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INTRODUCTION 

Purpose of the Investigation 

This investigation was undertaken to determine the factors, 

both petrologic and environmental, which affect the colors in 

red and green shales. The conclusions reached through field 

observations and various laboratory analyses should indicate at 

least some of the geologic prerequisites necessary for the depo- 

sition of both red and green sediments within the same member or 

formation. The laboratory analyses were made to determine the 

lithologic basis for the color in the shales; the field obser- 

vations gave indications of the environment which produced the 

lithologic cause. The data collected and the conclusions derived 

therefrom are contributed to the already vast store of information 

on sedimentary petrology. 

Methods of Investigation 

Inasmuch as this investigation was concerned with the factors 

influencing the colors of shales, it was decided early in the 

study that any method of analysis which would give information 

concerning the mechanical or chemical composition of the shales 

would be useful to the investigation. For this reason, every 

feasible method of analysis relative to the mineralogy, physics, 

or chemistry of tne shales was employed. 

The methods of analyzing the shale samples collected include 

the following: spectrographic analysis, X-ray analysis, petro- 
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graphic analysis, mechanical analysis, chemical analysis and 

thermal analysis. The results of each of these analytical methods 

were important to the investigation, and their combined results 

permitted an exhaustive study of the sediments. 

The units sampled were studied in the field in an effort to 

ascertain the relative positions of the colored zones and the 

manner in which they were deposited. The types and numbers of 

fossils present in the shales were noted as a criterion of envir- 

onment. 

REVIEW OF LITERATURE 

The literature reviewed in this study includes a survey of 

the methods analysis used by previous investigators and a 

review of the results and field observations of those investiga- 

tors. When the analytical procedures of other persons were fol- 

lowed, a review of their methods is given in the appropriate 

section of this report. 

In the opinion of earlier investigators, the colors of 

sedimentary rocks are a function of chemical oxidation and 

reduction of tne ferruginous and carbonaceous materials in the 

rocks. If the principal coloring agents, iron and carbon, were 

not present in sedimentary rocks, the rocks would in most cases 

be light in color because quartz and calcite are their predominant 

mineral constituents, and these minerals are intrinsically light 

in color. A. W. Grabau (1913, p. 478) states: 

The color of elastic rocks depends to a very large 
extent upon the states of oxidation of its iron content, 
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on the absence or abundance of carbon. A low state of 
oxidation gives colors ranging from green to blue, while 
the higher states of oxidation are marked by yellow, 
orange, brown, or red colors. According to the carbon 
content, the color may vary from white, when no carbon 
is present, to various shades of gray to black. Abundant 
carbon in the strata will prevent oxidation of the iron 
and will reduce the higher oxides to the lower. Lack 
of carbon favors high oxidation. 

Analyses of slates and shales made by Clarke (1924, p. 30) 

show that in red slate there is several times as much ferric 

iron (Fe203) as ferrous iron (F 0), the ratio in purr le slates 

is about half that in the red, and ferrous iron predominates in 

green slates and shales. It is thought, therefore, that green 

and blue shades in the shales denote deposition under reducing 

conditions. 

Glauconite, an additional coloring agent which is common 

in marine sediments, has been noted by Twenhofel (1926, p. 545). 

Twenhofel believes that the green shales in the ilriocene and 

Oligocene of Texas owe their color to finely divided glauconite, 

a green hydrous potassium silicate. Glauconite is typical of 

the slightly reducing areas on the continental shelves and slopes. 

The effect of climate on the coloring components of continen- 

tal soils and sediments can cause marked changes in their primary 

colors. In this connection, the following excerpts from Barrell 

(1901, p. 233 to 290) as summarized by Hager (1928, p. 917) are 

given: 

In cold, wet climates, carbonaceous material 
accumulates and tends to color the land and surround- 
ing oceanic deposits gray or black. In hot, moist 
climates, oxidation is rapid and many bacteria are 
present. Dead vegetation, except where deposited 
under water, tends to be destroyed. The iron in the 
residual soils is thoroughly oxidized and dehydrated 
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to form red laterite. Streams from such areas make 
red land deposits and carry red loads to the ocean, 
but, wen deposited there, the hematite is reduced 
by organic matter, and such oceanic deposits are 
gray beneath their surface. 

The characteristics of intemaittentl-s rainy cli- 
mates are those of extremely moist climates modified. 
In temperate climates of moderate rainfall, such as 
characterize the eastern half of the United States, 
there is generally sufficient humus in the soils and 

stream deposits to color them gray, brown, or black. 
The colder parts of the year tend to preserve this 
humus, where there is more iron in the parent igneous 
or sedimentary rocks than the amount of the decaying 
organic material present can reduce, this excess iron 
colors the soils and stream deposits. In the northern 
states, more of the iron is in the form of limonite 
and goethite, and yellow and brown shades are prevalent. 
Farther south, the sun's rays are hotter and red shades 
due to turgite and hematite are common. 

In semiarid climates, the soils and alluvium tend 
to be light-colored, though, less so than in arid cli- 
mates. 

In arid climates, oxidation is not active, due to 
the absence of water vapor in the air, though there is 

more oxidation in hot, arid climates than in cold. 
Disintegration rather than decomposition takes place, 
and the colors of the sediments are influenced to a 
large extent by the colors of the minerals derived 
from the parent rocks. Such deposits are generally 
light-colored, due to the presence of quartz, feldspar, 
and ray silicates. 

DESCRIPTION OF STRATIGRAPHIC UNITS SAMPLED 

The van-colored shales which crop out in many places in 

Riley County, Kansas (Plate I) were sampled for this investigation 

because of the many red and green zones which are in contact in 

the region. All of the van-colored shales sampled are assigned 

to the Council Grove and Chase Groups of the Wolfcampian Series, 

Lower Permian System (Moore, 1944, p. 147). A geologic column 

showing the stratigraphic position of the shales is presented on 



EXPLANATION OF. PLATE I 

Map of Riley County, Kansas, showing sampling locations 
of the various shale units. Reprinted with the permission of 
the United States Geological Survey. 

1. Roca shale. 

2. Eskridge shale. 

3. Blue Rapids shale. 

4. Speiser shale. 

5. Nymore shale member. 

6 Blue Springs shale member. 

7. Holtlesville shale member. 

8. Gage shale member. 
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Plate II. 

The following descriptions of the stratigraphic units 

sampled were modified from Mudge (1949), and the geographic 

location in terms of quarter quarter section, township, and 

range at which each shale was sampled is given in the descrip- 

tion of each of the rock units. 

Description of the Roca Shale 

Naming of the Formation. The Roca shale was named by 

Condra (1927, p. 84, 86, 88) who later (1935, p. 8) separated 

the Roca shale from the Neva limestone with which it previously 

had been grouped. The Roca shale overlies the Red Eagle lime- 

stone and underlies limestone member of the Grenola 

limestone (Moore, 1951, p. 48). The type locality is Roca, 

Lancaster County, Nebraska. 

Description of the Formation. The Roca shale is a vari- 

colored shale with a thin layer of limestone in the upper part 

and, in some places, a very thin lens of limestone in the lower 

part. Green and gray shales predominate in the formation, while 

maroon and tan shales occur locally. The only fossils found in 

the Roca shale are crinoid columnals in the upper limestone layer. 

The thickness of this unit is about 24 feet, and it is the lowest, 

stratigraphically, of the vari-colored Permian shales. 

Four samples were collected from the Roca shale in the SE* 

SE* sec. 7, T. 10 S., R. 8 E. Two of these samples were taken 

from adjacent red and green zones 'about 4 feet below the base of 

the Sallyarcls limestone member of the Grenola limestone, and the 



EXPLANATION OF PLATE II 

Generalized stratigraphic section of the Lower Permian 
System in Riley County. Reprinted with the permission of the 
United States Geological Survey. 
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other two samples were collected at a level which is about 14 

feet lower. The first pair of samples are designated as the 

Upper Roca samples and the second pair as the Lower Roca samples. 

In this unit, as in the other units sampled, the samples were 

obtained from zones as near as possible to the contact of the 

red and green shales. 

Description of the Eskridge Shale 

Naming of the Formation. The Eskridge shale was named by 

Prosser (1902, P. 709) from outcrops near Eskridge, Wabaunsee 

County, Kansas. Beede (1902, p. 181) defined the Eskridge shale 

as overlying the Neva limestone member of the Grenola limestone 

and underlying the Cottonwood limestone member of the Beattie 

limestone. 

Description of the Formation. The Eskridge shale is 

predominantly shale with a few lenses of limestone. The shale 

beds vary from clay to silt Which may be calcareous or noncalcar- 

eous, and the limestone lenses are hard, dense, massive, and 

somewhat argillaceous. Maroon, purple, green, and tan-gray zones 

constitute the lower three-fourths of the Eskridge shale, but the 

upper part is usually tan or gray. The common fossils, which are 

found only in some of the limestone lenses, are: Aviculopecten 

occidentalis, ivlyalina sp., Pseudornontis hawni, and ostracods; 

occasional brachiopods, plants, and insects are found in the 

shale. The average thickness of the Eskridge shale is about 35 

feet. 

A good exposure of the Eskridge shale was found in a road 
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cut in the SE*SW* sec. 10, T. 10 S., R. 7E. and the samples 

collected there were from zones about 23 feet below the base of 

the Cottonwood member. 

Description of the Blue Rapids Shale 

Naming of the Formation. The Blue Rapids shale was named 

by Condra and Upp (1931, p. 22) who designated the type section 

as a road cut along Highway U. S. 77 about li miles north of 

Blue Rapids, Kansas. Condra and Busby (1933, p. 9, 6) defined 

the Blue Rapids shale as the middle member of the Bigelow lime- 

stone, but later discarded the Bigelow and redefined the Blue 

Rapids shale as a formation. 

Description of the Formation. The Blue Rapids shale is 

principally gray to tan out contains maroon and green zon,:s in 

the middle part. The shale is composed of thin- bedded to blocky 

silt and clay shale. Calcium carbonate stains and thin lenses of 

arenaceous limestone occur in the upper part. No fossils were 

observed in the Blue Rapids shale. The average thickness of 

this formation is about 20 feet. 

Samples of the Blue Rapids shale were collected from a stream 

cat in the SWSA sec. 6, T. 9 S., R. 7 E. from a zone 14 feet 

below the base of the Funston limestone. 

Description of the Speiser Shale 

Naming of the Formation. The Speiser shale was named by 

Condra (1927, p. 232, 234) who designated the type locality as 

the Ali sec. 35, T. 1 N., R. 13 E., Speiser Township, Richardson 
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County, Nebraska. Condra and Up) (1931, p. 23) at first grouped 

the Speiser with the Blue Rapids shale and the Funston limestone 

as the Bigelow limestone; however, they later elevated each of 

the units to formation rank. 

Description of tne Formation. The Speiser shale is tan- 

gray, gray, green, purple and maroon in color. The shale beds 

are thin-bedded to blocky, silty to clayey, and generally calcar- 

eous. There is a persistent limestone a foot tick about 3 feet 

below the top and, in most exposures, there is also a second 

thin limestone just below the base of the Threemile limestone 

member of the Wreford limestone. The layers of limestone are 

hard, massive, and gray to gray-orange. The following fossils 

were found near the top of the formation: crinoid columnals, 

echinoid spines, Juresania nebrascensis, Derbyia Crassa, 

Chonetes granulifera, Dictyoclostus americanus, and trilobites. 

The average thickness of the formation is about 15 feet. 

The Speiser sh,le was sampled in an old road cut in the 

NWiNE* sec. 6, T. lb S., R. 7 E. Spot samples were taken from 

near the contact zone (about 4 feet below the base of the 

Threemile member) of adjacent red and green shales in an effort 

to obtain samples similar in all characteristics except color. 

