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PRELIMINARY INVESTIGATION OF LANSING~KANSAS CITY 

CARBONATE RESERVOIRS OF WESTERN KANSAS 

by 

Harold A. Brown 

INTRODUCTION 

In Kansas, the hydrocarbon productivity of the Lansing-Kansas 
City groups has been established for many years. It was probably in 
Butler County, during the year 1914, that the first extensive Lansing-
Kansas City production was discovered. It was during that year that 
the Augusta Oil Field was discovered, followed the next year by the 
discovery of the El Dorado Field, also in Butler County. 

Since the early days of exploration, Lansing-Kansas City pro-
duction has been established at various points throughout the western 
two-thirds of the state. It is in north central Kansas, in the area 
of the Cen!ral Kansas Uplift, that the Lansing-Kansas City along with 
other horizons ~as been the most prolific. However, in the last ten 
years it has become increasingly apparent in western Kansas that the 
Lansing-Kansas City has significant productive potential . 

• • For many years much of the oil industry believed Lansing-
Kansas City production to be controlled largely if not entirely by 
structure. There is a need to establish whether or not this concept 
is true or even partly true, particularly in the relatively unde-
veloped western portion of Kansas. 

PURPOSE 

The purpose of this 1teliminary :eport is twofold: 

(1) To investigate and evaluate the econoinfc aspect of 
Lansing-Kansas City production in terms of present day drilling costs, 
crude oil prices, and past production performance. 

(2) It is also the purpose of this report to describe and 
gain a better understanding of the factors which control production 
from the Lansing-Kansas City in the Eubank Field, Haskell County, 
Kansas. 

ECONOMICS 

Carbonate reservoirs in Lansing-Kansas City rocks of Penn-
sylvanian age are characterized by thin pay zones which occasionally 
are of very limited areal extent. In spite of this fact, however,· 
the Lansing-Kansas City has yielded an impressively large amount of 
oil. As of January 1, 1960, the cumulative oil production in Kansas 
was placed at 3-1/4 billion barrels (Goebel et al, 1960). Oil pro-
duction from Pennsylvanian carbonate rocks (Lansing-Kansas City and 
Marmaton) has been estimated at 683,832,127 barrels, or 21% of the 
cumulative Kansas oil production. Only the Arbuckle-Reagan exceeds 
this figure, having produced approximately 1-1/2 billion barrels or 
45% of the cumulative total. 

In the western two-thirds of the state (west of the 'red line 
on Exhibit No. 1), 1474 oil fields were actually counted (derived from 
production data given by Goebel et al, 1960). Of this total there are 
760 oil fields producing from Pennsylvanian carbonate reservoirs (col-
ored in green or yellow on Exhibit No. 1). This represents 52% of the 
totai oil fields in western Kansas. It should be noted that many of 
the Pennsylvanian oil fields are also productive from other horizons 
such as Arbuckle or Mississippian rocks. 
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Of these 760 oil fields, there are 334 fields which produce 
from Lansing-Kansas City rocks only. Data from these 334 fields are 
shown on Exhibit No. 4 where the number of fields (expressed in per-
centage of the total) is plotted against cumulative production. It 
is shown here that 62% of these fields have recovered less than 100,000 
barrels per field. Ninety-four per cent of these fields are class E 
(less than 1,000,000 barrels). Six per cent are class D (1-10,000,000 
barrels of oil). The largest known field is the Laton Field in Rooks 
County which has produced slightly over 6,000,000 barrels of oil to 
date. 

Data pertaining to all of the Central Division indicate that 
82% of all oil fields are class E, while 18% of all fields are class D 
or larger. 

Detailed analysis of individual field performances have given 
much information as to the economic feasibility of Lansing-Kansas City 
production. Thirty-three fields listed on Table I were selected for 
evaluation for the following reasons: 

(1) The selected fields produce from only the Lansing-
Kansas City horizon. (Production-data·reported by 
Vance Rowe 011 Reports in Kansas is given by field 
or lease without respect to the amount of oil from a 
certain horizon. Therefore, in fields with multiple 
pay horizons it is impossible to evaluate the Lansing-
Kansas City accurately). 

