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ABSTRACT

The B zone is an important oil producing pay zone in the Lansing-

Kansas City Groups (Pennsylvanian System) in Red Willow County, Nebraska.

As defined here, from electric logs, rocks composing the B zone are ten—
tatively equated by R. R. Burchett in the Stoner Limestone, Eudora Shale,
and Captain Creek Members of the Stanton Formation in outcrops of eastern
Nebfaska. Both structural and stratigraphic control of B zone production
is evident from this study.

B zone production is associated with north-northwest trending low-
relief anticlines characterized by irregular contours and dips of 3°-4°
on thelr steeper southeastern flanks. The origin of these features is
likely related to a 2-3 mile westwar& shift of the Cambridge Arch axis
into Red Willow County, a shift that probaﬁly 6ccurred during the Lara-
mide Revolution but certainly occurred after deposition of the Stone Cor-
ral Formation (Permian System)., When the shift took place, upfolding of
the Lansing-Kansas City Groups over the arch generated present-day struc-
tures. Localization of the shift in Red Willow County may account for the
abundance of dry holes and lack of Lansing-Kansas City production in wells
along the western flank of the Cambridge Arch to the north and south of
the study area.

Stratigraphic control of oil entrapment in the B zone‘is not under-
stood. If the top of the B zone is an unconformity related to the re-
gional unconformity on tép of the Lansing Group, it may have influenced
the accumulation oil. Although no fossil build-ups could be demonstrated,
it appears that the primary control of oil entrapment is stratigraphic

and that the ability of the zone to produce o0il is primarily the addi-




tional porosity and permeability induced by genesis of the structure.

The structural activity may have caused migration of oil from smaller
stratigraphic traps into larger structural anticlines.
Areas peripheral to and between existing oll fields in the county

are worthy of consideration for future production drilling in the B

zone.




INTRODUCTION
Purpose and Scope of Investigatioﬁ

Niﬁé major oil fields, including the largest field in the state,
produce from the B zone of the Lansing—Kansas City Groups in Red Willow
County, Nebraska. Despite the abundance of data from more than 1,000
wells in the county, no comprehensive study has been made of this impor-
tant éay zone. The purpose of this investigation is. to use these data to
describe the lithology, stratigraphy, and structure of the reservoir, and
to interpret its geologic evolution as an aild to further exploration in

the area.

Study Area

Red Willow County, an area of 720 square miles, is located in south-
western Nebraska (Fig. 1). It includeé Townships 1-4 North and Ranges 26-
36 West. ‘McCook,~the county seat, is the largest city in the county with
a population of 8,285. An average yearly rainfall of 20 inches supplies
local tributaries of the Republican River, which flows east through the
county's low-relief plains. Principal access is provided by north-south
U.S. Highway 83 and combined east-west U.S. Highways 6 and 34.

Although primarily a rural and agricultural area, production of 57
miliion barrels of.crude 01l from 21 oil fields has had a significant im-
pact on the economy. Plate I shows the locations of the fields and Table 1
lists discovery dates and cumulative production figures for each oil field
thfoﬁgh March 31, 1977. All of the fields produce from one or more zones
in the Lansing-Kansas City Groups and many have major production from the

Oread Formation (Shawnee Group) or from a basal Pennsylvanian sand.




a2 -

+mZ

‘suoz ¢ ay3 woxaj Buponpoad spTaf3 TFo 1ofeu pue e31® Apnis Jo uojlwool Surmoys dey °T 2andig

Ho92 Y T ‘M 8z d M 63 Y Moog N
I I - = e B
_ |
uoungaTigy MW 1 |finquoQ l
J|as
| N _ Ui —MS
oW _ mojjoH Adaajs —HS
_ 95 . I AinquoQg Yyinog —@ds
AV _ %9940 JIBAlS ~0OS
t HS . | mo|joH Ades|g ISemUlION ~MmN
.$ _ Ko MpIN —MIA
i %\szﬁm %0009 | 9bpiy 1NOSSIN — YW
h >m_tom_&m_rw .o_oco_vc_. _ finquoq - g@
l i UDWIY — MV
I
m M a3y _
|

IS

VXSV 848 3N




N
e

TABLE 1

CUMULATIVE PRODUCTION OF OIL FIELDS IN RED WILLOW COUNTY, NEBRASKA

DISCOVERY CUMULATIVE PRODUCTION
FIELD . IN BARRELS OF OIL
MONTH YEAR THROUGH MARCH 31, 1977%

Ackman November 1959 4,699,118

Barger July 1956 255,640

Bartley February 1961 19,417

Base July 1968 44,576

Bed Canyon July 1966 863,938

Danbury October 1970 448,784

Fondo March 1963 51,838

Kevil September 1968 29,553

Lebanon (new) November 1970 30,770

Midway ‘May 1961 1,712,371%%
"Missouri Ridge June 1962 213,396

North Ackman February 1971 6,191 (Abandoned 1974)
NW Sleepy Hollow July 1963 1,636,428

