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THE DEVELOPMENT OF THE REGIONAL STRUCTl.i""RE OF EASTERN KANSAS AND 

.ADJOINING ARRAS 'J} 

Wallace lee 

Iawrence, Kansas 

Abstract 

The rocks of eastern Kansas and adjoining regions have been 

gently folded during five principal periods of deformation. 

During each of these periods the pattern of the folding was dis­

tinctly different. Criteria for analyzing these structural 

movements have been developed. These are based on the concept 

that, if a sequence of rocks deposited above a horizontal surface 

is deformed before the development of a younger horizontal surface, 

an isopach map of the sequence of rocks betV'Teen the surfaces will 

be interpretable as a structure map. This concept and its limi­

tations are discussed in the first part of this paper. 

.!/ Published by permission of the Director, u. s. Geological 
Survey; prepared in cooperation with the State Geological Survey 
of Kansas. 
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In the region studied, nearly plane surfaces were eroded at 

the base of the Upper Cambrian rocks, at the base of the St. Peter 

sandstone (middle Ordovician), at the base of the Devonian rocks, 

at the base of the Chattanooga shale (upper Devonian or Missis­

sippian), and at the top of the Mississippian rocks. These 

surfaces and also depositional surfaces that were originally 

nearly horizontal, have been utilized in drawing isopach maps and 

in analyzing the structural history of the region. 

The first of the five periods of deformation studied in this 

way occurred after the basal part of the Upper Cambrian rocks was 

deposited and before the St. Peter sandstone (middle Ordovician) 

was laid down. The principal structural features that were formed 

were a deep syncline trending north from the central Ozark region 

into eastern Iowa, and a south-plunging arch (the Southeast 

Nebraska arch) on the crest of which the St. Peter sandstone now 

overlies pre-Cambrian granite • 

During the second period of deformation, which took place 

between the deposition of the St. Peter sandstone and the Missis­

sippian limestones, the Ozark uplift rose from the deepest part of 

the syncline in which the Cambrian and Ordovician rocks had been 
• 

deposited and the Southeast Nebraska arch became a subsiding 

structural basin, known as the North Kansas basin. These move­

ments were accompanied by the development of the Chautuauqua arch 

and the initial arching of the Central Kansas uplift. 
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The third period of deformation, which began during Mississippi­

an time and continued into the Permian, ie most clearly revealed by 

the beveling of the Mississippian limestones. O.iring this period 

of deformation the Nemaha anticline .,,_s formed and also the Salina 

and Forest City basin synclines. '!he Cherokee ba..sin syncline, which 

crosses the axis of t."fie older Chautauqua arch at right angles, .,,_s 

warped downward in early Pennsylvanian ti.me. The Ozark and Central 

Kansas uplifts continued to rise during this period. 

.!During the fourth period of defo:vrnation, "l'Thich occurred between 

Permian and early Cretaceous ti.me, the upper Permian and underlying 

rocks of eastern Kansas were tilted southwest toward the south­

pl~ing Hugoton embayment syncline in western Kansas, already well 

developed .after Mississippian deposition. 

The fifth period of deformation began after the deposition of 

the Dlkota formation and probably took place mainly after the close 

of Cretaceous time. :During this deformation the rocks of this region 

were tilted north toward a great basin in central Neb~aska, as shown 

by the ·present attitude of the ~kota. 

As a result of the repeated changes in the pattern of regional 

folding the surface rocks in many area.s .do not reflect the attitude 

of the older rocks. The ~ovement of' nascent oil and connate water 

must have been greatly modified from time to time by the changing 

patterns of deformation. 

{ -
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INTR0IDCTI0N 

Subsurface study of the geology of the rocks of Kansas in recent 

years has revealed that their present attitude is the result of 

at least five distinguishable periods of structural mo,rement. 

In some areas, the later movements reversed or otherm;se changed 

the direction and a~ount of earlier regional dip, with the result 

that the regional structure of the deeper rocks differs, in many 

places, from the structure of the surface rocks. 

The several periods of structural movene~ts have been 

analyzed mainly by cross sections and thickness maps prepared 

from w~ll logs. Inasmuch as the extent to which thiclmess maps 

can be used in the interpretation of structural movements may 

not be fully realized, by many geologists, it is desirable first 

to discuss the criteria used to analyze the diverse structural 

I ~ / movements of eastern Kansas and adjoining ar~as. 
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.., ~' tL/. I / ~, Criteria for 1:etennination of Structural Movement 
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/ If an originally fla.t surface such as X-JP of cross section A 

(fig.l) is covered by younger rocks to a uniform thickness and 

the rocks are then folded and beveled by erosion to the surface 

Y-Y' of cross section B~ the variations in the thiclmess of the . ' 
rocks between thP- two surfaces as shmm in cross section B will 

reveal th"' place and the amolmt of folding. The thin areas 

represent anticlines and the thick areas represent synclines. 
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Thickness maps will ta:i-a-- simulate structural maps if, as in cross 

section A, the limiting surfaces were originally horizontal planes. 

The fl-t surfaces that limit the sequence may be sedimentary 

surfaces like X-Xt of Figure 1, or the result of beveling by pene­

planation or marine planation like Y-YT of +.he same figure. It is 

obvious that thickness maps will:--not reveal structural movement with 

mathematical accuracy unless bot.-i upper and lower surfaces were origi­

nally geometrically plane and horizontal. Such surfaces are of course 

rare, although they were at times approached by sedimentation. When 

both the limiting surfaces are depositional like X-X', the variations 

in thickness reveal the struct~rc with a high degree of accuracy. 

When one or both of the· surfaces a.re erosional, the accuracy with which 

the structure is revealed by differences in thickness will depend 

upon hpw closely the surf.i.ces originally approached. horizontal planes. 

The following discussion refers especially to :regional structure. 

In order to dissociate the concepts from ideas of local structure, 

the horizontal distances represented in the diagrams in Figures l 

to 7 should be assumed to be about 100 miles. 

In FigJ.2, the line 0-0 1 of cross section A repres ents a deeply 

eroded surface. A thickness map of the unit between surfaces 0-0 1 

... 
2nd RR' will r epresent the approximate topograpcy of the surface 0-0' 

if this surface were covered without deformation. j..fter deformation, 

the surface 0-0 1 shown in cvoss section B will be modified by renewed 

erosion but in any case the structural movements can not be determined 
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from a thickness map of the unit because one of the limi tng surfaces 

did not even approach a horizontal plane. 

Under the conditions represented in Figur{3, where the erosional 

relief of the surface S-S' is small when compared with the regional 

deformation, the regional structure will be approximately shown by 

a thickness map of the unit between SS' and TT'. A, b, c, etc. 

represent wells that have penetrated the sequence at high and low 

points of the eroded surface. The use of data from these wells in 

drawing a thickness map will give a distorted impression of the local 

structure but the regional deformation will be approximately represent­

ed. 

: Although thickness maps may reveal the place and amount of 

folding, they do not reveal the sequence of events or the time of 

folding. In cross section A of Figu{e 4, the deformation of the 

assumed originally horizontal lower surface x~x 1 is represented as 

having taken place before the deposition of the overlying sediments. 

Undoubtedly some erosion of the anticlinal areas that were raised 

above the level of deposition would have occurred before their burial. 

The st~~cture indicated by thickness maps under these conditions would 

thus be somewhat less than the actual defornation. Cross section 

• • B of Figure 4 represents the folding and beveling of the rocks as 

having occurred at the end of the sequence of deposition. Cross 

section C represents the deposition of a sequence of rocks that was 

being deformed more or less contemporaneously with deposition. In 
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c, both the upper and lower surfaces are depositional. 

'Ihe thiclmess maps of units Jkp~~~under these different 
,' /1 

conditions will be i~ical and will reveal only the amount of 

deformation. In order to discover the sequence of events it is neces­

sary to construct such cross sections as A, B, and C, to determine 

the relation of the sequence to the overlying and underlying rocks. 

'Ihe conditions illustrated in Figure 4 are represented in the 

rocks of the region studied. Cross section A is exemplified by the 

sequence between t.~e top of the Mississippian and the base of the 

HP-rtha limestone at the base of the Kansas City group of the 

Pennsylvanian in Kansas. The beveled surface at the top of the 

Mississippian was deformed before the region was submerged in the 

Pennsylvanian sea (cross section B, fig. 21). Cross section B of 

Figure 4 is exemplified by the sequence between the base of the St. 