- (2) The fields range in size from small volume to large 
volume reservoirs. Correspondingly, the number of 
wells also range from a few (two) to many (175). 

(3) Wide geographic representation. 

(4) The fields selected Are old.er fields ranging in age 
from nearly seven years to 35 years. Production 
from fields drilled in the last few years has not 
declined sufficiently to enable an accurate predic-
tion of the expected life or ultimate recovery from 
the fields. 

In addition to the listing on Table I, annual production 
curves for eleven of the fields are shown on Exhibits Nos. 2 and 3. 
Data sl?:_own on these enclosures have been extracted from a variety of 
sources which are: Vance Rowe Oil Reports; Kansas Corporation Com-
mission; Goebel et al, 1961; Pan American Base Maps; Sterling, 1959; 
Oil Scouts Yearbook. 

The three production curves on Exhibit No. 2 are plotted on 
identical vertical scales. This was dona so that one field perform-
ance may be compared to another. The fields on this exhibit each have 
more than 50 wells, while the field production curves on Exhibit No. 3 
each have less than 50 wells. The curves on Extibit No. 3 are also 
shown on identical scales with the exception of the Sun City Field 
which had a very high average annual production per well. 

Commonly, the annual production curve reaches a peak during 
the first few years of the life of the field and then declines rather 
sharply to a point where the decline becomes nearly horizontal.• This 
type of curve seems to be characteristic of a reservoir with gas solu-
tion drive. 

In several instances, on Exhibits Nos. 2 and 3, additional 
wells were drilled in certain fields after the annual production 
curve had started to decline. In nearly all cases neither production 
curve illustrated was raised significantly because of the additional 
wells drilled. It is probable that the area drained by the newly 
drilled wells was· being drained by a previousl~ existing well or wells. 
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:~erefore, the wells were drilled too close together and the expense 
of additional wells was not necessary to achieve maximum recovery. 
Sun City) Rosedale, Prairie View (.Exhibit No. 3) and Adell and Huff-
stutter fields (Exhibit No. 2) illustrate this point very well. Ob-
viously the ultimate ROI would be significantly reduced in these cases. 

Although information is generally inconclusive, seconda~y 
water flooding increases Lansing-Kansas City recoveries by factors 
ranging from 52% of the primary recovery in Hall-Gurney Field in 
R~ssell County {Sterling, 1959) to' 75% of primary recovery in Fair-
por·t Field in Ellis County {personal communication with Di vision 
Production Department). A discussion of Lansing-Kansas City secon-
dary recove~y potential is outside the scope of this report; however, 
it is interesting to note that all of the data presented on Table I 
pertain t·o p!"imary recovery and that ultimate recoveries could be 
raised by the facto~s mentioned above. 

The data p~·esented under Column 1, Table I, represent the 
estimated area drained by each field. This includes total area in-
side the delineating dry holes. 

Column 2 shows the cumulative production for each field up 
to January 1, 1962. in the cases where the field is under water flood, 
secondary recovery is included in this figure. Fifteen of the fields 
shown are class D fields, while the remainder are class E fields. The 
mean cumulative production per field is 1,432,000 barrels. 

Column 3 shows the cumulative primary production for each 
field. !n the cases where certain fields are not under flood the 
total primary production is the same as the cumulative total shown 
under Column 2. The figure shown under Column 3 is the value used 
to compute a.11 of the data under succeeding columns presented on 
Table I. 

Coluw.n 4 shows the primary field recovery per acre. The 
values vary quite widely ranging from 710 barrels per acre up to 3900 · 
barrels pe~ acre. Gas-oil ratio, crude gravity, water saturation, 
type and amount of reservoir porosity and net feet of pay are all 
responsible for this variation. Some of the reservoir properties will 
be delved into later in this and following reports. The mean field 
recovery is 1685 barrels per acre. 

Column 5 shows the mean primary recovery per well in each 
field. It is interesting to note that most of the small recoveries 
per well are confined to the fields that are apparently draining less 
than 40 acres per well. The mean recovery per well in these fields is 
42,215 barrels. Conversely, the m~an recovery per well in the fields 
where the wells are apparently draining 40 acres or more (indicated 
by#) is 70,107 barrels of oil. In addition to the previous discus-
sion of the field production curves (Exhibits Nos. 2 and 3), it is 
again apparent that a large portion of the wells are not allowed to 
drain a large enough area. 