Paupers Ridge August 1963 21,112 ’

Poore October 1957 20,797 (Abandoned 1965)
School Creek April 1972 10,462 :
Silver Creek July 1960 4,808,694%%%
- 8ink March 1965 289,616

Sleepy Hollow July 1960 39,262,472

South Danbury March 1971 480,068

Zenith August 1961 60,013

* Nebraska 0il and Gas Conservation Commission

%% Combined with:

*%% Combined with:

North Midway (1975)

South Silver Creek (1963)
West Silver Creek (1963)
West Wolverine (1963)
Wolverine (1964)

Lebanon (o0ld) (1964)
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For additional technical information on discovery, development, and
proauction, the reader may consult Rocky Mountain-Association of Geologists
(R.M.A.G., 1961), Reed et al. (1959), Burchett et al. (1961), Burchett
(1963, 1964, 1966), Larson (1962), and Petroleum Information's weekly re-

ports and annual resumes.

Previous Work

A set of elght regionmal structure and thickness maps covering south-
west Nebraska (Burchett and CArlson, 1963) provide a geologic framework for
the study aréa. An unpublished cross sectlon (Burchett) traces rock units
of the B zone to outcrops in the lower Platte River valley in Sarpy and Cass
‘Counties, Nébraska. Svoboda (1962, p. 136) attributes the lettered (A~F) desig-
nations of the Lansing-Kansas City Groups pay zones to informal oil field
usage. This informal nomenclature was first published in 1961 (R.M.A.G.,
1961). |

Altbough no one has previously studied the B zone specifically, Larson
(1962) studied the Lansing-Kansas City interval in the Ackman field. He
describes the B zone as one of six limestone units interbedded with shales
.during rapid fluctuations of shallow'sea'levels and hypothesizes (p. 2079)
that "Organic micro-build-ups over localized micro-structural-topographic
features along with post-depositional modifications have resulted in compe-
tent reservoirs." He further explains that the important post-depositional
modifications were 1) detrital accumulations resulting from wave action on
the local organic build-ups and 2) basement faulting trending along the
soufheastern flanks of Ackman and Sleepy Hollow fields during Permian time.

A thesis by Sander (1966) primarily reiterates Larson's findings.




However, his (Sander's) fossil studies cause him to take exception to
Larson's hypothesis tbat organic bulld-ups occurred on low-relief high
areas.

Other articles of regiona; scope with information relevant to the

study area will be cited where pertinent.

METHOD OF INVESTIGATION
Sources of Data

Information for the cross. sections, maps, and appendices was gathered
from Conservation and Survey files of geophysical logs, "top cards", éores,
and completion reports. The geophysical logs used were of four types: 1)
induction electrical survey (IES); 2) gamma ray-neutron; 3) dual induction
laterologs; énd 4) galiper. 0f these, the IES logs are the most abundant

(80-85%) and were easily correlated with the other logs. Cross section cor-

_relations (Plates II and III) of Cambrian and Precambrian strata are from

Carlson (1967). Top cards were used to identify the Stone Corral Formation
daﬁum of Plate IV. All other correlations (Plates II-VII) are from direct
examination of logs. Ten cores (core chips.only)'and 71 core descriptions
(from comﬁletion reports) verify the geophysical logs apd provide details

of lithology and oil shows (Appendix A). The thicknesses of producing inter-
vals in the B zone (Plate VIII) and initial production rates (Plate IX)

also are from completion reports. Sample cuttings were not used in this
study because of their overall poor quality. The Nebraska 0il and Gas Con-
servation Commission provided cumulative production figures for the oil

fields (Table 1).
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Procedures

Initially, two preliminary and two detailed cross sections were
drawn from a total of 92 electric.logst Because these proved too un-
wieldy for practical use, they were reduced to'one north-south and one
West—east cross section (Plates II and III). The cores and core reports
then were examined to aid correlation of logs for the construction of two
thickness maps, one of the interval between the tops of the Stone Corral
Formation and the B zone (Plate IV), and the other, of the B zone (Plate
V). The cores and core reports also aided in the comstruction of the re-
gional and detailed structure maps of the B zone (Plates VI and VII). Be-"
cause the core reports indicated an association of fractures and oil .
shows, a map of the total thickness trends of producing Intervals in the
B zone (Plate VIiI) and a map of initial production trends in the B zone
(Plate IX) were drawn to demonstrate possible fracture patterns.