Description of the Nymore Shale 
Member of the Matfield Shale 

Naming of the Member. The ymore shale was named by 

Condra and Upe (1931, p. 37). The type section is exposed in 

ravines on the west side of a creek 2i miles east of the south 
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side of Wymore, Gage County, Nebraska. The Wymore underlies the 

Kinney limestone member of the same formation and overlies the 

Wreford limestone. 

Description of the Member. The -Wymore is a calcareous, 

clayey but somewhat silty, blocky to thin-bedded shale. Tan- 

ray, gray-green, and maroon shales predominate in its lower 

part, and gray-green, olive drab, ana local maroon shales compose 

the upper part. Two thin fossiliferous limestones are usually 

present in most exposures of the Wymore. The fossils found in 

the limestone beds are: Aviculopecten occidentalis, 14111 

and Orthomyalina subquadrata. The average thickness of this 

member is about 43 feet. 

Samples of the red and green shale in the Wymore member were 

obtained from zones at levels of 1.5 and 9 feet, respectively, 

below the top of the member. The exposure sampled is in the 

Nh*Se* sec. 7, T. 8 S., R. 7 d;. 

Description of the Blue Springs Shale 
Member of the Matfield Shale 

Naming of the Member. The Blue Springs shale was named by 

Condra and Upp (1931, p. 38). The type locality is at the base 

of the bluffs along the Blue River, southeast of Blue Springs, 

Gage County, Nebraska. The Blue Springs shale overlies the 

Kinney limestone member of the same formation and underlies the 

Florence limestone member of the Barneston limestone. 

Description of the Member. The Blue Springs shale is both 

clayey and calcareous in most exposures, and its color varies 
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from maroon and green at the base to gray, green, and sometimes 

tan in the upper part. Lenses of hard, massive, tan-gray lime- 

stone commonly occur near the top of the member. No fossils were 

observed in this shale. The average thickness of the Blue Springs 

is about 28 feet. 

This unit was sampled from adjacent red and green zones 

occurring about 10 feet below the Florence limestone in the SE+ 

NW sec. 25, T. 9 S., R. 6 E. 

Description of the Holmesville Shale 
Member of the Doyle Shale 

Naming of the Member. The Holmesville member was named by 

Condra and Upp (1931, p. 43) The type locality is 11 miles west 

and i mile north of Holmesville, Gage County, Nebraska. The 

Holmesville was described as overlying the Fort Riley member of 

the Barneston limestone and underlyinL, the Towanda member of the 

Doyle formation. 

Description of the Member. The Holmesville shale member 

consists predominntly of shales but usually contains one or more 

thin lenses of limestone which are usually present in the middle 

or lower part of the member. The shales are silt, with some clay 

intermixed, are generally calcareous, and are gray, gray-green, 

olive drab, and occasionally maroon in color. The maroon zone is 

usually in the middle pert of the Holmesville but is absent in some 

exposures. The limestones are soft and usually argillaceous but 

locally may be dolomitic and arenaceous. These limestone lenses 

show evidence of penecontemporaneous folding in the northern part 
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of the outcrop area. The average thickness of the Holmesville 

member is about 19 feet. 

Samples were collected from the Holmesville at a zone about 

7 feet below the base of the Towanda and in the NWT:NE-1- sec. 22, 

T. 9. S., R. 6 E. 

Description of the Gage Member of the Doyle Shale 

Naming of the Member. The Gage was named by Condra and Upp 

(1931, p. 45) from outcrops between one and two miles south of 

the west side of W:plore, Gage County, Nebraska. The Gage member 

overlies the Towanda limestone member of the same formation and 

underlies the Stovall limestone member of the Winfield formation. 

Description of the Member. The Gage shale is predominantly 

maroon in the lower two-thirds and tan-bray to bray-green in the 

upper third. The maroon zone is mottled with green and contains 

some well-defined thin green lenses. This shale is composed of 

silt with some clay and is thin-bedded to blocky. The maroon 

zones are noncalcareaas but the others are at least slightly 

calcareous, and thin limestone lenses occur in the upper part 

of the Gage in the eastern part of its outcrop area. The fol- 

lowing fossils are generally present in the upper tan-gray to 

Gray -green shales: Derbyia crassa, D. cymbula, D. hooserensis, 

crinoid columnals, Stenopora sp., echinoid spines, and 

Dictyoclostus americanus. The average thickness of this member 

is about 38 feet. 

The Gage shale member was sampled at a stream cut exposure 
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in the NW* SW* sec. 27, T. 6 S., R. 6 E. The sample was removed 

from a zone about 8 feet below the Stovall member where the 

maroon shales at the top grade into a gray-green layer below. 

SPECTROGRAPHIC ANALYSIS OF SHALE SAMPLES 

One of the methods chosen to determine the chemical nature 

of the shales was spectrographic analysis, because this method 

permits a rapid yet effective chemical comparison of the shales 

sampled. This investigation was concerned only with the physical 

and/or chemical differences producing color variations in the 

shales; therefore, this method of analysis was particularly suited 

to the purpose because it permitted the elimination of chemical 

elements common to the shales and the identification of any 

elements peculiar to individual samples. 

Analytical Procedure 

Of the eighteen shale samples previously described, six red 

and green shales from three stratigraphic units were selected 

for spectrographic analysis. The three stratigraphic units are 

the Eskridge shale, the Speiser shale, and the Blue Springs shale 

member of the Matfield shale. Selection of these units was based 

on the great contrast in color between the red and green zones of 

the shales. 

The spectrograms of the shales listed above are shown on 

Plate III in an arrangement which permits comparison of the red 

and green zones of each of the shales analyzed. The spectrograms 

were produced under the same conditions using the same spectrograph. 



EXPLANATION OF PLATE III 

Spectrograms showing the similarity in chemical composi- 
tion of three van-colored shales. in each photograph the 
analysis of the red zone of the shale is shown on the left. 

1. Spectrogram of red and green Eskridge shale. 

2. Spectrogram of red and green Speiser shale. 

3. Spectrogram of red and green Blue Springs member of 
the Matfield shale. 
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Description of Equipment. The spectrographic procedure 

followed involve' the use of a Rowland Grating Spectrograph 

manufactured by Applied Research Laboratories, Inc. The trra.ting 

for light-dispersion is two inches long, is curved, and has 

24,000 lines per linear inch. The focal length is 150 centi- 

meters, and a 35 millimeter Eastman Process Film as used in the 

camera. 

The light source used was a 110 volt-D.C. carbon-arc lamp 

with variable resistance and controlled amperage. Pure carbon 

electrodes were used throughout the analysis. 

Description of Procedure. The electrodes were prepared for 

the powdered shale samples by drilling holes 3/16 inch in dia- 

meter and 3/8 inch in depth in one end of the electrode used as 

the anode. The cathode was sharpened, and the electrodes were 

placed in the electrode holder with the anode below and the 

cathode above. The holes drilled in the anodes were then packed 

with the shales to he analyzed. Because the shales are non- 

conductors, it was necessary to mix powdered carbon from the 

electrodes with the sample to insure a constant arc. The align- 

ment of the slit, arc, and grating was checked before each expo- 

sure. 

Factors upon which the quality of the spectrogram depended, 

such as the slit opening (100 microns), the slit length (2 centi- 

meters), the distance between the slit and the light source (20 

centimeters), and the separation of the electrodes (2 centimeters) 

were determined by computation. 

The optimum exposure time (4 minutes) was determined by a 
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trial-and-error method. The standard photographic procedures of- 

developing, fixing, hardening, washing, and drying of the film 

were followed, and the results of the analyses were determined 

through close examination of the projection-enlarged spectrograms. 

Analytical Results 

An examination of the spectrograms on the projection screen 

showed that the red and green zones of each of the shale samples 

contain the same elements in approximately equal concentrations. 

Further, the spectrograms of all three stratigraphic units are 

strikingly similar. This similarity can be seen even on small 

positive prints (Plate III). A comparison of the spectrograms 

of rod and green shale with master spectrum cards and with each 

other revealed that not only are most of the common and rare 

earth elements present in the shales out also that there are 

no elements present in one shale which are not present in the 

others. 

These results gave several indications of being important 

to this study. First, evidence that the same elements are 

present in 911 of the shales suggests that the presence or ab- 

sence of one or more elements cannot account for the color var- 

iations in the shales. If the factor determining the color of 

the shales is a chemical one, then the color is due to the manner 

in which identical elements are combined as naturally occurring 

compounds or minerals. Secondly, the similarity of elements in 

the shales might also suggest that those shales were deposited 
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under similar conditions by the same geologic agent and that 

they were derived from like primary rocks. 

The results of the spectrographic analysis suggested that 

a means of determining the physical structure of the shales 

would be significant to the study. X-ray analysis proved to be 

the most promising in this respect because it gives indication 

of alterations in the shales subsequent to their deposition. 

X-RAY ANALYSES OF SHALE SAMPLES 

X-ray-diffraction analyses were utilized to determine 

whether or not the less stable minerals of the shales, such as 

the clay minerals, had recrystallized because of such environ- 

mental factors as consolidation, induration, or weathering. 

Diffraction methods are unsurpassed in effectiveness in revealing 

changes in structure of materials. This method is also useful 

in confirming the differential-thermal determinations of the 

clay mineral present in a shale. 

Analytical Procedure 

On the assumption that the varied colors of all the shales 

are due to the same factor or factors, the red and green zones of 

only one stratigraphic unit (the Eskridge shale) were analyzed 

with the X-ray equipment. The X-ray photographs are shown on 

Plate IV. 

Description of Equipment. The equipment involved in the 

diffraction analyses included an X-ray-diffraction unit using a 



EXPLANATION OF PLATE IV 

X-ray-diffraction photographs comparing the red and 

green zones of the Eskridge shale. 

1. X-ray-diffraction exposure of red Eskridge shale. 

2. X-ray-diffraction exposure of green Eskridge shale. 
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copper-target tube and operating at a peak voltage of 30.1-k.v., 

and a Leeds and Northrup Recording Microdensitometer. The X-ray- 

diffraction unit is standard in many industrial applicetions; the 

densitometer is a photoelectric device designed for the analytical 

measurement of line density or photographic blackening and is 

coupled electronically to a Micromax Recorder. The function of 

the diffraction unit is to produce a diffraction pattern for each 

shale, and the densitometer permits a detailed examination of 

that pattern. 

Description of Procedure. Analyses by X-ray-diffraction 

were made by the Hull-Debye-Scherrer powder method. This method 

reveals such important characteristics of the shales as (1) the 

relative size of the crystals, commonly called the "grain size"; 

(2) the absence or presence of any tendency for the crystals to 

orient themselves in a preferred manner (the absence of this 

condition is "random orientation" -- its presence, "preferred 

orientation"); and (3) any actual bending, twisting, or similar 

mechanical distortion of the crystals, commonly called "strain". 

A detailed discussion of this method is given by Sproull 

(1946, Chap. 18). In brief, this method includes grinding a 

shale to powder and mounting the powder in a motor-driven, con- 

stant-speed, oscillatory device. The oscillatory device spreads 

the absorption edges, which are subtracted from the radiation by 

the sample and are characteristic of the sample, along a photo- 

graphic film placed in position in a circular camera. The char- 

acteristic copper K radiation was used in the analyses. The 
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film is developed according to standard practices, and a 

densitometer record is then made directly from the X-ray expo- 

sures. From the exposed film and the densitometer record of 

that film, the results of the analyses of the shales were deter- 

mined. 

Analytical Results 

Comparison of the diffraction patterns yielded by the red 

and green shales give the following results: (1) the constituent 

particles of a red shale are in a more random orientation than 

those of a green shale, (2) a red shale is composed of smaller 

particles than a green shale or, at least, a red shale is reduced 

to smaller particles under the same conditions of grinding, (3) 

impurities are present in both shales and serve to mask or empha- 

size certain of the pattern lines, and (4) both shales show 

crystal distortion which may be due either to the grinding or 

compaction of the shales after their deposition. 

