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ABSTRACT 

Fifty four shale samples were obtained from Lansing 

and Kansas City Group (Pennsylvanian) oil well and dry hole 

cores from western Kansas. The clay minerals were ident­

ified and the quantity of each was estimated from x-ray 

diffractometer diagrams. The clay minerals from all shales 

are similar and consist of illite, random mixed-layer 

illite-montmorillonite, and chlorite, in that order of 

abundance. Montmorillonite is here defined as the mineral 

that expands to 17.8 A on glyceration. 

There seems to be no definite variation in kind or 

amount of clay minerals stratigraphically through the 

Lansing and Kansas City Group sections. Further, no ·general 

differences can be detected geographically from one area to 

another. 

The x-ray diagrams from raw oriented samples of shales 

directly below zones of petroleum accurnul~tion exhibit 

similarities . and are different from those of all other 

shales. In these diagrams, the 10 A illite peak is lower 

and broader and the apex of the peak is normally not as 

s:iarp as in diagrams of other shale samples. Further, the 

ratio of illite: random mixed-layer illite-montmorillonite 

is considerably lower in these SfuTiples. 

An attempt is made to explain the above described dif­

ferences on the basis of differences in the ar~ount or var­

iety of original montmorillonite present in the sediment. 

-·- ----·-- ·- - --- - ---... 



This explanation requires the following assumptions: 

(1) montmorillonite was probably more abundant in the 

original sediment tnan it is now; (2) either the ar,1ount 

or the variety of montmorillonite varied considerably 

within the sediment geographicaliy; (3) montmorillonite 

changes to illite in ancient marine sedili1ents, (4) some 

varieties of montmorillonite adsorb organic material and 

act as a catalyst in petroleum formation, and (5) the 

adsorbed organic material retards the diagenesis of 

montmo~illonite. 

·----------- -- -- .. ----. 



INTRODUCTION 

Some new work has been done in the area of clay 

mineralogy and petroleum ori gin and accumulation especially 

by Ralph E. Grim (1947) at the University of Illinois and 

Charles A. \fuaver (1959). Weaver made a study of 20,000 

clay samples from the major United States oil producing 

basins and found a reasonably good direct relationship 

between the amount of reservoir oil and the expansible 

clay mineral content. Grim suggests that certain clay 

minerals have played a significant role in the origin of 

petroleum by serving as a catalyst for the transformation 

of organic material into petroleum. 

This thesis is a detailed study of clay minerals in 

the shales obtained fro~ Lansing and Kansas City Group 

(Pennsylvanian) oil well and dry hole cores in western 

Kansas. The area covered by this study is much smaller 

and the amcunt of detail much greater than that done by 

Weaver. 

3 

The occurrence of petroleum, or its absence, in each 

potential zone of accumulation is compared to the nature and 

composition of the clay minerals in all surrounding shales. 

, _ 
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STRATIGRAPHY AND STRUCTuR:8 

The Lansing and Kansas City Groups (Missourian Stage) 

are similar lithologically, have a conformable contact, and 

for convenience . are generally considered as one group in 

the western Kansas subsurface. The top of the Lansing Group 

and base of the Kansas City Group in most of western Kansas 

are readily recognized in electric and radioactive logs. 

As a whole, the Lansing and Kansas City Groups are 

characterized by relatively thick, persistent limestones. 

netween the limestones are shales of varying thickness, 

,light to dark colored, and calcareous to sandy in composi­

tion. A few thin and persistent black, platy shales are 

easily recognized in radioactive logs throughout the western 

Kansas subsurface. 

Moore (1949) described the Lansing and Kansas City 

Groups as having regularities of sequence denoting both 

cyclothems and megacyclothems. According to Moore, these 

marine beds contain invertebrates interpreted as representing 

a very near~shore assemblage (inarticulate brachiopods, 

calcareous brachiopods, thick-shelled clams, snails, and 

some bryozoans), to those representing an off-shore assem­

blage (particularly the fusulinids). Algal limestones occur 

at the top of several limestone formations and evidently 

represent the shallow-water deposits of retreating phases of 

marine inundations. 

These algal limestones produce local thickenings, or 

11 reef-ups 11
, in southeast Kansas and are thought to be 
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responsible for some local thickenings in the subsurface of 

western Kansas which may serve as oil traps (Merriam, 1961). 

Other local thickenings are due to local structural warping 

during deposition. Merriam (1961) also called attention to 

some "stray11 limestones occurring within predominantly shaly 

for~ations. Some limestone units of the Lansing-Kansas City 

Group pinch out in northwest Kansas and give way to thick 

shale sections (Walton, 1960). 

The major structural element in western Kansas is the 

Central Kansas Uplift with its northern counterpart, the 

Cambridge Arch. West of this lies the broad Hugoton Embay­

~ent of the Anadarko Basin whic~ includes many north-north­

west-trending anticlines and synclines. 

Pre-Kansas City history of western Kansas has been 

described by Merriam (1961). During Lansing-Kansas City 

deposition, the Central Kansas Uplift and Cambridge Arch 

were gradually rising while the Hugoton Embayment was 

subsiding. The Cambridge Arch has been uplifted continually 

until Mid-Cretaceous time. During this same time interval, 

the Central Kansas Uplift shows evidence of southeast tilting 

during the first half of the Permian, and, starting with 

Mid-Permian, shows southwest tilting up to Mid-Cretaceous 

time. From Mid-Cretaceous to the end of Tertiary both 

arches were tilting to the northwest and, starting with 

Quaternary, both exhibit eastward tilting. 

·- ------·-- --- - - - -- - ---~ 
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Almost all Lansing-Kansas City oil and gas production 

is from closed anticlines and domes 6n the Central Kansas 

Uplift, the Cambridge Arch, or in the Hugoton Embayment. 

All but two of the cores used in this study came from the 

Central Kansas Uplift proper. The core from Ness County 

(D) is on the western flank of the uplift and the core from 

Rawlins County (K) is on the western flank of the Cambridge 

Arch. 

In 1962 Kansas ranked sixth in oil production in the 

United States. Although the Lansing-Kansas City Group is 

not the most prolific producer in the state, it has · been 

reported productive in more oil fields than has any other 

zone. Most Lansing-Kansas City oil wells produce from 

oolitic porosity in the limestones, or less commonly, from 

intergranular or intercrystalline porosity. Undoubtedly 

fracture porosity has a larger effect than generally 

realized. 

Because of difficlilty in correlating over long dis­

tances, most oil companies use an alphabetical index on the 

limestones of the Lansing-Kansas City Group (Morgan, 1952). 

Subsurface correlation of · this group is complicated by 

intercyclic erosion, which has upset the orderly sequence 

of beds (Lee, 1956). Parkhurst (1959) correlated the 

surface outcrop in eastern Kansas with the subsurface 

through western Kansas. Figure 2 shows the relation of 

the alphabetical designation and Parkhurst 1 s results 

(Nerriam, 1961). 

' · 
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Figure 2. Relation between Morgan's 1952 alphabetical designations of the 
Lansing-Kansas City Groups and equivalent terminology as determined 
by Parkhurst, 1959 {from Merriam, 1961). 
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TECHNICAL PROCEDURE 

Selection of Samples 

The shales ex~~ined in this study were selected from 

eleven oil well and dry hole cores penetrating all or part 

of the Lansing-Kansas City Group in western Kansas. The 

shale portions of these cores were sampled at one-foot 

intervals and, in most cases, the samples from one shale 

unit were combined into one sample. When lithological or 

color changes were found in the thick shales, the one-foot 

samples were combined into two or three representative 

samples. Fifty-four samples were obtained from these 

cores (Figures 3 through 13). 

