
~ 
C: 

~ 
0 
"' ... 
::c 
Ill ... 
2 
z ... ,, 
; 

I! 
G) 
Ill z ... 
~ 
0 
:; ,, 
z 
G) 

Cit 
Ill 
0 

i 
Ill z 
~ ,, 
-< 

g 
;ii: 
Cit 

0 
"' 
~ 
C: ... 
::c 
I n 
Ill z ... 
~ r-
:1111; 

, ► z 
~ 

~I 
Cit 

111111 

~ -'° -

-'° Cl\ 
OD 

A Study of the Joint Patterns in 

Gently Dipping Sedimentary Rocks 

of South-Central Kansas 

By John R. Ward 

STATE 

GEOLOGICAL 

SURVEY 

OF 

KANSAS 

BULLETIN 191, PART 2 THE UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS - 1968 



BULLETIN 191, PART 2 

A Study of the Joint Patterns in 

Gently Dipping Sedimentary Rocks 

of South-Central Kansas 

By John R. Ward 

Printed by authority of the State of Kansas 
Distributed from Lawrence 

UNIVERSITY OF KANSAS PUBLICATIONS 
SEPTEMBER 1968 



CONTENTS 
PAGE 

Abstract ........................................................................... 3 

Introduction ...................................................................... 3 

General statement ........................................................ 3 

Acknowledgments ........................................................ 4 

Field techniques .......................................................... 4 

Pattern of the joint sets .................................................. 4 

Treatment of data ........................................................ 4 

Regional joint pattern ................................................ 6 

Local constancy of joint pattern .................................. 8 

Character of the joints .................................................... 11 

Sets I and II .................................................................. 11 

Set III ............................................................................ 15 

Horizontal fractures .................................................... 15 

The joint sets in relation to topography ...................... 15 

Age of the joint sets in relation to stratigraphy and 
structural features .................................................... 16 

Stratigraphic considerations ........................................ 16 

Folds ............................................................................ 16 

Faults ............................................................................ 17 
Regional dip ................................................................ 18 

Origin of joint system and relation to other 
midcontinent systems .............................................. 19 

Conclusions ...................................................................... 21 

Selected references .......................................................... 23 

ILLUSTRATIONS 

PLATE 

1. Map of south-central Kansas showing re­
gional joint patterns in any given area in 
relation to stratigraphy and subsurface struc-

PAGE 

tures ............................................................ (in pocket) 

2. Map of south-central Kansas showing major 
joint sets at individual stations in relation to 
stratigraphy and subsurface structures .... ( in pocket) 

FIGURE PAGE 

1. Equal area projection of joints plotted on 
lower hemisphere ...................................................... 5 

2-13. Photographs showing: 
2. Three limestone layers containing different 

components of bimodal groups .............................. 8 
3. A, Smooth, straight joint traces in competent 

limestone with typical spacings of Sets I and 
II. B, Set I joint bending as it nears inter­
section point with another member of 
bimodal group. C, Irregular Set II joint 
trending N. 30° W. in shaly limestone ................ 9 

4. Joint traces of Sets I and II dipping between 
65° and 70° .............................................................. 10 

5. Typical lengths and spacings of joints in 
thick-bedded limestone ............................................ 10 

6. Typical lengths and spacings of Set II joints 
in medium-bedded limestone .................................. 11 

7. A, Set I joints transecting all of the exposed 
beds. B, Blocky limestone with well-defined 
joint surface pitted by advanced weathering 
of geodes cut by joint surface ................................ 12 

8. A, Blocky limestone with well-defined joint 
surfaces which become obscure in underlying 
shale. B, Blocky limestone with well-defined 
joint surfaces cutting chert nodules. C, Close­
up of one joint surface showing clearly cut 
chert nodules ............................................................ 13 

9. A, Calcite filling along joint surfaces. B, 
Curved joint trace on face of exposure with 
resulting surfaces characteristic of tangential 
forces .......................................................................... 14 

10. Northwestward-flowing streams controlled by 
Set II cutting at regular intervals into cuesta ........ 15 

11. Open joint traces resulting from advanced 
solution of limestone ................................................ 16 

12. Close-up of open vertical joint ................................ 17 
13. Sinkhole formed from collapse of limestone 

beds along maturely weathered joint surfaces ........ 18 
14. Map showing midcontinent joint systems .............. 20 

TABLE 

TABLE PAGE 

I. Tabulation of measured joint bearings .................. 7 



JOHN R. WARD 

A Study of the Joint Patterns in 
Gently Dipping Sedimentary Rocks 
of South ... Central Kansas 

ABSTRACT 

The two most prominent Jmnt sets in Butler and 
Cowley Counties and in parts of Greenwood, Chase, and 
Marion Counties, Kans., have consistent regional orienta­
tion regardless of the age of the rocks containing them. 
Set I strikes northeast, whereas Set II strikes northwest. 
The angle between the sets averages 93 °. Both sets occur 
either as single or compound groups. Set III joints cluster 
around the two major sets and are subordinate in num­
ber with less consistent orientation. Most of the joints 
studied are vertical. On the basis of physical characteris­
tics, joints of Sets I and II are shear joints, whereas Set 
III joints are tension joints. The joints are believed to 
have formed after the major development of the anticlinal 
folds in the region but may have developed simultane­
ously with later readjustments of the folds. The joints 
show no relation to subsurface faults but are closely 
aligned with the "en echelon" belt of faults of Oklahoma. 
Because most joints are vertical to the bedding, the 
jointing and regional tilting may be contemporaneous 
products of the same deformational period. The age of 
the joints is determined to be between post-lower Permian 
and pre-lower Cretaceous time. The joints may have 
formed as a result of north-west, horizontal, compressive 
forces generated by wrench-fault tectonics during initial 
Ouachita Mountain uplift. These forces were coupled 
with an opposite force, possibly .from the Rocky Mountain 
region. Evidence shows that at least two separate but 
inter-related joint systems may exist in the midcontinent 
region. 

INTRODUCTION 

General Statement 

Rocks deformed by systematic jointing have 
be.en observed in Kansas for many years. This 
report, the first detailed study of the joint system, 
describes the characteristics of the joints and 
shows their age relationships to stratigraphic and 
deformational features. A possible theory for 
the origin of the joints was formulated. 