From (1) and (2) above, a red shale shows evidence of oeing 

weathered more than a green shale. Lines which broaden, as in 

Fig. 1, Plate IV, indicate small particle size inasmuch as small 

crystals lack the resolving power to produce sharp rings. Lines 

which broaden and then "tail-off" indicate a randomness in 

intrinsic structure as differentiated from preferred orientation. 

This random orientation is shown in Fig. 2, Plate IV. These 

conditions are shown also on Plates V and VI, respectively. In 

the densitometer records, broadening of the lines is shown by an 



EXPLANATION OF PLATE V 

Densitometer record of red Eskridge shale. 
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EXPLANATION OF PLATE VI 

Densitometer record of green Eskridge shale. 
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increase and subsequent decrease in amplitude of the peaks, 

whereas the "tailing-off" of the lines is evident where the 

peaks decrease in amplitude from an initial maximum peak. 

The tendency toward a reduced particle or crystal size in 

red shale and, especially, the presence of preferred or original 

orientation in the green shale and random or altered orientation 

in the red shale is indicative of a structural change in red 

shale which is due to external causes. Weathering is considered 

the most probable geologic cause of the structural change in red 

shale because no differences in lithification or consolidation of 

these adjacent shales of the same formation were discernible in 

the field. 

However, structural changes may have occurred in the shales 

for reasons other than weathering, such as recrystallization due 

to secondary replacement or metasomatic replacement. In an 

attempt to determine the exact cause of this physical change, 

each of the shales sampled was examined under a petrographic 

microscope. 

PETROGRAPHIC ANALYSES OF SHALE SAMPLES 

Detrital slides of the heavy and light fractions of the 

microscopic minerals were examined under a petrographic micro- 

scope to determine possible correlations between mineral content 

and the color of the shale. An effort was made to note the 

presence of stains on the detrital -grains which might affect the 

color of the rock in the outcrop. 
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Analytical Procedure 

The procedure involved in the petrographic analysis of the 

shales included the chemical treatment of the shales to remove 

soluble carbonates, the separation of the light and heavy mineral 

fractions, the preparation of the slides, and their examination 

under the microscope. 

Description of 11,luipment. A petrographic microscope is an 

instrument designed to permit the identification of minerals by 

means of their optical properties. These properties are deter- 

mined through the use of transmitte.t polarized or doubly-polarized 

light. The instrument is designed also for use as a conoscope to 

obtain the interference figures which further characterize a 

mineral. 

Description of Procedure. Representative samples of the 

shales were dried in a controlled- temperature oven which main- 

tained the temperature below the boiling point of water to avoid 

the loss of chemically combined water from the shales. From this 

dried sample, 800 grams of material was selected and placed in 

16-ounce bottles, and 0.5 gram of sodium silicate per 50 grams of 

sample was added. The sodium silicate assisted in the dispersion 

of the shale particles. The bottles then were par tly filled with 

de-ionized water and shaken in a machine for a period of two 

hours as a further aid to dispersion. 

After shaking, the sample was allowed to stand for a period 

of 30 minutes to permit the settling of the heavier particles. 

The clay- and silt-size particles which remained in suspension 
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were removed by decantation and saved for mechanical, thermal, 

and X-ray-diffraction analyses. 

The remaining material was washed repeatedly to remove 

adherent clay particles. The minerals to be examined were separ- 

ated from the clay on the basis of the application of Stoke's 

law (Twenhofel and Tyler, 1941, P. 51) which is a mathematical 

statement of the settling rates of particles in a liquid medium. 

The separated material then was treated with cold hydrochloric 

acid to digest the carbonates and was treated later with hot 

hydrochloric acid to remove a part of the iron oxide coating the 

grains. ,nough of the stain remained on the grains to permit 

its identification. 

Since the optimum grain size for mineral mounts is that size 

smaller than 1/8 millimeter and larger than 1/16 millimeter, only 

the fraction passing through the U. S. Series No. 120 sieve and 

retained on the No. 230 sieve was used in the petrographic analy- 

sis. The selected material was further divided into light and 

heavy mineral fractions by placing the material in bromoform and 

drawing off the heavy minerals that descended in the separation 

funnel. The bromoform used had a specific gravity of 2.75. The 

minerals of lower specific gravity, which therefore floated on 

the bromoform, were designated as the light fraction, and those 

which settled were termed the heavy fraction. These fractions 

were washed in alcohol after their separation to remove the 

bromoform. 

Mineral mounts were made of both the light and heavy frac- 
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tions of the six shales sampled. Canada balsam, which has a 

refractive index of 1.537 was used as the mounting medium. 

These slides were examined to identify the minerals present 

in each fraction and to determine the relative abundance of the 

minerals present. The minerals were identified on the bases of 

optical properties and other physical characteristics, and the 

physical characteristics which differed for the same mineral 

were carefully noted. 

Analytical Results 

The predominant minerals in the light fraction of the six 

shales sampled are quartz, chalcedony, orthoclase, microcline, 

and plagioclase. A rather large variety of heavy minerals was 

identified in the samples. Table 1 gives the percentage of light 

and heavy minerals present in the slides. The hornblende found 

in all of the slides was of the green varietj, and in no instance 

was there any brown or basaltic hornblende identified. 

No correlation between color and detrital mineral content 

can be made with the results obtained in the petrographic study; 

there are greater similarities between the different color zones 

of the same shale than there are between like colors of different 

shales. However, only in the red shales was there any hematite, 

and most of the grains in the red shales showed stains of hematite. 

No hematite was noted in the green shales, but a few of the grains 

in these shales were stained with a green material which could 

not be identified under the microscope. 
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Table 1. Mineral analyses of some shales of the Lower Permian 
System of Riley County, Kansas. 

: : Blue : Blue 
Minerals :Eskridge:Eskridge: Speiser: Speiser: Springs: Springs 

: shale : shale : shale : shale : shale : shale 
: red : green : red : green : red : green 

. . . . 

Quartz 28.5 
Chalcedony 59.0 
Orthoclase 8.5 
Microcline 3.5 
Plagioclase 1.0 

Zircon 16.3 
Topaz 6.7 
Hornblende 1.0 
Muscovite 28.0 
Biotite 22.0 
Garnet 
Tourmaline 
Corundum 1.0 
Magnetite 10.4 
Hematite 13.6 
Pyrite 
Ilmenite 1.0 
Coated 
(Hematite) 

Light fraction 

2.0 
98.0 

19.5 1.0 
80.5 99.0 

Heavy fraction 

50.0 
10.0 

37.5 

2.5 

28.5* 45.5 
2.1 31.5 

8.4 
20.0 
1.0 

6.5 

11.5 3.0 
13.5 

5.5 

23.0 

11.3 
81.2 
5.0 
2.5 

9.2 
6.9 
9.1 

69.0 

2.3 

20.4 
66.5 
8.5 
2.3 
2.3 

21.2 
2.5 
8.8 
50.0 
5.0 

3.8 

3.5 8.7 

* Inclusions in the zircon show pleochroic haloes. 

MECHANICAL ANALYSES OF SHALE SAMPLES 

Mechanical analyses of the shale samples were made to deter- 

mine the quantity of material present in the various grain-size 

classes of the shale. The data collected in this analysis were 

arranged numerically to produce a frequency distribution of par- 

ticle size of the sediments. The purpose of this analysis was to 

determine the effect, if any, of particle size on the color of the 
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sediments and to obtain evidence as to the mode of deposition of 

the shales. 

Analytical Procedure 

The hydrometer method of mechanical analysis as developed 

by Bouyoucos (1928, p. 233) was used in this investigation 

because the lethod is simple, rapid, and sufficiently accurate 

for this purpose. 

In this method data are collected by reading a hydrometer 

placed in the suspension at various intervals of time and record- 

ing the readings as corrected for temperature. The histograms 

and cumulative curves shown on Figs. 1 to 12 were drawn from 

these data. 

Description of Equipment. The Taylor hydrometer used in 

this analysis is an instrument calibrated to read grams of sedi- 

ment per liter of the suspension. Two hydrometers which gave 

identical readings in the same suspension were used, and their 

readings were corrected for the temperature of the suspension 

because variations in temperature affect the viscosity of the 

ding fluid. 

Description of Procedure. The sample residue from the 

petrographic analysis of the shales was used in these mechanical 

analyses since it contained a complete suite of particle sizes 

less than 1/16 millimeter. This residue was decanted and dried, 

disaggregated with a mortar and pestle, and 50 grams of the 

material was again dispersed with sodium silicate and agitated 

for one hour. De-ionized water then was added to the dispersed 
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sample to bring the total volume of fluid to one liter. 

The amount of material present in each of the size ranges 

shown in the histograms was determined by taking hydrometer 

readings at intervals computed from Stoke's formula. The beakers 

containing the suspension were shaken by hand after each reading 

to give independent readings for each size class. 

The data collected were plotted as histograms for easy 

visual comparison of the shales, and also were plotted as a 

cumulative-frequency curve with the log diameter of the particle 

size against the cumulative weight of the sample. The results of 

this analysis were computed from the cumulative-frequency curve. 

Analytical Results 

The data obtained from the mechanical analyses and plotted 

as frequency curves are readily amenable to statistical methods 

of examination. Such statistical measures as quartiles, percen- 

tiles, and medians were used to compute the skewness, kurtosis, 

and coefficient of sorting of the samples. These values in turn 

are significant as indications of the degree of intermixing of 

size classes and, more particularly, of the admixtures of silt 

and clay in the shales. Further, the values give indication, of 

somewhat doubtful accuracy, of other characteristics of the shales, 

such as method or methods of transport of the sediment, and the 

gradation of sizes produced in the shales through their trans- 

portation'and deposition. A summary of the quartile measures of 

the shales is given in Table 2. 

The skewness or symmetry of the curves is the product of 



37 

the quartiles divided by the square of the median. This measure 

determines the dominance in the sediment of either silt or clay 

over the other. A skewness of less than unity, as in the case of 

the Eskridge shales, indicates a predominance of coarse over fine 

fractions. A skewness greater than unity indicates the reverse 

mixing of silt and clay, and this is shown by the Speiser shales 

and the green Blue Springs shale. The red Blue Springs shale gave 

a value near unity, and in this shale the amounts of silt and 

clay are approximately equal with only a slightly larger percentage 

silt. 

Table 2. Summary of quartile measures. 

: Coefficient : 

Shale : of sorting : Skewness : Kurtosis : Median 

red Eskridge 3.58 .583 .364 .0150 mm 

green Eskridge. 2.82 .575 .288 .0145 

red Speiser 2.41 1.410 .189 .0055 

green Speiser 2.67 2.020 .276 .0079 

red Blue Springs 2.33 .904 .254 .0135 

green Blue Sprints 2.17 1.372 .118 .0052 

It is interesting to note that the skewness of the shales 

shows a correlation with the chroma or intensity of color of the 

shales. The writer at first believed that variations in the red 

and green hues of the shales were attributable to either the 

intensity of the oxidizing or reducing environment or the length 

of time those environments remained active. Whether or not this 
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is true, another explanation which is based on relative surface 

areas of particles per unit volume of the material now seems 

possible. Because the colors of the shales are apparently due 

to stains derived chemically from sediments basically alike, 

then equal amounts of stain in each of the shales is at least 

possible if oxiation or reduction is complete. If a shale is 

dominantly clay, then its surface area per unit volume is vastly 

greater than it would be if it were composed largely of silt. 

Since the alteration products or stains are visible only on the 

surface of the particles, the effectiveness of the stain is 

dependent on the area it must cover. Observations in the field 

give credence to this explanation. It was noted that shales that 

are especially clayey tend to have a color closer to neutral 

gray -- the color of the principal minerals composing the shale. 