Column 6 shows the maximum number of producing wells that 
have been drilled in each field. The number of wells presently pro-
ducing in each field are shown on Exhibits Nos. 2 and 3 and may be 
considerably less than shown unde~ Column 6. Also shown is the aver-
age area drained per well in each field. 

Column 7 shows the estimated cost of drilling a well to the 
depth indicated. Estimates are based on Pan American.'s current drill-
ing exp,erience in western Ka.nsas. 

Column 8 shows the calculated field RO!. For comparison 
purposes the fields are again separated into the closely spaced fields 
(less than 40 acres per well) and the widely spaced fields (40 acres 
or more). The closely spaced fields have an indicated ROI ranging 
from .16 up to 5.3 with most of them closer to 1 or less. The mean 
ROI for these fields is 1.59. 
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Since it has been shown that the more widely spaced fields 
recover more oil per well, the ROI would naturally be vastly improved. 
The ROI listed under Column 8, for the widely spaced fields, indicates 
a mean RO! of 2.9 which will yield almost twice the monetary return as 
the closely spaced fields. 

Column 9 shows the estimated ROI for each field if that field 
were actually draining 40 acres per well. All of the closely spaced 
fields become much more attractive if developed on wider spacing. The 
average estimated R01 for these fields is 3.0 which seems to be corrobo-
rated by the fact that the fields that actually are draining about 40 
acres per well have an ROI of 2.9. 

Column 10 shows the estimated field ROI if that field were 
actually draining 80 acres per well. In this case the field ROI ranges 
from 2.1 up to 17. The mean of these values is 7. 

Column 11 shows the year that secondary water flooding projecta 
were started in each field. 

DISCUSSION - SUMMARY 

!t has been shown that a large portion of Lansing-Kansas City 
fields in Kansas was drilled by spacing development wells too close 
together. Nearly all of these wells are capable of draining a much 
larger area than permitted to drain. Hence, the recovery per well and 
the ROI is proportionately lower. 

_The 33 points plotted on Exhibit No. 9 represent the same 33 
fields listed on Table I. The mean curve (representing the mean field 
recovery of 1685 barrels per acre) demonstrates that a well draining 40 
acres will recover twice as much oil as an identical well draining 20 
acres. Obviously, the monetary return would be increased significantly 
due to the reduced drilling costs. 

In view of this evidence it seems very desirable to space the 
wells as far apart as practical. Projection of the mean curve up to 
80-ac~e drainage indicates that a well could be expected to recover 
about 132,104 barrels of oil. The ROI in this case could be expected 
to vary as high as 17 which is highly desirable (Table I, Column 10). 

The current practice in western Kansas is to drill Lansing-
Kansas City fields on the wider 80-acre pattern. None of this pro-
duction is old enough to establish a reliable production decline curve. 
However,- according to the Central Division Production Department, an 
80-acre bl_ock drained by one well will yield about 2% less oil than 
if it were drained by eight wells spaced on ten acres per well. Com-
pared to the sharply decrea~ed drilling cost, the 2% loss in ultimate 
recovery is insignificant. 

In recent years, per well allowables set by the Kansas Corpora-
tion Commission have encouraged wider spacing. 

The evidence indicates that the probability of finding large 
reserves in a single field is small. However, considering the Lansing-
Kansas City in general, a very large amount of the oil in Kansas has 
been extracted from this horizon. Obviously this large amount of oil 
has been extracted from relatively smaller but very numerous fields. 

Since the Lansing-Kansas City underlies nearly all of western 
Kansas, it seems logical to reason that a large amount of oil remains 
to be found in the less well developed areas. 

Therefore, with more knowledge and better exploration tools, 
these smaller but numerous oil reservoirs should be economic and con-
tinue to account for a very large amount of the oil produced in Kansas. 
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PRELIMINARY STRATIGRAPHIC STUDIES 

Lithologies strongly indicate deposition in very shallow 
wate~ shelf type, marine carbonate environment not dissimilar to such 
modern day carbonate environments as Great Bahama Bank, Florida Bay 
and the coastal areas of Cuba. By comparison to these modern car-
b-:mate environments it is amazing that these conditions prevailed· 
during Lansing-Kansas City time to the extent of covering many thou-
sands of square ~~les. Northward, the Lansing-Kansas City maintains 
its shallow water characteristics well into Nebraska and perhaps much 
farther. Westward these same characteristics are carried well into 
the Colorado subsurface where the entire Pennsylvanian system sys-
tematically loses its identity in the arkosic facies of the Fountain 
conglomerate. 

