons were the level of interest in the relatively new “Mississippi Lime” 
horizontal well play in northern Oklahoma and southern Kansas and the Woodford “liquids” play 
in central Oklahoma, and the availability of relevant cores in the two plays.  

Fifteen papers and cores from 21 wells from Permian to Precambrian, totaling more than 6200 ft in 
length, include the region’s primary hydrocarbon source (Woodford), numerous examples of ma-
jor petroleum reservoirs (Arbuckle, Simpson, Viola, Woodford, Mississippian (Chester, Meramec, 
Osage), Morrowan, Atokan, and Council Grove), and the penultimate mid-continent seal (Permian 
evaporites).  The papers are arranged in this publication generally from west to east (see core lo-
cations map), which, coincidentally, is approximately from youngest to oldest.  We begin with the 
Permian top-seal and move down section through multiple important reservoirs and end with the 
Woodford source. Because of the advancements in drilling and completion technologies over the 
past decade, the Woodford is also an important resource play in Oklahoma.

In addition to the highlight cores, the two KGS cores, Mississippian cores are featured in nine wells 
in a 350 mi west-to-east transect, traversing back and forth across the Kansas-Oklahoma border from 
near the Colorado border nearly to the outcrop in very eastern Kansas.  The transect roughly follows 
the shelf margin, with the broad Kansas shelf to the north and the Anadarko Basin to the south. It 
provides an overview of a variety reservoir types and settings, including Chester incised valley fill 
sandstone, Meramec limestone and dolomite, and Osage-Meramec tripolitic chert. 

Papers in this publication vary in length, detail, and formality, and authors (core presenters) rep-
resent industry, academia, and state government.  Our primary objective was to exhibit important 
cores throughout the mid-continent.  Secondary was the compilation of short papers (sometimes 
lengthy) to preserve as much information as reasonably possible, without unduly burdening the 
authors.  The manuscripts were lightly reviewed for technical content, accuracy, and structure, but 
should not be considered peer-reviewed.  However, two of the papers are reprinted in their entirety 
with permission from their respective publishers.

It is our hope that this core workshop is informative, stimulating, and fosters lively discussions both 
during the one-day session and long after.  For the many students that participate it is our desire that 
you gain broad insight in the art and science of the examination of core samples, and that you are 
inspired to “study the rocks” throughout your careers.  We thank Rex Buchanan, interim Director, 
and the Kansas Geological Survey for arranging for core transportation and publication editing,  
Doug Davis, General Chairman of the Section meeting, Rebecca Radford, manager of the Kansas 
Geological Society Library, and the numerous volunteers who set up and tore down the workshop. A 
special thank you to Julie Tollefson for her patience and professionalism in copy editing.  Lastly, we 
express our sincere appreciation to all of the authors for their invaluable contributions to the science 
and to fellow petroleum geologists.

Martin K. Dubois
W. Lynn Watney
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ABSTRACT
The Amoco Rebecca K. Bounds core of Greeley County, west-central Kansas, provides an exceptional 
record of the Permian of the midcontinent. The core contains ~1,800 vertical ft (549 m) of Permian 
rocks [~3,400 – ~1,600 ft (1,036–488 m) depth in core], most of which are red siliciclastic and evapor-
itic strata. Most other cores of the Permian from the midcontinent region are incomplete due to dis-
solution during drilling of bedded halite and halite cements in red beds. In contrast, the Bounds core 
had 99.1% recovery for this 1,800-ft (549-m) section. The relatively shallow depth and excellent re-
covery allows for detailed stratigraphic, sedimentologic, and geochemical study. Stratigraphic study 
is complicated by limited geochronologic data, lithological similarities within the core, and regional 
lithological differences with outcrop equivalents. Continental-dominated cyclothems in the Council 
Grove and overlying Chase Groups are overlain by red siliciclastic strata and bedded anhydrite of 
~170 ft (52 m) of Sumner Group rocks. The younger Nippewalla Group is thicker [~730-ft (223-m) 
thick] and consists of red sandstone, red siltstone, displacive halite, bedded gypsum/anhydrite, and 
bedded halite. The post-Nippewalla formations of the Permian section of the core are dominated by 
more red siliciclastic strata and anhydrite. Petrography, sediment geochemistry, zircon geochronol-
ogy, magnetostratigraphy, isotope studies, and fluid inclusion microthermometry are being used 
to refine ages, stratigraphy, depositional and provenance models, paleoclimate, life, and diagenetic 
history. Preliminary work suggests that much of the Permian of western Pangaea was dominated by 
eolian and chemical sedimentation in and around ephemeral lakes in a generally semi-arid climate 
but with climate variability that included spikes in aridity and humidity, as well as temperature. 
Comparison of the detailed lithologic results of core study with well logs may show that correlation 
of siliciclastic-evaporite sequences has been oversimplified in past scientific studies and petroleum 
investigations.