The sorting coefficient is the square root of the ratio of 

the quartiles. The values determined for the samples listed in 

Table 2 indicate a near-shore deposit inasmuch as those values 

agree with the average value of near-shore marine sediments 

(Pettijohn, 1949, p. 24). The values for these samples also 

indicate well-sorted sediments. 

Kurtosis or "peakedness" is a measure of the quantity or 

percentage of sediment and the range of diameters or particles 

in the fr ction of the maximum mass (Pettijohn, 1949, p. 25). 

Kurtosis is expressed as the numerical difference between the 

quartiles divided by twice the difference between the percentiles. 

The values obtained in this analysis are indicative of a single 

mode of transportation (Pettijohn, 1949, p. 22). 



en ennui iniMil 
1111111:2tippine 11:1111;1111:61,11 : e 

en: 

b, mum ii.lnue he m= 

I hi': lir - 1 . 
A 

raw in. . ..... -..- 1 e mpirs m:: es 

olilikihmaddi - inunni 1 

iiiroquionni queuingiume Or EBE"PLum. nilinur-Juliffinniklunnelun.:1111:" 1 " ION NEI 
...IMMO 

1113 

9 ph ...qm jahmull i niumsdhP-1. sr Ini 
"::hranull111.1111 nourningq... .no 

... i an NM Hin 
JIM I MHOM 1 

Joune.n.0 . : aim ..elnuse 
1 e 

' " inne en d 
e on ll le nu :wino. rillinloP 

INInninpipMplip... 
1 

110111110111111111hilliali ilund 111:1111 id :umbel 
.. rimpunna: 

0 :din nuinudin IIIII :nun . men. Inn 
111111011110111.1101 MM.% um nu gem hunigh 1 non.n he unnerlinnlinl oh:nth urann 

.....i....41.111 II INEONNINNI Mr mm, N 
NNIINI I MMMMM IIIN NI NIONNINII IIIII i 

Wad: i UM 1 1 m no At% i " "9 inlanOrmini J imrai rdiun Mfillifillibil 
intommusur primmrpi 6..,.... .11 IHMISLIEnur 

01111HamuliiiiiiiiiiiiiTIMIN ninpnempunqiump pun 110 MIIIIMitiknubillinnuilligNMON1111111111 Run 

.; mon! :amass' 0 1 "PIM MMMM .. i IMMEMONI 11 Omit "1111PnidadhsasUnnon 
MI No._---21 EMBERIMPERN 

PIPS Mg Eh Milli pall lune1 I.. 
iiPHIMMIN 

.. 
Iiiihk In um um PE ill :mune 0 "I'm:" undP0001111111110 omprispmarropon No 1111111101111 9uni InnenOrfilinithiMMIN 
;1111:. is Enna I If el J InlelL.: BOA= - - . 

MINEPHIMMNIMIMMEHERNIENHEMER 
mu In 
umminum;hrinumPI . I Enda! 

leaii.m.olon mu dintilliPH ....e...en Liu en. mum& 111111PE:11111111111111111111141101101111 num ohora inuplemong groperinnaphronig swam pemsminmy: onnuumus....m..wwwom gm ouraku iididminnind nun" IMMO Winne lluniin ne lama illilumilinnin ildndh MOM InlrelnrilllP 11111119Pflir epilnuFHPuu .... EA II elilr19111 
GC mosai Nor so . as ri NOMP91111Mihr aril anrd/Ph On s 

101 
si Litho: Id Id o 5 pl IAA . Al....Ina reelkiLuoulIhne "Najellgel 

1111111111911 SIIIIIIMENitilltill il 101141111111:1111671611Pi illillir":141112111111 III 
1....r.qpinEse 1 in I in. ....1 Le .e.ul ..... :lane ur i mos .. IP Mini in Ornillffill pildellklillin 11111111111nuippliel FefilillinupPlumunntir 

Olin 1-010 4 n PPEIPI unlirm g ri In . hgq Imo, u. Ir.. .... 1 
u 1 de um I- Inunnbh all leen 

v In .. um-. +.I..... 
1 1 1 11..s...013...uw 

u". %""rulirrIPPInrir 1 uptionouril en nunnin 1....h....s....mmeurn 11PlEhlraj."..11. ....iliddinnun 1 
u 1 4... ...I num: 1 in el 

eu liken In nen mu ..1 0 pique 1 unn : .1811:..i enne all111111111111r. minu.numnd gam.: ism! Kam 1 
1 1 nullunnue nur-hunnelininuen OM paheni. :mune.. e.... 1 . 1...w...1 nun own ine.9.12drang: 

dullinimundi illinlinille e ....... la untold Win mu: leldillinunul Inninnindiiih: BM a 
lir rim ITHipp 1 1 ipmn ismoupsurnompunnummippoupgrnemppullionstim Eff 

ual mane II d ...gad . . le lune unmuun 0 --oluell 1 1 enuoundll i n .. 

.1111111011101100151111111111101111%0 Li e 
ri unmanunipurnempann popir: inn 

1.1 Illig lli gm MI IR 1 infarAMIE innisig nue ugrun" !mai "" i 111114: 01,111tr:u turn .. .. 
une illbudlnikennuldhinfifillninnik Imbue on 11........111 unduninillibumml 

... .11 

011 MIMIIIIMMI Rnini 10010::::::11111 .... IMINNI.11011111 rdll P IHOUNIIIIIMMIN 
illihiGgenulffillinnili illilruen die 9. ...... Jurlirrillfill Illenrerlinilpilll Inn 

U e .. memo nen11 eln - kudzu "I I. n L... 0 1.. Inn 
101111101111111011 inennunnhunl . allo le InallkillilindffiliMbilirulli 1111 

ne, .. um"....or...1 .. a .. ... e II 

IMMItaga NEIL Bunn r --amoithou 
nunnurn 

111160unk111111 rahlomhdilliN 
mum: . - 910:" ..9 

1 r 91 

i'llid CrErli'm 0. :nun. Me an urr lap wpm 1 

1 Iii"m: LUmL nab MEM Mill MIN Midi um momillopod IN uminnt: Jigniengenun 
rrd 11199111111PPIMMPPIMPI " . iiffillinff mil . i IN N 1 1 le de 1 1 _ _____ __. __ ___ _. .._ .. nellinni.ldhundild1 

111111roulphdrounillinP ' "II pfill5111311 I Rain .. .... .... - , 111111111110htun Mind Illiplffilleninia-- I 6 
MO Mk 

I 

I 

II 

1 i 

1 

1 

it 

III 
' 
ibilliiirilliklikNOMMENHOM 

MRS ..... 1 innunnumrignininchradmi infiNIT.64:11:1 . ullginloPpnlipiliAllillnburi601 
....... .... 

I 1110 ..... nue mill& e :Ir. ...Loaner : n ..... .1..s.s..nle n 
-du 

..... n.un..0.. 
IlinTiPlrIPOP enueurnin. ...I Irrigil ...prarmunfiraninppifiniPhgn iissurilic . ziginui 
dundambahnmeraml-guir.unlieln:I.nr..BMSENIshalilealullunruhm...,....nl....LunfrI11011 

111""":"11?"'"clEntIMPF'-'15.":13111111111115:: 1 1-r-Ilin IMIMPORIMINIM ....... 1 IIINIU 
..... se udiihn . ....... ININ ' mu lumen .. I-1 iineuldnd e e. luau en qua .1. re- 

: ... .. nem.... r !Flit" III 1-191Por dillm 
: . ...pin unman 

OnlihritilhiliMPI len "m001110MIPIELundblEAMMINIMMInninnillininglaidi mom nenwp riumr..J.NNINNININI 
In 1 

Irrinrini M. 1...UPEPREIVAIPLITIPlipiii lPER 
s 1. _..m.. i .. .... .................. AM .. . ... .......... 1111111111111 ME 

4 so ITU IN 
No INNINION 

111181"1.11 

MIN 

millibffilhissomminimiltreismi iffindingliffill 



s. 

diem pummowanna"..d.un 
glinikidddiN IMMO Nimmi dm 1....11: : 10:::.: 

1111911 
E bur 1 :::a iNENNIMINNINNIMEPIL.411P.1.2.1111 1 

I 
spolimmumror ..::: :: Amu= :::::: L . r 

La 
ram 1 

Ism ... 1 Ulm: 
1 rs... ... mon= I.. mum INMINEMMOMIEMBIIMPOI 

Uhasi ..... Ind 19 i 

IIIMPININIMMtliiiiiid 11151";:ern UM ii Ur" 
1 ... llimmr.. el. am 

MN 

I. 9 1 

nem.: 1 se610-""Iiiii OPEL;iffins111M1111 ihiu 1: 4 - 
j11:611 

ill EEEEEEE 1 

011411."91111; 9M HU 1 UM h . ... ' - In MN: "MU Inhhid 
".....ito:lp rr. 

ONINMENNTinEge4:0111tmegei meg impers i.a 
nu mui MMMM 

enneRdlimair-PLionnummi WI° II: alumuftWomli:Iii 
,.. ?..103,1,141:2Wal- _,-. um: milli WAIN: nib 

IMINIMPOWlinuiliMiNk".inmiiTEMinig:31111 
h. ..impum. . r . rag IN NINNIPP:m :Rim mor...1..mra 

111111MONMINEEMESPOREEMOOK:rwr.41411mmrd 911:11:1::::m. 11::: milun magi Nil 1 

100111:11111111EINHINOMPMPakm: 1 IL MUMBIR imi i mumq kirraMIME 
: miiiii.110 1 Eli i.limm-90m1:1:11 amiMMEMMOIN 1111"PrilliPliffilli " in: :I 

NUMMINIONMEMINTOMitnikininnruHaiddi ii- 0 n id :onliffidiii Ann M hiitadrall PEninaminin moms !Kum Emil :wpm minwaranno n :, n n . 

qirignpu..Inn uswinprn sionnquannunnun n: ninni....1 ni :milli Iluni maw 
EiNdhihniNdkmiditattiliPlinsirhNramininun-rd. our" I. 1 Jun lull 111 

Ira MMMMM mil 
pin 

0 

o 

o 

diin IA MINN N : M El: 0 INIunr.-niii OilibRiNdium hi MUM ddi 
1 IMINMUM Prjruurrimmitumselffilli MM -MMMMM 1 

innli. 
91::: tupdi 1 

1 
WaIREMI F.91 8 d117. MM -I, MMMMMMM um on -soli IR -is oril 

muna:: vill!""6-10.111:m =ail ILI"- sltu: dr. 

1111111MOOMIMMEMiciamponli 
ill ma.... u____ nnagfiri4Ehe 1 I 0 ribridell nn nilinnoin nth 

itt, r 

. we !_-.),3 
111:111111::"."116 UP /min.% M "Mln 

RIPRIIIIIIMIIRII IEI Eh hum tInquarrnsi i in iiii our - i M. cm irmaproarp: 
Nr... r-riiiiingagiNEAdi 0: dramoNNI Nelion 1Prihril nill M ill" 

111"111 1 ors I 
IN immorind lir: raliql: 1 

:um MN IN rallOhdlit NbErtih Ai ,::11:481 p :: qLC intit114" .4 .11,...!molorir ma. 
MN bentrr... 1dd pi"' unatibld or. murin 

13....0 .1.7 1-11 d 1. ..il 1 L.. Ler= 
um: o 11 

;......S ..; 
e --anor- 

...1 
1.. 1 """ an...... .. 