During the period from September 1963 to 
November 1964 joints occurring in outcrops m 
Butler and Cowley Counties and in parts of 
Greenwood, Chase, and Marion Counties, Kans., 
were systematically studied (Pl. 1 ). As described 

by Fenneman (1938), the eastern portion of 
this region lies within the Flint Hills physio­
graphic province. This province is characterized 
by almost level uplands trending northeast-south­
west and rising in steplike succession toward the 
west. The cuesta-like steps have abrupt eastward 
facing slopes, the base of each resting on the 
gentle westward slope of the succeeding "cuesta." 
These "cuestas" are controlled by the gentle west­
ward tilt of the beds in conjunction with differ­
ential erosion of underlying rock formations. Al­
though the Flint Hills are rugged topographi­
cally, the overall relief is not great. The western 
portion of the region is a broad flat plain. The 
few cuesta-like steps that exist are in most cases 
surface expressions of subsurface structures. 

The region studied overlies and extends east 
of the Nemaha Anticline, the major structural 
element of the region (Pl. 1). Numerous small 
anticlines and domes exist throughout the region 
and are predominantly oriented in a north-south 
direction. The area is bordered by the Sedgwick 
Basin on the west, the Bourbon Arch on the 
northeast, and the Cherokee Basin on the east 
and southeast. 

The rocks underlying this area range in age 
from Precambrian to Quaternary. Mesozoic 
rocks are absent and most pre-Pennsylvanian 
formations are missing over the crest of the 
Nemaha Anticline. As a result, in most localities 
along this structure Pennsylvanian rocks directly 
overlie Precambrian rocks. Data were obtained 
from exposures of upper Pennsylvanian age · in 
the eastern portion of the region to lower Per­
mian aged rocks in the west (PL 1). Most of 
the data were obtained from the Fort Riley and 
Florence Limestone Members of the Barneston 
Limestone of lower Permian age. These forma­
tions are composed primarily of limestone, cherty 
limestone, and shale beds. Thickness of the 
sedimentary rocks in the region ranges between 
2,700 and 4,500 feet. 
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The regional dip at the surface is westward 
at 1 ° or less. Exceptions to the westward dip 
occur locally where subsurface structures have 
caused a slight surface expression by doming or 
where slumping has occurred. 
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Field Techniques 

Study was concentrated on Butler County be­
cause this area overlies the Nemaha Anticline 
and its related structures and because there are 
numerous good rock exposures. Cowley, Chase, 
Marion, and Greenwood Counties were studied 
so that a regional pattern might be derived. 
Throughout the entire region some townships 
have an abundance of outcrops while others have 
few; this is responsible for an absence of data in 
certain areas. Both lower Permian and upper 
Pennsylvanian rocks were studied to see if a 
similar joint pattern exists in rocks of both ages. 

At each outcrop strike and dip of the joints 
were obtained with a Brunton compass. Other 
observed data included the character and rela­
tionships of the joints, orientation of the beds, 
lithology of the rocks, and the location of each 
outcrop relative to subsurface structures. 

Joints were found closely spaced and in 
abundance at nearly every outcrop. At a few 
outcrops one or two of the joint sets were so well 
developed or exposed in such a manner that they 
seemed to be dominant over other sets. Dis­
crimination was required in taking data so that 
a true representation of each joint set might be 
given. Only regular joints with consistent orien­
tation were measured. Length of the joints was 
not always a factor in their selection. However, 
the longer joints belonging to dominant joint sets 
were usually in greatest abundance and, there­
fore, were selected with greater frequency. At 
outcrops containing 50 joints or less, the majority 
of the joints were measured; at outcrops con­
taining more than 50 joints, a systematic study 
was made of one locality and checked by measur­
ing joints in other areas of the outcrop. 
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Few data were taken at localities where the 
rocks were locally slumped or badly weathered. 
At a number of localities, such as in stream beds, 
no dip measurements could be made. 

The number of joints measured at each out­
crop ranged from 10 to 150. The total measured 
for each township ranged from 66 to 632. The 
outcrops per township ranged from 1 to 10. A 
total of 5,777 joints were measured at 85 out­
crops. For statistical analysis, data from out­
crops within a township were combined except 
when natural distribution of the outcrops 
favored combining outcrops from two different 
townships. 

PATIERN OF THE JOINT SETS 

Treatment of Data 

Joints within joint sets have approximately 
parallel strikes at each outcrop. Statistical meth­
ods were used to obtain a mean bearing for 
each joint set. The method used for representing 
the two-dimensional data in Plate 1 is that out­
lined by Parker ( 1942). The bearings of the 
joints in each unit area were tabulated into 
azimuth groups having a 5-degree range. The 
mid-points of these groups were north and every 
5-degree azimuth to east and west, the groups 
thus ranging from N. 2½ 0 W. to N. 2½ 0 E., 
from N. 2½ 0 E. to N. 7½ 0 E., etc. 

On Plate 1, the diagrams were constructed 
on polar co-ordinate paper and then transferred 
to the map. On the polar co-ordinate paper, 
distances proportional to the number of joints 
in each 5-degree group were laid off on each 
side of the center in the directions of the arith­
metic mean of the group. These points, varying 
in distance from the center, were then connected 
in proper sequence by straight lines, except that 
where a group was not represented, the line 
was brought back to the center. To keep the 
diagrams of nearly equal size, in spite of the 
varying quantity of data, different scales were 
used, the radius of the semicircle representing 
10 joints. 

Plate 2 was constructed by plotting the mean 
strike of the major joint sets for any given out­
crop. The lines in the diagrams of Plate 2 
represent these bearings. The mean bearings 
were found by calculating the arithmetic mean 
of all joint bearings within these sets. At almost 
all the outcrops the joint strikes were prominent 
enough to be certain that the boundaries of 
each joint set were determined. Thus, joint 
bearings from two different joint sets have not 
been averaged together. The lines in Plate 2 
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s 
F1cuRE 1.-Equal area projection of joints plotted on lower hemisphere: A, 144 joints within T. 27 S., R. 4 E., and 

B, 212 joints within T. 30 S., Rs. 3-4 E. 
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which represent bearings have been given a 
length of 1 inch for each 20 joints in a given set. 
The number of joints within the major joint 
sets at each outcrop represented on Plate 2 
varies from 6 to 76. 

Symbols on Plates 1 and 2 identify the lime­
stone members exposed. Thus, a comparison 
can be made between the joint pattern and the 
age of rock. 