Many of the initial production raaes had to be calculated for control
paints on Plate IX because of comingled production reported from other produc--
ing zones. Most of these rates were determined by multiplying the total
rate of comingled production by‘the ratio of B zone productive thickness to
the combined productive thickness of all producing zones in a given well.
Because of the availability of swab test data in a few of the wells, some
of the rates were similarly calculated using the ration of B zone production
from swab tests instead of the productive thickness ratio. Rates calculated
on this basis are likely to be more representative of the B zones' actual

contribution to the comingled production.




STRATIGRAPHY
Framework

The following description of Precambrian to Quaternary rocks in Red‘
Willow County is generalized. The reader is referred to Larson (1962) for
detalls of local subsurface stratigraphy and to Condra and Reed (1959) for
a qomprehensive treatment of the complefe,geologic section in Nebraska.
Figure 2, which deplcts an electric-log and columnar section for a typical
well in the county, shows the stratigraphic position of rock units referred
to in this report.

The stratified rock sequence of the study area rests on a basement of
granitic and metamorphic rocks of Precambrian age. Immediately overlying

this basement, in many areas, is a zone of untransported, weathered material

‘generally referred to as ''granite wash' of Precambrian age (Carlson, 1967,

p. iv). Disconformably overlying the Precambrian are the Cambrian Lamotte
(Reagan) sandstone and the Cambro-Ordovician Bonmeterre (Arbuckle) dolomite
(Plétes IT and III, Fig. 3). Burchett ana Carlson (1963, Map 7) show that
the north-northwest trending east margins of these formations underlie, res-
pectively, western (R. 29 W., R. 30 W.) and extreme southwestern (Tps. 1 and
2 N., R. 30 W.) Red Willow County. According to Reed (1954, p. 113), ero-
sion removed these formations from the crest of the Cambridge Arch in the
central and eastern parts of the county (Fig. 3). Late Ordovician, Siluriam,
Devonian, and Mississipﬁian strata are missing from the entire county (Fig.
3.

Much of the Pennsylvanian section is present in Red Willow County.
The oldest Pemnsylvanian unit present is the Cherokee Group, which over-

steps the Lamotte Sandstone and nonconformably onlaps Precambrian rocks
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befween wells two and three of Plate ITII. The Marmaton Group overlaps
the.Cherokee to rest nonconformably on the Precambrian farther east.
Miller (1966, P1l. IV) shows that fhe Marmaton is present throughout the
study area. Burchett (1977, personal comm.) thinks the top of the Marma-
ton Group is probably a disconformity locally as it is regionally in east-
‘ern Nebraska and adjacent areas. |

The Lansing-Kansas City Groups are considered together in this report
becauée of their combined economic importance. Included in these groups
are pay zones A-F, lettered in descending order (Fig. 2). The second of

these, the B zone, will be described in detail later in the report. The

"limestone and shale sequence in which these zones occur are traceable to

outcrop localities in eastern Nebraska and Kansas (Svoboda, 1958). Burchett,
in an unpublished electric-log cross section, tentatively traces the Lansing-

Kansas City rock units from eastern Nebraska (Cass County) through the study

. area into southwestern Nebraska. From his cross section, the top of the

Lansing Group is placed at the top of the South Bend Member of the Stanton
Formation in the outcrop‘area. Tracing the South Bend into the study area
locates it between the A and B zone locally. However, the South Bend is miss-
ing in much of the study area so that the actual contact.between the Lansing
and Douglas Groups probably occursvbetween the A and B zones locally. Be=-
cause of this and the inclusion of the A zone in the Lamsing Group by dril-
lers, the contact is represented by a dashed line on Plate IX and III.
ngrlying the Lansing-Kansas City Groups are the Douglas, Shawnee, and
Wabaunsee Groups. The Douglas Group is represented by silty red sandstone
and,red shale. The basal unit of the Shawnee is the Oread Formation, which

includes the Heebner Shale Member (Fig. 2). The .Heebner is a black fissile
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~shale recognized on electric logs and in samples as a marker bed in the Mid-

Continent and serves aé datum for Plates II'and III. The Oread is also im-
portant as a reservoir in the Ackman field. The succeeding Pennsylvanian
consists of the Wabaunsee Group, a series of interbedded shale, limestone,':
and thin sandstoné beds.