Peter sandstone and the top of the Chattanooga and Boice shale 

sequence (fig. 18). Both upper and lower surfaces of this sequence 

of rocks were beveled by erosion. Cross section C of Figure 4 

illustrates conditions tr~t prevailed during the Pennsylvanian when 

different~ warping was more or less contemporaneous with deposi.tion. 

Figure 5 shows the progressive deformation of a syncl~ne inter~ .. 
rupted by a low angular u..~conformity with topographic relief rep~e-

sented by V-V'. The variation in the thiclmess of rocks between 

U-U 1 and W-W' represents the total of many diffP.ren~l movements 

during the deposit:i,on of the.•sequence plus the movement that occurred 

during the hiatus at V-V'. Such e. sequence occurs between the Cotton-
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wood limestone member of pre-Beattie limestone of the early Permian 

of Wolfcamp age of Kansas, which is comparable to U-U', and the top 

of the Topeka limestone of late Pennsylvanian ag~, which is comparable 

to W-W'. The irregular line V-V' rE'!presents an · unconfom.able contact 

such as that between the Penns.ylvania:i and the Permian IBtrata. 

A more complex situation results when the sequence studied 

includes formations WA.rped by successiv~ structu?'al movements having 

different effects. In Figure 6, cross section A represents the situ­

ation after the beveling of folded rocks by the surface M-M'. The 

surface was buried by horizontal sediments that were later warped in 

a new and different fold as in cross section B. The new pattern of 

folding greatly altered the former structure of the rocks below M-M'. 

it is obvious that the regional structure of the beds above M-M' 

will not reveal the structure of the underlying beds. Cross section 

C shows the thickness of the unit between surfaces DD' and MM' plus 

the unit between MM' and NN': A thickness map of these •units combined 

would be affected by opposing structural movements and would reveal 

neither. 
,/ 

In Figure 6, the anticline at the right of cross section A has 

been sh~fted to the left and gr~atly raduced as a result of the .. 
later synclinal folding shown in cross section B. Something like this 

when the west-trending CP.autauqua arch, which developed in south­

eastern Kansas between St. Peter and Mississippie.n time, was crossed 
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in early Pennsylvanian ti.me by the north-trending Cherokee ba.sin 

syncline. Such reduction or l'"limination of regional structural 

feRtures by later movements is not uncommon and a number of 

other examples of the kind in the Kansas-Missouri area will 

be mentioned later. 

In the use of thickness maps as guides to reveal structural 

movements, the relations of the sequence tn the underlying and 

overlying rocks must be considered in order to be sure that the 

limiting surfaces used were originally flat. In Fi/m.e 7, cross 

section A shows the thickness of the rocks between surfaces 

X-X' and Y-~'. Y-Y' is known to have been originally a plane 

horizpntAl surface. X-X' in other areas has proved to be a 

beveled surface with almost no erosioru:tl rAlief. The variations 

in the thickness of rocks between X-X' and Y-Y' thus suggest 

• the occurrence of a beveled syncline such as is shown in cross 

section B. HowevP-r, if the thickenj_ng of the sequence between 

X-X' and J-Y°' is accompanied by a compensating thiI]Iling of the 

underlying rocks, it becomes evident that the original beveled 

surface at the base of tbe sequence was trenched by a broad 

valley befnre resubmergence and that the thickening of these-

• ' quence Y-Y' to X-X', which i'V'ould ap9ear on a t:tiickness rc.ap, is 

due to its deposition in a pronou;1cl!'c l'"rosional basin and not. to 

i/ 
deformation. ~igure 8 shows a diagrammatic cross section of 

such a valley eroded in the pre~Ghattanooga surf~ce in central 

'. ... ..... ~-
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Kansas (Lee, 1940, pl. 4). '!be valley, which is about 40 miles 

ride and about 150 feet deep, was later filled by Chattanooga shale. 

The selection of units for which to make thickness maps that 

will be significant in interpreting stnu.ctural movements requires 

consideration of thP- character of the limiting surfaces of the 

units. Some suitable surfaces are illustrated as Y-Y' in the 

diagrammatic cross sections of Figure 9. Cross section A represents 

a cyclical sequence of rocks that Wc.s being differentially tilted 

toward the right during its depositiono The surfaces of most of 

the form.a tions may be assumed to have been originally rlane and 

horizontal, but some surfaces such as X-X' that were eroded during 

emergent phases between the cycles of depoei.M.on are less desirable 

than others for drawing thickness maps significant of structural 

movements. 

Cross section B represents an eroded sequence of rocks over­

lain unconformably by younger formations laid evenl;racross the 

beveled outcrops of the older formations. Residual hills of low 

relief on such a surface as Y-Y' may confuse the expression of local 

structure on thiclmess maps without seriously impairing their use­

fulness in interpreting regional.structureo . ' 
In the midcontinent region where the seas were seldom if ever 

deep, the base or top of any formation of nniform thickness or the 

base or top ofl any formation that thickens with regularity, as in 

cross section C, may be assumed to h8.ve been at one time flat and 
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11ft essentially horizontal. Some m◊dification of this assumption must 

be made in offshore areas of deep and rapidly subsiding basins Bf 

other regions where, in some cases, beds were deposited with initial 

dips. 

Cross section D represents a beveled surface that was tilted 

before the deposition of the sequence X-Y'. The relation is in-
,, 

dicated by the regular overlap of the various f/I\¢nations toward the 

left and an increase of the hiatus in the same direction. A thick­

ness map of the sequence L-Y1 will represent the deformation that 

preceded the sequence, but will understate the structural movement, 

because the area on the left may have suffered some erosion before 

submergence. Such erosion occurred in early Pennsylvanian time on 

the crest of the rejuvenated Nemaha anticline, (fig. 22). 

In cross section E, the tilting of the beveled surface was 

progressive and occurred during the deposition of the sequence X-Y' 

(compare fig. 12). Overlap as sh0\111 on the left may occur, but the 

test of the value of the surface in interpreting regional atructure 

lies in the regularity of the thicke.ni.."'lg of the lower uni ts of the _J 
sequence X-Y'. 

APPLICATIOU OF CRITERL\ - ' These criteria of structural movement were first used in 

Kansas in the study of that part of the Forest City basin that is 

in Kansas (Lee, 1943). Later they were applied to a study of the 

whole Foresti.Ci ty basin. In this project, Reed of the Nebraska 

-~-·-- _. :.-
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Geological Survey, Hershey 1Jf the Iowa Ceolosical Survey, and McQueen, 

Greene, ~nd Grohskopf of t.~e Ifi.ssouri Geological Survey, collaborat~d 

with the writer, who re:::-r~sented the Stat~ Geological Survey of 

Kansas and the United St~tes Geological Survey (Lee, Grohskopf, 

Hershey, and Reed, 1946). Thickness studies t-::-- the writer, in collabor'.it i r,n 

with Constance Leatherock and Th1'odore Botinelly of th'"! Gnited States 

Geological Survey, have since b~en extended across the Nemaha anticline 

into the Salina basin, (Lee, Leatherock and Eotinelly, 1948). Thickness 

maps compiled from these reports reveal the structural development of 

eastern and central Kansas, south~ast ern Nebraska, southern Iowa, and 

northern Missouri, DI.ta exist for the compilation of similar thickness 

maps in Illinois and adj~~ent states and in Oklahoma. It is probable 

that ,"!i-1e:. thickness maps for lc?.rg:er areas have been added to the 

Kansas and Missouri nucleus, the lmr deformational swells that charac,-. 

terize most of the structural features of the midcor.tinent regio~ 

will be found to be linked to distant and more pronou.~ced orogeni~s. 

The original :-naps of the rerorts mentioned w~re drawn with lines 

of equal thickness at 50 to 100-foot intervals. In order to avoid 

confusion, in presenting the data on small maps, the thickness intervals 

of the original maps have been increased and most of the local details 
• 

of thickness have been suppressed • 

The skeletonized columnar section (fig. 10) shows the relz.tive 

position of the stratigraphic units discussed in t his paper. Be­

cause of the r.-.Any 'Jllconformities, the f ull seG_uence of formations 

i s not repr€sented at any point in Kansas, and ~a ch of the fo.I'IJlcltions 
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is absent in parts of the areas. 