INTRODUCTION
Red beds and evaporites compose much of the Permian-
Triassic rock of Pangaea (i.e., Trappe, 2000). However, little 
detailed study has been conducted on these strata, mainly 
due to the scarcity of well-preserved lithologic types. Halite 
can remain unaltered for hundreds of millions of years, as 
long as it remains buried at relatively shallow depths of 
~1,000–5,000 ft (305–1,524 m). At shallower depths, the me-
teoric groundwater dissolves halite. At greater depths, pres-
sure and heat cause halite to flow, resulting in a loss of orig-
inal rock textures. The Rebecca K. Bounds No. 1 (RKB) core, 

drilled in Greeley County, Kansas, by Amoco Production 
Company in 1988, provides exceptional information about 
the Permian of western Kansas due to its excellent recovery 
of redbeds and evaporites within this preservation depth 
window.

The RKB core contains the Chase, Council Grove, 
Sumner, and Nippewalla Groups, as well as some post-Nip-
pewalla Permian units. The goals of this paper are (1) to de-
scribe, in general, the lithologic types of the Permian strata 
in the RKB core, primarily at the macroscopic scale; and (2) 
to evaluate the value of this data on scientific and indus-
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trial problems. Our main interests lie in the Leonardian-
Guadalupian Nippewalla Group, so emphasis is placed on 
these strata.

BACKGROUND

Drilling, Storage, and Study of the RKB Core
The RKB core (API 15-071-20446) was drilled in March 
and April of 1988 by the Amoco Production Company in 
Greeley County near the Colorado border in west-central 
Kansas (38.48963o N latitude, -101.97456o W longitude). The 
total depth reached was 5,956 ft (1,815.4 m); the core bot-
tomed out in Mississippian strata. The RKB core was origi-
nally stored and studied by Amoco Production Company in 
Tulsa, Oklahoma. In 1992, some of the core was moved to the 
U.S. Geological Survey in Denver, Colorado. Around 2001, 
the entire core was moved to the Kansas Geological Survey 
core repository in Lawrence, Kansas, where it is currently 
located.

Much of the RKB core has been the subject of previous 
studies. Amoco geologists and paleontologists conducted 
biostratigraphic analyses of all but the red beds and evap-
orites in the core (G. Wahlman, pers. comm.). Arthur (1993) 
and Dean et al. (1995) described the Mesozoic rocks in the 
RKB core. Buijs and Goldstein (2013) and Dubois et al. (2012) 
employed the core to study the Council Grove and Chase 
Groups of the late Pennsylvanian–early Permian. However, 
the core at depths between 1,601 and 3,393 ft (488 and 1,034 
m) had not been slabbed or examined until recently (Foster 
et al., 2013; Kane et al., 2013; Zambito et al., 2012; Zambito 
and Benison, 2013). 

Detailed stratigraphy, including a lithologic log mea-
sured at centimeter-scale resolution, is presented in Zambito 
et al. (2012). Kane et al. (2013) determined detrital zircon 
ages for several sandstones between 3,400 ft (1,036 m) and 
1,600 ft (488 m) in the core. Foster et al. (2013) determined 
magnetostratigraphic age, depositional environments, and 
paleoclimatic trends for the Dog Creek Shale, the uppermost 
formation of the Nippewalla Group. 