Three-dimensional data have been repre­
sented in Figure 1 on a point diagram as de­
scribed by Billings ( 1954). If a plane is passed 
through the center of a sphere of reference, its 
trace on the surface of the sphere will be a great 
circle. A line erected perpendicular to this plane 
and through the center of the sphere will inter­
sect the spherical surface at a point which is 
characteristic of the given plane. These points 
may be considered to be the poles of the joint 
planes. When the poles are plotted on an equal 
area projection, the center point represents hori­
zontal joints while points on the circumference 
indicate vertical dips. 

As shown by Figure 1, the great majority of 
joint planes dip from 85 ° to 90°. This charac­
teristic appears over the entire region. The least 
dip of any joint plane measured is 46°. Relative 
to dip, the joint strikes are distributed nearly 
equally in all the quadrants of the projection 
plane. Joints in the northeast and southwest 
quadrants strike northwest while those in the 
northwest and southeast quadrants strike north­
east. The areas contained within T. 27 S., R. 4 
E. and T. 30 S., Rs. 3-4 E. were picked for stereo­
graphic representation in Figure 1 because these 
areas seemed to have the most joints dipping at 
angles other than vertical. 

Regional Joint Pattern 

Plate 1 shows that over the entire region a 
systematic consistent regional joint pattern is 
present regardless of the age of rock. Two major 
joint sets are noted, one set with a prevailing 
northeast trend, the other set with a northwest 
trend. Around these major sets are clustered 
smaller sets, apparently lacking consistent re­
gional orientation but which may be important 
locally. 

The major northeast-striking joint set is 
called Set I. This distinction results from a 
greater consistency of bearing; and in many 
cases a greater abundance of joints relative to 
the major northwest-striking set. The north­
west-striking set is designated Set II, whereas 
the clusters of minor sets are treated under the 
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broad classification of Set III. Horizontal frac­
tures are present and are treated briefly. 

As shown by Table 1, the joint-bearing data 
have been tabulated so that many interesting 
relationships occur. Set I has an average mean 
strike of N. 60° E. and average modal strike of 
N. 61 ° E. with an extreme range of N. 50° E. 
to N. 70° E. By relating these values to Plate 1, 
a regional trend is seen. The joint bearings have 
a slightly greater variance from due north in 
the eastern portion of the region than in the 
west. One exception to this trend exists in 
southern Chase and northern Butler Counties 
where strike values increase from N. 51 ° E. to 
N. 66° E. in a distance of a few miles. In the 
area directly overlying the Beaumont Anticline 
included within Tps. 25-26 S., R. IO E., Set I 
joints strike N. 50° E. This value is much less 
than the N. 60°-68° E. strike values which are 
common near this area. 

Set I is in places bimodal with this character­
istic occurring at random throughout the region. 
The angle between components averages 17° al­
though ranging from 9 ° to 31 °. 

Table 1 shows that Set I lies almost perpen­
dicular to Set II, the angle between them aver­
aging 93 °. In only eight townships does this 
angle vary more than 10° from a 90° angle. The 
resultant obtuse angle opens in most cases 
toward the northeast. 

Joints of Set II have an average mean strike 
and average modal strike of N. 35° W. with 
extreme values of N. 24° W. and N. 56° W. 
Relating these values to Plate 1, the pattern is 
one of regularity. Only slight variations in strike 
occur with no major regional swing. However, 
from northern Cowley to southern Butler Coun­
ties an apparent shift in the strike of Set II joints 
does occur from east to west. 

Like Set I, Set II is bimodal with this char­
acteristic occurring at random. The angle be­
tween components averages 19° while varying 
from 8° to 34°. 

Set III joints are found striking both north­
east and northwest around Sets I and II. For 
the most part these joint sets lack the consistency, 
abundance, and dominant characteristics of Sets 
I and II. Throughout the region from two to six 
minor sets are present at a given outcrop. Al­
though lacking consistent orientation, joint sets 
with average mean strikes of due north, N. 10° 
E., N. 30° E., N. 75°-85° E., N. 10° W., and 
N. 70°-85° W. are common. The lack of con­
formable orientation of these sets may result from 
certain orientations and exposures of the rock 
layers which make them inconspicuo_us. In some 
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TABLE !.-Tabulation of measured joint bearings. ! 
Northeast sets Northwest sets Angles between mean values ~ ..... 

(degrees) (degrees) (degrees) "' a 
Location I I Mean northeast II II Mean northwest Extreme, Extreme Sets Other sets Total -mode mean components of III mode mean components of III northeast northwest I and II (degrees) ... 

;,. 
components components " 

69 107 
c' 

T. 21 S., R. 5 E ............. 69 6, 19, 85 25 25 8, 45, 77 79 69 94 ~-
T. 22 S., Rs. 5-6 E ......... 60 60 1, 20 29 30 15, 54 59 39 90 79 

~ Tps. 21-22 S., Rs. 6-7 E. 66 66 15, 27, 47 49 49 18, 30, 65 51 47 115 0 109 
Tps. 22-23 S., R. 8 E ..... 60 59 18, 25, 33 20 26 8, 60, 73 41 65 85 0 153 ~ 
T. 23 S., R. 4 E ............. 50 51 12, 36, 88 23 24 11, 39, 65 76 54 75 349 ;, ... 

;:;· 
Tps. 23-24 S., R. 6 E ..... 70 66 10, 35 18 25 65, 73 56 48 91 288 C') 
T. 24 S., R. 4 E ............. 50 51 10, 35, 71 38 35 10, 80 61 70 86 238 " ;, 
T. 25 S., R. 4 E ............. 67 70 10, 45 47 47 5, 63 60 58 117 167 ~ 
T. 25 S., R. 6 E ............. 50 45 75 44 40 15, 60 30 45 85 0 309 t, 
Tps. 25-26 S., R. 10 E ... 52 50 15, 74 43 43 2, 25, 74 59 72 93 --·· 182 .;;· 

"" T. 26 S., R. 4 E ............. 60 57 10, 25, 75 30 35 10, 67, 80 65 70 92 253 
;:;· 

OQ 

T. 26 S., R. 5 E ............. 60 60 10, 45, 80 29 30 10, 60, 85 70 75 90 193 V) 

T. 26 S., R. 7 E ............. 60 60 12, 26, 70 35 35 10, 21, 85 58 75 95 113 " --·· ::-: 
T. 26 S., R. 8 E ............. 57 56 28, 73 40 34 10, 54, 85 45 75 90 0 177 ;; 
T. 27 S., R. 3 E ............. 65 65 14, 32 35 35 10, 70 51 60 100 0 572 " i:. 