Of the many unconformities recognized in the pre-Cretaceous 

rocks, five produced essentially flat surfaces beveling rocks that 

had previously been extensively deformed. These surfaces occur at 

the base of the Upper Cambrian rocks, at the base of the St. Peter 

sandstone or Simpson group, at the base of the De¥ccian rocks of the 

area, at the base of the Chattanooga shale of late &vonian or 

Mississippian age, and at the top of the Mississippian rocks. These 

surfaces and also depositional surfaces that were originally nearly 

horizontal have been used in the preparation of the thiclmess maps. 

It is probable that these major angular unconformi ties will be 
recognized. · 
i:-econgip,ue in broad areas adjacent f,ty Kansas and even in some 

distant regions. furing some periods of exposL1re, t}?.e warp~d strata 

were evenly beveled, in Kansas, but it is possible that lthese may 

be traced elsewhere to areas of considerable topographic relief. 

• FIRST PERIOD OF DEFORMATION 

The first period of defonnation is revealed in Figu(. ll by 

the variations in the thickness of the rocks between the base of 

the Upper Cambrian and the base of the St. Peter sandstone. The St. 

Peter sandstone is correlated with the sandstrme member of the Simpson 

• 
eroup of central Kansas. South of the Chautauqua arch in KAhsas, 

t he Simpson group bec 0mes thicker by additions at the base (Lee, 1949). 

Throughout most of eastern and central Kansas, the St. Peter overlies 

a beveled ~urface on which rocks ranging in age from the pre-Cambrian 

(Lee, 1943, fig. 9) to the Smithville formation (Mc~ueen, 1931, 
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pl. 12) were exposed. 

Although the surface of the pre-Cambrian rocks upon which the 

Upper Cambrian rocks were deposited was an erosional surface, it se0Jll8 

to have been essentially f'lat in Missouri and in broad areas in Kansas. 

All but one of the wells drilled to the pre-Gambrian in Missouri 

encountered Lamotte eandstone overlain by Bonneterre dolomite, but 

the variations in the thickness of the Lamotte sandstone beneath 

the regular and persistent Bonneterre ·::- dolomite imply som.e topo­

graphic relief'. In central Kansas, quartzite hills rose 200 feet 

or more above the regional plain ('Walters and Price, 1948), but the 

erosional relief of the pre-Cambrian surface, thus revealed, was low 

compared to the structural relief that had developed before the 

deposition of the St. Feter. In northeastern Oklahoma, hills of pre­

Cambrian rock are believed to Mve survived until late Arbuckle 

time. In Vernon County, Mo., opposite Fort Scott, Kan., McQueen 

(1931) reports that a hill of pre-cambrian rocks is capped by the 

Gunter sandstone member of the Van Buren formation at the base of 

the Ordivician. The Lamotte and Bonneterre formations are absent 

in considerable areas in eastern Kansas and e:U,ewhere, but except in 

areas of local relie! they 

• 
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seem to have been deposited and lat,er eroded. 

The upper surface of the pre-Simpson sedimen+,ary s~quence 

was extraordinarily flat. 'Ibis is indicated by the re6ul4r thick­

ness of the St. Peter sandstone in central and eastern Kansas and 

northern Missouri, where it is rarely less than 50 feet or more 

than 100 feet thick in an area several hundred miles in diameter. 

However, much greater thickness of the St. Peter have been drilled 

in three or four wells of the hundreds of wells drilled. In one 

well the thickness was more than 400 feet. These unusual thick­

nesses of Sto Peter sandstone were probably deposited in sink holes 

or in local channels incised on the otheI"l\"ise level surface. 'Ibey 

have been ignored in drarlng the thickness maps. 

Figure 11 shows by lines of equal thickness, drawn at 200.-

foot interva.ls, the thickness of the sequence between the base of the 

Lamotte sandstone and the base of the St. Peter sandstone in northern 

Missouri and parts of Kansas, based on studies of wells in Missouri 

by Mc~ueP.n (1931) and in Kansas by Kercher and Kirby (1948). 'lbe 

Map shows an c1.rea in northeastern Kansas., called the Southeast 

Nebraska arch, wherE the St. Peter rests on pre-Cambrian. granite. 

BP-fore the deposition of '"the St. Peter, rocks ranging in age from 

• Lamotte sandstone to Jefferson City dolomite were beveled. Tney 

cropped out in more or less cor.centric bands around the exposed 

pre-Cambrian cor~ of the Southeast Nebraska arch. 'Ibey appear east 

of the arch and increase in thickness eastward to more than 2,000 

feet in northeestern Misso1..1ri, revealing a beveled syncline 
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trending from north to south in eastern Missouri and Iowa fonned 

prior tn the deposition of the St. Peter. The Southeast Nebraska 

arch ~s probably never raised very high above sea level but was 

beveled, step by step, as fast as the surface was -exposed to erosion. 

Unfortvnately, the rr~p shmving the thickness of the rock 

sequence betrreen the St. Peter sandstone and the base of the Lamotte 

sandstone cannot be extended into the Ozarks, or into the areas of 

of the Chautauqua arch and th•~ Central Kansas uplift, because the 

St. Peter, which forms the upper limit of this sequence, was later 

eroded from these anticlinal areas. The Roubidoux fornation, 

however, has survived. I ts upper surface was a dP-posi tional surface 

suitable for u~e in drawing a thickness map of structural signifi­

cance. In the Ozark area. of southern Missouri, the thickness of 

the sedimentary rocks from the top of the Roubidoux dol'l!l to the 

top of the I.amotte sandstone (fig. 11), shows that the south­

pllmging syncline 1ras already well developed there also by the end 

of Roubidoux time. 

The defo.:mation sho~n by the thickness lines L~ Missouri was 

not the result of movements that occurred just before the deposition 

of the St. Peter sandstone, but was the result of a long series of 

• sw~lL.movements. This is illustrated by cross section A-A' of 

FigureVJ.2 which extends from central Kansas to southeastern Missouri. 

The wells are cor~~lated on the top of the Roubidoux form.3tion, 

The wells of Missouri reveal beveled surfaces at the base of the Potosi 
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dolo~ite, at the base of the Van Buren formation, and at the base 

of the Roubidoux forr.iation. Each of these surfaces is overlain by 

deposits teat overlapped to-ward the west upo~ beveled outcrops of 

older formations. 

In Uissouri, the Van B~ren and Gasconade sequence overlaps 

from Proctor to Eminence and in Kansas wedges out on the beveled 

surface of the Bonneterre dolomite. 'Ihe Roubidoi.l.~ fonnation, in 

Missouri, everywhere overlies the Gasconade dolomite. In Kansas, 

however, it overlaps in succession toward the west, the beveled margin 

of the Van Buren and_ Gasconade sequence and the Bon.~eterre, and over­

lies the pre-Cambrian in some anticlinal areas. 

These relations imply that the Ozark basin began its subsidence 

at least as early as Potosi time and that subsidence was inter­

mittently active during the remainder of Arbuckle time. 'Ihe deform­

ation that immediately preceded St. Peter time was only the final 

increment of a long series of similar movements. 

It has been assuzr.ed by some geologists that the thinning or 

absence of the lower part of the Arbuckle group in places in central 

Kansas, as in Barton and Greenwood ~ounties, indic~tes the occurrence 

of pre-Cambrian hills tha·t remained unsubmerged until Roubidoux 

• 
time. In the light of relations shown in this and other cross sections 

(Kercher and Kirby, 1948), it is difficult to explain the presence 

of Bonneterre dolomite and Lamotte snndstones below the Roubidoux 

form~tion on the flank of pre-Cambrian rocks in Barton and Green-

wood Counties (fig. 12) without assuming that the Eonneterre and 
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some other persistent fonr~tions were originally deposited through­

out the area and that they were eroded frorr. the crests and bev<!!led 

ont~"flanks of pre-Roubidoux anticlines. If these a.reas represent 

pre-Cambrian hills, the Bonneterre and Lamotte must have: been de­

posited in Kansas some 2,000 feet higher thar.. in Missouri without 

commensurate thinning of either formation. 

The arch in Greenwood County (well No. 5), which is beveled by 

the Roubidoux formation (fig. 12), is the southern extension of the 

Southeast Nebrask~. arch, which reaches into Oklahoma. The minor 

syncline in McPherson County (well Noo 4) trends northward. It is 

probable that the pre---Roubidoux arch in Barton County (well No. 2) 

is parallel to the other structural features of the time, although 

there is as yet no direct evidence. 