Each sample was selected from the inside of the core 

so that the effect of drilling mud infiltration would be 

held to a minimum. 

Depths indicated on the core boxes were checked 

against electric or lithologic logs to eliminate any 

discrepancies. 

Preparation of Samples 

Approximately 3 grams of each combined sample was 

crushed to pass through a 61-micron screen. This powder 

was packed in an x-ray sample holder for an 11unoriented11 

powder pattern. 

An additional 10 to 20 grams was crushed and placed 

in a 500 ml Erlenmeyer flask containing distilled water 

and a few drops of NH4oH. The contents were shaken 



...... 

vigorously in a wrist-action shaker for 8 hours to defloc­

culate the clay. The suspension was transferred to a 600 ml 

beaker, the beaker filled with distilled water, and allowed 

to settle for 4 hours. Clay finer than 2 microns was gath­

ered by a medicine dropper 5 cm below the fluid surface 

and transferred onto 4 glass microscope slides. The sl1des 

were allowed to dry at room temperture. 

One oriented slide from each Sfu~ple was treated with 

a small amount of glycerine and allowed to stand for approx­

imatelY two days. Thirteen slides from selected represent­

ative srunples were heated to 575 degrees C and allowed to 

remain at that temperature for 30 minutes. Of these 

selective samples, eight slides were heated to 450 degrees 

C and allowed to cool without delay. 

An additional 30 gram portion of one representative 

sample was crushed, passed through a 61-micron screen, and 

boiled for 5 minutes in dilute hydrochloric acid to test 

for kaolinite. The sample was then washed in distilled 

water, deflocculated, and the minus 2 micron fraction put 

on a glass slide as in the above described manner. 

X-ray Diffraction 

An 11unoriented11 powder pattern, a dry raw oriente·d 

pattern, and a glycerated oriented pattern were obtain&d 

for each of the 54 samples. In addition, 13 patterns of 

575 degree C-heated slides, 8 patterns of 450 degree C­

heated slides, and 1 HCl-treated slide were run. 



The machine used was a General Electric XRD-3 x-ray 

diffraction unit, with nickel-filtered copper radiation. 

12 

The x-ray beam passed through a 1 degree beam slit, 3 degree 

sollar, and 0.2 degree detector. The diffractometer scan 

speed was 0.2 degrees per minute. The unit operated at 

45 kilovolts and 15 milliamperes. 
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NON-CLAY MINERAL COMPOSITION 

The non-clay minerals were identified from the minus 

61 micron fraction. The d-values and other identifying 

characteristics were obtained from Brindley (1951). 

Quartz is the dominant non-clay mineral and is present 

in all 54 samples. The characteristic peaks for quartz 

appear at 4.21 A and 3.34 A. 

Calcite occurs in the great majority of samples and is 

identified by the peak at 3.03 A. Calcite is not present 

in srunples 11, 13, 25, 26, 27, 30, 36, 41, 46, and 48. 

Feldspar is also a ·common cons ti tuen·t and is identif­

ied by the single or double peak at approximately 3.18 A. 

Feldspar is absent from samples 7, 11, 17, 32, 33, and 43. 

Dolomite, which gives a strong peak at 2.88 A, is 

identified in samples 7, 8, 13, 51, 52, 53, 54, and 60. 

The identification of mica in these samples is some­

what uncertain. Samples 5, 10, 11, 16, 26, 30, 35, and 38 

give a fairly intense 10 A peak which is partly obscured 

by mixed-layer material. The corresponding hkl peaks can­

not be distinguished from those of illite. -It is difficult 

or impossible, in these samples, to distinguish a true mica 

from a well crystallized illite. 

Crystallinity is here defined as the degree of order 

and regularity of molecules in the mineral lattice. 

Crystallinity increases with increasing completeness in 

the lattice and with decreasing lattice distortion. 
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CLAY MIN"3RAL COMPOSITION 

The clay minerals were identified from information 

in Grim ( 1953), Brindley { 1951), and EacEwan e tal. ( 1961) • 

The minus 2 micron fraction was used to determine the clay 

mineral composition. 

All samples are similar and are predominantly illite, 

chlorite, and seemingly illite-montmorillonite random 

mixed-layer material. 

Illite is the dominant clay mineral and is present in 

all 54 samples. The characteristic illite peak is at 10 A. 

Each 10 A peak shows asymmetry in that it spreads on the 

low-angle side. This low-angle spreading is due to the 

mixture of illite with randomly mixed-layer material (Fig-

ure 3). In general, the high-angle side of the peak is 

normal and smooth. When the clay is glycerated, the 10 A 

peak becomes less intense and more symmetrical. The great­

er symmetry would suggest that the mixed-layer material has 

expanded slightly and has separated from the relatively 

pure illite to some degree. Upon heating to 575 degrees C, 

the illite peak becomes slightly more intense. 

The intense 10 A peak in samples 5, 10, 35, ~-6, and 48 

suggests well crystallized illite. Samples 7, 13, 28, 47, 

and 50 have low and broad 10 A peaks which suggest poorly 

crystallized illite. Other samples exhibit patterns every­

where in between these extremes. Where the patterns are 

clear and sharp, it is possible to suggest that the ~2M1 poly-
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morph seems to exist (Bradley and Grim, 196l}. Most patterns, 

however, were not clear enough to give this distinction. 

Chlorite also is a constituent of each sample. It gives 

a distinct peak at 14 A. The 14 A peak becomes slightly less 

intense with glyceration (probably because of dilution) and 

remains almost unchanged when heated to 575 degrees C for 30 

minutes. Boiling the sample in dilute hydrochloric acid for 

5 minutes destroys the 14 A and 7 A peaks. The chlorite 

peak also is generally asymmetrical, however the high-angle 

side shows the spreading in this case. Glyceration _increases 

this asymmetry. 

It was not possible to determine the variety of chlorite 

in these samples. 

The material between the 14 A and 10 A peaks is p_resum­

ably an illite-montmorillonite random mixed-layer material 

for the most part. Some chlorite also may be present in the 

mixture. Montmorillonite is here defined as the mineral that 

expands to 17.8 A on glyceration. The glycerated patterns 

show that some of this mixture moves away from the low-angle 

side of the 10 A peak and toward the high-angle side of the 

14 A peak. 

Some patterns exhibit broad, indistinct peaks within the 

random mixed-layer pattern. In two instances (samples 25 and 

31) a small peak is developed around 6.6 A with no lower or 

higher order peaks distinguishable • 
. 

In samples l, 3, 15, 27, and 43, a small peak at about 

17.3 A is accompanied by a larger peak at about 7.6 A. 
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Heating to 575 degrees C makes the small 17.3 A peak move 

toward the 14 A chlorite peak. Glyceration has very little 

e f fect on this peak. These two reflections at 17.3 A and 

7.6 A seemingly indicate a randomly mixed-layer mineral. 

Talc was tentatively identified in sample 13. The 

mineral gives a first order peak at 9.3 A and second and 

fourth orders at 4.6 A and 2.3 A. The 9.3 A spacing was not 

expanded by glycerine and was not affected by heating to 

575 degrees C for 30 minutes. 



7 A 10 A 

I 
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BOILED IN HCl 
(5 min.) 
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Figure 3. X-ray patterns of a representative sample 
( sample 38). 

·- - - --- ---- . ·---- · - - ··- ----,,-- ------· 
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QUANTITATIVE ESTIMAT I ON OF CLAY 1.: n m RALS 

The estimation of the relative amounts of clay minerals 

from x-ray patterns is difficult and the results g ive only a 

rough picture. 