Permian rocks disconformably overlie the Pennsylvanian section and are
difficult to correlate both regionally and locally because of facies changes.
The piacement of the Permo-Pennsylvanian boundary is a subject of consider-
able debate (Condra, 1949, p; 6, Merriam, 1963, p. 101). The Permian rocks
consist primarily of shales with a few thin limestone, anhydrite, and sand-
stone beds. The Stone Corral Formation (Fig. 2) is a thick anhydrite that ’
serves as a regional subsurface stratigraphic marker because of its distinc-

tive log character.

Although no rocks of the Triassic System are present in Nebraska, rocks

" of both the Jurassic and Cretaceous System are present in Red Willow County.

Whether absence of the Triassic rocks is due to nondeposition or erosion is
not known (Condra and Reed, 1959, p. 23). The Jurassic System is represented
only by shales of the Morrison Formation. Approximately 1,300 feet of Cre-
taceous shales, sandstones and few limestones overlie the Morrison. These
Cretaceous strata consist, from oldest to youngest, of the Dakota Group,
Graneros Shale, Greenhorn Limestonme, Carlile Shale, Niobrara Chalf and Pierre
Shale. The Niobrara and Pierre are.exposed in the county.

Imnediately overlying the Cretaceous is the Ogallala Formation of Ter-
tiary (Pliocene) age. It consists largely of poorly to well consolidated
sands and gravels that are exposed in the deeper valleys. Unconformably

overlying the Ogallala is a surficial mantle of Quaternary loess and alluv-

ium.
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- B Zone

kD B

::Tﬁé term "B zone' in th$91report'tequiree‘clarificatign, Agfmgﬁng,
“e expected when -the nomenclature 1s informal, the term has various us-

.A G. Colorado—Nebraska 0il and Gas Field

ages;‘ Contribgtors to the R. M
Volume (R.MLA. G., 1961) identhfy this zone differently (Fig. 4), Of-the

six sets of limestone resistivity peaks on electric logs below the Oread

'iione.: Burchett in his unpublished cross section tentatlvely equates
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three members of the Stanton Formation to the B zone. From bottom to top
they are: Caﬁtain Creek Limestone, Eudora Shale, and Stoner Limestone. In
a master's thesis, Juilfs (1953) does not specifically equate the B zone
to formal units but does assign to the Iola-Wyandote Formations the resis-
tivity peaks recognized in this study as the B zone. Of the two sections,
Burchett's is favored since it is.based on bettef well control and is 100
miles closer to outcrops. Moreover, Juilfs' study w;s plagued with prob-
lems of inadequate samples and missing or pdor quality logs.

Much of the stratigraphic character of the B zone is illustrated by
the cross sections of Plates II and III and by the thickness map of Plate V.
As seen in tbevsections, the B zone has fairly uniform log character. Gen-
erally, it is recognizable by two limestone resistivity peaks, the upper one
dominant. However, in areas of maximum thinning, the lower limestone peak
1s lost. Although the sections seem to indicate a thinning trend to the
north and west, such a trend is more apparent than real. Plate V, a better
depictibn of the zone's thickness, shows that the thickness ranges from a
minimum of 10 feet (Sec. 19, T. 2 N., R. 30 W.) to a maximum of 37 feet
(Sec. 23, T. 1 N., R. 27 W.), that the dominant thickness is 20 to 25 feet,
and that the overall pattern is one of random thickening and thinning, which
is best illustrated in the areas of greatest well control.

The upper contact of the B zone is probably an unconformity in many
parts of the county. As previoﬁsly mentioned, the true top of the Lansing
Group is the South Bend iimestone, which is missing from much of the study
area. Where the South Bend is missing, the Plattford Shale overlying it
and the Rock Lake Shale underlying it would overlie the Stoner as indis-
tinguishable red and gray shale. Several other criteria may be suggestive

of an unconformity at the top of the B zone:
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1) Very irregular detailed structure contours on top of the zone,
many of them closed depressions (Plate VIiI).

.2) Irregular thickness lines of the Stone Corral to B zone interval
(Plate IV).

3) The presence of a six-foot thick red sandstone (clastic) between
the (nonclastic) A and B zones in the Ackman field (Larson, 1962,'p. 2085).

4) Characterization of the B zone as a 'reworked limestone-breccia,
slightly fossiliferous and deriving its resérvoif capabilities from the
development of vugs between pieces of reworked limestone" (Larson, 1962,

p. 2086).

5) Shale and calcite filled vugs and hair-line fractures, drusy
calcite on fossils and in vugs, and shell casts (Larson, 1962, p. 2088);
and this report, Appendix A).