SECOND PERIOD OF DEFORMATION 

The second period of deformation began after St. Peter tiCTe and 

continued intermittently until~the deposition of early Mississippian 

limestones. During this period successive structural movements fol­

lowed a pattern of folding different from that of the first period 

of def orni.a ti on. 

Figure 13 shows by J.i.nes of equal thickness drawn at 200-foot 

intervals, the thickness of the sequence of rocks f~om the base of 

the St. Peter sandstone to the base of the Devonian rocks. The 

beveled surface at the top of the sequence increases loc8lly at the 

expense r,f the overlying Devonian iiocks. These relations reveal 
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that in some places, hills stood as ~uch as 70 feet above the pre­

iDevonian plaino (Lee, Grohsktl>pf, Hershey and Reed, 1946, sheet 3). 

These irregular-i ties c_onfuse the details of local structure but the 

relief on the pre~Devonian surface is too low to interfere !Tlaterially 

with the interpretation of the regiona.l structure. 

During the deposition oft.his sequence there was in some areas 

a complete reversal of the structural movement that took place 

during the first. period of deformation. The Ozark arch rose from 

what bad been a subsiding basi...v1 during Arbuckle t.i..'!lo and the South­

east Nebraska arch became an area of subsidence known as the North 

Kansas basin. During the deposiUon of this sequence the North 

Kansas basin was part of a broad, gradually subsiding syncline that 

extended into eastern Iowa and flanked the contemporaneously rising 

Ozark region. 

Tne Ozark uplift, the Chautauqua arch, and possibly the Central 
, ------,.,;-N-.-..• ,,••~-.-f"-•-,.--.,.,~-.,.,,i,::.1.,_,..,.'";·c.,,-t,,•~ 

Kansas uplift began to develop shortly after the deposition of the 
~ --'-""'•.'.':">-.,,,~•-'••>A._. •• _,. ' .. ,. ,• •• • • .,v ••' , ..... 

St. Peter sandstone. The center of the North Kansas basin subsided 

more than 900 feet below t.½e beveled wzrgin of the pre-Tievcnian se­

quence of Y..ansas on the flank of the Ozark uplift and probably more 

than 1,000 feet below its beveled 0cre~t. 
• 

Cross sec t ion A-A 1 of Figure 13, which is shown in Figure 14, 

extends northeast from the flank of the Chautau~ua arch in Central 

Kansas to the margin of the North Kansas basin near the Nepraska 

line. The wells are correlated on the top of the St. Peter sand-
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3tone. The cross section shows the thickening of individual for­

mations tov,ard the North Kansas basin. Wells Nos. 3 and 4 show a 

pre-Chattanooga valley. The irregularities in the basinward 

thickening of individual format.ions are due, at least in part, 

to erosional relief on some of the contacts, especially at the top 

of the '. Sylvan or Maquoketa shale, in part to the deviation of the 

cross section from a straight line, and perhaps in part to local 

structural movements. 

Figurh5 shows the pre-Devonian areal geology. Rocks in 

central Kansas that were later removed by erosion have been restor,,.. 

ed. The Silurian rocks are present in the synclinal area of the 

thickness map (fig . 13) and the older formations are beveled in 

bands flankin.g the areas of uplift. The erosion th.at preceded the 

deposition of the Silurian rocks removed the Maquoketa or Sylvan 

shale froCT an area in central Kansas near the Nebraska line and as 

a result the Silurian was deposited on the Viola limestone in 

that area. The distribution of the Sylvan shale in central Kansas 

suggests ti:ia t the sRddle separating the Chautauq_ua arch from the 

central Kansas uplift was already establishedo 

The next phase of +,~e second period of defor::!Vition is shown v . 
in Figure 16 by the thickness of the Devonian dolomite and lime-

stone se4ue~ce, which was deposited upon a beveled surface and was 

similarly beveled by erosion prior to the deposition of the Chattanooga. 

The thj.ckness lines are dr81V:l at 100-foot intervals. 
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Throughout most of the region the pre-Chattanooga surface was 

exceptionally flat and very perfectly bevels the ~evonian lime­

stones;.a-id old~r rocks. A great many wells have been drilled 
S OtA.f It e-.s/~l'lf 

through the Chattanooga shale in ~ot~Q7~ten and northeastern 

Kansas. In most areas its :: thiclmess increased. gradually northward 

with great regularity. This rgg':18-rity could not have occurred if 

there had been marked erosio:ial relief on either its upper or lowP.r 

surface. 

However, in central Kansas the determination of regional move­

ments based on the thickness of the .Devonian limestones is compli­

cated by a pre-Chattanooga valley, already mentioned, which drained 

from east to west and was joined by a tributa.ry from the south 

(fig. 17). These valleys were eroded through the Devonian lime.... 

stones and into the underlying formations, leaving an outlier of 

Devonian limestone. The mairr~valley, as shown diagrammatically 

in Figure 8, was 40 miles wide and more than 150 feet deep (Lee, 

1940, pl. 4). In these valleys the shale increases in thickness 

at the expense of the underlying rocks, so that the lines showing 

tl1e thickness of the Devonian limestones are without structural 

significance in these areas. 

• The contact oi the upper surface of the DeYonian limestones 

with the overlying Chat.tanooga, shale was destroyed in much of 

southeastern Nebraska, by pre-Pennsylvanian erosion, so that the p::-e­

Chattanooga thiclmess of the Devonian cannot be contoured in that 
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area. P.owever, enough of the upper suface of the sequence remains 

in mare;inal areas to reveal that the North Kansas basin continued 

to subside during and after deposition of the DeVonian limestones. 

The syncline tba t earlier flanked the Ozark uplift on the north 

ha.a been broken into two basins elongated toward the sout:i and 

separated by a well-developed anticlinal divide. 'Ihe trend of these 

structural features suggests that they were th~ result of stresses 

that later produced the Nemaha anticline. The helt of thinning 

shown extending south from the southeastem corner of Nebraska in 

Figur€ 16 reveals a pre-Chattanooga anticline more than 250 miles long. 

The Falls City oil pool of Nebraska lies on its ~orthern extension. 

Inasmuch as this fold closely parallels the Nemaha anticline, which 

had its major development m'.!ch later, ~,initial movements of the Nemaha 

anticline may have accompanied this pre-Chattanooga folding, although 

direct evidence is not available because of post-Mississippian er,osion. 

Thickness maps of sequences younger than the Devonian limestone do 

not reveal any later activity of this pre-Chattanooga anticline. 

The Ozark area, the Chautauqua arch, and the Central Kansas uplift 

were re-elevated and beveled before deposition of the Cha ttanoog£i. 

shale. The separation of the last two structur~l features was de-
• 

finitely brought about at this time, as is shown by the preservation 

of the Devonian outlier in the saddle between them. Devonian li~e­

stone (which ":ms probably originally deposited across the Ozark 

uplift and poss'i bly upon the Central Kans<'s uplift) and most of the 

rocks of Simpson age ·.vere eroded from these post ti ve and rising 
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areas. Rocks ranging in age from Simpson to Devonian now flanked the 

rocks of the Arbuckle group exposed on these rising areas in the pattern 

made familiar in Kan~as by McClellan's map of the distribution of the 

pre-Chattanooga formations (McClellan, 1930), except that the Nemaha 

anticline shown on that map was not yet in existence. 
p 

Ig.cks of 

Devonian and s®urian age are not now present on the southwestern 

flank of the Central Kansas uplift. 

The subsidence of the North Kansa3 basin during this interval 

was at least 600 feet below the beveled margin of the Devonian car­

bonate rocks on the flank of the Chautauqua arch and probably as 

much as 1,000 feet below the beveled structural crest. 

Figure 17 shows by 100-foot thickness lines the present thick­

ness of the shales between the pre-Chattanooga surf;i.ce a~d the base of 

the Mississippian limestones. 

The Boice and Cbattano9ga shale sequence was removed by post.­

Mississippian erosion from much of southeastern Nebraska and ncrth­

eastern Kansas on and west of the Nemaha anticline. The original 

distribution of the shales is thus not known. The dashed lines in 

the :eroded area, which are based on da tel -from areas where the Miss­

issippian limestone remains, suggest the original thickness of the 
• 

sequence. There is no reason to doubt that shales were deposited 

across the area subsequently raised by the Nemaha anticline, but the 

location of the western margin of the basin is speculative. It 

seems probable that the Chatta.~ooga shale did not cover the rising 

areas of the Ozark and Central Kansas uplifts but that it was deposited 

upon their flanks in areas from which it was later eroded • 
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Th~ variations in the thicknP.ss of the shale sequence east of 

of the Nemaha anticline where it is still overlain by Mississippian 

limestones reveal that the southerly elongstion of the North Kansas 

basin, which is shown by the thickness map of the Devonian limestones 

(fig. 16), continued at least to the beginning of Mississippian lime­

stone depoaition. 