The Permian System of Kansas
The Permian in Kansas consists of the Council Grove, Chase, 
Sumner, and Nippewalla Groups, overlain by the Whitehorse 
Sandstone, Day Creek Dolomite, and Big Basin Formations 
(West et al., 2010). The carbonate and siliciclastic cyclothems 
of the Council Grove and Chase Groups have been relatively 
well studied (Buijs and Goldstein, 2013; Dubois et al., 2012; 
see West et al., 2010, for summary). In contrast, only limit-
ed studies exist of the Sumner and Nippewalla Groups and 
uppermost Permian rocks of Kansas. Controversies remain 
about their depositional environments, ages, and stratig-
raphy. Permian air temperatures, including daily trends 
and diurnal ranges, were determined from primary fluid 

inclusions in bedded halite in the RKB core (Zambito and 
Benison, 2013).

Particular problems encountered in the study of the 
middle-upper Permian rocks of Kansas include the contrast 
between surface exposures and subsurface strata as well as 
the limited data about these rocks in the subsurface (i.e., 
Benison and Goldstein, 2001; Zambito et al., 2012). The RKB 
core, with a remarkable 99.1% recovery of mixed evaporite 
and siliciclastic strata between depths of 3,393 and 1,601 ft 
(1,034 and 488 m), allows a rare chance to study well the 
lithology of these rocks. Zambito et al. (2012) presented a de-
tailed examination of the stratigraphy of the RKB core and 
the challenges of stratigraphic nomenclature and correlation 
of the Nippewalla Group between surface and subsurface 
successions.

METHODS
The section of RKB core from 3,393 to 1,601 ft (1,034 and 488 
m) was slabbed, photographed, and described for the first 
time at the Kansas Geological Survey in November 2011. 
A rock saw was modified so that the rotary blade was wet 
from the back, to prevent water from dripping onto the rock 
samples. In this way, evaporite-bearing core was cut with 
only minor dissolution occurring. Core slabs were scanned 
digitally, measured on a centimeter scale and then sampled. 
Portions of the core not sampled for further study were pho-
tographed, marked for depths, and stored as archival sam-
ples in the core repository at the Kansas Geological Survey. 
Archival samples of bedded and displacive halite were 
wrapped in plastic to aid preservation during storage.

The section of interest, from 3,393 ft to 1,601 ft (1,034 
to 488 m) depths, ranges from the top of the Chase Group, 
through all of the Sumner and Nippewalla Groups, to the 
top of the Permian. This section of core is currently being 
studied for thin-section petrography, sediment geochemis-
try, magnetic stratigraphy, detrital zircon ages, and fluid in-
clusion geochemistry. This paper will focus on the lithologic 
types as observed in measured section and core slab photos. 

DATA

General Core Observations
Figure 1 shows a summarized stratigraphic column for the 
RKB core from 3,393 ft to 1,601 ft (1,034 to 488 m) depth. 
The main lithologic types observed are red siliciclastic strata 
(fig. 2), displacive halite (fig. 3), and bedded evaporite (fig. 
3). Carbonate strata are rare and are restricted mostly to the 
lowest 100 ft (30.5 m) of this section.

Most of the Permian rock record from Kansas is repre-
sented in this core. The bottom-most Council Grove Group 
is below the section we measured, so fig. 1 includes only 
part of it. The Chase, Sumner, and Nippewalla Groups seem 
to be represented completely. In addition, post-Nippewal-
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Figure 1—Location and summarized stratigraphic column for the Amoco Rebecca K. Bounds No. 
1 core, Greeley County, Kansas. Red star on inset map in upper left shows approximate core loca-
tion. A higher resolution stratigraphic column containing sedimentary structures can be found in 
Zambito et al., 2012.

la Group formations—the Whitehorse Sandstone, the Day 
Creek Dolomite, and the Big Basin Formation—are present.