Most previous workers have compared peak intensities or 

areas under the peaks. The diffr actin8 power of the clay 

minerals (and therefore, the peak hei ghts) is known to depend 

on such factors as the grain size, de gree of orientation, and 

de gree of crystallinity, as well as the composition. Further, 

different clay minerals have di f ferent reflecting coef­

ficients. A sample containing equal amounts of illite and 

ka olinite, for example, @'.enerally g ives a higher peak for the 

kaolinite portion in the x-ray pattern. For a detailed 

study of quantitative estimation, the reader is referred to 

Brindley (1961)° and Johns et al., (1954). 

Brindley (1961) states that the reflecting coefficients 

of illite and chlorite depend, to a large degree, on the 

variety of each. As it was impossible to determine the 

variety of minerals in this study, the heights of the illite 

and chlorite were compared d irectly. To obtain the relative 

amount of mixed-layer material in each sample, the area 

under the curve was compared directly- with the areas under 

the illite and chlorite peaks. 

Procter (1959) developed a procedure for converting 

peak hei ~hts to relative composition. The procedure used 

.... -- · -- .. ···- --- - -·· -··-··---- ----- - - -



here is similar to thet used by Procter but is adapted to 

include mixed-layer material w~ich has no distinct peaks. 

19 

A planimeter was used to measure the areas. The steps of 

conversion are as follows: (1) Divide the area under the 

mixed-layer curve by the total area under the illite and 

chlori te peaks and the mixed-layer cur"e. Th:1 s v i ,res a 

measure of percentage of mixed-layer material. The remain­

ing percentage is pr.esumably the amount of illi te and 

chlorite present. (2) Multiply ~he illite peak intensity 

by the remaining percentage (step 1), and divide by the sum 

of the illite and chlorite peak intensities. This gives 

the percentage of illite. (3) Subtract the sum of the 

mixed-layer and illite percentages from 1.00. The remain­

der is the chlorite percentage. These percentages, 

although they have no actual validity, are useful for com­

parison of samples. 

IJ:'able 1 lists the relative amounts of illite, chlorite, 

and mixed-layer material obtained from t~e 54 samples • 
. 

The percentage of illite generally ranges from 25 to 

85 percent. Sample 13 contains L~5 percent talc, apparently 

at the expense of illite (only 15 percent) _. Chlorite ranges 

from 5 to 35 percent. The mixed-layer material ranges from 

10 to 60 percent. 

Using the percentage of illite as unity, ratios of 

illite : chlorite : mixed-layer material were computed and 

are included in Table 1. 

' 

I 
t 



Table 1. Clay mineral analysis of 54 samples 

Core 

A 

B 

C 

Sample Percenta~e Comnrsition 
No. Depth Illite Chlori te Mixed-Lay. I 11 i te 

1 3312 to 3319 36 18 46 1.0 

2 3364 to 3372½ 59 19 22 1.0 

3 3424 to 3431 38 29 33 1.0 

4 3!~37 to 3457 55 16 29 1.0 

5 3480 to 3486 62 10 28 1.0 

6 3501 to 3509 50 14 36 1.0 

7 {:• 3761 to 3769 46 19 35. 1.0 

8 .. ::- 3778 to 3785 37 19 44 1. 0 

9 -:~ 3795 to 3804 35 ~5 50 1. 0 

10 3681½to 3687 88 3 9 1 . 0 

11 3694 to 3698 49 19 32. 1. 0 

12 3701 to 3704 59 18 23 1. 0 

13 + 3914 to 3918 15 8 32 1. 0 .. . ,\-

-:} Shale samples directly below slight to good shows of 0 :1 · 

+ Also contains 45% talc (9.3 A). 

/ 

Ratios 
Chlori te 

0.5 

0.3 

o.8 

0.3 

0.1 

0.3 

0.4 

0.5 

o.~. 

0.1 

0.4 

0.3 

o.5 

Mixed-Lay. 

1.3 

0.4 
o.8 

0.5 

0.4 

0.7 

o.8 

1.2 

1.4. 

0.1 

0.7 

0.4 

2.1 

l'I 
C 



Table 1. (continued) 

-
Sample 

Core No. Depth 

D 15 3752 to 3755 

E 16 3418 to 3419 

17 3549 to 3555 
18 3563 to 3564 

F 23 ~~ 3058 to 3062 

24 3098 to 3107 

25 3120 to 3122 . 
26 3130 to 3133 

27 3214 to 3217 

G 28 3657 to 3662 

H 30 ., 2962 to 2965 .,., 

31 2965 to 2966 

32 3013 to 3020 

I 33 3121 to 3122 

34 3126 to 3129 

., 

Percentage Compos ition 
Illite Chlori te Hi_xe_d-Lay. 

50 18 32 

42 24 34 

34 10 56 

53 16 31 

49 19 32 

43 19 38 

44 16 40 

62 11 27 

33 17 50 

50 19 31 

40 20 40 

51 15 34 

60 13 27 

73 12 15 

80 3 17 

Ratios 
Illite Chl0rite 

1.0 0.4 

1.0 o.6 

1.0 0.3 

1.0 0.3 

1.0 0.4 

1.0 0.4 

1.0 0~4 

1.0 0.2 

1.0 o.5 

1.0 o.~-

1.0 0.5 

1.0 0.3 

1.0 0.2 

1.0 0.2 

1.0 o.o 

1·iixed-La.y. 

o.6 

o.8 

1.6 

o.6 

0.7 

0.9 

0.9 

o.~. 

1.5 

o.6 

1.0 

0.7 

o.5 
0.2 

0.2 " t-



Table 1. (continued) 

Sample Percentarre Comoosition Ratios 
Core No. Depth Illite Chlori te Mixed-Lay. Illite Chlori te Mixed-Lay. 

J 35 3314 to 3318 53 21 26 1.0 0.4 o.5 

36 3330 to 3333 62 14 24 1.0 0.2 0.4 

37 3336 to 3338 !1-6 18 36 1.0 0.4. o.8 

38 •:} 3347 to 3357½ 41 18 41 1.0 0.4. . 1. 0 

39 3372 to 3375 48 11 41 1.0 0.2 0.9 

40 3380 to 3384 42 15 43 1.0 . 0.4 1.0 

41 3392 to 3395 !1-6 17 37 1.0 0.4 o.8 

42 ~~ 3424 to 3430 24 17 59 1.0 0.7 2.5 

43 -:~ 3442 to 3444-½ 44 13 43 1.0 0.3 1.0 

44 -:~ 3519 to 3522 36 15 49 1.0 0.4 1.4 

K 46 {:• 3991 to 3993 51 13 36 1.0 0.3 0.7 

47 -::- 4000 to !~015 26 26 48 1.0 1.0 1.8 

48 4020 to 4028 49 17 34 1.0 0.3 0.7 

49 •:} 4038 to l.1-050 38 24 38 1.0 o.6 1.0 

50 ~=· 4053 to 4078 25 29 !1-6 1.0 1.2 1.8 



Table 1. (contlnued) 

Sample J PercentR~e Comnosition Ha tlos 
Core No. Depth Illi te Chlori te Mixed-Lay. 11] 5. t e Chlori te Eixed-Lay. 

.. -

K 51 -::- 4.088 to 4095 38 24 38 1.0 o.6 1.0 

52 •:} 4095 to 4109 35 . 15 50 1.0 o."4 . 1,4. 