Movement of the Chautauc;_ua arch is shmm by the interpolated 

50-foot thickness line, which reveals a low structural arch pllll'lgiP,e 

westward. A similar but more pronounced structural arch extended 

northward from the Ozarks to- southwestern Iowa. This arch continued 

to separate the North Kansas basin from a basin in southeastern 

Imra. 

The surface of the Devonian limestone in the North Kansas basin 
~ 

subsided more than 250 feet below the flank of the Ozark uplift. 

Most of these shales, which are commonly referred to as "the Kinder­

hook, 11 are of doubtful age. They are for most part correlatives 

of the Chattanooga and Grassy Creek shales of Missouri, which some 

geologists believe to be of Devonian age. The hematit~ oolite am 

and the overlying shale sequence in sJoutheastern Nehraska and 
-..../ 

northeastern Kansas, described by Reed (1946) as the Boice shale, 
• 

are probably of Kinderhook age. Th~ Boice shale lies in appar~nt 

confonnity below the 100 feet of Kinderhook lir.:.estones at the base 

of the Mississippian in that area, but it rests unconformably on the 

underlying Chattanooga. Both the upper and lower surfe.ces of the 

Chattanooga and Boice shale sequence were exceptionally flat except 
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the lower surface ln the valley areas in central Kansas. Surviving 

parts of these valleys that seem to have had a trend toward the north­

west are shown by the 200-foot thiclmess line, which in this area has 

no structural significance. 
I 

Figure 18 shows by 100-foot iaopachous lines t.~e overall thick-

ness in Kansas of the rocks between the base of the St. Peter and the 

base of the Mississippian limestones in the areij in which both these 

datum beds survive. It is also interpret.e.ble as a structure map and 

sums up the results of the several similar movements shown by the 

three preceding thiclmess maps. It records the total deformational 
s 

movements that modified the originally flat ft. Peter sandstone 

during the second period of deformation. The regularity of the lines 

is due to the exceptional smoothness of the limiting surfaces, which 

eliminates errors that were introduced into the other maps by the use 

of intermediate imperfectly beveled surfaces. ThP lines are broken 

in areas from which the Mississippian limestones have been eroded. 

This map shows a subsidence of the North Kansas ba.sin of 1,100 

feet in the areas where both the u.pper and lower surfaces of the 

sequence survive. In the cent.er of the North Kansas basin, where 

both the shales and the upper part of the Devonian have been eroded, 
40 

the subsidence was several hundred feet greater. The St. Peter 

sandstone and lower rocks of the seque!lce were ~ed f'rom the crests 

of anticlinal areas. The base of the St. Peter in the North Kansas 

basin probably subsided not less than 2,500 feet below t he eroded 

crest of t he St. Peter on the Chautauqt'.r.l. arch. 
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The cross section shown by :B'igure 19 (A.-A 1 , fig. 18) extends 

from the saddle between the Central Kansas '..lplift and the Chautauqua 

arch in Rice County i~ central Kansas, toward the deepest part of the 

North Kansas basin in Nemaha County in northeastern Kansas, but does 

not reach the bottom of the basin, which lies farther north in 

Nebraska. In Figur~ 19 the wells of the cross section are correlated 

on the b.::ise of the Mississippian limestones. The cross section shows 

the thickening into the bas~n of all thP. units except the Sylvan or 

Maqueketa shale, which was irregularly dis .sected by pre-Silurian 

er osion. 

THIRD PSE.IOD OF DEFOllliA TION 

A third period, durin5 which it.he deformation differed from that 

of both the earlier periods of folding, began in Mississippian time 

and continued to t he middle of Permian tiille. The first phase of this 
~ V 

.,. period is sho~m in Fig1.1re 20 by the thickness of the Mississippian 

limestones. Their upper surface was so perfectl~ beveled in most a~eas 

that the Mississippian limestones are thinned on the crest of even 

small anticli~es. In some areas, hO'l\'ever, broad shallow valleys r~~e 

been identified; but these v~lleys do not interfere with the deter­

mination of regional strllcturc. The thickness lines as shown are drawn 

at 100-foot intervals and are generalized. Only the most rrominent 

r8gional s t ruc~ural features are represented. Folds were developed 

during this period of folding in two directions alffiost at ~igr.t 

angles, • The Nemaha. anticline trends northeast and the Forest City 
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basin syr..cline, although moc!:Uied by local movements, trends roughly 

L~ the sa~e direction between the JOO-foot contours. The Central 

Kansaz UFli!'t and th8 Salina basin trend northwest. The Ozark 

area and the Central Kansas uplift of the seco~d period of folding 

were re-elevated, but the Chaut-3uqua arch was not conspicuously 

revived. In the area of the Chautauqua arch the bqae of the Miss­

issippian fanned a broad irregu12.r structural pl.atfonn, which ~or a 

time remained slightly higher than in the }orest City basin and 

probably higher than in areas in Oklahcrrna . 

The most important structural feature tP.at originated during 

the third period of deforrn..ation was the Nemaha anticline, a beveled 

arch trat extAnded from a point south of Oklahoma City slightly east 

of north to Omaha. Its development was accompanied by secondary 

par~llel folds, which are especially numerous and well-developed in 

the cnnstricted area between the ~entra.l Kansas uplift and thP. Nerr.aha 

anticline. These folds are not fully revealed by the generalized 

thickness map~ but the axes of some of the most prominent of these 

folds have~ been plotted to show their relat ion to the rP,gional struct-

ure. 

The Forest City basin was a broad beveled syncline between the 
• 

o~~rk uplift 2nd the northern end of the Nemaha ~nticline with which 

it was roughly parallel. Four hundred fifty feet of Mississippian 

limestones were preserved at its lowest point near Kansas City. 

Tne Nemaha anticlL~e west of the basin, however, was raised so high 

t~at beveling exposed the pre-Ca~brian granite. The configuration 
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of the thickness lines shows that t he Cherokee syncline had not yet 

begun to form. 

The most prominent northwest,..trending structural feature is the 

Central Kansas uplift. It is shown in outline by the zero line of 

the Mississippian limestones. The upper V.ississippian rocks had be~n 

deposited G.cross the Central Kansas uplift, but they were removed 

by the beveling :>rhich in that areA. re-exposed the Arbuckle group 

and, : :in some places, the pre-Cambrian rocks. 

The Salina basin was a broadly beveled northwest-trending 

syncline paral~el to and northe8st -of the Central Kansas uplift. 

Three hundred fifty feP.t of r-.rississippian rocks were preserved in 

its deepest part near Salina. Toward the south between the Nemah8 

anticline and the Central Kansas uplift, this basin was closed by a 

low structurnl divide (Lee, Leatherock, and B_otinelly, 1943, pl. 8). 

The approximate position of the broad crest of this divide is shown 

on Figure 20 as an anticlinal axis. Toward the s o·..itheast the Salina 
e • 

basin syncline dies out a short distance byond, i ts intersection wi. th 

the Nemaha anticline. The Salina basin was confined on the northeast 

by beveled Devonian rocks, • which had risen contemp:m.1aneously from the 

deepest part of the old North Kansas basin. 
• 

Figure 21 shows the thickness of Pennsylvanian rocks belm, the 

Hertha limestone at the. base of the Kansas City group and represents 

the second phs.se of the · third period of deformation. The thickness 

contours are drawn at lOQ.-.foot intervals. As in the previous map, 

the lines have been etneralized and cto not show local details. All 
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the regional structures that were active at the end of Mississippian 

time were revived during thA early Pe.nnsylvanian. Some new structural 

features were added and the character of the Nemaha anticline was 

changed. 

The innovations incl.ude the abrupt downward displacement of the 

region east of the Nemaha anticline which in somP. placAs toward the 

north, was acccmpanied by faulting, The Cherokee basin was warped 

downward in southeastern Kansas at right angles across the .:area of the 

Chautauqua arch. Defonna tion in the Forest City b::isin in northeastern 

Kansas was revived. The Forest City basin and the: Cherokee basin to­

gether formed a brood syncline between the Ozark uplift and the 

Nemaha anticline. The basins were at first separated by a broad 

low anticline known as the Bourbon arch, which for a time formed 

a topographic divide. liter middle Cherokee time, the Bourbon arch 

was intermittently submerged, but it continued to be active at least 

to middle Pennsylvanian ti.me. 