The rocks in the measured core are quite similar, de-
spite the fact that surface exposures have been subdivid-
ed into more than four groups (fig. 1). The Chase, Sumner, 
Nippewalla, and post-Nippewalla Permian strata are dom-
inated by halite-cemented red siltstone and fine sandstone 
with less abundant bedded gypsum/anhydrite units. 
Bedded halite and displacive halite are restricted to the 
Nippewalla Group. Because there is such similarity in lith-
ologic characteristics throughout the measured section, we 
describe the lithologic types below without reference to the 

parent formations. Cross-referencing fig. 1 allows for loca-
tions of lithologic types with respect to stratigraphic units.

Red Bed Siliciclastic Strata
Red sandstone, siltstone, and mudstone are abundant in the 
Permian section of the RKB core (fig. 2). Dominant grain 
composition is quartz and feldspar, with hematite grain coat-
ings and halite intergranular cement. Grains are well-sorted. 
Many of the red beds are massive, with no apparent bed-
ding or other sedimentary structures. However, we have 
noted uncommon to rare sedimentary structures, including 
(1) planar and wavy, thin and thick laminae, (2) wave-ripple 

cross-bedding, (3) larger-scale high-an-
gle planar and tangential cross-bed-
ding, (4) flame structures, (5) soft sed-
iment deformation, (6) dish structures, 
(7) mudcracks, (8) rip-up clasts, (9) 
circumgranular cracks, (10) autoclastic 
breccia, (11) small root casts and traces, 
(12) fenestrae, (13) ped structures, (14) 
slickensides, (15) insect burrows, and 
(16) halite and gypsum casts. In addi-
tion, much of the bedding we observed 
was discontinuous. Red beds have a 
salty taste, strongly suggesting halite 
cement. Pale tan, pale blue, or gray re-
duction spots are common.

Displacive Halite
Displacive halite rock consists of large, 
blocky, clear halite crystals randomly ori-
ented in a fine siliciclastic matrix (fig. 3). 
Displacive halite is the most abundant li-
thology within the Nippewalla Group. 
Here, the matrix is red siltstone or red mud-
stone. The blocky halite crystals comprise 
~20% to ~ 95% of the rock by volume. In 
general, the displacive halite crystals have 
disrupted any primary sedimentary struc-
tures that may have been present in the 
host red bed sediment. Some reduction 
spots have been observed and are relatively 
younger than the displacive halite crystals. 

Bedded Evaporite Strata
Permian bedded evaporite strata in the 
RKB core include bedded gypsum/
anhydrite and bedded halite (fig. 3). 
The evaporite strata are fairly well pre-
served and commonly contain small to 
moderate amounts of red siliciclastic 
grains (see red coloration in fig. 3).

Two main textures are seen in bed-
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ded gypsum/anhydrite units. Bottom-growth gypsum crys-
tal shapes are marked by (1) swallow-tail gypsum crystal 
shapes, (2) widening-upward crystals, and (3) origin from 
individual beds. These crystals are now pseudomorphs after 
bottom-growth gypsum because they are composed of anhy-
drite and/or halite. The second bedded anhydrite/gypsum 
texture is felted texture. These are fine (typically mud-size) 
crystals aligned horizontally or sub-horizontally in lam-
ina and thin beds. Some bedded gypsum/anhydrite units 
are laminated or thinly bedded, but some are interbedded 
with bottom-growth gypsum beds. Where associated with 
pseudomorphs of bottom-growth gypsum, felted gypsum/
anhydrite appears to drape over the larger bottom-growth 

pseudomorphs.
Halite beds are composed of chevron crystals only or 

both chevron and cumulate crystals. Chevron crystals are 
centimeter-scale, upward-oriented halite crystals that orig-
inate at an individual bedding plane. Cumulate crystals 
are millimeter-scale and are randomly oriented. Both the 
chevrons and cumulates are primary chemical sediments. 
Primary fluid inclusions along growth bands are unaltered, 
showing that the halite in the RKB core is well preserved 
(Zambito and Benison, 2013).