Jima 
1 . um ne 

......m. 

ir::: :r::: 1:::::1 : ' :e Olin II MI Moss 
L 
L II inni 

UV" ' ma I ..I In ... 1 NU I milidillI1141 MO 1 I 161911F11114,6 mom 
. rro 

.. LI near Tr : pop 9131.... 1 1 
Iron ...am mai up...1 11+ laigihdl 111 I I En 

OMEN I na 1 hi :.: bramth on : 1....1---...:::::::m.:..31: hum or 
ral 100 

E 

L L ' o ....1 u 1 alp .4 ulP rimpirpos mipmegni 
innAgaini...1 .4 1 ... .1_4. ----. _ _. - ... 

drinikralho air:. ...... 
1 lino 1 

in 
L. ....... ..... 

1 MMMMM ml 
malib.!..-- - 

' 1... ...1:NNIMII I 11 
ms . , 

1.11; ralienlinririllibi4Mumi 

nalainniug IMInnella 11,14,11:31 MEIRENIMIEMPRIPM I 
Mr: 
:um 

lop 
1.. r : ....... 1:42 110 me munr..... 1....r.. 1 --.. . 

- --immoma " "" 
rigir..r.i.a. . .. . . SINN= ?- r MUM MU UTIPIP 1 

Mr maillihr: . -1 -... MN 1 
and .. . .. kairiadtadm. 

:=,,, mu°11. . 11111PF IMIPPE "- 
ull ,4,5"-4 1111101ffirihillikl 11111E:71614%1431761111 

sI .II rti n a 
ii Mr" . I Irli 

.I.a1.11 1 JIIII:Ilin Vainnun PI i .111111111 .. ...r. 
0 

um:- ... -: 11.31:: 

I e: maim "9 .1:41 : 
d...1 .. . . 

:LEG:: 
1 ..rimprima :' :E 

E 

-'11:11 111 

I I 11111111"P"71" 
lea. 

' . ILA dm: imr-u 1 

1 . 
di 

a 
40 

IMP : EEEEE 
111111. 

:::minti rim ...... Audi imaradigillp - 
......1 :: .. 1 illAil. I UM s - I 

11' undmismon inizh,,,,,,,,,,,,m,,,,,,nr .19 "Tulip: 
m..., . limiumml. hirrannormumr--- ... . mum. J:101111111Ndindhlrolililleni 

jippnriisp IA Mprilll I ii 1 req..r.Huggpm 031111 qmpormilipor nin 
imil-Midid .1 Isir ei:.:114 awe. .1 FM I 111111r 1111 I a IF as 

Mig pump; limprpqmon rig :I. 1 16WEI Li immrin rn ..... II 1 i ii 1 HP 
I AA irninned Mai . :: .. did tienee.rprumPr 3 1 ,. .......... .... I ..... namisu . Rua 

;INIETTPriPiMPliiinnum Illpunigni Flinn whin- - 4-10 oull , ,...1 1 ...:nn.....1.1 

Ida " "Pig /91 k likihn Or 
entmaan gluon& nimp.... F-31"": 

nth: iii n .1. : inn g Lim solor id ..3 
..!:::::;ure Fs ha on. n.a....m.n....nmonno munanno ::S "v*-"Lmie 0 1 mu 

. . : 41P, n 1 - . 11,0 Ygo14 

lip a 1 
.. . mp......POR .. 61, 611o. . . 

1 111h.161, a I 111.311i17311° lit 1111ilzArq....1 gen "II im 
eh Innil II d iiill--n- Inivion: ` minuil - 

...... ... 1 0 
mourn .. um 

i ....... 1. 2 UMW J. 1 i US 69111111111111lign MUILIMERIMEI arr.- ...gnu ......... dmr...mw. 1 g 1 ili -am 
LEG 

1 

FR . : it stepqmpliti itsummith Arm divilair ippnciatikenifatut n rierippin 
MARI 1 i WHIM iill ' nan"ilni .. N .. hinladilb 

Milik 1 ammisarAmo.:1 
r..........r...1 ...1 Lim 011011 g 

1 
!US 
NUM= EMU 1% urnrin 

1 ::111:n 
nard:einsupeoh 1.-9. ........... r 
le or ...: -Jell: 

91 ...... 1r . .... ... .... ... . on sr :: 11 a Ai Jima .. . r.rr. :pm.: "Husionuddo 
I . dundmodow 1 1 r ril-INNE:1" "P 1 

: :ma am maw IrlIsrli 
ihr IrE1111P t lum :::1-1 r.mq mum r. .. rag Ill itrar...MENNI:ann. .....muld 

, :::::::::. mg 6.1:18 



iMpNIIIMMifille, 111111111 mm g 

.... 
...: 

11:"=:: 1 
1 

1.1 litudeleu 

111111H"1ina -1:1111111:1111 :1111111e. .. .1 
1 :: 

111 
11 e 1 ' Lail 

MORE 
Sri 

P uiiiiiiiiillquilt 1 1 .....11111...... dal:III:In 11:1 
:III 

I lum ......... 

111111. 
mgrimmmiliummimm 

mmomm.m. Immo. .... 
Iiiiiiiimil 111111111..,...1 iiiiiim 

flip um !Imp udianou II 1 -....... 0:: el: 
JAR mum mom Ir.. 1 

i 1 III 11 

1111111111111161011111111111111111111 . : 
.f. 

6 

....a 
.. . 

.4....1 
1 

1 r. 1 

1111111111111111111111111111111811191: 11121 111111111.11 .11 "I 
imid 0111 

I ....p...1 
a 11111111111111111111:11111811:;;;;1188 

Iiiiiiiiiiiiiiiiiiiiililididliiiilgillifililiiii 
IMMIJIMIALI In01111 raillimli 11.... 

Ur inalrin EMIR 
1 1 1 

1 '' lib III 11111 

IIIII 
111111 

1 

11111..1..1.411 :IOUS 1111111111111 
.g r ' ell" ... gm": nun, nq -.: ! 

I 
......... Im. 

II IIM gg 

nomppilimilimmibmin1118..n 1011111111111.1 11...r.a: 111.1 .un me:14111111:1 Lump m19e: lem ne11 11:1 1: le 11111111 

1110011MMINEMPIII!"""1" 0111:1111num 1 

es lin i 
am imu 

'1i MISIURIFIc."919111 iIIIIIIIII" . nr_mII III IIIIIIIIIIIII allUnoisis 

0 11101"""IPPM""en19 ' Lorain lEir '''' zu 1 

nu ' 
r: merc:r4:04 ' 

NOME 
1 

1 

1 

im 

1 

i 
I 

1 

1 

1 

1 

1:: 

I 
1 

1 

. 
lip 

' 1 Irmo smug A ribigul muLTen : 
move unnum le 1 11: 

1111 humill IRE ' . ' 'Fr 11 . a 
mill L 

""111111111111111111nUnd 
.21-1 pnwasimp 

r............ 
'' eme..e...fir ...........1 ii. 

INHAPihmuihdiiiining!!!""TREHMEME:2121iiiiRMEIL :Om 0101111i 
0.1 

IHOPEREFAMOME 1 1111118111:1 rii TROINNOMIPmmifillUn lim 114110011111111111111 

ir C , 1:: 3.mPl II VI!.,111.11..4111 MO morn ill sr. 

nin indrullMnd NI I 11111111111111111111111111111111 111111111111111111111111111""1".11611111111" 

7.11.6iEifiiiikilAI/L1116; 

111111111111111111171 11"PM istributio 
1141....1... 140041511!!!!!i014111i/1141111111111" Ilr° 
i ili.iil. 1m m i mn Ili:IillimiiiiiiNiiiiiPiaiiiiigli m ma. 1;:il 

Fr"1"11111°"!"1111111111 :nil :1111 1111:11 

1111111111:111HIPM111114 

111 111111111118111 I Ph .1 11 6" Lear En 1 oink Las 

1161111PPIP 1""P e 
IMP 
1 1 

11.1:0.:: BMWS mil En EMMEN 11111 MOM II Il 111111111111111111 11111: 

111 . 14111,11 1 1 1 kr :lib ...6...16.topm . 
W11111111 PIE 1.........111.18161.... ...AN. '' .................., 

. . ' . 1...1 
.... 

111111111111 1 1 1111111111111111111111111.11111 
. um . .. 1 

IIIII 
1 -1 

I I 
11161111111111111111 111111111 1.. 11.1....11.11 11" 1111 .11111.11i11111.1111 

a 

11 . al 16 ' 1111 111 
........ 

111111111111 111111111 
1 111.1 

e e el 1 miiiiiii1111111111.1-11 ....: Ifigirmon Eunn...m9 Losimdbui 
1111LI "MI Ininqiiiii INFIRM OM II 1" imn 

...... 

rupprigl simermmon '''' II ow al 
111111111111. Immairlaill1111111 11111:11111111111 a mom: mom mil lit mums ill im um 

1111 r IkIMPlalmi ring.: L. 

II 
11111 I 11111111!!!!!111111111". 

111111... IP" 1 th II laranumpurnu nuaniqpin 
: 1:11 wpm moddli 

...11 . a a...ma ,. Iiii 

quummunnuemrp . . 
;. VP/ MINITIIIMITI II pmEms mem imummulim moms mommums.: 

riqpigni Meg UMW: 
Mil 111111 MUM" 11111 1.1 1:11:- Ilium I... Er mom 

1111111111111141111""IIIIII 
' !NI 6" 

1 1.......1.. s. . 
1:11-::: 

I mai : 1:1:11/1.1.191111111111 
111111:1111.1.-1... 1111 

..........: nip: 
1 1:1111111111 1 11. pat 1 m..mr.n.,,A. r 

MB 111111:111:11116:1111111 111:::::11111111:1:1 ga 
urie...mir peplum 

1111111111111116111!!!!!!1011111 NNW 
9111111111:::::11-1:46.64glig 

ppm 

111111111Pumiii lim Emu 111111111 Ile 
trrg. .. .101118:19:miliN IMMIMMEMM 2 lillikidilitil 1111111 WM4I a 
mm.1 1E1 . F, : , r.. 
111111111111111111111101111111111111111 

NMI ..... 
, , ,...........m.. piumari...: uniplu me 

loNhIllhLIIII. I 
1611111 ' ma:WM 1..11:141 a pg. 00:1:11.. Nam %I 

NMI 
''' ' 2 56 rallitSpeiriniartitnumpsprqin: WU 

1.1.,a,011111aialniiiiii ". Id: '' : ' :1111111111 

LA ''''' 1 .0 1 1 in 1 miiilliaisi:11111111-11.111.111111111 iiiii 

lou'll": mull: 
111111111111111111! 

1 
'' 11 

8- 
L "ill III. "8"MIRIIIIIIIIIIIIIIIIIIIIIIIIIIII 1:11: 
....... .... ....... 

111 .............. 11 
IPAPIIII , 11 11 111 1111111 

,.1: 1 1. 1.1 :: In ..... .. 11111 ... Eilrmrill: Iji1W1703FirliLligisigLi, L ;:i..b14:. 4 0 , 

1 
i 11.1!LIP Plairar, _ Tumull;Ermarpricri : 

el NNW 1 ... 
o 

ill:11111: 11111:11 

111611: 
1 

.1: 

%I .111:11 11.104: . 

s 

111:1 
: 

...rm..... 

.s...... 
......r.r. 

III 11.11 " i III 

B 1 1"."1111.11.11.1.1.1 Ell III. 
111111111111.11..611111 II 

11111B1111111111111 1"1111111 .......... 
........ MEMMEMM mn". " ....11.....! . 

"1111"" .416" I. .1 

1111111111111111 IIIIIII 
nq mniridll ::ding pull 111:1- um:. 1111.:.-- melaile sle.11 .. .1.. 

....11.11:11111.4.1....: 111.111111111111111111111 

Minin ..... WHIP 
...1.......1 hiderim .as .. ....= EM.imm.mmull. 

O IMOMOWOMMIll mmommemmomm 
1 1 

er1 4:1111111111111111errpriluptiREP 
1 ermeata udantal. :.. 1 . :9111:11 

al 

Nell 
11111 

I.. u..1...m111111111m11111111 ill 111111" """ .11111 1:111. 
ilieus. 