While no one of these observations is sufficient for the interpreta-
tion of an unconformity, it is as Krumbein (1942, p. 58) emphasizes, the
sum total of criteria and ﬁot any one criterion that identifies a subsur-
facé unconformity. Svoboda (1962, p. 136), 1in describing thé limestones
of the Lansing-Kansas City Groups, attributes secondary porosity in these
zones to weathering processes before burial. If all these data and the sug-
gested interpretations are related to the widely recognized unconformity
at the top of the Lansing in other areas (Merriam, 1963, p. 117; Condra
and Reed, 1959, p. 50; and Condra, 1949, p. 31), then the top of the B zone

1s an unconformity.

However, because such an unconformity is not obvious on the electric-

‘log sections, the top of the B zone is drawn as a conformable contact on

Plates IT and III.
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The basal contact of the zone appears to be confofﬁable. Neverthe-
lesé, the loss of the lower limestone in areas where the B zone 1s less
than 15 feet suggests that more study i1s needed to establish the nature

of this contact in those areas.

Lithologically, the B zone iimestones are predominantly sandstones

‘or wackestones, a few are packstones, and even fewer are crystalline car-

bonates according to the Dunham (1962) carbonate clagsification based on

depositional texture. This classification implies the B zone was deposi-
ted for the most part in relatively calm water that apparently inhibited

or at least limited grain-producing organisms (Dunham, 1962, p. 118). The
secondary features of vugs, fractures, casts, and fillings have already beeﬁ
mentioned. ' The lower and upper limestones were lithologically indistin-
guishable except for the reworked appearance of some parts of the upper

limestone. The thin intervening Eudora Shale between the two limestomnes

- 1s generally green to gray and contains calcareous zones that make its up-

per and lower limits hard to define-on logs and in cores.

Fossils in the B zéne are important for interpreting the depositional
environment.. Although descriptions of fossils in Appendix A generally do
not specify the types present, some include crinoid stems, ostracods, fusil-
inids, bivalves, or sponge spicules. The core material examined by the
author has a predominance of fusilinids, a few crinoid stems, and a lesser
abundance of other fossil types. These findings are in general agreement
with the relative abundance of fossil types quantified by Sander (1965,
Tables 2-5) for the Lansing-Kansas City interval. At his three sample
sites in Red Willow Cqunty, Sander found 60% fusilinids, 20% crimoid col-

umnals, and the remaining 20%, brachiopods, bryozoans, gastropods, cephalo~

 pods, and ostracods.
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Using these data, Sander (1965, p. 34) refutes Larson;s hypothesis
of organic build-ups over low-relief high areas. He gives the following
three reasons: 1) fusilinids, the‘predﬁminant organisms present, are not
known to occur in reef-like deposits; 2) fossil populations are just as
abundant off-structure as bn—structure; and 3) structurally well—locatéd
tests have proven barren in the Ofead—Lansing—Kansas City Groups.

Carlson (1977, personal comm.) states that his examination of sample
lputtings indicated that the limestones of tﬁe Lansing~Kansas City have
subtle but discernible thickenings where the abundance of fossils increases.
He believes the fossil build—ups'Lérson refers to are ﬁot bichermal but,
rather, a greater density of organisms over slight rises on the sea floor
where more favorable conditions of light, temperature, oxygen, and turbul-
ence probably existed. He suspects that the large-scale thickenings in the
‘0oil-producing limestones of the Lansing-Kansas City Groups in southeastern
Kansas may be present locally in the study area, but on a greatly reduced
scale.

Fiéure 5 shows the unmodified Figures 5 and 12 of Larson (1962), who
presents them as evidence that the B and C zones and the Oread Formation
are especially characterized by detrital (fossil) build-ups over localized
structures. Howe?er, neither of Larson's filgures support'his interpreta~
tion. His Figure 5, which is an west-east cross section through the Ackman
field, shows no thickening or thinning of the B zone even though the verti-
cal exaggeration is 32 X. Instead, 1t shows only present-day structural
and stratigraphic relationships with exaggerated slopes (maxiﬁum slope,
<3%). Larson's Figure 12 demonstrates variations in the thickness of the
C zone and the Sleepy Hollow Sand (basal Pennsylvanian sand) but shows no

spatial or temporal relationship between them.
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Conclusions

From the foregoing, the following concluslons may be made regarding
the B zone in Red Willow County:

1) The zone has a random pattern of thickening and thinning which
cannot be related to fossil content or paleotopography.

2) The top of the zone may be an unconformity related to the region-
ally recognized unconformity at the top of the Lansing Group.

3) Fossil build-ués have not been documented in thevzone.

4) TFossils in the zone are definitely not of a biohermal nature.

