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or detrital material, known as “granite wash," covers large areas beneath Paleozoic
sediments (Merriam, Cole, and Humbleton, 19671).
The pre-Pennsylvanian Paleozoic rocks consist mainly of marine sediments =

limestone and dolomite and some shale and sandstone; chert is abundant in many of

-the units. Rocks of Cambrian, Ordovocian, Silurian, Devonian, and Mississippian

age are present in various parts of the State., Siluro-Devonian sediments are not known
to be extensively present west of the Central Kansas Uplift, The thickest sections of
pre=Pennsylvanian rocks occur near the centers of the basins where they have been pre-
served from extensive erosion, Pre=Pennsylvanian rocks are missing from the crests

of many of the uplifts, and unconformities are common and widespread in this part of
the section. A major unconformity occurs between rocks of Mississippian and Pennsyl-
vanian age.

Rocks of Pennsylvanian and Permicﬁ age occur almost statewide., Thin but
persistent units, characterized by cyclic sediments of marine and nonmarine strata,
can be traced over large areas of the Midcontinent region. Lateral facies changes occur
between the shallow shelflike areas and the deepcr basins. The numerous breaks in this
part of the section are usually marked by channel sandstones that occur at the disconformities.
The end of the Paleozoic is marked by a complete change in sedimentary and structural
conditions,

Rocks of Mesozoic age are predominantly thick accumulations of marine shale,
limestone and chalk, but nonmarine deposits of sandstone and shale are also widespread,
Mesozoic rocks are present in about the western haif of the State and increase in thickness
west and northwest toward the Rocky Mountain region. The basal units of the Mesozoic over-
step the older Paleozoic beds with pronounced unconformity. The upper limit of the Mesozoic

beds is also an unconformity that indicates another complete change of geological conditions.






and parallels and lies close to the axis of the Nemana Anticline. The bosifion of the
basinal axis near the Nemaha “ves the basin an asymmetrical profl;' with v

flank and a gentle east flank, Mississippian and older strata are upturned, truncated,

and overstepped by Pennsylvanian sediments on the west siae of the basin along the Nemoha
Aaticline. The present basin has been a depositional area since post-Arbuckle time,

first as part of the older North Kansas Basin, then as a separate feature, It was not

until after Mississippian time that the Forest City Basin came into being as known today.
During early Pennsylvanian time the basin derived sediments from the low chain of hills

of the Nemaha granite ridge. Lee and others (1946) have discussed the geology of the
Forest City Basin,

The principal gas~producing beds are shallow Pennsylvanian sands, Many fields,
now depleted, produced large quantities of gas, but the production was not adequately
recorded. The Mclouth gas field of Leavenworth and Jefferson Counties procuced gas
from basal Pennsylvanian sand and weathered Mississippian limestone (Lee and Payne,
1944), but is now used for gas storage (Merriam and Goebel, 1959b). Cumulative gas
production from the basin accounts for less than 1 percent of the State's total (Table 1),

Bourbon Arch.=The Bourbon Arch is a low indistinct structural feature having a
northwest-southeast trend (Jewett, 1951, p. 110). !t separates the Forest City Basin.
on the north from the Cherokee Basin on the south, |t has been shown as a unit with
no width (Fig. 2) and is not considered a major structural feature in this paper,

Cherokee Basin,~ The northwest part of the Cherokee Basin occupies extreme

southeastern Kansas, It is a shallow basin, which in early Pennsylvanian time developed
on top of the older Chautauqua Arch, It is probably more a depositional than a struc

basin, although a certain amount of downwarping took place to accommodate sedimer
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Figure 2.~ Relation of gas fields in Kansas with cumulative production known to exceed 10,000 MM c.f. to major
structural features (modified from Hilpman and others, 1964),



As in the Forest City Basin, the structural axis of the Cherokee Basin lies near and
parallel to the Nemaha Anticline making the basin asymmefricql., On the west flank
ik ot is trui 1 tl rest  ty _asin,
Gas production was first reported from the Cherokee Basin in 1873 from the
area of the lola field in Allen County, Mosi of the gas has been produced from
Pennsylvanian sands. Conservative estimates of cumulative gas production are about

8 percent of the total (Table 1).

Nemaha Anticline.-The Nemaha Anticline trends northeast-southwest across

Kansas, continuing north into Nebraska and south into Oklahoma, The narrow anti=
cline separates the Forest City and Cherokee Basins on the east from the Salina and
Sedgwick Basins on the west. The Precambrian granite core of the anticline comes
within dbout 600 feet of land surface near ihe Kansas-Nebraska line, but plunges south,
so that on the Oklahoma-Kansas iine it is about 4,500 feet below the surface. On both
sides of the uparched area, pre-Pennsylvanian siraia have been upturned, truncated, and
overstepped. Farther south along the ridge, near the Kansas~Oklahoma border, however,
the deformation is of less magnitude and sharpness, and the Paleozoic beds are folded over
the crest. The anticline is faulted along the east side in several areas. The Nemaha
Anticline was uplifted periodically in the late Paleozoic, at which time it divided the
North Kansas Basin, and formed the western limit of the Forest City Basin and the eastern
side of the Salina Basin,