53 •::- 4109 to 4114 53 13 34 ] • 0 0.2 o.6 

54 •::- 4114 to 4127 24 16 60 1.0 0,7 2.5 

55 -::- 4139 to 41!µ.i. 31 27 42 '.1..0 0.9 1.4 

56 -::- 414L~ to 4168 26 37 37 LO 1.4 1.4 

57 ·!} 4184 to lil95 33 25 42 1.0 o.8 1.3 

58 4197 to L~211 41 19 40 1.0 0.5 1.0 

59 ~:- 4223 to Li.232 31 20 49 1,0 o.6 1,6 

60 !1236 to 4.239 35 17 48 1.0 o.5 1,4 

61 424-3 to 4.2l~7 28. 16 56 1,0 o.6 2.0 

/ 
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DISTRIBUTION OF THE CLAY MINERALS 

There appear to be no definite variations in relative 

a~ounts of clay minerals stratigraphically through the 

Lansing and Kansas City Group sections. Further, .no general 

differences can be detected geographically from one area to 

another. 

Generally, all ~amples are composed of illite, random 

mi:-c<:.. c.-layer illi te-mont~.orilloni t a 2.nd chlori te in that 

order of abundance. 

X-ray diagrrons of the shales associated with petroleum 

appear different from those not associated with petroleum. 

Although there are exceptions, some general statements can 

be made. 

Clay 1-Hnerals Associated with Petroleum 

When x-ray diagrams of the air-dry oriented samples 

from shales directly below zones of petroleum accl.llnulation 

are. placed together, similarities ·are observed. 

The 10 A illite peak is generally low and broad, and 

the apex of the peak is normally not sharp. In these shales 

tne average ratio of illite : mixed-layer material is 

1: 1.35, considerably lower than in other shales. 

Two notable exceptions to the above generalities are 

samples 46 and 53. Sample 53 is taken from the top 5 feet 

of an 18-foot shale section. The x-ray pattern from the 

lower 13 feet conforms well with the above generalities. 
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Clay Minerals Not Associated with Petroleum 

Similarities are also observed in the diagrams of raw 

oriented samples of most shales either from between 11 dry 11 

zones, or from directly below these zones. This category 

includes shales from directly above zones of petroleum 

accumulation. 

These shales give a 10 A illite peak which is more 

:.. ~1tense and not as broad. The apex of the peak is r.crmally 

sharper. The illite : mixed- l ayer material ratio is 

1 : 0.76, almost double that of the other category. 

Definite exceptions to these similarities include samp­

les 17, 27, 60, and 61. It is interesting to note that 

samples 60 and 61 are from a well in which eight zones con­

tain oil, but the zones above these two shales gave salt 

water in drill stem tests. 

The possibility of oil migration must be considered 

here. The above four samples, for example, may have been 

below an oil zone in the past and the oil has now migrated 

to areas of higher elevation. Another complicating factor 

is the possibility that one of the shales is sufficiently 

fractured to allow oil from a lower source bed to pass 

through it. 

The 14 A chlorite peak in x-ray diagrams of all 54 

samples appears approximately the same. Samples from below 

petroleum accumulatio~ seemingly contain the same amount of 

chlorite as those from below 11 dry11 zones. The shape and 



sharpness of the chlorite peak cannot be differentiated 

into two or more general categories. 
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DISCUSSION 

It has been established that the clay minerals in these 

54 samples and their average rela tive quantities are as 

follows: Illite 45 percent, ran dom mixed-layer illite­

montmorillonite 40 pe rcent, and chlorite 15 percent. Small 

amounts of chlorite also are thought to be scattered t hrough 

the mi~ed-layer material. Kao linite was not identifjed. 

Investigations by Milne an rt Ea~l ey (1958), Grim et al., 

(1949), and others indicate that recent muds in a marine 

environment are of a more compl ex nature than tha t found in 

these samples. If these clay mj_nerals were at one time more 

complex, what processes have chang 3d t~em into shales con­

taining only two or three essential minerals? Further, why 

do these samples, taken from eleven different cores across 

·.-Je s tern I<.:ansas, and from all major shales through the 

Lansing and Kansas City Groups, exhibit almost identical 

:: : s.y mir1•;;ra l c ontent? It ::::serr.s improbable t hR.t the source 

t ~e environment of ; ~po ;:; 5 tion , or both , rema ined t :: .- :. --:. ;; ~ 

' : ·e r such an area an d -- ~ s o long a time. 

It was also esta j _ shed that the m\ x1d -l a yer ma ~~: a l 

3 nrre Bbundan t, at t~ ~ expense of i llit~ , below zo r es of 

_:)e trole 1J.::n accumulation. Th,~se parti cu lar illi te peaks also 

lack s h ~~pness in the x-ray diagr ams, ~hen comµared to other 

sample s. What mineralo gic pro~esses could be re sponsib le 

.for ; .. e se differences? 
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Possible Diagenisis 

Grim (1953) has found that parent rocks containing 

considera::.J. e quantities of potassium, as well as magnesium, 

under weathering conditions permitting the potash and 

magnesia to remain in the environment after break-down of 

the parent materials, will yield illite and montmorillonite 

as the altera tion products. Studies of clays in the Gulf 

of California show that the clay mine~als in recent sedi­

ments are mostly mixed-layer materials and are poorly 

crystallized before entering a marine environment (Grim 

et . al. 1949). Other studies confirra this generality. 

It is suggested, therefore, that the clays in this 

~tudy were once gener~lly mixed-layer materials. Much of 

the relatively pure illite and chlo~ite probably was formed 

after the clay entered the marine environment. According 

to Weaver (1956) and GrL~ (1958), montmorillonite is a 

common product of present-dar weathering under certain con­

ditions. It is also abundant in recent marine sediments 

and in many Cenozoic and Mesozoic sediments. 

The quantity of montmorillonite decreases considerably 

in sediments older than Mesozoic. Dodd et al. (1955) found 

that only a weak concentration of expansible clay (montmoril­

lonite) is found in rocks older than Permian. Other studies, 

especially by Grim and Weaver, confirm this result. The 

small quantity of expansible material found in this study 

has probably diminished since deposition, and it may have been 



present in considerable quantity at that time. 

Grim believes that the clay mineral composition of 

sediments is largely a result of conditions in the environ­

r.:.ent of deposition, such as alkalinity of the water, char­

acter of the dissolved salts, temperature, rate of accumul­

ation, and kind and amount of organic material. Furtner, 

he believes that most diagenetic changes take place rapidly 

after the sediment arrives in the environnent of accumul­

ation. Most authorities disagree with each other as to the 

emphasis placed on each of these factors and some disagree 

·with Grim as to the rate of early diagenesis. 

The marine environment is alkaline and contains Ca++, 

K+, and Mg++ ions. As the mixed-layer and poorly crystal­

line material enters this environment, many changes may take 

place. As a result of weathering processes, illite is 

degraded and has a low potassium content. Upon entering the 

marine water, K+ and I·1g++ ions are adsorbed and the crystal­

lini ty improved. The Ca++ and Ng++ ions favor the stability . 

of montmorillonite and chloritic mica. 

The shales of this study are all associated with lime­

stones and most of them are calcareous to some degree. 

K~olinite is a rare component of calcareous marine sediments, 

perhaps because the ca++ ions tend to inhibit its formation 

(Millot, 1942). Robbins and Keller (1952) also find that 
. 

kaolinite is more common in ancient nonmarine se·diments than 

in rriarine sediments. :Most kaolinite entering the marine 

envirorunent, containing ca++ ions, is thought by Grim (1953) 



to be converted to chloritic mica. 

It seems probable from this discussion that, fairly 

soon after entering .the marine environment, the clay min­

erals in these shales probably consisted mostly of expan­

sible (montmorillonite-rich or de graded illite-rich) 

mixed-layer material; some relatively well crystallized 

illite, and a small araount of chloritic material. Other 

clay minerals were probably present in lesser amounts and 

in poorly crystallized form. 

Weaver (1959) and others have found that the number 

of clay mineral types decreases with increasing .age. 

According to Grim (1958), the early diagenesis of clay 

minerals is rapid, but further diagenesis is a slow process. 