"' 
T. 27 S., R. 4 E ............. 58 55 10, 25, 70 40 36 5, 70, 80 60 75 91 90 632 ~ 

:,:, 
T. 27 S., Rs. 10-11 E ..... 65 65 10 34 34 8, 43, 74 55 66 99 0 206 a 
Tps. 27-28 S., R. 6 E ..... 72 65 12, 34 25 26 10, 55, 76 53 66 91 0 101 " ~..,.. ... 
T. 28 S., R. 4 E. ............ 54 64 21, 40, 75 42 41 10, 20, 80 54 70 105 0 248 a 
T. 28 S., R. 5 E ............. 58 59 2, 33, 82 35 35 3, 13, 80 80 77 94 66 -V) 

0 

T. 28 S., R. 9 E ............. 68 58 9, 31, 84 44 45 5, 22, 74 75 69 103 90 96 ;;. 
;,. 

T. 29 S., Rs. 6-7 E ......... 57 57 11 36 36 18 46 17 93 . ... 183 r') 
T. 30 S., Rs. 3-4 E ......... 58 60 9, 40, 85 54 56 15, 30 76 41 116 245 " ;, 
Tps. 30-31 S., R. 5 E ..... 69 65 25, 42 38 39 IO, 20, 79 40 69 104 0 126 "' T. 30 S., R. 7 E ............ 68 69 26, 33, 42 28 30 48, 70 43 40 99 150 ~ 

~ 
T. 32 S., Rs. 4-5 E ......... 57 57 13, 73, 85 34 35 6, 59, 78 72 72 92 0 130 " ,s 
T. 32 S., R. 6 E ............. 63 65 29, 44 25 25 40, 61, 78 36 53 90 90 119 ... 
T. 34 S., R. 5 E ............. 62 61 16, 29, 78 39 41 10, 64, 75 62 65 102 ---- 186 

--
Averages .............. 61 60 35 35 93 Total 5,777 

....., 
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FIGURE 2.-Three limestone layer containing different componen ts of bimodal roup. ot lack f well -defined 
joint in inter ening hale ; Fort Riley Lim stone; ¼ ¼ ¼ sec. 16, T. 2 ., R. 6 E. 

localities a joint et within Set III may be promi­
nent and in gr ater abundance than t I or t 
II. Howe er, no regional pattern for this type 
of o currence exists. 

Horizontal fractures are present through ut 
the region but n consi tent ccurr nee was 
bser ed. 

Plate 1 shows that the regional joint pattern 
is little affected by the age of the limestone 
members. Thi is shown by the symbols repre­
senting the limestone member exposed at each 
outcrop tudied . In townships where joints from 
sev ral outcrops with different lim stone forma­
tion exposed were combined, the pattern was 
unaffected. 

Local Constancy of Joint Pattern 

By plotting the strikes of the two major joint 
ets for individual outcrop greater detail may 

be added to the regional pattern. Plate 2 show 
a few local changes of strike not seen on Plate 1. 
In a few instances, joint sets included within Set 
III are equal to or dominant over Sets I and II. 
This is especially evidenced in southwest Green-

wood unty where et III joints striking 
31 ° . are mor abundant than ets I and II. 

Plate 2 how that t I swings gradually 
eastward within the area bounded by Cowley 

unty while t II swings we tward. Only 
on prominent exception ccurs. In the north­
we t part of the county t II swings abruptly 
we t r lati e to urrounding aring alues. 

ast of the emaha Anticline in Butler and 
r nwo d Counti the bearing of all Set I 

joint wings gradually from we t to east 
through th e counties. o xceptions to this 
trend are pre ent. Howev r the bearing of Set 
II i nearly constant. 

In the area north of T. 24 S., et I swings 
abruptly to the east. Howe er, this change in 
trend i only 15° in extreme alues. et II in 
the same area shows no change of trike al­
thou h local incon i tencies exist. 

s in Plat 1 Plate 2 shows no significant 
chang in the joint pattern resulting from the 
different ag s of ror.k in th region. This im­
portant characteristic is di cussed in greater 
detail b low. 

In summary, local changes in the strikes of 



Ward-A tudy of the Joint Patterns in Gently Dipping Sedim entary Rocks of outlz -Central Kansas 9 

traight joint trace in comp tent limestone with typical spacin ts I and II. m-
pa point . 55° E. ; Winfield Lime tone; W ¼ cc. 2 0, T . 32 ., R. 4 . B, t I joint bending as it near 
inter ection point with another m mber of bimodal group. mpas poin ts . 60° .; Towanda Lime tone; W ¼ 

¼ W ¼ sec. 32, T. 25 ., R. 4 E. C, Irregular et II joint trending . 30° W . in haly lime tone; H erington 
Lime tone; ¼ W ¼ W ¼ ec. 17, T. 23 ., R. 4 E. 

et I and II are slight and apparently unaffected 
by local tructures in thi area. Set II appears 
to be le consistent in tr nd than Set I. Set III, 

being composed of more localized joint sets, 
hows great variance in strike throughout the 

r gion. 
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1cuRE 4.-Joint trac of 

F1 RE 5.-Typical I n th and pacin of j in in thick-bedded lime tone. ote re ultant bl ky tructurc· ort Riley 
Lime tone; ½ ¼ ec. 2 T. 34 ., R. 5 . 
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CHARACTER OF THE JOINTS 

Sets I and Il 

The joints of et I strike northeast, whereas 
tho ~ of t II strike northwest in either single 
or bimodal groups. Throughout the region their 
b arings vary little more than 10° from the 
mean. In many localities the joints of one b d 
o~ limestone belong to one component of the 
bimodal sets, while joints in an adjacent layer 
b long to the other component (Fig. 2) . With 
few exceptions, et I is pre ent at most outcrops 
in equal or greater abundance than et II. How­
ever, et II does o cur with greater regularity 
~t a few place . Joints composing ets I and II 
mclude a many a 75 percent of the total joints 
for a given township. 

The joint surfaces and traces are extremely 
mooth and traight in competent limestone 

(Fig. 3 ). eldom does a single joint bend· 
but when this feature occurs, it is near the inter­

ction of one member of a bimodal set with the 
other (Fig. 3B). On the other hand, joints of 

ts I and II may become irregular in shaly, less 
con:ip_ tent limestones (Fig. 3C). The majority 
of JOmt surfaces are nearly vertical to the bed­
ding although a few have dips as small as 56° . 
Figure 4 hows joint traces dipping between 65° 
and 70° . The dips and strikes of these joints 
are among tho e represented in Figure 1 . 