By Hertha time, the Forest City basin extended north fr.ann the 

Bourbon arch into northwestern Iowa. It may be regarded as a revival 

of the post-Mississippian structural basin but it was longer, and the 

lowest point had shifted from near Kansas City to the vicinity of .. 
Falls City, Nebr., where it was only 20 miles east of the crest of 

the Nemaha anticline. The Cherokee basin extended southward from the 

Bourbon arch int0 t he Ouachita basin of south-central Arkansas, of 

which it is an arm. Eighteen to twenty thousand feet of Pennsylvanian 

rocks all older than the MarnEton formation were deposited in the 
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Ouachita basin, but only a little more than 800 feet of pre-Marmaton 

rocks were deposited in the deepest part of the Forest City basin. The 

total displacement of the Forest City basin below the beveled crest 

of the Nern.aha anticline in northeastern Kansas was more than 1,050 

feet during this interval. 

The northwest-trending Central Kansas uplift was re-Alevated. 

Part of the area as shown by the zero line remained above the level 

of Hertha deposition. Parts of the Vzark region also were probably too 

high to be covered by the Hertha limestone. The Salina basin was 

extended toward the northwest and tre point of maximum subsidence 

shifted northwest to Jewell County, in north central Kansas near 
t · _,11,;--;; ~ 

the~·border, where 400 feet of Pennsylvanian sediments older tr4n 

the Hertha were deposr£'wed • 

The continued activity of the structural arch shutting in the 

Salina basin on the south is revealed by the thinning of the sequence 

in McPherson County in central Kansas, where its position is shown 

by the symbol for an anticlinal axis trending northwest. This arch 

was low and had probably bec ome inacti~e befo~8 the deposition of 

the Hertha. A~ in the preceding thickness map, the Salina basin cuts 

across and interrupts the Nemaha anticline, fonning a structural 
• 

saddle at the point of intersection. The fact that the Salina basin 

syncline 8gain broke the crest, of thP. Nemaha anticline, as it did 

during the preceding phase, indicates_that folds nearly at right angles 

were being developed contempt>ra!'len·~,:,ly or in slternation. 
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The secondary anticlines were less active tha~ formerly. Not 

evP-n 50-foot isopachous lines (Lee, Leatherock, and Botinell~,, pl.9) 

revea.l defonna tion of th~se anticlines clearly. 

The changes tr.at took place on the Nemaha anticline and in the 

adjoining basins in the latitude of Kansas City and Topeka can best 

be shown by the diagrammatic cross sectj_ons of Figure 22. Cross 

section A represents th~ beveling of the folded Mississippian a nd 

older rocks. The originAl Nemaha anticline was probably an asymmetric 

fold with the steeper limbo~ the east side. The deepest part of the 

ancestral Forest City basin, as measured by the thicbess of the 

Mississippian limestones near Kansas City, was 450 feet, and that of 

the Salina basin near Salina was 350 feet. The actual movement that. 

occurred before the beveling of the M1ssissippian rocks was much greater 

than is indi cated by the surviving 450 feet in the Forest City basin, 
0 

for the total t.hick::ess of r,;i{cks removed from the northern crest of the 

Nemaha anticline, where granite was exposed, was not less t han 1,500 

feet. 

Cross section B shows the structural changes that were brought 

about before Hertha time. The beveled surf~ce at the top of the 

Mtssissippian was gradually warped and raised above sea level • 
• 

Erosion developed dendritic drainage on its ·surface, but thet topo­

graphic relief was low in most areas. When the Pennsylvanian sea 

invaded the dowmrarped areas, differential movements for ·a long 

time kept the anticliM.l areas above sea level. The gradually risine 

Nemaha antj cline was not permanently covered on the Burns dcme in 
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Central f.ansas (fig. 20) until Uar.nnto:1 time a.nd in southeastern 

Nebrasl-::a not until early Kans.;.s City ;rime. Although the maximum ~ 

structural movement of the Nemaha anticline occurred on its axis near 

the structural escarpoent, the long exposure of the uplifted bl~ck 

resulted in the west1'ffird retreat of the topographic divide. In 

consequence, the thinning shown by the thickness lines in this belt 

does not reveal the position of the anticlir...a.l axis v~ry accurately. 

At e.the ::in:-th~rr. end of the anticline the rejuvenation of move­

m~nt was 3.ccompanied locally by 700 to 800 feet of faulting, 

but the displacement on t;be east limb ~ .s probably effected in most 

places by steep monoclinal dips. The maxi~um elevation of the crest 

above the eroded plain in the deepest part of the Forest City bc!sin 

syncline was more than 1,050 feet near the Nebraska State line. 

Near the OklahOI!la border, the dis!)1PcP.ment, immediately east· of the 

escarpment, was less than JOO feet and was brought about mainly by 

dip. The !!lclxirnum total displacement on the P.ast flank of the Nemaha 

anticline at its northern end was not less than 2,550 feet by H~rtha 

tim~. 
V 

Figure 23 shows the thicknes~ of the rocks between the base of 

the Herth8 limestone of the Kansas City _group ~nd the top of the .. 
Topeka limestone of the Shawnee group. The co:itour int-erval is 100 

feet. Uplift had diminished along the Nemaha anticli~e, cincl the 

displacement during this interval on its east side was about JOO 

feet near the Kansas-Nebras!rn line and o:uy about 100 feet in southern 

Kansas. Movement declined also on the Central f.ansas uplift. The 

Salina basin continued to subside, but the structural divide that 
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shut in the basin on the ~outh was inactive and during this interval 

the Salina basin had becomA a structural embayment or southeast­

plunging syncline without closure. Secondary anticlines such as the 

Voshell anticline were still active but the structural movements 

were small. 
/ 

Figure 24 shows by 100-foot contours the thickness of rocks 

between the top of the Topeka and the Florence limestone member at 

the base of the Barneston limestone of the Chase group. Because the 

Florence limestone has been eroded from northeastern Kansas, the 

thickness of this interval on the Nemaha anticline can be determined 

only toward the south. The displ.a.cement Past of the Burns dome in 

central Kansas was only a little more than 50 feet. The Central 

Kansas uplift was reduced to a broad structural bulge and the Salina 

basin to a structural re-entrant. The syncline between the Central 

Kansas uplift and the Nemaha anticline was the most conspicuous 

structural feature. Only slight movements occurred on the Voshell 

anticline and other se~ondary folds parallel to the Nemaha anticline. 
V 

Figure 25 shows by 100-foot contour lines the thickness of rocks 

between the base of th~ Barneston limestone and the top of the Stone 

Corral dolocite at the top of the SUI!l!ler group of the Permian. The 
• 

area in which thickness lines can be drawn is limited on the east, 

but the area of control is broad enough to show that there was no 

moveme:it. of either the Central Kansas uplift or the Salina basin that 

could be expr~ssed even by 50-foot thickness lines. furing this 

interval the surfRce was bei:1g gradually tiltP.d toward the south, 
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whereas previously the regional subsidence had been to the southeast 

toward the Ouachita basin. 

The sequence of rocks whose thickness is shown in Figure 25 

includes the Hutchinson salt ~ember of the Wellington formation. 

The br.oadening of the space bAtween thP- 1, 000-f oot and 1, 100-f oot 

thickness lines occurs in the area in which the salt t hickens. The 

salt basin thus iIIDI1ediately o,rerlies the formerly rising Central 

Kansas uplift, which is shmm in outlir.e. It is ~vident tr~t the 

Central Kansas uplift, which had been a positive and rising area 

since St. Peter time, became a part of a subsiding area during the 

deposition of the salt. Secondary northwest-trending anticlines 

upon the crest and flan.~ of thP Central Kansas uplift, however, 

show trat some parallel movements continued into Cretaceous time, 

long after the uplift itself had become inactive. 

FOlTRTH A.ND FIFTH PERIOD3 OF DEFORL'A. TIO.N 

The fourth ~-~d fifth periods of d•formation are revealed by 

structure maps of the Stone Corral dolomite and the To.kota formation 
V 

in western Kansas. Figure 26 C sh~Ns tr~ prGsent structure of the 

Stone Corral dolomite by generalized 250-foot structure contours. 