The main effect of this later, slow diagenesis seems to be 

the conversion of other clay minerals to illite and 

chlori te. 

As stated before, montmorillonite is rare in ancient 

marine sediments. Illite is the dominant clay mineral in 

most ancient marine shales and its origin may be due 

largely to diagenetic processes (Grim, 1947). 

The transition from montmorillonite to illite requires 

that interlayer water be lost and K+ ions adsorbed. Many 

investigators have shown that a material substantially like 

illite is produced by synthesis from montmorillonite when 

all the exchange positions are occupied by potassium and 

the mi terial is dried at 110 degrees C (Grim, 1953). 

1· 



The following is quoted 'from Grim (1953): · 

! ~ seems likely that diagenetic reconstruc­
tion ~egraded micas would take place quickly. 
Some illite probably forms from montmorillonite. 
It seems that this change would take place 
relatively slowly. 

It seems likely that metarnorphic processes 
would cause the alteration of montmorilloni t e to 
a mica type of mineral, and, therefor e, the 
mineral would tend to disappear in more ancient 
sediments. When the structure of montmorillonite 
is completely collapsed so that all water ~s 
removed, rehydration of the mineral is difficult, 
and the mineral has many of the attributes of 
mica. Further in the course of geologic time, 
montmorillonite would probably slowly pick up K+ 
and Mg++ ions from ground water, which might in 
turn obtain such constituents from the disinte­
gration of ferromagnesian minerals and feldspars. 

The montmorillonite probably present in the original 
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clay could, in this manner, be converted to illite either 

of the relatively pure type, or to that present in the 

mixed-layer type. It should be pointed out that the dia­

genesis of montmorillonite to illite probably does not take 

place at a constant rate. Montmorillonite is abundant in 

many Mesozoic sediments, and is relatively ra~e in earlier 

rocks. There seemingly has been a relatively rapid dia­

genesis near the Mesozoic-Paleozoic boundary possibly due 

either to time or to overburden pressure. 

If some of the chlorite present is of diagenetic 

origin, then its .formation may be due to the development 

of brucite layers between mica or illite-type layers. 

This process involves a structural change in the clay min­

eral and would conceivably be even more difficult than the 

change 'from montmorilloni te to illi te. ·weaver (19.59), 



however, visualizes the building blocks of all clay minerals 

as being free to change places in certa in environments. He 

also has found evidence of possible brucite layer formation 

under a great depth of overburden, which possibly could 

produce the chlorite structure from other clay minerals. 

Possible Explanation of Results 

From the above discussion of diagenesis, it should be 

emphasized that montmorillonite very probably was more 

abundant in the original sediment (at least in some places 

stratigraphically and geographically) than it is now. This 

is an important factor to be considered in the following 

discussion. 

The original source beds of petroleum are generally 

believed to have been shales, and in a few instances, highly 

organic limestones. If this is-true, then what is the dif­

ference between oil-producing shale and all other shales? 

Further, where are these source beds located with respect to 

zones of accumulation? According to Clark (1934) migration 

of oil and gas does not generally take place over long 

distances. The source beds are usually sought very near the 

petroleum accumulation. Further, the source beds are not 

necessarily highly bituminous or carbonaceous at present. 

In studying the history of Gulf Coast crude oils in 

1934, Barton found two significant facts: first, the oil from 

sources of a certain geologic age also accumulates in reser­

voirs of that age, unless the trap rocks are extensively 
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\ fractured; second, oils become progr e ssively lighter in 

gravity with increasing age and de p t n . The heavier hydro­

carbons are constantly being trans f ormed into lighter ones. 

Taylor, in 1929, examined 19 core samples from various 

locations and all ~ssociated with oil-bearing strata. He 

found that all the shales were alkaline and contained sodium 

clay as the main constituent. On t he basis of these results, 

he (Taylor, 1930), proposed the hypothesis that the shales 

overlying oil-bearing strata had undergone cation exchange 

with sodium chloride solutions, resulting in the forination 

,of -sodium clays. Other investigations have not found his 

results to be valid. Case (1933), working in Oklahoma, found 

most overlying shales to contain more calcium than sodium. 

The catalytic effect of some surf ace-active clays had 

long been known in some industries, but this effect had not 

been extended to include petroleura forma tion. 

In 1946, Frost, without considering differences in clay 

minerals, proposed a hypothesis of petroleum formation 

employing clays as catalysts. The following is quoted from 

his hypothesis: 

It is s~own that clays in contact with various 
organic compounds are capable of catalyzing , at 
relatively low temperatures, the f ollowing reactions: 
chemical dehydration of alcohols and ketones, poly­
merization and disproportionation of hydrogen by 
hydrogenation of other olefins, with the hydrogen 
lost by other constituents of the material to form 
heavier compounds low in hydrogen, which are adsorbed 
by the clay. 

Grim (1947) proposed that the clay mineral montmoril­

lonite (or some varieties of it) may be responsible for the 
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c a talysis of organic matte r i n to petroleum. He also sug­

ges ted that organic m~tter pr es e~t in the clay would r e tard 

tr_B transition of rnontmorilloni te to ill i te by redu cing its 

cation exchange capacity. 

Gr im explains t hat organic ma te:-ial is present in 

argillaceous sediments in two ways: a s discrete particles, 

and as molecules adsorbed on clay mi neral surf aces. Adsorp~ 

t i on of organic compounds is probably due to surfa ce 

str ucture, cleanness of the surface, and replacements within 

t he lattice. Hontmorillonite is much superior to other clay 

minerals in cation exchange capacity and surface activity. 

Grim points out, however, that only some varieties of mont­

morillonite have t his property to an i mportant degree. 

Weaver (19.59 ) also utili zes t he pr operties of montmoril­

lonite in explaining petroleu..~ a ccwnul a tion, but in a 

different 1.-rn .. y. Hater is pr e s mnably necess ary to move hydro­

carbons from shales to the reservoirs. Iv:ontmorilloni te not 

only holds more pore water (a factor of 10) than the non­

expansible clays, but also a greater pressure is required to 

squee~e this water out. Assuming that considerable depth of 

burial is necessary for hydrocarbons to form, the water held 

by montmorillonite might be the only water available to 

force hydrocarbons into the reservoir. Weaver thinks t h is 

may explain why formations containing little expansible clay 

are oil shales rather than oil source beds for reservoirs. 

Weaver bases his hypothesis on a study of 20,000 clay sa..'1lples 

f r om oil producing basins. He fou_~d a reason ably good direct 



relationship between the amount of reservoir oil in each 

geologic system and the expansible clay mineral content. 

Brooks (1948) gives an excellent discussion of the 

chemical aspects of active-surf ace catalysts in petroleum 

· formation. Chemical data completely substantiate active­

surrace clay (montmorillonite) as being the most probable 

catalyst in the formation of oil. 

From this previous work, it can be summarized that the 

presence of certain varieties of montmorillonite in shales is 

probably an important factor in converting organic matter 

into petroleum, or in forcing petroleum into a reservoir, 

or both. 

Narain (1959) studied clay minerals of certain pro­

ducing and nonproducing Mississippian oil sands in Hamilton 

County, Illinois. The clay minerals in oil producing sands 

were comparatively less crystalline. It was discovered, 

however, that clay mine r al crystallinity also depended on 

the type of rock. Crystallinity was higher in coarse 

grained sandstones and in argillaceous rocks. Lower crystal- ·, 

linity was found in fine grained sandstones. Narain did not 

define his usage of crystallinity, however it is presumed to 

have approximately the same meaning as in this paper. 