The lengths of the joints vary from a few 
feet to 100 feet. The latter value may not be 
repre entati e since this was the maximum 
length found exposed. With greater exposure 
of given outcrops the mea urable length of 
the e joints probably would be greater. eldom 
do the joints of Sets I and II terminate against 
each other. The joint are spaced from 1 foot 
to as much as 25 feet apart. common distance 
i 5 to 10 feet. Figures 3 5, and 6 show typical 
length and spacings of the joints studied. Joints 
of ets I and II may be confined to individual 
b ds; however, more often they transect all beds 
exposed at an outcrop (Fig. 7 A). 

The character and type of joint surface ap­
pear to be directly controlled by the competence 
o_f the rock types. Thick-b dded, competent 
lime tones between two shale beds in all in-
tances contain more planar and well-defined 

joints (Figs. 7B, 8). Blocky lime tones are 
produced wher the ertical joint surfaces of 

ts I and II intersect at about 90° . The sur­
faces are smooth except in areas where weather­
ing has begun to roughen them. In a few in­
tance geodes are cut by joint planes with the 

calcite material usually missing owing to ad­
vanced weathering (Fig 7B). e eral example 

F1 RE ?-- T ypical le~gth and pacings of et II joints 
m medium -bedded lime tone; Fort Riley Lim tone; 

W ¼ W ¼ E¼ ec . 19, T. 25 ., R. 6 . 

how JO_mt surfaces . slicing clearly through a 
cherty limestone (Fig. 8B). Figure 8C is a 
close-up of the chert nodules cut by one of the 
joint urfaces of Figure 8B. In shaly limestones 
ets . I_ and II are still predominant. However, 

the JOtnt urface tend to be curved and irregu­
lar r~ther th~n straight. This irregularity is 
especially noticeable at the outcrop hown in 
Figure 3C. When observing hale sections the 
joints are visible only faintly or not at all o~ the 
surfaces of expo ed beds. This is owing to the 
poor exposure and advanced weathering. The 
shale's incompetence also tends to make the 
joint less noticeable. Figure 8 illustrates how 
well-defined joint surfaces in thick-bedded lime-
tones may b come ob cured in weathered, in­

competent shales. Figure 2 shows one of the best 
examples of well-defined joints in limestone units 
with the ame joints absent or not noticeable in 
adjoining hale bed . Measurements of joints b . 
longing to ets I and II were made in the more 
competent rocks since greater accuracy in strike 
and dip determinations could be made. 

ome of the joint surfaces in both Sets I and 
II are nearly in contact but most are separated 
everal inches owing to local slumping- in which 
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F1cuR 7.- A, et I join tran cting all of the p ed b ed ; Fort Ril y Lime t ne; . line, 
R. 4 . B, locky lime tone with w 11 -d fined joint urfac pitted by ad anced weatherin 

urface; Winfield Lim tone; center ½ ec. 14, T. 30 . R. 3 E. 

case the open space generally are filled with 
soil from the urrounding terrain. Vegetation 
may be growing in this soil causing the joint 
traces to be well defined (Figs. 3 , 5). The 
econd type of joint is calcite filled. The calcite 

is usually a deposit along joint surfaces les than 
¼ inch apart (Fig. 9A). Thi type of joint i 
not common. 

In the area of c. 10 T. 30 ., R. 3 E. cur ed 
joint trace of large extent are pre ent on the 
fac of th expo ure (Fig. 9B). When one of the 
adjoining blocks of limestone falls away, th 
re ulting expo d joint surface are charact ris­
tic of th urfac f chalk after being brok n by 
tangential fore . 

The joint of t I and II are believed to 
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alci te filling along joint urfac . Compa points . 72° E.; Heringt n Lime tone; E¼ W ¼ 
., R. 4 . B, urved joint trace on face of exposure with re ulting surfaces characteri tic of tan­
gential forces; \ infield Lime tone; center ½ ·ec. 10, T. 30 ., R. 3 E. 
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twar - wing tro e cutting at regu ar interva int ue ta; 
13 T. . and . I T. 29 . R. 7 E. 

t of ar becau e th y e hibit char-
imil th e that Parker (1942) 
),d tter(1956),andHill (1963) 

nd i rated a being shear joint . 
acter ar the pre ence of plane 

cutting cleanly through nonhomo ene-
t rtical j int plan gr at abun-

dance in b ng and w ak k type , and 
con i t nt in cliff rent lo ities in the 
ame g ne 

Set ID 

III j int include many minor set 
clu t r d about et I and II. The gr at ma­
jority of the e joint are horter than 10 feet, 
hav ariable trike, and are usually cur ed, ir­
r gular and vertical. few joint have dip of 
a mall a 46° . When t III joint inter ect 
j int of t I and II, th y are clearly subordi­
nat in that they commonly terminate again t a 
joint urface of one of the major ts. S t III 
j int are pr nt most often in thin-bedd d 
h mog ne u lime tone but are lo t in an und r­
lying or erlying shale. et III commonly make 
up 25 p rcent or le f the total number of joint 
in a gi en town hip. 

cc rding to Parker (1942), e in (1949), 
d itt r ( 1956), and Hill ( 1963) joint with 
uch propertie may b cla ified a tension 

joint. 

Horizontal Fractures 

Horizontal fracture ar tho fractures the 
urfac of which ar planar and ar riented 

parallel t the bedding plane · th y occur at 
random throughout the region and wer not 

tudi d in detail in thi paper. The e fracture 
are be t een in road cut and quarrie wher 
medium- to thick-bedd d lime ton are pre nt. 
How ver, many outcrop do not exhibit hori­
zontal fracture . Where pr s nt the fracture 
are ertically paced from 1 to 10 f et apart 
(Fig . 7 , 8B). o apparent corr lation with 
d pth occur relati to ertical pacing of the 
b d. 

Billing ( 1954, p. 121) pr nted the follow­
ing th ory for the origin of horizontal fractur : 
"Becau e of progre ive lowering of the surface 
of the earth due to ero ion and con qu nt de­
crea e in the confining pr ure, the rock ex­
pand in all dir ction . The ertical xpan ion 
i unimpeded, and only air ha to be pu h d 
away. The horizontal xpansion i hindered by 
rock. Compr ional force parallel to the ur­
face f th earth de elop and cau rupture." 

a re ult, horizontal fractur uch a tho e 
ju t de crib d would be formed. 