STRUCTURE
Regional Structure

Three major structural features are present in Red Willow County
and/or.adjacenf areas. These are, west to.east, the Denver Basin (Denver-
Julesburg Basin), the Cambridge Arch, and the Salina Basin (Central Ne-
braska Basin). .The eastern limit of the Denver Basin is well out of the
study area as is the western limit of the Salina Basin (Fig. 6). Red
Willow and the adjacent counties are dominated by the Cambridge Arch,
which is a large northwest-trending anticline continuous with the Chadron
Arch. To the southeast it extends into Norton and Decatur Counties,
Kansas, and is separated from the Central Kansas Uplift by a structural
saddle (Merriam and Geobel, 1954, Fig. 3). As traced from north to south,
the present axis of the arch (solid line, Fig. 6) curves to the southwest
in eastern Frontier County to enter the northeast corner of the study

area where it curves back to trend southeast into Kansas.
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According to Reed (1954) and Merriam and Atkinson (1955), several
impsrtant diastrophic movements have occurred along the Cambridge Arch.
The following is from the historical reconstruction by Reed (1954, p. 113):

1) Inundation by Upper Cambrian and Lower Ordovician seas on the
southeastern flank of the Siouxana Arsh upland; no Cambridge Arch. -

2) Cambridge Arch broadly uplifted by the end of Arbuckle (Lower
Ordovician) time and Cambro-Ordovician sediments eroded from the west.

35 Some uplift, folding, and erosion at the end of Devonian time
with subsequent inundation by Mississippian seas from the east and south-
east resulting in deposition over the southern part of the arch.

4) Extensive folding and broad uplift of the arch at the close of
Mississippian time accompanied by stripping of lesser thicknesses of pre-
Pennsylvanian sediments over the crest. |

5) Pennsylvanian seas overide the arch from the south and southeast,

"depositing progressively thinner and redder sediments northwestward. Some

contemporaneous uplift over the arch as evidenced by thinning of many
rock subdivisions.
6) Inconclusive evidence of rejuvenation of the Siouxana Arch in

early Permian. Generally no great interruption of sedimentation between

. Pennsylvanian and Permian. -

7) General uplift at the end of Permian time with no Triassic sedi-
ments present and Jurassic sediments not deposited much east of the west-
central part of the state. Siouxana Arch actively uplifted for the last
time in post-Permian time.

8) Invasion of Cretaceous sea from the west with some contemporan-

eous uplift of the arch.

9) Strong post-Cretaceous upfolding of the arch and extensive
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erosion over the arch.

10) Tertlary continental deposition over the unconformity. Some
east to southeast post-Tertiary tilting.

Merriam and Atkinson (1955) studied the tectonic history of the
Cambridge Arch in Kansas. Figure 7 is a summary of their findings in
chart form. Although a more detéiled study, itiis in general agreement
with Reed's work.

Miller (1965) notes that a westward shift of the Cambridge Arch
axis from Furnas County. into Red Willow County is observable by compar-
ing his thickness map of pre-—Kansas City Pennsylvanian rocks with Carlson
and Reed's (1961) structure contour map of the Cretaceous Greenhorn For-

mation. Miller does not speculate on the time of this occurrence.

B Zone Structure

Local structure of the B zone on a regional scale is shown on Plate
VI. The B zone, on the average, has a dip of about 16 feet per mile (<1°).
North of McCook, in the Bed Canyon field area, an abrupt change in dip to
700 feet per mile (7%°) is attributed to faulting (Carlson, 1977, personal
comm.). The axes of three very low-relief anticlinal.trends are shown
from west to east as lines A-B, A-C, and A-D in the eastern half of the
county. The location of these axes correspond with the oil field areas.
Similar axes are detectable on CArlson's (1966) map of the present-day
configuration of the Precambrian.

These associations prompted the construction of 2 more detailed
structure map of the B zone (Plate VII). The five-foot contour interval

used on this map reveals irregularities on the regional structures des-
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eribed on Plate VI. Many of the anticlines are flattened with numerous
small closures of both positive (high) and negative ( depressed) relief.
This is especially noticeable in the Silver Creek, Sleepy Hollow, and
Northwest Sleepy Hollow field areas. Also, many of the anticlines have
steeper southeastern flanks. |

The best developed closures of positive relief are in the Ackman,
Danbury, and South Danbury fields. There,.closures range from 22 to 27
feet and occur along axes of the regional anticlines. Numerous other
closures of less thgn five feet are present in the other field areas.