In 1959, Procter made a study of clay minerals from the 

:r-Ie sozoic Vanguard and Blairmore formations in Southwestern 

Saskatchewan. This study indicated a relations hip between 

the present structure and the distribution of clay minerals,. 

Kaolinite was concentrated in structural 11 highs 11
• Procter 

--- - - ···-----·- ------



concludid that the processes involved are apparently post­

diagenetic and may include circulation of formation fluids. 

The s~"tlpling in this study should mostly eliminate the 

factors of structure and grain-size, as described by Procter 

and Narain. All samples are from shales; however ·the amount 

of sand and calcite in the shales does vary. In most cases, 

two or more shales from the same core were sampled, thus 

eliminating the structural factor. Two shales from the same 

Lansing and Kansas City Group core, one from below an oil 

zone and the other from below a 11 dry 11 zone, should have 

approximately the srune structural affiliations. 

In the original sediment, montmorillonite concentration 

probably varied from place to place in the sarae _ stratigraphic 

horizon, and the variety of montmorillonite possibly varied 

also. Organic material was deposited contemporaneously with 

the clay minerals, with more in some areas than in others. 

As bacterial action and ionic diffusion proceeded, some of 

the organic matter probably was being adsorbed by surface­

active clay (montmorillonite), where present. 

Upon deeper burial, illite and chlorite probably gained 

in crystallinity at the expense of montmorillonite and other 

clay minerals. The montmorillonite which had its cation 

exchange capacity decreased by adsorption of organic com­

plexes was retarded in its transition to illite·. 

As overburden pressure over expansible shales became 

great enough, the -wat~r may have been squeezed from the 

montmorillonite structures and may have carried the catalyzed 

f 



petroleum with it to the reservoir. 

The illi te peaks in samples. from below petroleuJn accum-

ulation are relatively broader and less intense, and the apex 

of the peak is less sharp. According to Brindley (1961), 

poor crystallinity and lattice distortion both broaden and 

diminish t h e reflected x-ray intensity. It is conceivable 

that illite that formed by the diagenesis of montmorillonite 

would not be as well crystallized as primary illite. The 

degree of diagenesis probably would depend on the avail­

ability of K+ ions and the ability of ionic diffusion to 

make the necessary replacements. 

It is possible, also, that the differences are in the 

variety of montmorillonite. Some varieties are much less 

active and adsorb very little organic material. The cation 

exchange capacity thus is not seriously ~educed, and the 

transition to illite may be nearly comple t e • . 

It was also found that shales below petroleum accum­

ulations had a lower ratio of illite : mixed-layer material. 

The relatively s maller ~mount of illite also can be explained 

by a higher concentration, or the presence of a certain 

variety, of montmorillonite. First, it must be assumed that 

any montmorillonite in these shales had adsorbed considerable 

organic complexes. Certain varieties, if variations did 

exist, had adsorbed much r:i.ore than others. When organic 

adsorption took place, most d0f iciencies in the lattice 

surfaces were either filled or covere d and the activity of 

the mineral was greatly reduced. Ve ry little. relatively 



pure illite could result diagenetic ally f r ora such a mineral. 

Hhen . overburden pressure be c m~J.e gre a t enouzh almost to 

collapse the montmor'illonite structure and presumably force 

the oil and water out, the resulting mineral possibly was 

only slightly more crystall ine than it was when deposited. 

With the hydrocarbons flushed ou t , the mineral may be able 

to adsorb K+ or Mg++ ions to some extent and some poorly 

crystalline illite might result. 

On the other hand~ clay mine rals containing little 

ffiontmorillonite, or other varieties of it, would adsorb only 

fl. small amount of organic material and would retain most of 

their ion exchange activity. It should be remembered, 

however, that these minerals would not be of t he high 

activi ty type and the diagenesis to illite may be rather 

slow. 

It does not seem probable that areas devoid of petrol­

eum accumulation had a lesser concentration of organic 

mat ter. The black, so called carbonaceous, shales are as 

prevalent in dry holes as in oil wells. 

It does s eem likely that t here would be varying degrees 

of illite concentration and crystallinity depending on the 

a.mount of original montmorillonite, its variety, and there­

fore, the amount of organic complexes adsorbed into the clay. 

No such correlation ~ould be made, however, with the nature 

of the clay minerals in these shales and the varying amounts 

of petroleum. accumulation above the shales. 
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Two major assumptions were rr..ade con cerning the original 

sediment: (1) montmorillonite was more abund8..nt in the 

original sediment than it is now, and (2) either the a.mount 

or the variety of montmorillonite varied considerably within 

the sediment geographically. Both of these assumptions have 

support in studies or recent sediments. 

'l'he differences in the nature of the clay minerals, 

these assumptions made, can be explained reasonably by employ -

ing three generalities, as stated by Grim:· (1) montmorillonite 

changes to illite in ancient marine sediments, (2) some 

varieties of montmorillonite adsorb organic material and are 

thought to act as a catalyst in petroleum formation, and ·(3) 

the adsorbed organic material retards the diagenesis of 

montmorillonite. 

Significance of This Study 

The study of these 54 s-hale samples indicates that 

correlation by clay mi.neral differences within the Lansing 

and Kansas City Groups of western Kansas is impossible. It. 

is further indicated that the identification of specific 

shales stratigraphically withi n these two groups is not 

possible by clay mineral analysis. 

The clay mineral differences between shales associated 

with petroleum and those not associated with petroleum 

seemingly can be explained by differences in the amount or 

type of original montmorillonite present. The assumptions 

required for this explanation seen1 to be well founded. 



The similarity of clay minerals in shales below zones 

of petroleu..m accumulation in t hi s study perhaps suggests 

that the source beds of petroleum a re ciirectly below the 

reservoir zones. 
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APPENDIX 

Tables of abbrevi ated logs of cores A 
through K showing where samples were taken. 

Abbreviations used in these tables: 

Ls. -Limestone crm. -cream 

Sh. -Shale gy . - gray 

Ss. -.Sandstone gn. - green 

dns. -dense bn. -brOi•m 

f. -fine wh. -wh ite 

xlln. -crystalline blk. -black 

chty. -ch0rty dk . -dark 

ool. -oolitic scat. -sc a ttered 

ooc. -ooliclastic por. - porosity 

calc. -calc areous stn. -stain 

fos. -fossiliferous sat. -s aturated 

vug . -vucgy gd . - good 

mi ca. -micaceous s trks. -streaks 

sdy. -sandy vsso -very slie;ht show oil 

gran. - ::; rarrnlar sw. -salt water 

concret. -concretions bopd -barrels oil per day . 

sl. -slightly M. -thousand cubic feet 



' . 
Table 2. Abbre~riated l og of core A s :.1.owing where s amples 

were t alrnn . 

Stanolind , f/1 C. :·L '.i s. rm , H1.1! S\-I SS, Se c. 12-15S-2 01:J , Ellis 
Coun ty, Kan s a s; Pool \·! ild c a t , Comple ted 8-1-35 , El ev. 
1990 1 , Poten tial D&A ; Lans . 3298 , B/ Kc. J5j-S-:-T. D. 3716. 

Dep th Core De s c ript i on I Nnn:.e Sampl e 
( ?2.r lchurst, 1959 ) No. 

3300 Top core 
Ls . , crrn . - gy ., dn s .- Stone r Ls . 

3312 f . xl l n . . ch t v. 

3319 
Sh . , gy . Eudora Sh . 1 

No cor e 
3350 

3356 
Ls • • crm. , f . x l ln . Pl a ttsbur g Ls . 

No core 
3364 

Sh . , gy . Lane -
3372½ BomJ1=~r Sp . Sh. 2 

3377 Ls •. crm., f . xlln . Iola Ls. 

"'-1110 core 

3407 Ls., crm. - gy ., dns., 
-

sl. chty . , sc at . Iola Ls . 