..... mom 
Unripe Ilmmilipple 

mar--m ""11111111111111111111111 ...... WAIL 
111.011 ..... plilleue- 11 .. .1 

.:.:1 
111.....:11_ __ 

own 
num -I-TM 171186111011111 mod un.a.ddillea 

1 1 

ileur g g: 111 11111111111111111191111 

1.111111 1 
il 

II Mill"! 
effnelniram PUBL. 1 

111111 

I 

11 Memo: 1""116 

dirlinillr 1101111111 
I 11.1. 

le =I 



2 

C 

z 
0 

0 

1.,- 

-. 
1. :II : I.: nom- 1m .1 11.11::::::::: 

1 1:1...1:11 .41111: mu emu: .1 1:: 
: a 

111112P111111111111:::::::::"4111 1 ' : 

....: :I MMM 

1 1. 
1 111111 Rai 

1-11::: 

1111111111111111111111111111111111141L .16"1 '''' 0 

111111111111111111111111111111;!!!!!Iiiiiltruullim 
Illismillevamme71- - 

1111111:11111111 

111111:11:111111 

lip.: lielsmul.1 :111::::::::::: 

1111111110 

..... ... 

.. 
1 .1::::: 

: 1 

LEI 
-1::1:11:1111111 

m I 

1:::::::i' 

Willi 
4110 

. .11111111111111111 

Or12113.11alt;;IPP . ...NI:gram riT I RUM ......... a IP-s-minli, IMIIIIII 
1 simillillso 

1111:1 : 

:::: En: 
mum.....1-ildillal: "" ':11 111111111111: 

11111p.... ..1...igilir 11111 

01111110iiIiimil.. 
cm I..; NI sirnet.0mr,e, ..... enlimmr,IIN 110Ea 

11,11,11111,P1,1; P1,W'' :m11111111 
miiiiimmiiiii iiiiiii.11.111 ...... "Tin ::::: r- 1 

1111111 ..... 1 
11-19:1:111 :::::::::::114 

1111111111111.11111111111111 .111111111111111 
I..II 1 

: 
umplu : 

E$ .111111111111 

111111111;11:102"::::111111111111111111111111111mATI;11111111 ml: 1 11-011111111171 1111111111111 
s s 1 ele ....I... ..1. 

... mom 

Emu 

1111111111111111011111111011111 1 gm 01111111111111111111 
111111 

01001sol 
010.10008410 

6111111!mill im:211111111111:11:11:16 1111111 - 11 11i alum 4111111: 
1 

:111111111111 

pipir11111111111111.1...ilmodorionsiskr :ca. qui....i 

1111111 
lamogimme 

1111111111% 

.11.ii 111111.111 IIIII IIIIIII .111iiel 1-1 ''""""1 
11111111b0RN0011001 gen80111111111:0SUillIIMMATREPRI 

III ... 
11111111111 1111111111 

I 1111111 mmormomm 

11111 1111111111111 

IIIINTMEMI 
... 14 1111 1111 

11111110, mUTNI II .:MIIIIIIiilliiiimilluimilii 111:1:- 
11111111:e 

:.:..1::: 

11111:911:ElauppriL 11111:111....1::::::::::::::Ismil 1111111:::: ill ...a :Film: 
iiillitudgmluNgall artmillie,.....rwiltirmitiiiiii mummlommi 

KUMM ..... a 11611111 
111.1.1:111 MEI 

upplEN:ailligiffirffirrdMINEWIRHUMMILmir LITE 1EL h. 
1!..oliiiiilifilml.1161.11mullsilimeiiiilillemesemildmillilim imilimill Iiiiiiiiii 11111:1111111111 

:11.11....1....1:1 
1111111 
.1 ... me.: 

Emil 

II 111111411111111111111111111 

aaa 

INII111111111111 BPI: 111111117.111:111111111 
11 1111.4,10 no .... MII :I .:81711111112 

1111111111114 

1 Iiii .1111111111111111111111111111111 iiiiiiiiIIIIIIIITg011111 11111. iiiiiiiii111111111111i 1111 1111 III ...... . - .. ..... 1111111111111 

11111111111111111111111111111111811811111..Wit'llum"""."111411".8"111"'"141" 
11 ...::::::::::::::16 11 .11I. .1 .... II: 

: 
111111 111:1111111111 1.:::::::::::: 111:11: 

1.11:1:::::::111111111111 

NA unhallut,-.0.....4' IP 111111,1* : Limo WIC. L- IMO 4. :ii.11,1.11 ... i,,,111.1....11,111 441111. LI F.°. ' "6 - rn 5 11 
. .1PMPF.,111aF, , 

1 111:sumulri-ohnull il q nr.. 11 11 111111111111111111 
W.4M11011.11111104%1IMINNIOT4112,4%.11,U ,,4.4kir. Ent,/ 

bdb.1116.1+41.dWd .1.46.16.11L OMB 
WIIIIIIIIIIIIIIIIIMIN m 1111 III 

1 4 1111.. ... I 111111""""ill IIIIIIIIIIIIIIIIIIIIIIIIII 
ell 1 1 ..... 1"1111111111111111111111...1...11 ..... ... .. ... ... .... I...1l 

a IIIIIIIIIIIIIIIIIIIIIIIIIIIIiiiiiiiIIIIIIIIIIIIIIIIIII 
. 11....11.1111111111111 1 111111111111... I. 1 1111111111111111..1 1114111111111111111111.11111 

1 
irmommomoul .mommommons 11:11111:111 ::::::1.9:1 

.. 
4111..111:1 

mummum. Mal MISNOW1111111=MM 

011 mmHg. mom MMMMM mslm. lim IMMO MAIMMIMM 

1 :gm 1: 
1 11::::: 11111111:111:1-1 

1a`1 

111111.1::::111111. 111111111:111111111 1 ::::::::::: 
...I 

:11:1 

11. mumi 
gamma 

I 
mium010.01 ism. 

!IIIIIIIIIIIIIMIniiiiiiiiIIIIIIIIIIIIL 
1110111 

1 

:11:11::: : ::::::11111111111::111111 1: 111.141 111: 

...... 
... ....111119. ..111111 

II 111.2..1...1..111 
11111111111 11111-1011111 1:::::::::::::111111111111111-111111111111111111111111111"1"="111' . 1 

:11:1 1116:11111.111111.. 11:1111.12 ma linallArmIrnmumnsull . : ... imellelosellessedl,061iii111 1 I.. 

1 1 ill I 111 1 111111 IIIIIIIII 11111111:111:111EViii 1:111111111:1111: In 

:1 1. 
m-1 

!=i i 111 

I 

....... dump, 
rnipmur =nd ori11: eituninitiumni iirsimmismIum 1. 11111.s.111111.1 1 

1:11111111111111111111111 ::::1911111111111111111 
111 1:11: 1111 1: . 1 11 

::::11111111 1.1 1111111111:14:11111111 
:1111:11111 1 1111111:11:811::::::::11 

11111 

11:11 
1111111111111111111111111.: 9v "111141111,1111111111111111.... ....1:11111111111 1 

Ihhamillim Mao 4114411 1111111""11 I 1 
111411111911111119111 

11 11111.11. 

":"211111imismi 11 16a :h d 
googniammi .. 

11111 

r 

iiiIIIIIIIIII mopm. 1111::: 
, ',um ,.........d 

mompu pi mintrumwsm 
nraiiihnli ginhdinIMIERE 

11,....inmermri :: dm ra 11 1 blinhuldifkINIIIIIMMINIMIC::: 
-WI N IIEM 1 Lv vIL.II Ai 1 rl IL., 

Oa i PA i Al aii ,r= rl'it Ligklihnfini Hu 1 111101111muMMIPPWIR 11111191ll lani 
1...: IEM hp4p4ILMBLONam Willorr rd.,: 

ILIUM ir h rem gehrp pain; lihrmadil SEI Find iiPlikili ....1.+19....11 nw.d...P. LINE 

IMAM 1 
niPli: ikownpe mu mqvmpris IT 1 

wpm 

il 1111411111111111631111111111411111 
-quo rorelll I , L 

I Plied ifidik...11 soh. 111141... .I :I'll 
in:, 1... ..11111111.11": I lain ,..,(2, Di am e t e, . ,, lime t ors7 

Ilium ....Al .... 

dig" : 
an I i .m. mil 

1:1 
me II' 1 

11:1 iumm- 
.... ..... 

pox 

MI ..... 1 
1 Ft 1r 91 , a 

.... 100.11....... ,..:,....., 1 

........... IIIIIIMALIET 'Mine mu' at 1, e qu;8. VA. "D`L- , ra Speisec , + 1:ial.e., 
Iiiiiii omm.imar.r....., ..n.....m. im rum. um.. 

11 IIIIIMAM 11 IIIIIII MI1111. 1111 
MMIMION 16111 M 

MUM 111911 
NM C!: 1.131111fr" 

111 1 girl 
1116111 11 

I immipammump 
011 1 1"11 um ......1 1-.......I. 01 1 

141111: 1111 I "mmel 1 ' di Ilmlun muu 
...... - 

-11 :::: 11111.11.1.1 
....II....I..... ...I. 

11111111111111111111111:4.1.411.1. ...151. ..... 1"IIIIIIIiiiillmr" 1111111111111 11111111111 III iiihrIIIIIIIIIIilid 1 
.. .1.... 111...nplepun 

..... mom: 1 

12111 .1...11.1... 

mullididhld ... .. .. 1 

::...1 :::: . 11111:11111,11""%b1 

a 1111111:10:pm1111111111111110 len mum: L IMO liaili 

10111111111111111111111""1111111111111111111144;111111:11 

UM ..... U no . TH111111011.111111111!.. 
.... 



1111111:1... !III prillIIIIIIIIIII.I....111 lllllll 
111111 111111111111111111111114.."111111111111111111111111111 :KA 

HEM§ MIIIII 6:1111MULUMMLP PiddnhOMMIN:unim:mit l ; l 

Uri 1M1 

11111.1:::::::11-0-9: 

1-111111111 

on.imi month :I :1:11 111111111111111111111111111-ul 11111--11111411:11111111111111111:111111111111111111 
1....1:11 III 1.....1.1:111:::::::111:1.11 

1111111:111-11.1111- 1:111.0, lll 1. - 1 : 

1:1:11:111111111111:111.: lll : . 11111.11111:: 
Km 1 1:1 

i .i 

.. ...1111. .. 1. 1 NI:014:: Z. latatlitliiI al Hill latiMmle, tilialeM41:: lllllllllllllll 11011111110difildniallhruillbrirkr""I' P"P' arrirhr raj 1-111""ligr"!!!!!!..- L: lllll 
. _......... llllllll ..... r. ... maga Nrimmariplimase 1111110 afm, HUA rrau . .1.... . 