Areas of closed depressions vary in lateral extent from many sec-
tions to less than one-eighth of a section. Four large depressions are
easily located in the northern two-thirds of the map area. All the other,
smaller, depressions are located in Sleepy Hollow field (Sec. 26, T. 3 N.,
R. 27 W., -and Secs. 3, 10, 11, T. 3 N., R. 27 W.). Thrée of these small
depressions have only one well for control, but all available data indi-
cate these are valid control points. The maximum slope in any closed de-
pression is two degrees (Sec. 3, T. Z N., R. 27 W.) and the maximum relief
is 22 feet (Sec. 18, T. 2 ﬁ., ﬁ. 27 W.).

In four parts of the map areas, steeply plunging southeastern flanks
of northeast-trending anticlines are prominent. However, as with the areas
of closure, these features are magnified‘by a small contour interval.

These flanks have a maximum slope of only three degrees (Sec. 9, T. 1 N.,

R‘ 27 Wn)o

Genesis of Structures

Two hypotheses to explain the anticlines are offered by previous
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wofkers (Milier, 1966; Larson, 1962). One is Miller's draping concept,
whefein localized highs result from draping.during sedimentation over
Precambrian knobs. Although Miller presents no supporting evidence, he
cites the findings of Walters (1946) as directly applicable to south~
western Nebraska. Miller calls the ;nticlines "pseudoanticlines."

Larson (1962, p. 2082) dismisses the draping concept, citing a map
that shows an abrupt increase in the thickness of the Stone Corral to
Lansing-Kansas City interval on the east sides of Ackman and Sleepy Hollow
fields. He reasons that the interval thickness should increase equally on
both flanks of an elevated feature if draping occurred, and that the local-
ization of fractures to these structures further refutes the draping hypo-
thesis. He explains that the steeper southeastern dips reflect probable
faulting in the basement complex.

Neither a hypothesis of draping or of faulting is necessary to ex-

. plain the present-day structure of the B zone. Miller and Larson confuse

paleostructure with present-day structure.. For support of the draping
concept, paleoknobs at the time of deposition of the draping sediment
would need to be demonstrated. No one has demonstrated this locally.

Thickness maps of pre-Kansas City Pennsylvanian rocks (Miller, 1966,

~ Plate IV; Burchett and Carlsomn, 1963, map 6) definitely show that the

axis of the Cambridge Arch was east; in Furnas County (Fig. 6, dashed
line) and give no suggestion of Precambrian knobs or structural trends

in the oil field areas at the beginning of Kansas City deposition. An
unpublished thickness map of the Pennsylvanian System by Burchett shows
that the axis was in Furnas County at the end of Pennsylvanian depositionm.
A thickness map of the interval between the tops of the Stone Corral and
the B zone (Plate IV) demonstrates that by the end of Stone Corral depo-

sition the,afea was tilted to the southeast and that no movement occurred
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on the arch during the time represented by this stratigraphic interval.
This is compatible with Meriam and Atkinson's findings (Fig. 7, this
study).

From these maps it may be concluded that the present-day struc-
tures seen in Réd Willow County on top of the B zone evolve& with a
westward shift (approximately 2—3‘miles) of the éxis of the Cambridge
Arch from Furnas County iInto the oil field areas locally, and that these
structures can be adequately accounted for és folds in the overlying
strata. Because the present axis of the arch is easily recognized on
a present—déy structure map of the top of the Cretaceous, it 1s prob-
able that the axis shifted at least as recently as Cretaceous time. It
is certain that the shift occurred sometime after the Stone Corral Forma-
tion was deposited. The shift probably occurred during the Laramide revolu-

“tion.

OCCURRENCE OF OIL

Relationship of Structure, Stratigraphy, and 0il

An association of structure and oil fields is apparent on the re~-
gional and detailed structure maps of the B zone (Plates VI and VII).
However, by comparing these structure maps with the maps that show all
wells prodﬁcing from the B zone in the study area (Plates VIII and iX),
it is obvious that most wells in Sleepy Hollow field and virtually all
wells in Northwest Sleepy Hollow field do not produce from the B zone
even though they are favorably located with respect to structure. Produc-
tion from the B zone is not a simple function of structure in those oil
fields nor in the fields that‘do produce from tﬁe zone. A stratigraphic

control is implied.




2

g

27 :

Mapping total thickness of producing intervals in the B zone (Plate
VIIT) and initial production rates of the B zone (Plate IX) gives some
indication of the degree of structural versus stratigraphic control.

Both maps show trends that correspond closely with the structures seen -
~on Plate VII and, where such is the ;ase, may be interpreted as indica-

tive of probable fracture trends. The best example of this is the trend
yqbetween South Danbury field and the western part of Silver Creek fiela.:
# Wilkinson (1953, p. 264) similarly used initial‘production trends to re-
Y veal fractures in the Sprayberry Reservoir of West Texas.