THE JOINT SETS IN RELATION 
TO TOPOGRAPHY 

Th joint pattern pre ent d in thi report 
appears to control the regional topography in 
two important way . In many area dir ctl 
und rlain by competent lim ston the tream 
pattern and minor drainage way follow ery 
clo ely and probably w re determined by th 
joint pattern. lthough tatistical analy is f 
thi relationship i not within the cope of thi 
rep rt the featur i hown well in SE¼ s c. 13 
T. 29 . R. 6 . and W ¼ c. 18, T. 29 ., R. 
7 E. (Fi . 10). Her northwestward-flowing 
tream ar controlled by t IT and have cut 

into th cue ta with r gularity alon it xtent. 
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int trace resu ting rom a vane o ut10 
I joints are perpendicular to it ; Winfield Lime 

The jointing also app ar to control the 
exist nee of "karst topography" found in the 
area directly outheast of El D rado and in 
northea t rn Butler and Cowley Counties. Solu­
tion of lime tone along joint urfaces produces 
extr mely open joints resulting, in a few in­
stances in large ca e in this area (Figs. 11, 12). 
With ad anced olution, the roofs of these cav­
ern collapse forming sinkholes. In the ink­
hole hown in Figure 13 many pitted and 
rounded joint surfaces are present. 

AGE OF THE JOINf SETS IN RELATION 
TO STRATIGRAPHY AND STRUCTURAL 
FEATURES 

Stratigraphic Considerations 

The age of the joints is of great importance 
if the source of the deformational force is to 
be located . s a result, it is aluable to consider 
the geologic age of the stra ta containing the 
joint sy tem. The ame joint pattern is shown 
to exist in both l wer Permian and upper Penn-
y! anian rocks. suming that the joints are 

younger than the youngest trata containing the 
joint pattern the j inting i at lea t post-lower 
P rmian in age. B cau upper Permian and 
Cr tac ou rock ar ab ent in east rn Kan as 

th lat t period durin which the joints formed 
cannot b d termined from stratigraphic e i­
dence. 

Folds 

w that in the ubsurfac trata a 
rie tially parallel anticlinal folds and 

domes ort thwe t. The fold ax 
have alue g b tween due north 
and . 35 ° E . emaha axis trikes 
20° in northea tern Cowley County with the 
trike changing to . 35° E. a the structure i 

pro · y traced to the north. orth of T. 
25 trike of th emaha axis is approxi-
mately north. The Beaumont nticline as well 

tructures ha e axes trending sub­
the emaha Anticline but with les 

rch is the only major fold in 
· tly from the north-

. tern extremity of 
th Temaha Anti-

ty. From this point 
t . Parch r east the 
that from northern 

rd the ax1 has a 
a 0° 
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1 R 12.- lose-up of open vertical joint. Picture taken 
at far end of the et II joint of Figure 13; Winfield 

Lime tone; ¼ ec. 13, T. 27 S., R. 3 . 

The strike alue and trends of the se eral 
fold ax s were obtained from maps by Bass 
( 1936) Jewett ( 1951) M rriam ( 1958 and 
1960), and ole (1962). xpo ed beds do not 
dip more than 5° on the flanks of folds in this 
area. B d at outcrops studi d for this report 
ha e dip of less than 4 ° with 1 ° dips common. 
In the ubsurface dips are greater with the east 
limb of anticlin s ha ing the largest values. 

1 , the later we tward regional tilting de­
creased th original dips of the ea t limbs of the 
anticlines. 

Throughout the region, Set I and Set II joints 
are diagonal in relation to the fold axes. The 
strikes of the fold axes do not ary enough 
within the region to show that the joint set 
trik s are indep nd nt of the strike of the fold. 

Wh ne er th joint of et III occur in abun­
dance they how clo paralleli m to the xi ting 
fold ax . Thu they are strike joint . n th 
ba is of these data it i concluded that the exact 
a e of the joints relative to the folds cannot be 
accurately determined. 

For the mo t conclusi e idence of the age 

of the joints relati e to the fold , the age of th 
folds them el es must be con idered. The major 
mo ements along the emaha nticline and 
Bourbon rch are con idered to have occurred 
prior to P nnsyl anian time (Lee, 1943). There­
for thes structures must be older than the 
jointing since th joints cut lower ermian 
r cks. The Beaumont Anticline and similar anti­
din b gan th ir de elopment in Cheroke time 
which continued throughout subsequ nt periods. 
Thus th y too are at least in part, older than the 
jointing. It is likely that slight readjustments 
al ng the folds at the time of jointing may ha e 
aided in the do e relation the folds appear to 
ha e to the joints. Therefore, the jointing may 
ha developed simultaneously with later mo e­
m nt of the sub urface folds. 

In an area of gently-dipping beds which con­
tain nearly ertical joints it is difficult to detect 
the ffects of tilting of the joints as a result of 
lat r folding (Parker 1942). pecial problems to 
b consider d in this region include local slump­
ing a well as the fact that the manner of ex­
po ure of many beds ob cures data regarding 
the exact dip of the joints. For these reasons 
a true regional picture of the effect of folding 
n th tilting f the joints i not discussed. 

Faults 

Only a few normal fault occur at depth in 
thi ar a, and ery few visible faults are present 
in exposed rock . The subsurface faults gener­
ally strik ab ut . 20° E., although some have 
northw st strike. The e faults occur primarily 
along the maha nticline and are found only 
in Mi si sippian and older r cks. The faults are 
b lieved to be older than the joints and there­
fore, not primarily responsible for the jointing. 

ince their ertical extent is limited the effect of 
light movem nts along their surfaces, resulting 

from lat r readju tments along the emaha 
Anticline would be greatly diminished upon 
reaching the urface rocks. 1 o, it does not 
e m r a onable that such a localized fault zone 

is responsible for the formation of a regional 
joint pattern. However, it is possible that move­
ment along the deep-seated faults, coupled with 
other regional subsurface mo ements, might be 
re p n ible for producing a regional joint pattern. 

lthough ery few surface faults were ob­
erved in this region, a belt of "en echelon" 

normal fault striking 20° to 40° northwest is 
pre nt in expo ed Pennsyl anian rocks on the 

entral Plains of Oklahoma (Foley 1926). Mel­
ton ( 1929) how d that do e correlation exists 
between th e faults and the northwe t-striking 
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1c R • 13.- inkhole formed from ollap e lime tone bed along maturely weathered joint urfa e . any pitted 
and rounded joint urfaces are present · Fort Riley Lime tone· ¼ ¼ ec. 6, T . 27 ., R. 6 

ccording to M 1-
t lt joint of klahoma are b -

e formed by initial compre -
f uachita rogeny. Th refore 

if the joint de crib d in thi report is 
r lat d to the elton de crib th joint in 
thi r gion may have an origin imilar t the 
"en chelon" fault in klah ma. 