Some halite beds contain dissolution features such as 
horizontal or undulating sharp surfaces that truncate halite 
crystal tops and rounded dissolution pipes filled with clear 
halite. Some red sediment has been observed trapped as sol-
id inclusions within and between the chevron and cumulate 
crystals.

Figure 2: Permian red beds in RKB core with depth labels. A. Council 
Grove Group siltstone. B. Chase Group sandstone. C. Burrows in silt-
stone (upper Chase Group or Ninnescah Shale of Sumner Group?). D. 
Circumgranular cracks in shale of upper Chase Group or Ninnescah 
Shale (Sumner Group?). E. Stone Corral Formation (Sumner Group) 
sandstone with reduction spots. F. Cedar Hills Sandstone (Nippewalla 
Group) with reduction spots. G. Dog Creek Shale (Nippewalla Group) 
siltstone with reduction spots. H. Whitehorse Sandstone siltstone. I. Day 
Creek Dolomite siltstone with reduction spots. 

Figure 3: Permian evaporites in RKB core with depth labels. A. Stone 
Corral Formation (Sumner Group) bedded gypsum/anhydrite. B and C. 
Bedded gypsum/anhydrite in Cedar Hills Sandstone (Nippewalla Group). 
D. Bedded gypsum/anhydrite in Blaine Formation (Nippewalla Group). 
E. Bedded halite in Blaine Formation (Nippewalla Group). F. Blaine 
Formation (Nippewalla Group) bedded halite, overlain and underlain 
by gypsum. G. Bedded halite overlying displacive halite in topmost Dog 
Creek Shale (Nippewalla Group). H. Displacive halite in Blaine Formation 
(Nippewalla Group). 
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PRELIMINARY INTERPRETATIONS

Depositional Environments  
Much of the Permian present in the RKB core is composed 
of lithologic types and sedimentary characteristics formed 
in continental environments. The red siltstone and sand-
stone units exhibit eolian features, including massive beds 
of well-sorted grains, and high-angle planar and tangential 
cross-bedding. Red beds, especially the red mudstone, con-
tain paleosol features such as peds and slickensides. Wetting 
and drying indicators, indicated by autoclastic breccia and 
circumgranular cracks, also are paleosol features. The pres-
ence of ephemeral, shallow surface waters is marked by 
wave-ripple laminae and mudcracks. Fossils are restricted 
to rare root casts and traces and rare back-filled insect bur-
row. Bedded gypsum/anhydrite indicates that salty surface 
waters were, at times, rich in calcium and sulfate. The RKB 
bedded halite indicates shallow, ephemeral Na-Cl-rich sur-
face waters. 

Hematite and halite intragranular cement common 
throughout the red beds suggests the presence of saline, 
oxygenated groundwaters during deposition. In particular, 
the abundant iron and the absence of carbonate hints at acid 
saline groundwaters (Benison and Goldstein, 2002), as has 
been documented elsewhere in the Permian Nippewalla 
Group of Kansas and the age- and lithologic-equivalent 
Opeche Shale of North Dakota (Benison et al., 1998). We pro-
pose that most of the Permian of western Kansas was dom-
inated by a desert of mudflats, sand flats, and less common 
sand dunes and salty shallow lakes. 

 
Paleoclimate  
Preliminary work suggests that much of the Permian of western 
Pangaea had a generally semi-arid and warm climate. However, 
climate variability is suggested. Bedded halite in the Nippewalla 
Group formed in shallow saline lake waters with temperatures 
from 8° to 73°C (Zambito and Benison, 2013). These are excellent 
Permian air proxies. Diurnal temperatures ranged up to 32°C, sug-
gesting a dry climate. In contrast, circumgranular cracks and other 
paleosol features in some red beds indicate wetting and drying. 

Implications for Science and Industry
The completeness and preservation of the RKB core is ex-
ceptional. Other cores of these rocks are shorter and/or 
have poor recovery. The common practice of drilling with 
freshwater has resulted in dissolution of halite beds and 
displacive halite, as well as halite cement in some red beds. 
Surface exposures, particularly of the halite-bearing Sumner 
and Nippewalla Groups, have undergone late-stage disso-
lution by meteoric water. They also have been subjected to 
dissolution collapse. Late-stage dissolution of these rocks 
at and near the surface renders them quite different from 
their well-preserved subsurface counterparts. The complete-

ness of the RKB core allows for accurate stratigraphic and 
sedimentological study that is leading to refined Permian 
geochronology and high-resolution study of Permian dep-
ositional environments and paleoclimates.