.11119111411161d111111110ij"ritiTmlaliP' 4 ° 4 '!' ' 91iiiiiiiiiiiiii 1111111119111:41111111111111 1111 liniu "u111 11 1 ml 1111 1/11 

IIIMMIMPI ilidbMilimm 1 11111 la 

1 ' 
" 9-141111 f 4 111141...11 ""111 sm. a ill . .. 40.40-LaTI: 1 11111111111HIN 

11111:1012.1.1 1...111111111111111 1 is Oplompue Him 1 f7,0T - 8 1 " - 

i 1111111111 

dr/ tilhwas . RH ild.inih111111 mulh111 Hitt 
ral..... lllll Ir. rim: i 42- 22"11r1111110111111.71111111114.1111:1111:1-:111111:11:::: 
11111.11111111111 " '"1 il T - -, I 1.! i if..1. imilli..iidiL.A Jilin: 1.1:::111:1. al lllll 

.... ........ 1 

MN kminsunimi 191° 11111 .1a 1111.1PHRIC;;;;1111birdIMMININ ll r 
1111111 

inligillemItionallIMMIIIMIMMI mil 11111111111111:1 
inIsum _II 

/ // "" %Ma 
qintrigrusliplipi el 111111111T4 .11. .144:111111":"1111""11:1111111111111111111111111.11 
1:1111.1.111111:111111:11 1116 ... ... . 1.1 1 : l 111 .1:::11:111:..1. .1. 1101..:11 
1:1111111111 "....:1 111111121111 

III III - :Mir 1 11111".""1""1"6"a=11111111111111111111111118111111111111 Juhr . 
i e 1.11::::- I:. 1 .. 11111 1: m 

1111111MMOMMINIFIL: lll rutin 11111111111Minp 1116.111111.111111MIHMINE 
IIIIIIMMIMMIMMIMINERIMIUMIPAMMIIIMMIMMILIJI PRIIHNINHIBUrall 

11 

11 1:1::..: 1111111 ...... 1:111 : lll INFM01"1"11," air lllll 1 I 

irman 

111.1.1.1.. llllll 1 

udahli 11 
in r.a.id inn us! ph ".1 gipp 

::::::. 1:1:11- "' "' .1 
011111 :::::::::: 1 a 

11111.. ll ghnlhOnnnil Unniti piNnin 
OM IMIMBEI::::: 1.11:::::1 MU" In l r....91 IL am- 011101 Min i i niiinin 

II 111111111111111111:11 

1 .1 
nem: 1.. ... 11 

I1.... 
: 

1...1.:11 .....1...1 
-LI ilismi 11:1=1.1:11111111111111111111191:1 11:1:1 

111:1 1- --mama: ...... 1111191 111 :: 
1111:11":1:11111111111:18.88 '1111111 :111:11111 

11: 1 I Ira .1111 
1 

lusaplariplirrarq EMPalb =.1111:: NIL ... ..... ...num 
ME MEE Mb 

irmum..wel 
Rim: IMO nouraq spui .1..., Ipiiiiihd..p.,...ult IIIIIIIIIIIIIIII.""ill 

III 
mismili. ... ii.. : I'm IIIIIIIII"J":11.1 

1/.1I 

/ 

1.....1...1111 
r...vg . 

WSW 
.. um s maminola 

I:1"III M M.. 14.... mgl nVor i ll / 

1 

H 31 
1111111111:1111 

WM : WU .. / "1:: mm 
MN 

11111111111111111M111111 MOM: IMP i 
1::: 

: 

::11.1!!!111 

MI ..... 1 1 1111:.. 1 / / 
m 

Hill imillimall:11111sm i imml . 'mu - 
11.11 mmommarsimmomm m 1 misome/ UM le deilirmann n IA 1111 Hi .41 

: 
....LEI 1 

::::111:111:nl.bm: ..... 

1111111811:11:m : 
111111:1111 i u 1 

11111111 41111111 m 
11:1: m1:11: :11:11:::: 1- .. 1:::::: 11 imangimmimim mnimmnimmiummum mommim.mmommm. II- mosamissimm mammommummumummm m _ .... 

h111119gr n 11 111111!::::::1 MIL T1 11111111111141:111P1111111:111!11111I1111,11:11111111111111 111 
mil!Widihilfillafichibekillealmakaamiaa§demperam 

11111111111111111111111111611111111iiiiiiiiiiiiiiiiiiii 11111411111111112:144111111116111$19111111111111111111 
111111111111111111111111:11.4...1111111111111111111111111111 :::111"""111111:1 111.. 1.1111111111111111:111:11:11:111.1 11111 
1:1 .:: -8..1:16:1:1:11.1:11.11: .... mi ritrAk-IiimEIRTiiiiiiiiiPT11111111 limill I I :1:11:1..1: . :11:1..! 
mg 1 1 1 loppeammi ne isalimmil: wil 011111111111111110111111111 1:1T1.11.11111111111111111111 1111111111i 

G. ZIG . GrL - 7.,. iddlir"lifirm"11111""4411. " "" l'Amm.1 ' 1 -__2411111111"" 
cammoun. ",,,.....,.1.64.. mv:LRFr .11Frm Ili - 

pa ... ram Emu ronudda- "I Abli UM !::3 ......11....:::559 .. . ...... .. 2..3111."-- ::,1111:111,1111.1.111:::iiilla:111! Implippusqr maspepramsturipm senum , . ........1 . .... II. . ilimulluir 
. 11111. Ali I"' m" milliallial1111 .1 I 1111 .1. 

IIIIIIIII I IIIIIMLIE dli 1:1. 1 hd 

NIN:11111.11:11111:111::::::111.41 

. 1.12:14:111111111111111 ::::::: 
141p1m: gm 

.. 1111.. 1111.... .... .. 1 um ..... 11 "..1.11111111111111114"1111111111 
Si III 1111111111111 

I ME ri riMP up 
niumbill Fushihnd un 

MEER MN MI 

IMMIMMIMMIIIIIIIIIIIIII 41111111111111111111 lie i 111 611 11111 mr11.1..amommum . . ..... .... 
IIIII1 1.1.i.m.iimillmil.1.1.111:: .... 1...11:11:11:11:111 1111111111 111111 .. 11111111 11111111111111111111119.1::1111.111111 i mg Lipm son. 

11:0111111. m m m 
mu IA 1.1...mmommm immormilim . reehlii?..A.L.311:111: 111.1:: 

I 1..1m a : 

11:1 91111102 
: 

mu 1:111111111": 
mom: - sumhibliffiliMMIMMIMMINI IIIIIIII 111111.9 II 111111 ... umunpurprumprqui Tvempork . 1.ra:1mi 1 .. 1 umi 1......111111 11.:11.1.: ammill 1. 1111.::.1 1:11mhall 1 111 

impura: r..T - 
' 1 1- III 1111111111111:111111111111111111111:1111111111/1 . g 

1 
MO II WM UMMOIMIMMINIMMEMEM MI IMMIMMOMMEM ......... pi. 

I ma. urns 1 1 
IIIIII MINIM E.. 

is. 1111mamli Ili11111""IIII1.111.11.112 
1111111111"11111 I 

1111MININI 
: III 1 ... BEM MUIR MIMI UPPEP 

I . mi I ... 11111.1 a 1. E, 11F111.11. unanidiadm 1:11: 1 1 a 
111111111111:11 

.1 811111:1 e..1....1....:11;11 11, ...1 ITT .641:11111:111:11;11:11:111:1111:11111 
h a ::: 1 

::::. III: 
:1"" 11111 iil. .. ...:111.11.1 111111-11.1111i0111-11i11.11am 

1:111::::: 
: 1:111111:11111.1-1::11:11 riliqprmournr.prop 

1m :11:d :::: 1: :1111 %Ir. um1 1. L.: :Hu reh ...a.aupshmeh IR judhk 
inillgursal I ha 1 1 Im.1111 111...1.9 

1641filkiihmi 1.1 1 

II 

1 . 1 II° 11111.1.1 " 1111111111111111111111 
UPI mr.11. re: Mum 1 NUM Malmo IMP" pun p1:11 mum.. in am r.r..... 

1 i 1111411/1111 dna 1 1 
.. 1 pm NM 1 morn MI 

2f7 



ti 

0 

IIIIIIIIIII. . ...ill . :11-11....11 III 
smog 
wasummi 

111: l'inlmimin"ImZi ''' ;;11111111611:11m1111 

011 111111111::::::11..., I.IIIIII 1: 8.. . .--- 1 
: ::::::: 0 mu 

111111111111"111 
mi Ils 

:is 

:gel -Ile:111111i " ""III1 11111 

1:1111111111111111116911111111111 ilii 

m 

: 

1111111.-IIII 

III. III 

1 

Mill 
II 

01111111111111111111111111-...mumel 
...._..1 ...rancrarnamstm- 

1 1 1 Ils 
1 
I III 

Inva!!!!!!!:;;;Iii"iii 
Il11! mar 11114:imml 2 

11111111131111Lu 111111111111111 
in1111 I 1 du 

I-- 
.-m?!.. --g..... 

.1 . 
=e::::1..:.: 

iliply kmuulullumustrIpe,. vi,.,t .. rmign.ammormgmho. 
1 

;n1111111111 I 11111111 
mmommi 

'. 

miiiIiiimumuli111:1111....11iiiiii-- -- :1 -6 ..1 . 
11:11111:11111111011 ..... le" .110"°"" dr OMMI OM 

11111" 41 

III IF 
1 

.1A 
iiiiI1L 

1111111iiiiiiimplaill di .. 1.1.11 .. ..... 1.II...-) .11 1,..1....1111 
I.: .: AMON 

S : 

/1111111:11 IIIIIIIMIMAIIIIIIIIP!" . 4g' 1 IIIIIIIiiiiillm 1m mmm 111 m111111111 mil 11 
1 mom mgasiiiiimml 

1...1. 
1 

IMO IEEE 

MEM ITI LIUMMIIIIIIIP 0%A M II SI 
1 III IIIIMIIIEIIIIII 9111411141 

1 11111111111111. 

1 
WM EMI MIME% 
: MEMEMIE 

rilliiiiiiiiiiiiiMEME MOM' ''.14441 
i 

. 

1...11::111:1.. .... ill 

milluit: 111nIumilms: 11:111: 
1 11:::1111-1... 

&AIN Illmilffieiiiiif1774irrorult IF :11. i 
II.. ..... 11111 

...ma.... 
emmummulumen.1:. 1:111::::::::::1111.1111:1:1:11:11111."...1 

:. wawa' - -... 

illillliiiiIImIli . 1 1:111; ...... : 111:11 

1.....1.1..1.11....111 
ME gm mum g 
mi im Imamunimmomml 

111:1111,-- I. .1.1Intslimmumalusum 111 :mum. mum 
eu 

11111081 
Imm s1111 

lung 'Ullii ammem........ 

011. 
461 

1E1M1 11111 I 
44 

1 1 111111 

mum 
hunISHESPOS 
uummunu-L- 

10P 
11 

TA: - . ..... 
Nritaillusur116: ........1 : . :51:11:1111.11.9 

. . 1. 

Piedilli11111116046:1111.11.1.1111. 1111111111...-151:i0: 
1:1111111111111111161=11:11111111021111 
11 . . Isl giummoulli:1111.11 . 

nom 
Imi 11 MEOW 

1111111111111111111111111111111111111111106.1; 

iimili111111111111iiiiiiill 
11111111111.... :III 

.. r; ....... ram Ir,!D. 
JEMM 1 

ME 
NPI IN. EU 

' 

o 9 rim 
41 

"41 

MENEM ISMOOMMEOMp =1. 
MEM 

111111 
1 1 11111111 

ulel 

unquu :mum 
quin 

1111111:1:1IIIIIIIIIII 
1..:1 ,.11 

muumuu mu 
11111111111111. 11111 

1...1.1111 
.11111": 

11:11111111:11 

11111111W 
111111E111111 

1 IIIIIIIIIIIII 

Illiiiiiii 

III"I "11119 II 

11111:: 
m. 

1up 'z'pr 7;11111 

111111111111111.1...1 
I! 