Figure 26 B shows tlkB p:;esent structure of the top of the :r:akota 

formation by 250-foot structure contours (after Bass, 1926). It 

is assumed that both the top of the Stone Corral and the top of the 

I',akota were originally flat and horizontal surfaces. The takota 

structure is a composite of all the movements that deformed the 
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03.kota during Cretaceous, Tertiary, and ~uaternary time. The Stone 

Corral was deformed by the same movements that deformed the Lakota. 

If the I:akota structure is subtracted from the S~one Corral structure, 

therefore, the result will show the attitude of the Stone Corral when 

the top of the 03.kota was flat. 

Figure 26A is the result of removing the structure of 26B from 

the structure of 26C. It is a composite, in general terms, of the 

defornBtion that warped the Stone Corral from the time of its de­

position in late Pennian time to the end of Di.kota time. It includes 

late;·Permian dP-formation plus Triassic, Jurassic, and Cretaceo'.1S 

deformation to the end of Iakota time. Most of the defonnation 

probably occurred between the Permian and the Cretaceous. 

Figure 26A reveals that, b:r the- end of Th.kota time, the origi­

nally flat Stone Corral and associated beds had been warped into a 

south-plunging syncli~I! in western l<Ansas. This structural feature, 

the Hugoton embayment, was already in existence at least as early 

as tre end of Mississippian time (Maher and Collins, 1949 and Claire, 

1948), but it was inactive from Kansas City to Nolans time. In 

eastern Kansas the contemporary regional tilting was toward the south-

west .. .. 
The increments of folding that produced the present attitude 

of the Tokota are not now deciphercible in this area. Since its de­

position, the To.kot,a t~s been tilted tn the ~ortheast and north toward 

a great 1mnamed structural basin trending northward from central 

Nebraska. These moY~ents r~versed the pl•.mge of the western Kansa.s 

• 



~·~~. ~ ·-;~ :"t 

~:·:~: ~:::. 

-37-

syncline at the horizon of t..he Stone Corral as shown in Figure 26C 

and shifted the position of its axis to th~ east. The post-D3.kota 

movements also cr.ang<>d the southwestward regional c:l.ip of the Stone 

Cerral during Lakota ti.me to the prese:it northwestward dip that now 

characterizes thf" outcrops of eastern Kansas. The regional north­

westward dip of the rocks of eastern Kansas is thus not the result 

of a single post,..Permian structural moire::::.e:it but of tviro periods of 

warping each of which may i ts~lf have been ~- composite movement. 

The first tilted the s .outh and southe~st-dipping Permian and Pennsyl­

vanian rocks of central and eastern Kansa~ toward the southwest and 

the second tilted the pre-D3.kota rocks to the northvlest. 

RESUME 

Tnere were thus five periods of defonnation, each in a different 

ano c0:ulicting pattern. The fir.st, which was active before St. Peter 

time,produced a deep syncline in the Oz.ark region and an arch in south-,,. 

eastern Nebraska. The second period extended from St. Peter time to 

the beginning of Mississippian time and was characterized in Kansas 

by the development of the North Kansas basin, the Chautauqua arch, 

and the first movements of the Central Kansas uplift, and, in Missouri, 

the Ozark uplift. The third period of folding extended from early 
• 

Mississippain time to middle Permian time. It is characterized 

by the development of t~e Nemaha anticline, the Forest City, Cherokee, 

and Salina basi!ls, and the continued activity of the Ozark and 

Central Kansas uplifts. The latter movi;!!l.ent was defir..:U,f"l:r ':lnded 

• by the cownwarping of the Wellington salt basin. The growth of the 
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Chautauqua arch was ended by the development of the Cherokee basin 

syncline. 

The composite results of what were probably several movements 

dnring the fourth period revived the post-!.~5 ssissippian south-pl1.l..>1ging 

Hug._o,ton embayment in western Kansas. Dlring the fifth: period, pro­

bably also a composite of several move:me::its, the early Cretaceous strata 

of Kansas were tilted toward a great Tertiary basin in central 

Nebraska, which reversed the plunge of the Hugoton embayment syncline 

at the horizon of t he Stone Corral. 

CONCLUSIONS 

It should be obvious that, in passing downward from younger to 

older r ocks, the changes in the direction of the reeional dip will 

mQdify the local structure as revealed by the surface rocks (Lee, 

1943, figs. 20, 21). Fortunately, in this region, the dips involved 

in the regional structur e rarely exceed 15 feet per mile. In strongly 

developed surface anticlines, reverse dips in the older rocks of 15 

feet per mile will not materially affect the position of the subsur­

face crests. Where local surface anticlines show reYerse dips of less 

than 15 feet per mile, a change or reversal of dip in the oldAr rocks, 

in certain cases, can CcUI.SA a shift in the posit.::..on. of t :ie crest of 

the subs11rface anticline (Lee and Payne, 1944, fig. 12). 

It is probable t nat structQral dP.foniation was almost continuous 

and not spasmodic. The cross sections reveal that differential de­

fonnation was going on during the deposition of m2ny of the major units 



::.::i":: 

:~~_:{~'. 

~t~t~ 

-39-

and also during the hiatuses t!:lat separate them. Cyclical deposition, 

especially during the Pennsylvanian, was accompanied by differential 

defor.na tion. 

From time to time these complex ~ovements must have altered t.rie 

direction of migration of nascent oil and gas and the associated 

con..'1ate water. Any speculation as to how oil and gas moved from their 

place of origin to structural and stratigraphic traps must take into 

account the structural history of the rocks involved and the fact 

that the strata of some area.s were tilted in one direction at one time 

and le.ter Vl'B.rped in other directions. Many of the structur'3s in the 

older rocks are ·o!relatively recent origin, but there :nay be older local 

structures such as the pr!:-Chattanooga arch in northeastern Kansas that 

wers not rejuvenated by later and conflicting patterns of deformation. 

Such structures would thus have no expression in the surface rocks. 

• 
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Fig. 1.-IIypotheticAl cross sections illustrati~0 ~ow deformation 

is shmm by tte difference in thi ckness between a folded sP-dim.~ntary 

surface and a subsequently beveled surface. 

Fig. 2.-Hypothetical cross sections illustrating the absence of 

any structural significance in thiakness maps when one of the limiting 

surfaces is very irregular due to deep erosion. 

Fig. J.-Hypothetical cross section illustrating the relation of 

structure to thickness of R. seq_-:::.~nce where toriographic relief of one 

limiting surfac~ is considerably less than the s t ructural relief of 

the other. Regional deformation is approxi mately revealed. Letters 

a to h represent wells penetrating the unit. 

Fig. 4.-Cross sections showi:ig that t hickness Jil!!PS reveal the 

• 
total deformation that took place between the limiting surfaces and 

not the sequence of structural events. Maps repres enting the thickness 

of the unit between surfaces X-X' and Y-Y' in sections A, B, and C 

will bf'I the same, alt hough the time of deformation in each is different. 
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Fig. 1.-Hypothetical cross sections illustrating how deformation 

is shown by the difference in th~ckness between a folded sedimentary 

surface and a subsequently bsveled sur~ace. 
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Fig. 2.-Hypothetical cross s r- ctions :i.llustrating the absence of 

any structural significance in thickness maps when one of th~ limiting 

surfaces is very irregular due to deep ero_sion. 
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Fig. J.-Hypothetical cross section illustrating the relation of 

structure to thickness of a se~uence where topographic relief of one 

limiting surface is considerably less than the s t ructural relief of 

the other. Regional deformation is approximately revealed. Letters 

a to h represent wells penetrating t he unit. 
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Fig. 4.-cros8 sections shmring that thickness JJl?pB reveal the 

total deformation that took place between the limiting surfaces and 

not the sequence of structural events. Maps representing the thickness 

of the unit between surfaces X-X' and Y-Y' in sections A, B, and C 

will be the same, although the time of deformation in ~ach is different. 
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Fig. 5 .-Cross section sh-owing tba t the total moverr.ent i::iferred 

frora the thickness of rocks between the originally flat surfaces U-U' 

and W-W 1 is not affected by c'.!"c intervening un.conformi ty V-V 1 • 

fig. 6.-Cross sections showing the effect on the thickn~ss of a 

s~quence between the originally flat surfaces N-N' and 0-0' when foldi::ig 

represented by N-N' of cross section A was modified by later folding 

of anoth~r kind as shown by Yr-M 1 of cross section B. The over-all 

thickness between 0-0' and :N-N' shown in cross section C does not 

differentiate between the results of the two movements. 