Gas production from the province, ai.aough not significant, is from shallow sonds
of Pennsylvanian and Permian age. Much of the gos produced has been used in field
opéraﬁons. Less than 1 percent of the cumulative production has been recorded from

fields along the Nemaha Anticline (Table 1).
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Central Kansas Uplift.~ The Central Kansas Uplift is the dominant structural

feature of central Kansas. The uplift separates the Salina Basin on the east from the
~ugoton Embayment on the west, Before the formation of the Cherokee Basin, this
uplifted area continued to the southeast and connected with the axis of the old
Chautauqua Arch. Along the crest and flanks of thc uplift are several minor structures,
which differ in trend from the uplift itself, Precamorian rocks are overlain by Pennsyl-
vanian sediments, and on the flanks pre-Pennsylvanian sediments are upturned, truncated,
ana overstepped by Pennsylvanian beds, A good description of buried Precambrian
hills on the uplift is given by Walters (1944). The structural history of the uplift is
described by Lee (1953) and Walters (1958).

Gas production has been mainly from beds of Pennsylvanian age. Uniquely,
gas is produced from fractured rocks of Precambrian age in the Orth field of Rice County
and from "granite wash" in the Otis field (Stephenson and Moore, 1941). Production
from the Central Kansas Uplift has amounted to dbout 3 percent of the State total (Table 1).

Cambridge Arch.= The Cambridge Arch is a large anticlinal feature located in

Nebraska and Kansas, [t is elongated in a northwest~southeast direction on the same

trend as the Central Kansas Uplift and Chadion Arch of Nebraska. The trend forms an
arcuate chain of uparched features convex to the southwest. A low structural saddle
separates the Cambridge Arch from the Ceniral Kansas Uplift. On the crest of the structure, |
Precambrian rocks are overlain by strata of Pennsylvanian age; older Paleozoic rocks are
upturned, truncat::!, and overstepped on the flanks, The arch is flanked by several smaller
paralleling anticlinal and synclinal structures (Merriam and Atkinson, 1955).

No significant gas production nas been reporied from the Cambridge Arch,



Pratt Anticiine.- This feature is a large, broad, southward-plunging nose,

separating the Sedgwick Basin on the east from Hugoton Embayment on the west. Farther
souin in Oklahoma the strt v '~ it B N  EE TR R |
Easin and the Hugoton Embayment on the northeastern flank of the Anadarko Basin. On
the crest of the aniicline are severqi areas where Mississippian rocks are absent.

Slightly less than 2 percent of the State's total of gas has been produced from
the province, peak production coming before 1940 and again in the early 60's. Con-

siderable production has come from Viola, Simpson, and Mississippian rocks.

Hugoton Embayment .~ The Hugoton Embayment, a northern shelflike extension of

the larger Anadarko Basin of Oklahoma (Merriam, 1955) extends over paris of Kansas,
Colorado, Texas, and Oklahoma, The eastern edge of the siructure is formed by
the Prait Anticline, Central Kansas Uplift, and Cambridge Arch; the western limit
is formed by the Las Animas Arch, [t plunges south and the sediments generally thicken
both toward the axis of the embayment and south into the Anadarko Basin, The embay-
ment is reflected in Paleozoic rocks and is not expressed in Mesozoic and Teritary beds,
The big production in the province has been the gas from its namesake, Hugoton
Gas Area, of which more than 50 percent lies within Kansas, By definition, the gas
production from the Hugoton Gas Area, which was discovered in 1922, is entirely from
the Chase Group of Permian age. The reported procuction from ine field during 1939
was more than 32,000,000 M, c.f., in 1954 the production exceeded 346,000,000 M.c.f,
and exceeded 567,000,000 M.c.f, in 1964, which is about 70 percent of the State's
total production (Table 2} Cumulative production from the Kansas portion of the embay~
ment amounts to more than 76 percent of Kansas' total, Rocks of the Chase Group

are found in the Hugoton Gas Area at depths of about 2,600 to 2,950 feet below the surfcce.l



Table 2. - Percentage of the Kansas State total production from the Hugoton Gas Area

1964 70% 1955 85%
1963 ' 72% 1954 85%
1962 71% 1953 92%
1961 69% 1952 90%
1950 71% 1951 90%
1959 68% 1950 88%
1958 65% 1949 85%
1957 68% : 1948 77%

1956 73% 1947 75%




Pressure is anomously low for the depth; in 1963, shui=in pressure {rom selected wells
vercgec;i 350 psia. The reservoir of ine Hugoion Gas Area is a stratigraphic trap that
is due to the irregular distribution of porosity in dolomitic limestones along their strike.