Regional Dip 

The maximum regional dip of the urface 
trata thr ughout thi region arie from 40 to 
0 feet p r mile, or less than 1 °. Locally th 

regional dip becom s greater r folds. This 
dip i primarily northwe t in the northern 
portion of the region changing to we t- outhwest 
in outhern owley ounty. The only variation 
fr m the o erall w stward dip of the surface 
trata i light and exi t along the a t flanks 

of the emaha nticline and oth r smaller anti­
clinal structur . Here the dip is astward. 
Howe er a hort di tance ea t of the e structure 
the b d regain th ir we tward dip. Local in-
crea in dip occur with depth o er the emaha 
and nticlin but have no £feet on 

th uniformity f the o erall regional dip. In 
th uh urfa e pre-Penn yl anian b d dip 
g ntly north and outh from th B urbon rch. 

In r lation to the r gional dip the joints of 
t I and II are diagonal joints. lthough slight 

change in th trik of the regional dipping b d 
i t no c rresponding change in the joint 

patt rn can b detect d. This indicate that th 
joint might b p t-tilting in age. However 
the chang of trike of the axis of regional tilting 
may not b ignificant nough to ju tify this 
comp ri n. er th Bourbon rch the strike 
of the joint appears to chang little indicating 
that the joint ar unaffected by the pre-Penn yl-
anian north- uth dip of the bed . Therefore, 

th joint are a um d to b at lea t post-Mi sis­
i ppian in age. 

n though m t f th joints are nearly 
perpendicular to th bedding practically all of 
th m ary fr m 1 ° t 5 ° from the ertical to 
the earth' urface. Thi may indicate that the 
jointing occurred first follow d by regional tilt­
ing which rotated the joint plane slightly from 
the ertical. How er r gional tilting and the 
jointing may ha e been cont mporaneous prod­
uct of the ame regional def rmation. 
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Movements resulting in important regional 
tilting took place during post-Missourian time 
in the Pennsylvanian Period, the middle Permian 
Period, post-anhydrite (Permian) to pre-Cre­
taceous time, post-Cretaceous to pre-Pliocene 
time, and during post-Pliocene time (Walters, 
1958). As a result the present regional dip and 
probably the joint system are the product of 
several readjustments and not one large-scale 
regional tilting. 

ORIGIN OF JOINT SYSTEM 
AND RELATION TO OTHER 
MIDCONTINENT SYSTEMS 

The persistent and nearly uniform joint sys­
tem in Permian and Pennsylvanian rocks in 
south-central Kansas appears to have many char­
acteristics similar to the joint system of the 
Central Plains of Oklahoma. The Oklahoma 
joint system, described by Melton ( 1929), ex­
tends northward from the Ouachita Mountains 
to northeastern Oklahoma. The area studied in 
this report is adjacent and northwest of the 
Oklahoma region. 

Melton reports that two dominant joint sets 
compose the Oklahoma joint system. In general, 
the two sets form an obtuse angle opening 
northeastward. The most prominent of these 
sets radiates fanwise from the center of the 
Ouachita Mountains and in central Oklahoma 
strikes N. 35°-45° W. with a modal strike of 
about N. 37° W. According to Melton the 
strike of this joint set correlates very closely with 
the individual faults of the "en echelon" fault 
belt described by Foley ( 1926). The second, less 
prominent joint system with respect to num­
bers, strikes N. 50° -80° E. Within 100 miles of 
the Ouachita Mountains the northeast striking 
set shows less systematic arrangement than does 
the northwest set. Other joint sets cluster 
around the two major sets but are of minor 
importance in respect to numbers. The joint 
system described by Melton cuts strata as high 
as the middle Permian section of Oklahoma. 
Melton considered that the field work was in­
sufficient to determine whether or not upper 
Permian strata are involved. 

The joint system in south-central Kansas is 
similar to the joint system described by Melton 
in the following ways: The northwest striking 
sets in both areas have almost identical strike 
values. In Kansas the northwest set strikes be­
tween extreme values of 24° and 56° and has a 
modal strike of N. 35° W. This modal strike 
varies by only 2° from the N. 37° W. value 
given for the northwest set in Oklahoma. The 

northeast set in Kansas strikes between extreme 
values of 50° and 70° with a modal strike of 
N. 61 ° E. The northeast set in Oklahoma 
strikes between 50° and 80°. In both areas 
other sets of joints cluster about the two major 
sets and are of minor importance in respect to 
numbers. 

By plotting the dip of the joint planes on a 
three-dimensional diagram, qualitative compari­
son shows that a greater number of nearly ver­
tical joints exist in Kansas. This may be the 
result of inadequate sampling because at most 
outcrops studied in this report dip data are in­
accessible or unreliable. 

The age of the joints in the two areas may 
be the same since in both places the joints cut 
upper Pennsylvanian to lower Permian strata 
with the same pattern. 

The two joint systems appear to be very sim­
ilar and may have a common origin. Melton 
considered that the two prominent sets of 
nearly vertical joints were formed by the initial 
horizontal compressive forces in the Ouachita 
Mountains. The deeply eroded Pennsylvanian 
and Permian beds flanking the Arbuckle Moun­
tains are described by Melton (p. 743) as being 
cut by the northwest joint set, "Hence that part 
of the Ouachita Mountain folding which caused 
the jointing is of a much later origin than the 
Arbuckle folding ... the diastrophic movement 
which caused this jointing was the first strong 
compressional movement in the formation of 
the Ouachita Mountains." 

Post-Jurassic doming of the Ouachita Moun­
tains as a cause of the jointing is eliminated in­
asmuch as the lower Cretaceous rocks south of 
the Ouachita Mountains do not show a similar 
joint pattern. The joint system south of the 
Ouachita Mountains has been studied by Boyer 
( 1967) who reports that joint sets strike N. 20° -
30° E., N. 55°-70° W., and east-west in central 
Texas. 