Fig. ?.-Cross sections showing the erroneous interpretation of 

cross section~ BS a beveled syncline as in cross s~ction B, on 

consideration of thiqkness alone. Th~ ralation of the sequence between 

X-X' and Y-Y' to the underlyir.g forrn;3.tions, however, revP.als a filled 

valley without defonnation as shown in cross section C and Fig. 8. 

• 
Fig. 8.-Di.agrammatic cross section of a pre-Chattanooga volley 

filled by later ChA t +,anooga shale in McPherson Gou..~ty, Ka::is. The inter-

1,al bP.t-,veen A-A' and B-B I does nnt reveal s:.:tu~turc:.l ::-_r1v e;~~nt. The 

interval between A-A I and C.:...C' indicates deformation. 
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Fig. 5.-cross section showing that the total movement inferred . 
from the thickness of rocks between the originally fl.at surfaces 0-U' 

and W-W' is not affected by an intervening unconformity V-V'. 
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Fig. 6.--Cross sections showing the effect on thP. thicknP-ss of a 

sequence between the originally flat surfaces N-N1 and 0-0 1 when folding 

represented by N-N' of cross s~ction A was modified by later folding 

of another kind as shown by M-M' of cross section B. The over-a l l 

thickness between 0-0' and N-N' shown in cross section C does not 

differentiate between the results of the two movements. 
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Fig. ?.-Cross sections showing the erroneous interpretation of 

cross section A as a beveled syncline as in cross s~ction B, on 

consideration of t hickne3s alone. The relation of the sequence between 

X-Y.' and Y-Y' to the underlying fonnations, however, reveals a filled 

valley without defonnation as shown in cross section C and Fig. 8. 
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Fig. 8.-Diagrammatic cross section of a pre-Chattanooga valley 

filled by later Cha t tanooga shale in McPherson CoW1ty, Kans. The i nter­

val between A-A' and B-B' does not reveal structural ~ovement. The 

interval between A-A' and fl;Cc• indicates deformation. l 
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Fig. 9.-Diagrams illustrating surfaces, such as Y-Y', of value 

in preparation of thickness maps significant of structural movement. 

Fig. 10.--Skeletonized colQrnnar section, showir..g the relative 

position of stratigraphic 1.1nits discussed in thifio-paper.· , Due to un­

conformities a.nd overlap, the full sec ti on is not found at any single 

locality in the area. 

The column at the right indicates the sequences of rocks includ-

ed in the thickness maps (Figs. 11 to 26). 

Import2.nt unconformities are shown by heavy wavy lines. 
The tenninology of this report is that of the U.S. Geological 
Survey. 

Fig. 11.-Map showing the thickness of the sedimentary rocks 

below the St. Peter sandstone; and in southern Missouri, the thickness 

of the rocks between the top of the Roubidoux fomntion and the top 

of the Lamotte sandstoneo 

Thickness lines spaced at 200-foot intervals. 

A-A' shows the posilion of the cross section Fig. 12. 

Fig. 12.-Cross section of Arbuckle and ad.iacent rocks from 

central Kansas to southeast ~.iissouri on the line A--!\ 1 of Fig. 11. 

Wells are correlated on the top of the Roubidoux formation. 
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Figure 9.--Diagrams illustrating surfaces, such as Y-Y', of value 
in preparation o f thickness maps significant of structural movement . 
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Figure 10.--Skeletonized 
columnar section, showing the 
relative position of strati­
graphic units discussed in 
this paper . Due to uncon­
formities and overlap, the 
full section is not found at 
any single locality in the 
area . 
The column at the right in­
dicates the sequence of rocks 
included in the thickness map 
(Figures 11 to 26) . 

Important conformities are 
shown in heavy wav:v lines. 
The terminology ot-tfi~s 
report is that of the U. S . 
Geological Survey. 
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Fig. lJ.-Map showing the thickness of th~ sequence of rocks from 

the base of thP. St. Peter sandstone to the base of the Devonian 

dolomite and limestone. 

Thickness lines spaced at 200-foot intervals. 

Cross section A-A' is shown in Fig. l4. 

Fig. l4.-Cross section from Reno to Nemaha Counties, Kans., on 

line A-A' of Fig. 13. 

Wells are correlated on the top of th~ St. Peter sandstone. 

Fig. 15 .-Jfap showing the pre-r.-iwonian areal geology. 

Fig. 16.-Map showing the pres2nt thickness of the Devonian 

limestone and dolorr.ite. 

Thickness lines spaced at 100-foot intervals. The interpolE.ted 

50-foot thickness line \n eastern Kansas accentuates a belt ,of thirr--­

ing extending southward from the southeastern corner of Nebraska. 

Thickness lines with long dashes are projected into areas from which 

all or part of the Devonian sequence has been eroded. 
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Fig. 17.-Map showing the present thickness of the shale sequence 

(Boice and Chattanooga shales) between the top of the Devonian limestone 

and dolomite and the base of the Mississippian limestones. Includes 

Louisiana limestone and Hannibal shale of northeastern Missouri. 

Full thickness lines spaced at 10(>.foot intervals. Interpolated 

50-foot thiclmess line is shown by short dashes. Thickness lines 

shown by long dashes suggest thickness a~d distribution of the shale 

sequence before post-Mississippian erosion. 

Fig. 18.-~rap showing the thickness in eastern Kansas of these­

quence of rocks from the base of the St. Peter sandstone to the base 

of the Mississippian limestones. 

Thickness lin~s spaced at lOG-foot int~~rals. Tushed lines 

sugeest probable original thickness in areas from. whiob ',part of the 

sequence has been eordec. 

Cross section A-A' is shown in Fig. 19. 

Fig. 190--Cross seqtion from Rice Co~~vJnortheast to Nemaha . ' 

County, Kans., on the line A-A' of Fig. 18. 

Th~ wells are correlated on the base of the Mississippian lime-

stones. 

Formations removed by pre-Pennsylvanian erosion at wells 10 and 

11 have been restored. 
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Fig. 20.-Map sho"Ning the present thickness of Mississippian lime­

staneso 

Thickness lines spaced at 100-foot intervals. 

Small areas on the Nemaha anticline in which the thickness of the 

limestone is less tt~~ 100 feet or absent are approximately shown in 

black. The deepest parts of the structural basins .are shown by hachured 

lines. 

Fig. 21.-Map showing the thickness of the Pennsylvanian rocks 

below the Hertha limestone ,.at the base of the Kansas City group. 

Thiclmess lines spaced at 100-foot intervals. 

The deepest parts of the structural basins are shown by hachured 

lines. 

Areas never cnvered by Hertha limestone are cross hatched. 

Axes of only the more important anticlines are . shown. 

Fig. 220-Diagrammatic cross sections west to east from Salina, 

Kans., to Kansas City illustrating;~, the deformation of the Miss­

issippian and older rock~ and the eorsional beveling that followed 

Mississippian deposition, and B, the revived structural movements 

that had deformed the beveled surface and rejuvenated the earlier folds 

by tbe beginning of Kansas City time. 
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Fig. 2J.-Map showing the thickness in eastern Kansas of th~ 

sequence of rocks between the base of the Hertha limestone and the 

top of the Topeka limestone. The upper part of t his sequence is no 

longer present in Missouri. 

Thickness lines spaced at 100-foot intervals. 

Fig. 24.-Map showing the thickness in central Kansas of the 

sequence of r&cks between the top of the Topeka limestone and the base 

of the Barneston limestoneo 

Thickness lin~s spaced at 100-foot intervals. 

Fig. 25.-Map showing t he thickness in central Kansas of these­

quence of rocks from the base of the Barneston limestone to the top 

of ~he Stone Corral dolomite. 

Thickness lines spaced at 100-foot intervals. 

Fig.26.--Structureinaps showing post-Permian deformati6n in central 

and western Kansas. Contour interval 250 feet. 

A. Structure at top,. of Stone Corral dolomite at end of Dakota 

time (datum assumed). 

B. Present structure at the top of the Tokota forrnatio~ referred 



·.·:--:-·.: 

to sea level (after Bass, 1926). 

c. Present structure at th~ top of the Stone Corral dolomite 

referred to sea level~ 

• 
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