A v otwe limit p
(Mouic and Jewett, 1942),

Additional gas reserves hqve been discovered within the province in recent
years; some are geographical within and siratigraphically below the Hugoton Gas Area.
The Pomona Gas Area is resiricted by definition to gas production from the Council
Grove Group, Permian. Of special significance in the area is the Greenwood Gas
Area which by definition includes only production from Lansing=~Kansas City and younger
Pennsylvanian rocks. Morrowan gas production from Boehm, Richfield, Adams Ranch,
Liberal-Light, Liberal Southeast, and Thiriy-One fields contributes an important quantity
of the cumulative figure (Kansas Geol. Soc., 1959). Mississippian gas production
is important in the Hugoton Embayment. The large McKinney field in Clark and Meade
Counties is perhaps the best example, and its discovery led to the development of other
new Mississippian gas fields in Kiowa and Zdwairds Counties.

Small quantities of shatlow-occurring gas have been produced from .. basal
part of the Pierre Shale and upper part of the Niobrara Formation (erfcceous) in
northwestern Kansas (Merriam, 1958).

NATURAL GAS PRODUCTION AND RESERVES

Cumulative natural-gas production of Kansas surpassed the 11,000,000 M. M.c.f.
mark in 1964 (Fig. 3). This is a fantastic volume considering it is more than triple the
total production of Kansas prior to 1949 and almost quintuple the amount prior to 1939.
Since 1954, annual production has exceeded 500,000 M.M.c.f., and since 1943 has been
more than 100,000 M.M.c.f. annually (Fig. 4). The 1965 estimated production,
an estimated 88.2 million dollars), is 800,082 M.M.c.f. from 8,356 gas wells, t

highest of all=time for the Sunflower Siate.
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Figure 3.~ Kansas cumulative natural-gas production rose above 11
trillion cubic feet in 1964, Permian rocks, mainly in Hugoton
Gas Area of western Kansas, have yielded about 74 percent
of total gas production, Pennsylvanian rocks are second,
Mississippian rocks third, and remaining is from Lower Paleozoic
"rocks (in part from Merriam and Goebel, 1960).
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Figure 4,~- Total gas production by year in Kansas from 1890 to 1964, Also shown is
year of discovery from each of structural features (in part from Merriam and

Goebel, 195¢).
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Gas from most Kansas fields is dry relative to other gas fields in southwestern
United States. Heating value of gas from the Hugoton Gas Area ranges from 750 to
more than 1,(
condensate per thousand cubic feet,

By far ihe greatest amount of gas has been produced from the prolific Hugoton
Gas Area (by definition, Chase Grdup, Permian,; Fig. 5). In recent years gas production
from outside and stratigraphically beneath the Hugoton has been gaining in importance.
Permian rocks yielded 74 percent of the cumulative total of the State through 1964. Pennsyl-
vanian beds have supplied the second-largest amount of gas, yielding doout 15 percent
of the total (Fig. 3). Lesser amounts have been obtained from beds of Mississippian age
(9 percent) and Lower Paleozoic rocks (2 percent). There is a notable absence of gas pro-
duction from Silurian and Devonian rocks in Kansas. A very minor amount of gas, produced
from Cretaceous reservoirs in northwestern Kansas, has been used locally.

Leading gas-producing fields in Kansas are listed in Table 3. The informaﬂor"‘
is based on recorded and estimated production to the end of 1964, Many of these fields
have received detailed study and are so noted., Location of fields with cumulative pro-
cuction of more than 10,000 M,M.c.f. are shown in Figure 2,

Helium, natural gas liguids, and carbon black are important byproducts of the
gas producing and extraction indusiry in Kansas, Development of these has assumed an
increasingly important roie in the Kansas gas indusiry. Helium, uniquely, is present in
o number of Kansas gos fields., Helium was discovered as a component of nofurczl gas in
Kansas by Cady and McFarland in 1208, The helium conservation program, supported by

the federal government, has resulted in the location of several extraction plants in western
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Kansas, either in gas fields or along major transmission lines, Although the helium content
of gas fields in southwestern United States is generaily less than 0.5 percent, annual yields
of helium are substantially high because of high withdrawal rate of gas.

Like crude oil, gas production since 1935 in Kansas is regulated according
io market demand by the Conservation Division of the State Corporation Commission,
Reserves of gas in many Kansas fields have been dedicated or in a sense encumbered
to certain interstate pipelines by the Federal Power Commission in the interest of
assuring marketing areas a long time suppiy. Through developmental drilling in
established gas fields and the opening of many new gas fields, reserves of Kansas
gas increased to a high of more than 20 irillion cubic feet in 1958 (Table 4). Since
then the production rate has exceeded the finding rate of new reserves and a steady
decline to 17 .4 irillion cubic feet in 1964 has occuired.,
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1946-64 in Kansas (in nart fram Mearriam and Gaehal 1905040

Tahle 4 .= Natural cas reserves*.

Year Natural gas Year Natural gas "~ Year Natural gas
(trillion c.f.) (rillion c.f.) (trillion c.f.)

1964 7.4 1957 19.3 1950 13.8

1963 18.1 1956 7.6 1949 14.5

1962 8.7 1955 16.3 1948 14,4

1961 19.2 1954 15.8 ‘]947 14.6

1260 19.6 1953 15.8 1946 13.7

009 20.0 1952 14.2

903 20.2 1951 13.5

*Zasea on AGA figures: 14.65 psia.
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