Moody and Hill (1956) suggested that ex­
tensive northwest transport has taken place along 
large wrench-faults in the Ouachita Mountains. 
It is herein postulated that an outward moving, 
horizontal, compressive force generated by the 
wrench-fault tectonics of the Ouachita uplift, 
coupled with an opposite force created by 
wrench-fault tectonics elsewhere in the conti­
nental polygonal block may be postulated as 
being responsible for the formation of such a 
widespread regional fracture system. The Ne­
maha Anticline is not necessarily believed to 
have created the coupling force since the joint 
system in south-central Kansas is little affected 
by this structure as it passes over the Nemaha 
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Symbol representing strikes of major joint sets. 
Length of line indicates relative abundance of joints. 
Solid line represents measured abundance, 
dashed line represents probable abundance. 

FIGURE 14.-Midcontinent joint systems (modified from Geological Highway Map Committee, 1966). 

crest. Instead, as Fath ( 1920) suggested, it is 
believed that the whole system should be re­
ferred to forces farther west, such as shear zones 
and wrench-fault tectonics in the Rocky Moun­
tain zone. 

Certain inter-relationships of mid-continent 
joint systems have become apparent during this 
study which accent the complexity of their 

origin. Figure 14 contains symbols which repre­
sent strike and relative abundance of prominent 
joint sets as reported below. Information for 
south-central Kansas is derived from this study. 
The symbol in Oklahoma represents Melton's 
work which is also partly described in this report. 
The symbols in southeastern and north-central 
Kansas represent scattered reports of joint sets 
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confirmed by aerial photographs. Information 
for northeast Kansas was obtained from Stewart 
(1967). Stewart believes that the north-trending 
set may be more abundant than actually repre­
sented and that this set could result from shear 
forces. He also noted that unweathered joints 
in certain limestone beds parallel joints in the 
same bed which show definite evidence of 
weathering. Thus, two different periods of 
jointing are indicated in this area. Hinds and 
Greene ( 1915) reported the information repre­
sented by the symbol in Missouri while studying 
Pennsylvanian strata. Merriam ( 1964) showed 
that drainage patterns in bedrock in northwest 
Kansas may be controlled by structural lineations 
as represented by the symbol. 

Figure 14 shows that at least two major 
joint systems may be present in the midcontinent 
region. The system studied in this report ap­
pears to extend from southern Oklahoma to 
northeastern Kansas and western Missouri. The 
other system predominates only in northeastern 
Kansas and western Missouri. Both systems have 
a common set which strikes approximately N. 
60° E. However, the N. 35° W. set in Okla­
homa and southeast Kansas becomes minor to 
the north where the N. 0° -3 ° E. set is pre­
dominant. An interesting observation is that 
the joint sets in the system in northeast Kansas 
and Missouri are separated by an acute angle of 
60° which opens northeast. The joint sets in 
southeastern Kansas and Oklahoma are com­
monly separated by a 90° angle with any exist­
ing acute angles pointing northwest. Since the 
joint sets in the northeast Kansas and Missouri 
systems are separated by 60°, it appears that by 
use of the strain-ellipsoid these zones of struc­
tural weakness might be oriented properly with 
more success than the joint system reported 
herein. 

The preceding information suggests that 
more work concerning midcontinent joint sys­
tems is justified. A study might be made con­
cerning the inter-relationships of the joint sys­
tems just described and of the deformational 
forces which caused the joint system in northeast 
Kansas and western Missouri. Although evi­
dence indicates the joint system of this report is 
the youngest, delineation of the apparent transi­
tion area in east-central Kansas should be 
studied further. Special emphasis should con­
cern the relative age of the two joint systems. 
There exists also a need for more information 
concerning the N. 60° E. joint set. Since it is 
common to both systems and may be present in 
northwest Kansas (Fig. 14 ), it is possible that 

this joint set represents a midcontinent zone of 
directional weakness. 

CONCLUSIONS 

L Two prominent joint sets are present, having 
consistent regional orientation. Set I strikes 
northeast between extreme values of N. 
50° -70° E. with a mean strike of N. 60° E. 
and mode of N. 61 ° E. Set II strikes north­
west between extremes of N. 24°-56° W. It 
has a mean strike and a mode of N. 35° W. 
Both sets occur as either single or compound 
groups of joints. Set III, groups of minor 
joint sets in respect to numbers, is found 
clustered around the prominent joint sets. 
Horizontal fractures are present. 

2. Set II strikes almost at right angles to Set I, 
the average value between them at the vari­
ous outcrops studied being 93 °. The obtuse 
angle between the sets usually opens north­
east. 

3. The majority of joint planes have dips 
greater than 85°. Dips as small as 46° are 
present but are not abundant. 

4. Sets I and II usually contain joints greater 
than 10 feet in length and may transect 
clearly all beds exposed at a given outcrop, 
including nonhomogenous rocks. These 
joints are planar and always well-defined. 
Joints of Set III are usually shorter and not 
as obviously planar as the joints of Sets I 
and IL These joints are usually found in 
thin-bedded strata transecting only homoge­
nous rocks. Joints of Sets I and II are inter­
preted as resulting from shear, whereas Set 
I!I joints are believed to be caused by ten­
s10n. 

5. The present drainage pattern appears to be 
closely related to and may be determined by 
the joint pattern. 

6. The joints are believed to have formed after 
the major development of the anticlinal 
folds. However, the joints may have de­
veloped simt,1ltaneously with later re~djust-
ments of the folds. 1 

7. The joints show' no relation to the sµbsur­
face faults directly underlying this area. 
The northwest joint system is closely aligned 
with the strikes of individual faults of the 
"en echelon" belt in north-central Oklahoma. 

8. The joint patterns and regional tilting ap­
pear to be closely related and may be con­
temporaneous products of the' same de­
formational period. 
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9. The age of the joints is defined as being 
between post-lower Permian and pre-lower 
Cretaceous time. 

I 0. The joints may have formed as a result of 
northwest, horizontal, compressive forces 
generated by wrench-fault tectonics during 

Kansas Geol. Survey Bull. 191, Pt. 2, 1968 

initial Ouachita Mountain uplift. These 
forces were coupled with an opposite force, 
possibly from the Rocky Mountain region; 

I I. Evidence shows that at least two separate 
but interrelated joint systems may exist in 
the midcontinent region. 
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Plate 

MAP OF SOUTH-CENTRAL KANSAS 

showing regional joint patterns in any given area in relation 

to stratigraphy and subsurface structures. 

By John R. Ward 
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Plate 2 

MAP OF SOUTH-CENTRAL KANSAS 

showing major joint sets at individual stations in relation to 

stratigraphy and subsurface structures. 

By John R. Ward 
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