The differences between red bed and evaporite units in 
the subsurface and at the surface have led to many challeng-
es in stratigraphic nomenclature, correlation, and interpre-
tations, posing problems for the petroleum industry. For ex-
ample, the halite shows distinctly on well logs. However, the 
traditional assumption has been that all halite is bedded ha-
lite. Study of the RKB core reveals three lithologic types that 
contain mixtures of halite and red beds and that thus likely 
have similar well log character: bedded halite, displacive ha-
lite, and halite-cemented red beds. Another concern is that 
stratigraphic nomenclature is hampered by such distinct dif-
ferences between outcrop and core. The type localities of the 
formations that make up the Nippewalla Group are based 
on field exposures (Cragin, 1896, 1897; Norton, 1939), yet the 
rocks are far more complete and better preserved in the sub-
surface. For example, the Cedar Hills Sandstone is known 
only as red sandstone in outcrop but also contains bedded 
evaporite in the RKB core. The Blaine Formation is com-
posed almost entirely of gypsum/anhydrite in outcrops, 
yet in core it contains more displacive halite than gypsum/
anhydrite and also bedded halite. The Flower-pot Shale is 
characterized by poorly lithified red mudstone in outcrop 
but consists of mostly displacive halite in cores. When at-
tempting correlation between surface stratigraphic units 
and the subsurface, another practical problem for drillers 
is predicting rock hardness and solubility (Sorenson, 1995). 
Unexpected collapse at drill sites due to dissolution of sub-
surface halite by drilling fluids presents a danger and loss of 
equipment to drillers.

CONCLUSIONS
Ongoing study of the Amoco Rebecca K. Bounds No. 1 core 
of Greeley County, Kansas, is yielding high-resolution and 
detailed stratigraphic and sedimentologic data for previ-
ously poorly understood rocks of the Permian of western 
Kansas. Red bed siliciclastic strata, displacive halite, and 
bedded evaporite strata comprise most of the Permian sec-
tion of this core. Continental environments with little veg-
etation, strong winds, and saline lakes and groundwaters 
are interpreted for the mid-late Permian of western Kansas. 
Better knowledge of these rocks will result in enhanced in-
terpretations of Permian climates and water chemistry. In 
addition, lithologic description of this core will inform bet-
ter drilling practices in similar rock types.

ACKNOWLEDGMENTS
We acknowledge funding from National Science Foundation 
grants EAR-1053025 to KCB and EAR- 1053018 to MJS and 
GSS. The Kansas Geological Survey granted access to the 



14

Permian Red Beds and Evaporites | Benison, Zambito, Soreghan, Soreghan, Foster, and Kane

Rebecca K. Bounds No. 1 core. David Laflen of the KGS 
was especially helpful. Gene Kullmann of the Oklahoma 
Geological Survey suggested the Rebecca K. Bounds No. 1 
core to us. 

REFERENCES
Arthur, M. A., 1993, Cretaceous shallow drilling, U.S. Western 

Interior: Core Research, Project DE FG 02-92ER14251, Technical 
Progress Report, Department of Energy, DOE/ER/14251-1, 31 
pp.

Benison, K. C., and Goldstein, R. H., 2002, Recognizing acid lakes 
and groundwaters in the rock record: Sedimentary Geology, v. 
151, n. 3-4, p. 177–185. 

Benison, K. C., and Goldstein, R. H., 2001, Evaporites and siliciclas-
tics of the Permian Nippewalla Group, Kansas and Oklahoma: 
A case for nonmarine deposition: Sedimentology, v. 48, p. 
165–188. 