To the south, dipping into the Anadarko Basin, the Lansing-
Kansas City rathe~ ab~ptly chang~s facies from light colored shelf 
type carbonate deposits to dark shale and dark basin type carbonates. 
This line of change lies slightly south of the Kansas-Oklahoma line 
and runs about West-Northwest to East-Southeast across Beave~, Wood-
ward, and Majo~ counties in Oklahoma. 

Extensive electric log correlation wo~k was done throughout 
most of the Hugoton Embayment area in western Kansas. Descending the 
section from the top of the Missourian, each carbonate zone is desig-
nated A, B, C and so on to the base of the R zone which probably rep-
resents the base of the Marmaton group and the top of the Cherokee 
group (left margin of Exhibits Nos. 5 and 6). A siJI'ilar zonation 
system was devised by Morgan (1952) in the area of the Central Kan~ 
sas Uplift. A regional cross section revealed that there is no / 
correlation between the two areas. 

Surprisingly, electric log correlations will carry each zone 
for moderately long distances. However, later sample work revealed ,.. 
that varied lithologies existed in each :&one and that certain facies· • ·· 
could be carried laterally very short dist~nces. This observation _;/ 
seems to indicate the distinct possibility of stratigraphic accumu-
lation of hydrocarbons in the Lansing-Kansas City groups. 

NAT"JRE OF SEDIMENTATION THROUGHOUT PENNSYLVANIAN TIME 

It is apparent that vertical movement of the Anadarko Basin 
and surrounding areas continued in a single direction during Pennsyl-
vanian time. With variable rates of subsidence of the trough floor 
and surrounding areas, the sea maintained. its general tendency to 
deepen, and lithologic variations result from variations in the rate 
of trough subsidence and the rate of sediment deposition. When sinking 
predominates there is transgression, and when sedimentation prevails \J 
there is regression and regressive deposits are the result (Sears et, 
al, 1941). Since sedimentation prevails during regression, the basin 
and shelf areas are slowly becoming filled with sediments; thus forc-
ing the sea to retreat. Under conditions of basin filling, the rocks 
at the base of a given interval would naturally be deposited in rela-
tively deeper water than the rocks at the top of the interval. In 
western Kansas this phenomenon is recognized in the overall interval 
from the top of the "Morrow" to the top of the· "B" zone (Lansing). 
Dark colored shale and carbonate rocks were deposited at the base of 
this interval. Ascending the section, the depositional environments 
systematically alternate between relatively deeper to very shallow. 
However, the general upward trend is for the rocks to become much 
lighter in color with white chalk, oolitic and bioclastic zones rep-
resenting the shallowest environments. 

The criteria for establishing environment~ are based primarily 
on rock color, texture and fabric. Fauna]. assemblages being not well 
defined or limited to any particular type of rock are of limited value. 
However, the deeper water rocks generally contain more crinoid remains 
while the shallower water rocks reveal more brachiopod-pelecypod frag-
ments. Fusulinids an~· possibly algae are found mostly in the chalky, 
white colored rocks. 
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CYCLES OF SEDIMENTATION WITHIN PENNSYLVANIAN SYSTEM 

Detailed work with cores and drill cuttings has been done in 
Haskell, Seward and Finney counties in western Kansas. It is in this 
area that four major cycles of sedimentation are discernable within 
the interval from the top of the "Morrow" to the top of the Lansing. 
The stratigraphic positions of these cycles are indicated in the left 
margin of Exhibits Nos. 5 and 6. The rocks at the base of each cycle 
were deposited in relatively deeper water than the rocks at the top 
of each cycle. This depositional pattern is similar to the overall 
sequence previously described. The rocka at the base of each cycle 
are brown to gray micrites, dense (lithographic) and rarely porous. 
The shales throughout the section are black to dark gray. Gradually 
upward the carbonate rocks become lighter colored throµgh shades of 
brown, tan and white. The lighter colored rocks are also less in-
durated. 