31~24 ool , nor. a t t op . 

3431 
Sh . , gy . Chanute Sh . 3 

Ls., crm., .c, xlln . Drum Ls • 
31~37 

.L • 

I 
Sh ., gy. , c alc. , ,,1/ 

Quivira 

3457 
ch t y . l s . seams . Sh . 4 

-

Ls . , gy.-buff , f. 

3471 · 
xl l n . , fos. Westervi lle Ls. 

Ls ., c rm . - gy . , f . 
3~_80 xlln ., ch t v . Winterset Ls. 

3486 Sh • • gy . Gales'o. - S t ar k Sh . 5 

Ls., c rm . - gy .) dns . Bethany Ls . 
3501 

?h,, gy . LaQore -

3509 
Hus hpuc kney Sh. 6 

Ls., crm . , ,:, x l ln . , .1. • 

fo s. , sl. sh ty . , Sniabar Ls . 
scat . ool . por . 

3531 Base core 



'I.' able 3. .i\bbreviated log of core B showing where samples 
were taken. 

Nagnnlia, #4 Steve Nemeche k , SE NW SW , Sec . 28-10S-23W, 
Graham County, Kans as; Pool nappy , Complet:;d 7-8-55, 
El ev . 23 63 r b , Poten tial 319 bopd; Lans . 3605, T . D. 3868. 

Depth Core Description ?.\J ame Sample 
(Parkhurst, 1959) No. 

3758 Top core 

3761 Ls., crm., oil s t n . Drum Ls . 

Sh., gy . Quivira Sh. 7 
3769 

Ls., crm. - gy., ool. 
Hc sterville Ls. 

3778 por. 2 oil sat . 

3786 
Sh., gy . Fontana - Wea Sh. 8 

Ls., crm., ool. por., 
11.'in t erse t Ls. gd. oil sat. 

3795 
Sh., 

Gale sburg-
9 r,y . Stark Sh . 

3504 
Ls., gy.-buff , f . 

xlln. , ool. por., Swope Ls. 
g d • oil sat . 

3821 Base core 
--
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Table 4. Abbreviatad. loe of core C sh01-1ing where samples 

Skelly, // l E . C. Ki pp 11 A11
' , SE SE i>J"E , Se c. 27-25S-14\·l , 

Stafford County, Kans as; Pool Ki pp , Completed 1-22 - 37, . 
~le v . 1981 1 , Potential 12 65 bopd + 961 M gas ; Lans. 3681, 
B / Kc • 3 9 0 6 , T . D . L~ 2 5 0 .. 

De pth Core Des cription Name Sample 
( P::ir>khurst . 19~q) l'fo -

368 0 r'f:ov core 

368 1½ Sh ., dk . PY . 
Ls., f!: Y., f os., strks . 

, hP. 7 c aJc, :"b. 10 
,..,J '- , U 

Ls., d r..s ., sl. Stoner Ls . gy ., 

3694 
por. , no oi l stn . 

Sh ., gy . - gn ., sdy. Eudora Sh. 11 
,693 

I .,/ 
Ls., gy. - bn ., f . 

xl l n ., 3 ' gy . s h . Captai n Creek Ls .• 12 

3707 
a t mid. 

No core 
. 

3900 
I Ls ., gy . - bn ., por . & 

oil sat., flow 5 Sniabar Ls. 
boph & 200 

3914 
H ga s • 

Sh ., gy .-gn. 13 

3918 Base core 



Table 5. Abbreviated los of core D s howing whe re 
sample wa s take:1. 

Sinclair-Prarie , #1 Wilhe l m, C SH S' .. ' , Se c . 16-19S-21W, 
Hess Coun ty, Kansas ; Pool 1.'ild c ?~ t , CoJ1.9 l eted. 1-25-33, 
Blev. 2215 1 , Potential D&A; Lans . 3737, B/ Kc 3982. 
T.D. 4777. 

Depth Core Description I :Nar.i.e Sample 
(Par khurst , 19.59) No. 

3735 Top core 
Sh., dk. gy . & red. 

3737 

Ls., gy. buff, dns.-f. 
gran., chty., dolo. Stoner Ls. 

3752 
Sh., red & gy . Eudora Sh. 15 

3755 Base core 

48 



Table 6. Abbrev i ated l og of core E s howi ng where s amples 
were t a ken. 

Ci t ies Se r v i ce, Pl Shilling , C mrJ Si:! , Se c. 26-21S-13W, 
Staffor d County, Kans as ; Pool Gate s , Completed 9- 22-34 , 
El e v. 1.J 76 , Po t ential D&A; Lans . 3330, T. D. 37~ 

De pth Core De scrip t i on Name Sample 
(Parkhurst, 1959) No. 

3400 Top core 

Ls., gy., f . xlln. w/ 
t h i n gy. s h. s trks . Pl a t t sburg Ls. 

3418 Sh ., dk . gy . La.n e - Bonne r Sp. Sb 16 3419 

No core 

3549 Sh., var i color . w/ Lad or0 -

3555 
ls. c oncr et . }~:mckney Sh . 17 

Ls., gy ., f . x lln. w/ 
gy. s h. strks. Sniabar Ls. 

3563 
Sh., ~364 varicolor. Hound Ci t y Sh .. 18 
Base core 
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'I'able 7. Abbrevi a ted log of co r e F s howing where sa.rnples 
were taken. 

('. ti ., . 1'1 ., 17 'F' s1 T . ., r s 30 15S 7 3ir vl es ;:jervice, iF ::S e _er. s, _, ;,, ,, :::i -', , ec . - -- :, , 
rtu s s e 11 ___ County, I~.nn s a·s ; ?o ol Tr£?- 7lJ?_ , Com~-1le ted 1-~ 6-f 7, 
~lev . li:.:.3 9, Potenti?.l 1823 bop :" ~· ::--01-:1 P.. r buckle only ; 
L 3 " =7 B/ · - -:i. " ' ,. /\ "h - , . r:-1 D -:i, 2 7 6 ans. U~ , 1'cC 0 __,~ li :;> 1 .rc.; 0 ; , : . ·· ; l • • __, • 

De pth Cor0 Des cript ion I · Name Sample 
I (Parkhurst. 19.59) No. 

3027 Top c ore 
Ls., ~ .. ,h. - crm. , chty ., 

3044 
ool, & ooc. por. Stone r Ls. 

No core 
3046 Ls., buff , sl . s h oH 

oil in f os. por. Ca?te.in Creek Ls. 
3058 

Sh.• 2'3 
3062 

gy. Vil a s Sh. 

Ls., gyq por . , ooc., 
chty., no stn. Plattsburg Ls. 

3077 
No core 

3091 
Ls., crm. ~ dns. " " above a. ..:.. 

3098 
Sh., g y. Bonne r Springs Sh. 24 

3107 
Ls., s tn . 

3110 gy .' por.-no 

3115 
No core 

3122 
Ls., w/dk. sh. s trks . Iola Ls . 25 

No .core 
;,129 

Ls . , w/ dk . sn~ str ks. 26 3133 
No core 

3190 
Ls., crm., ooc. & por. 

on top to dns . at Wes terville Ls. 
bas e , no s tn. 

I 3214 Sh., Fontana- 1.-Jea Sh. 27 "217 8Y • 
I .) Ls., crm., dns. , chty. Winterse t Ls. l 3220 - Base core 



Table 8. Abbrevi a tcd log of core G s h owing where s arnples 
were taken. 