Benison, K. C., Goldstein, R. H., Wopenka, B., Burruss, R. C., and 
Pasteris, J. D., 1998, Extremely acid Permian lakes and ground-
waters in North America: Nature, v. 392, p. 911-914.

Buijs, G. A., and Goldstein, R. H., 2013, Sequence architecture and 
palaeoclimate controls on diagenesis related to subaerial ex-
posure of icehouse cyclic Pennsylvanian and Permian carbon-
ates, in Morad, S., Ketzer, J. M., and De Ros, L. F., eds., Linking 
Diagenesis to Sequence Stratigraphy, John Wiley & Sons, West 
Sussex, UK, doi: 10.1002/9781118485347.ch3.

Cragin, F. W, 1896, The Permian System of Kansas: Colorado 
College Studies, v. 6, p. 1–54.

Cragin, F. W., 1897, Observations in the Cimarron Series: American 
Geologist, v. 19, p. 351–363.

Dean, W. E., Arthur, M. A., Sageman, B. B., and Lewan, M. D., 1995, 
Core descriptions and preliminary geochemical data for the 
Amoco Production Company Rebecca K. Bounds #1 well, 
Greeley County, Kansas: U.S. Geological Survey Open-File 
Report 95-209, 243 p.

Dubois, M. K., Goldstein, R. H., and Hasiotis, S. T., 2012, Climate-
controlled aggradation and cyclicity of continental loessic 
siliciclastic sediments in Asselian-Sakmarian cyclothems, 
Permian, Hugoton embayment, USA: Sedimentology, v. 59, p. 
1,782–1,816.

Kane, M. M., Soreghan, M. J., Soreghan, G. S., Foster, T. M., Benison, 
K. C., and Zambito, J. J., 2013, Detrital zircon geochronology of 
Permian strata from western Kansas: Implications for Permian 
paleogeography and paleoclimate: Abstracts with Program, 
Geological Society of America South-Central Section Meeting, 
Austin, Texas.

Foster, T. M., Soreghan, G. S., Soreghan, M. J., Kane, M., Zambito, J. 
J., and Benison, K. C., 2013, Environments and provenance of 
redbeds of the Dog Creek Shale (Midcontinent): Implications 
for Middle Permian paleoclimate in western Pangaea: 
Abstracts with Program, Geological Society of America South-
Central Section Meeting, Austin, Texas.

Norton, G. H., 1939, Permian red beds of Kansas: American 
Association of Petroleum Geologists Bulletin, v. 23, p. 1,751–
1,819.

Sorenson, R. P., 1995, Dissolution of Stone Corral Salt in the 
Hugoton Embayment: Abstracts with Program, American 
Association of Petroleum Geologists Mid-Continent Section 
Meeting, Tulsa, Oklahoma.

Trappe, J., 2000, Pangea: Extravagant sedimentary resource for-
mation during supercontinent configuration, an overview: 
Palaeogeography, Palaeoclimatology, Palaeecology, v. 161, p. 
35–48.

West, R. R., Miller, K. B., and Watney, W. L., 2010, The Permian 
System of Kansas: Kansas Geological Survey Bulletin 257, 82 
pp. 

Zambito, J. J., and Benison, K. C., 2013, Extremely high tempera-
tures and paleoclimate trends recorded in Permian ephemeral 
lake halite: Geology, v. 41, p. 587–590. 

Zambito, J. J., Benison, K. C., Foster, T., Soreghan, G. S. Kane, M., 
and Soreghan, M. J., 2012, Lithostratigraphy of the Permian 
red beds and evaporites in the Rebecca K. Bounds, Core, 
Greeley County, Kansas: Kansas Geological Survey Open File 
Report 2012-15, 45 p.


	CoreWorkshopCover
	CoreWorkshopPapersFINAL 1
	CoreWorkshopPapersFINAL 2
	CoreWorkshopPapersFINAL 3
	CoreWorkshopPapersFINAL 4
	CoreWorkshopPapersFINAL 5
	CoreWorkshopPapersFINAL 6
	CoreWorkshopPapersFINAL 7
	CoreWorkshopPapersFINAL 8

	1_Benison_etal.pdf