The sediments near the top of each cycle were deposited 
above wave base representing the shallowest depositional environ-
ment. It is in these zones that oolites, occasionally mixed with 
various amounts of bioclastic debris, are found.- ft is alscf from 
these high energy zones that the vast majority of production has 
been found. 

EXAMINATION OF "J" ZONE 

Each zone within a sedimentary cycle probably represents a 
minor regression. Following the same pattern previously described, 
the rock at the base of each zone was deposited in deeper water than 
rock at the top. 

In the Eubank Field, 28S-34W, Haskell County, Kansas, the 
"J" zone (top of second cycle) is productive in several locations 
indicated on Exhibits Nos. 7 and 8. Because cores in this zone are 
available,most detailed stratigraphic work to date has been confined 
to this area. 

Oolite grain size varies vertically as well as laterally, 
as shown on Exhibits Nos. 5 and 6. The larger oolites were found at 
the top of the zone with a gradual decrease in size toward the bottom. 
This is further evidence that the top of the zone was deposited in 
shallower water (in higher wave energy) than the bottom of the zone. 
Individ~al grain size also varies in a lateral direction with the 
coarser particles being deposited gradually to the southwest. This 
indicates that as the sea floor slowly became shallower the sea was 
forced to retreat to the southwest. Hence the depositional strike 
of this zone was from northwest to southeast. This zone is interpre-
ted as a marine bank with oolites deposited at the top where the sea 
floor is the shallowest. 

C 

It is interesting to note that the oil occurs in the thickest 
part of the "J" zone (Exhibit No. 8). The production also occurs in 
the oolitic zone of intermediate particle size and not the larger 
size as might be expected. Data plotted on Exhibit No. 5 indicate an 
increase in permeability toward the isopach thick. Visual inspection 
of cores reveal that the oolite grains are tightly cemented southwest 
of the thick trend, but fair to good interparticle porosity is found 
in the thick trend. Considering this information, it is somewhat 
apparent that the hydrocarbons were in place very shortly after burial. 
The block diagram (Exhibit No. 8) shows in three dimensions the thick-
ness of the "J" zone which represents the structure on this horizon 
very shortly after burial. It can be seen that the gas accumulated 
in the thickest area with the oil appropriately accumulating "down-
dip" from the gas. All of the wells which found the "J" zone less 
than about 45 feet thick encountered small amounts of water, and in 
a few cases small amounts of oil. 

During Laramide time the Pennsylvanian strata underlying 
western Kansas~tilted from west dip to what is seen today as 

t.,vJ.... 



-7-

easterly regional dip. Accompanying this movement many of the pre-
Pennsylvanian structures such as Eubank were rejuvenated and tilted 
slightly. 

:If the oolites in the "J" zone became tightly cemented some-
time after the hydrocarbons were in place and prior to Laramide time, 
tt ia enttrely logical that trapped hydrocarbons would not shift posi-
tion during low order structural tilting or rejuvenation. 

If hydrocarbon accumulations did not shift, it is easily under-
stood why the gas well in NW NE Section 20 (Exhibit No. 7) is five feet 
low t.'.> the oil well j_n SE SW Section 21. It is also pointed out that 
many of the wells to the west in Sections 20 and 29 are flat to slightly 
high to the producing wells but are nonproductive from the "J" zone. 

Although the above inferences are made on data that in some 
cases a!"e inconclusive, it is nevertheless appa:rent that Lansing-Kansas. 
City production, in many areas at least, can be vitally controlled by ,'. 
adequate porosity rather than simple structural development only. /.• 

Work on the Lansing-Kansas City is still being done with the 
following objectives. 

(l) To understand more completely the factors controlling 
lateral development of oolitic areas within certain zones. These fac-
tors should be understood more thoroughly to accurately predict an 
occurrence of these marine banks in less well developed areas. 

(2) Inferences made in Eubank Field should be applied in 
other productive areas to determine their validity. 

(3) Porosity and permeability occurrences as related to grain 
size and hydrocarbon accumulation must be more thoroughly understood. 
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