Ci ties Service, ;/1 O'Connor, N~ 1J~: 1;3 , Se c. 17-24S-15W, 
S tafford County, Kansas; Pool I-lack s v:i l la, Comp l e ted 3-29-37, 
Elev. 2033, Potentia l D~-cA ; La ns. Y~·S3, T .D. 1+130. 

De pth Core Description Name Sample 
( Par khurst, 1959) No. 

3645 Top core 
Ls., crm., s l. chty., S ou t h Bend Ls. 
ooc. po r . , : ... : ,.J stn. 

3657 

3662 
Sh., g y.-gn. Roc k La ke Sh. 28 
Base core 



I 

i 

'I'able 9. Abbreviated log of core H showin g where samples 
were taken. 

Hollow Drillin p; , fl 3 Stout 11 An , C:\T/2 SW J\'E , Se c. 6-18S-lOW, 
Ri ce Co un ty, Kans as; Pcol Bl oomer , Comple te d 1-20 - 40 , 
Ele v. 1788 , Poten tial h400 bopd (from Arbuckl e only); 
Lans . 2939 , Arb. 3216 , T. D. _32~4 . 

Depth Core Descrip tion Nnme Sample 
(Parkhurst, 1959) No. 

12955 
Top core 
Ls., gy . , top ooc. por, 

~( w/sl, oi l stn. 30 
2962 

3 ft. . . 

2966 
S'i1 . , gy •. :~:1 . Eudora Sh. (_ ' 

2970 
Ls., crm. , chty . ~[ 31 n 

Creek Ls. 
No core 

3000 
Ls., gy .-buff , dns., 

fos. in part. Iola Ls. 
3013 

Sh., gy.-buff , calc. calc. sh. in 32 
Iola Ls. 

3020 Base core 



' . 
Table 10. Abbreviated log of core I showin g shere samples 

were taken. 

Brid0eport, -#1 Drews II A", SW ~m 1r3, Sec . 16-13S-ll W, 
Bar ton County, Kansas; Pool Ames , Compl e ted 8-8-47, 
Elev . 1786 df , Potential D&.A ; Lans . 3058, T.D. 3360. 

j Depth Core Description Name Sample 
( Par khurs t. 1959) No. 

I 3121 Top core Lane-
Sh., g~r" - ~?:"~ Bonner Sp. Sh. 33 

3122 Ls., gy .-buff, dns. -
f. xlln. w/5 ft . Iola Ls. 34 
lt. gy.-gn . sh. 

3140 Base core 



; 

.. 

I 
I 

I 
I 
I 
I 

! 

54 

Table 11 . Abbrevi ated log o f core J s h owing where s arr.ples 
we r e take n . 

S t a nolind, //3 J . Denke P , NE NW S\·J, Se c . 10-22S- 12H, 
St~fford County, Kans a s; Poo l Max , Completed 10-2 6-49, 
El e v . l d 6L~ kb , Potent ial J 000 Dopd ; Lans . 3297 , B/ Kc . 3519. 
Dep th Cor e Des crip t i on 1,:2.me Sanple 

( Par l<l-1.u ::-·st, 1959) No . 
J..>U J.. I 'rop c or·0 

Ls ., b rn ., dns ., vs s o . S toner Ls . 

3314 Sh . d k. r,:y. ' ::'1. ic a ,, Eudo::-·a Sb . 3~ 3318 Ls . , g y . - brn ., dn s .~ 
Creek Ls . v :::,,sn. Capta i n 

3330 Sh., blk . 6" b e d s w/ 36 
h r:o • d n s • 1 s • Vilas Sh . -,1., 7 

3338 Ls . , gy . , d:1s_~ · '\~-..:..~; .J 

3347½ 
1,r / s l . o i::_ s ho~-' r Plat t sburs Ls . 

Sh . , b lk . , fos ., ls. Lane -

.3357½ 
n odule s Ronne r Sprin o:s Sh . 18 

Ls~ . rr.v . 2 vsso. 
33 65- 7 Sb,, c:rv _3-9-

~ 

l.L_, h1Jf f , VSS Q , 
3370-2 S' ' r, v /10 - [J • J 

I ,~. f hrn • 9 vs s n. Iol a Ls. 3376-7 Sh . , br n. , s n t v • )1 l 

Ls . , buf f , f o s . , per . 
a t top w/s h ow oil. 

3424 I Sh ., d k . gy . ' fos. Ch anute Sh . 42 
3430 Ls ., bur r , ool. poP. 

3442 w/.. r:r_ I sh ow oi l 1 Dru::n Ls . 
Sh . gy. Quiv i r a S h . 43 

344~1 

I 
Weste r ville, 

Ls., pink- buff, most 
i' . x lln . , few t hin Winterse t , gy . s h . se ams, sc a t . 

. ool . por . & g . 
s hov1s oil. 

Bethany , and 

Sni8.bar Ls . 

3519 Sn. . , blk. - ak . gy . 44 3522 Bas e core 



.. 

.. 

ri'able 12. Abbreviated log of core K showing where samples 
·,rnre · tal{en . 

Skelly , :'fl 8artosovs ky , SE S1:J S1;J , Se c. 9-lS- 34~.J, Ra~•r l ins 
County, Kansas; Pool Cah o~, Ccm~ le t ed 8 -22-59 , Slev. 
310Li. df, Potential 3ouo be- pd ; Lans . 3'·-)'( 6 , 3/ Kc. 4243. 

Depth Core Description Name Sample 
( Parl-:hurs t, 1959) No. 

3976 'l;op c ore 
Ls., buff, vur: . , oil S tc::!,-:, r T r;-• 

3991 
w . :.> • 

Sh •• ~n. <!I sd~r • ., c o.l e. t~tl (l 02.")U ~~1. 0 h5 
3993 Ss • • c alc ., , ble ea . oil Cap-co. i n Gr·e0 K :C s . 
4 000 

Sb.. I re d- r.: v ", sdv-cAlC Vi1 AS Sh. L1.7 
4015 Ls . t buff 2 

f' x l l n. flat ts 5urg LS. 
4020 

.,_ . 
Sh. 1.J-8 

· 4 028 
Sh 1 , re d. - :-:"",_r ' • C R Jc-f OS• LRne-Bonner 
L s •. buff' vuri; •• oi l 

4038 Sh.,. :~: ..... . "i._~ ~ .. ... ,:_~·~:: :.1 calc~ 49 

l4-050-l Ls. 9 crino idp f8 ir stn, Io l a Ls. 

. Sh., red - gy ., calc • 50 

4078 Ls ., vug ., ble ed oil. 
4088 Sh., dk. tfonc i e Cre ek Sh. 51 
4095 

gv. 

4109 
Sh., cRlc., gyq fos. Paola Ls. 52 
Sh •• dk . gy .-gn. ' 53 

4114 
Sh. 2 red-gy ~? ca lc. Chanute Sha 54 

L~127 
Ls., vug ., bleed oil. Drt:.m Ls . 

4139 She, dk. rz. y .. fos. 55 
4144 

Sh., red & gy . Quivira Sh. 56 
4168 Ls., buff, vug. por ., 

!.i.1811 
bleed oil Wes terville Ls. 

. ..,. Sh. gy. 57 
4194-5 Ls •• gy. 1 no oil Fontana -

Sh • • gy . - red. 1:Je a Sh . 58 
4211 

4223 
Ls., buff g . shovr oil Winterset Ls. . , 

1.;232 
Sh. , red 9 hara. Gale sb .-Stark Sh. 59 

~.236 
Ls •• buff! dns •• S , ,; o Bethany Ls. 
Sh . s r ed-gy .• s of t. Lad ore - Hush . Sh. 60 

~239 Ls.:. buff , dns . . s·w. Sni abar Ls. 
L~2~-3 Sh., red-gy. banded 61 
L1 21!.7 
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