Those parts of Plates VIII and IX where no fracture pattern is ap-
parent may be indicative of a stratigraphic influence. For example, the
high initial production rates in the northern part of Silver Creek Fiéld
may be more related to stratigraphic than structural control. The B zone
production in the smaller fields and in the southwestern part of Sleepy
Hollow Field are difficult to relate to any kind of trend and are assumed
to be primarily controlled by stratigraphic factors.

The nature of stratigraphic controls of the B zone in Red Willow
Couﬁty are elusive. Unfortunately, more can be stated about what is
not a stratigraphic influence than what is. Neither thickness nor lith-
ology of the zone show trends tﬁat can be correlated with production. Al-
though possible fossil build-ups may have been an important stratigraphic
control,kthey are not documented in the literatﬁre or expressed in the
thickness of the zone as defined in this study. No paleotopographic fea-
tures have been demonstrated that would have influenced the depositional
environment of the zone or the accumulation of oil. However, if an un-
conformity is present at the top of the zome, its development may have

influenced the occurrence of oil. It is assumed that the source of the
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0il is indigenous to the limestomes.

it appears that the primary control of oll entrapment in the B zone
is stratigraphic but that the ability 6f the zone to produce oil is pri-
marily the influence of late structural adjustments related to the tec-
tonic history of the Cambridge Arch. These adjustments may have provided
the additional porosity and permeébility necessafy for possible migrations
of pil from relatively small isolated-stfatigraphic traps into larger
structural traps. At the very least, structural activity increased the
permeability of existing traps.

The westward shift of the Cambridge Arch affected only Red Willow
County. This may account for the abundance of dry holes and lack of
production from the Lansing-Kansas City to the north and south of the

study area on the western flank of the Cambridge Arch.

Recommendations

Regarding future production, several areas recommended for further
aﬁalysis are shown on Plates VIII and IX. Each is an area where favor-
able trends extending from producing areas correspond‘on both plates and
wvhere favorable structure is indicated on Plate VII. Such areas may have
the combined structural and stratigraphic controls conducive to produc-
tivity. A complete detailed analysis of all available data for the sur-
rounding wells should provide a more complete rationale for drilling than
this study offers.

Recommendations of a more academic nature aré: 1) isopach the B
zone as defined by Larson and examine roﬁary cuttings from selected

wells to document the presence or absence of fossil build-ups and estab-
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‘lish their relations to production; and 2) determine whether the upper

contact of the B zone is an unconformity, and, if so, determine its

lateral extent and relation to oil production.

SUMMARY

Production in the B zone 1s from combined structural and strati-
graphic traps. Although the structural influences are easily ldentified,
the stratigraphic controls are yet to be demonstrated. The B zone has

more potential for new oil wells on the periphery and between existing

fields, which makes the zone worthy of more drilling activity.
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APPENDIX A

This appendix shows electric logs and core descriptions of the B
zone in selected wells. Locations of these wells are identified by page
number on Plate I. Lithic descriptidoms are edited core reﬁorts except
where marked>by an asterisk (%), in which case.the cores were examined
" by the author. For the examined cores, Dunham's carbonate classifica-

tion and Munsell color chart symbols appear in parenthesis.

Explanation
DRILL : ) .
DEPTH 0 011l stain or residue
IN FEET 1 ’] Limestone
3090 — —T— 7
T—= Limestone - shaly g CGas
' /
3100 — —
———-| Shale - gray or green
3110 _ _ Bleeding o0il or show
' /62?/ Shale - red
3120 Q .
T - ater
— ' Shale - limy h
No core ’
Perforated interval
B Upper Limit
B B ZONE B

I End of log
I

/ : Lower Limit (unk?own)
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APPENDIX B

Appendix B presents most of the well log data compiled for this
study. These data are offered for their possible value to petroleum

operators and others. Well status and field name codes are shown on a

foldout sheet at the end of the;appendix for easy reference. All aster-

} F
isks (*) in the table denote estimated values. Any blank entries repre-

sent either unavailable or nonapplicable information. Although most of
the table headings are self-explanatory, a few of them require some

elaboration.

s




TABLE HEADING

EXPLANATION

IP BOPD

PROD M/S

PRODUCING
INTERVAL (S) IN
THE "B'" ZONE
(K.B. - DATUM)
TOTAL IS THICK-
NESS OF PAY

| ZONE(S) (IN FT)

Initial 24~hour B zone production only for
wells with single production and an-effec-
tive B zone thickness.

"g" indicates single pay zone production; "M"
indicates multiple pay zone production

Blank for wells with no B zone production. A
question mark (?) indicates an assumed B zone
effective thickness in an unlogged well as
determined by proximity to logged wells.
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