III lllll 
11111 111111 

lliiiiiiiiiiiiIIIIIIII 

I 1 1111 

- "AMU suilou um 
111.n .11 I 1....11 1 

: 

.. 
i 

ii911::: el 

MEMO 
1 MN 

I 

kilin 9 "IL 
:IEEE§ .1......1 

Licw :qr. ..1 hull 1, 

El 11111filmannupth 
MP pc. I 

1 . 

i.... Inn mak-. UP ,e 

limpr aumme :... :1 
nou.L :: : 

i i 

1 NOISEEMINb ISM 
'MENEM MAE EME 

IOMEIMES 
Ell MEM 

1. 1:1 

c y ury IMF 11111111 I 
1 11111111111:111 

1 
OM 

riurm 

00:10,-- 
huumu 

EME1 

INEMM1.111 M 

eum.11.1...I 

111111 

11111 
pow, l n 1111 4._ I &fiat _ fru.- 1E 

ll 111 
ll : 

ISIII 

/,414611414 

6411riTiOnlia54111,; 

1 
1 

111111... I 

11111111P11111 

111 
...1...1..111111EIF11.1.01llll 

.gg 
BEMam MEEE Fm 

EMI-IINEEIIE 

l ilmso I /111111 
1111 l ,519111111111111 

hill/11111:11aci 
AIMEE M MEI 

EMMEMEM MO"..:.g.: M 

Iiiiiiiiiiiiiiii IIII.Illiel 
111111 

m 

III 

1.1.1 
lllll Ern 

III 1 
MEMO MIMEO 

EMMEN 

4 .-JEMEN 

III° ME 
ME 

111111111118 

111111111011111111 1111. 1111111 I 

IIIIME: 911112IMEMS1111111.11111 
11E MEIMMIE am. .. Elm Immi mom mom NEI 

41111111111 

11Pni 

l 1111111 

pommemmml 
nomommilmmin mug 

..... 

l 

1 

1 Im 
th. .115$1uumu 
.... uu low" 

........... nia;4 1' ... 
HIEN ". '1"11" 

11111110_14lig ...... Emmlill 1 pp. up pm 
L411.1:1 ... . Wm. 

munuuuud 1="34 
dauu 

.......... muu 

11 12P010.- 

iiIiii1111 

!!`41111 

EMMEN 
111.5.9 

EN c, 

.S3,MEEEM 
ZACMEME 

.......... 
II li 

I 
.................... ill 

llllllllll II 41111. ..._ 

lllllllll 
1 

al 

Lit1,51111 ...ai ..C.L. 4.9 141115° 

1 
II 

Bum ........ 

....... .................. ... 

1 II 
EME1 1 11111111 

egumml rums lllll 
11.1111 Illmn 1.1111111111 

.......... 
mum En 

1 

111111 

11111 ....1 

111111111 
o.. 

RMEMI 
EMI.' 

1111111" 
11 

128 
D ana u 

I' 11'11111 

11111 11111 

111111 1 

:1:11-.1 

I:1 
al 

1 

1 1 

1 
.11.:.111::11 

... .1 

111 

:: 

. lllll 
.......1 

.1 

1:.. 
1:11 1.11:111. 

p9 

SO:III:III° I "a" 
I UM IL 

1.111111E if mom 
OMEGO7. 

ME:E5. 
SO 

1:: 
ORMilligril I Iv r.:1 1r LI 

lllllllllllll -11.41 u: lllllllllllllll u 1 u 
lllllllll WI 

I 
111 ME1 

:MEE: 
1 11 

IEEE: 

1'111 
l Ilis 

11181 llll 
IllImm :1:11:1 

I 1111 
:MIMI 
MIME ll IMMO :MOM 

MEM 

lllllll EME :E 
MI: 

ME 
M 



45 

Because the mechanical composition of the shales seems to 

have at least some effect on the color of the shales where stains 

are the principal cause of color in the sediments, an effort was 

made to determine the nature of the stains through chemical 

analysis. 

CHEMICAL ANALYSES OF SHALE SAMPLES 

A quantitative chemical analysis for the determination of 

total ferrous iron and total iron present in the red and the 

green zones of the Eskridge shale was made by the Department of 

Agronomy, Kansas State College under the supervision of Dr. R. V. 

Olson. 

Analytical Pro9edure 

At the request of the writer, Dr. Olson conducted the analy- 

sis according to the 1ethods of H. S. Washington (1930), which 

are particularly well suited to the analysis of rocks. In brief, 

the etnod depends on fusing the rock in platinum crucibles before 

the analysis is undertaken and, in the subsequent phases of the 

analysis, extreme care is used not to change the valence of the 

iron in the sample. The ferrous iron present in the shale was 

precipitated as ferric iron and, later in the analysis, the total 

iron of the sample was determined. Knowing the percentage of 

ferrous iron and total iron, the ratio of ferrous to ferric iron 

can be ascertained. 
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Analytical Results 

The results of the chemical analysis of the two shales 

appear in Table 3. It will be noted that the percentage of total 

iron seems extremely low to color a sediment effectively; however, 

commercial clays must have a much smaller iron content than this 

or they will develop an objectionable color under the strong 

oxidizing conditions of baking. 

Table 3. Chemical analyses of the Eskridge shale. 

Red Eskriucf,e shale Green Eskridge shale 

No. 1. No. 2. No. 1. . No. 2. 

Ferrous iron* 

Ferric iron* 

Total iron* 

0.10 

0.24 

0.34 

percent 

0.08 0.10 

0.24 

0.32 

0.41 

0.51 

0.10 

0.41 

0.51 

* AR F _ P. 203. 

Frou the results of the chemical analysis, it is evident that 

the presence of iron in a shale does not alone explain its color 

inasmuch as the green shale contains more total iron than does the 

red shale. However, the determining factor relative to the color 

of the shales is the manner in which the iron is combined with 

other elements to form minerals. in the case of the red shale, 

it is probable that the ferric iron presem, is combined win 

Oxygen as hematite, an effective coloring agent. Since ferrous 

oxide is relatively soluble, it is believed that a part of the 

total iron present in the green shales exists as a ferrous silicate. 
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Many of the ferrous silicates are green in color and might make 

staining agents perhaps as effective as hematite. The green 

silicate, chlorite, may be the coloring agent in those shales 

examined. 

It is probable that the iron present in the shales at the 

time of their deposition was combined in the clay minerals, and 

it could have been in the bivalent or trivalent state or both. 

The clays are relatively stable minerals and would remain essen- 

tially unchanged until a change of environment was imposed upon 

them for a period of time of geologic significance. If the 

environment was an oxidizing one, iron from the clays could be 

expected to combine with oxygen from the atmosphere, or other 

source, to form hematite. If reducing conditions existed, it 

is chemically possible for chlorite, a hydrous ferrous silicate, 

to be produced from the iron and the excess of silica (as quartz) 

present in the shales. This formation of chlorite would be 

favored in the presence of water and magnesium, and magnesium is 

present in seawater. 

DIFFERENTIAL THERMAL ANALYSES OF SHALE SAMPLES 

Differential thermal analysis is a useful method for the 

study of those mineral groups which yield characteristic peaks 

in the differential thermal curves. The method is especially 

suited to both qualitative and semi-quantitative studies of the 

clay minerals. 
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Analytical Procedure 

Thermal analysis is, in principle, a method of studying the 

thermal reactions of a sample when heated at a constant heating 

rate. These reactions are either endothermic or exothermic in 

nature, and they are due to the loss of either adsorbed water or 

water of hydration, changes in physical structure, or chemical 

decomposition. 

Description of Equipment. The thermal apparatus used in 

this analysis is very similar to that used in other laboratories 

aria has been described in detail in other papers such as those 

by Norton, F. H., and Grim, R. E. The sample to be analyzed is 

placed in a chrome nickel steel sample-holder which also contains 

the inert substance which is adjacent to but separate from the 

sample. Chromel and alumel couples are inserted into the sample 

and the inert substance, respectively, to record the e.m.f. 

generation that occurs when the loaded sample-holder is heated. 

Purified alundum, manufactured by the Norton Company, was used 

for the inert material. 

The sample-holder was heated in an electric furnace at a 

rapid (increase of 36 degrees centigrade per minute) rate. 

Tne temperature interval recorded for these analyses was from 

0 degrees to 1000 degrees centigrade, and this interval was 

continuously recorded through a platinum- rhodium temperature 

recording thermocouple. 

The recorder of the differential thermocouples is a Leeds 

and Northrup "Seeedomax" which is a high-speed, high- sensitivity, 
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electronic recorder with a maximum range of three millivolts. 

This recorder is synchronized with another recorder which pro- 

duces the temperature record. 

The equipment was frequently calibrated with the alpha-beta 

quartz change at 575 degrees centigrade, and reproducibility was 

checked also by analyzing samples of standard Georgia kaolinite 

after short periods of operation. This procedure permitted a 

correction of the "drift" which is inherent in all electronic 

devices. 

Description of Procedure. All of the samples Al4Etied with 

the thermal apparatus were ground to a size which passed the U. S. 

Series 14o. 120 sieve and was retained on the No. 250 sieve. The 

alundum was also ground to this size. Care was exercised at all 

times to avoid contamination of the samples, and the procedures 

of filling the sample-holder, inserting the thermocouples, etc., 

were duplicated as nearly as possible for each analysis. 

Three series of eighteen shales each were analyzed in all. 

The first of these series were analyses of untreated shales, and 

the thermal curves for this series are shown on Figs. 13 to 30. 

The second series, shales treated with cold hydrochloric acid, are 

included in Figs. 31 to 48; and Figs. 49 to 66 show curves of the 

eighteen shales when treated with hot hydrochloric acid. The 

shales were treated with cold acid to remove calcite and with hot 

acid to remove such other carbonates as magnesite and dolomite. 

The thermal curves shown in the figures cited above are the 

deviations from a straight line plot of temperature differences 
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against temperature, and these deviations are dependent upOn the 

nature of the heat change for their direction and amplitude.' In 

plotting the thermal curves, the writer has followed the standard 

practice of plotting endothermic reactions below and exothermic 

reactions above the line of zero deviation. 

Analytical Results 

An examination of the thermal curves shown in Figs. 13 to 

66 reveals that the clay minerals in each of the eighteen shales 

is an illite. Each of the curves shows the three distinctive 

peaks at approximately 160, 630, and 875 degrees centigrade. 

All three of these peak resulted fro'n endothermic reactions. 

Although the curves of all the shales analyzed are somewhat 

similar, it will be noted that the curves for the red and green 

shales of the same member or formation are, in most cases, nearly 

identical. All of the shales, with the one exception of the 

Holmesville, were calcareous. The presence of calcite in the 

shales is shown by the peak of large amplitude Which occurs at 

925 degrees centigrade in the curves of the untreated shale sam- 

ples. The presence of a double peak near the high-temperature 

end of the curves is indicative of magnesite or dolomite. The 

Blue Springs and Gage samples apparently contain small amounts of 

dolomite. 

The differential thermal analyses have established that the 

srme clay mineral is present in both the red and green shales; 

therefore, the clay mineral of the shale is not likely to be the 

C,-)Use of color variations in those shales. 
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OBSERVATIONS ON FIELD RELATIONSHIPS 

The associations of the red and green shales sampled were 

noted during the collection of the samples, and further field 

notes were made at a later date from observations of van-colored 

shales in the Sumner droup of the Permian System and the Wabaunsee 

Group of the Pennsylvanian System. 

As has been mentioned, adjacent red and green shales were 

sampled wherever possible in an effort to obtain shales which 

were lithologically similar. These adjacent occurrences also 

gave more significance to such characteristics of the shales as 

their contacts and relative positions. 

The red and green zones of some of the shale units are 

separated by irregular gradational boundaries, while in other 

units the contact is marked by an abrupt color change. Where 

gradational boundaries separate the shales, it was noted that the 

red color had a tendency to mask the green in such a way as to 

produce a maroon to purplish hue. In some cases the contact was 

mottled red and green, and it was thought that this condition is 

due to the mixing of partially lithified sediments by geologic 

agents shortly after a change of environment had caused an 

alternation of color. 

Isolated green spots were noted at some places in the red 

shales, but on no occasion was the reverse observed to occur. 

These green spots in the red shales may be due to isolated 

reducing conditions caused by the decomposition of an organism 

embedded in the clay and silts from which the shale was formed. 
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The field evidence shows also that no definite statement 

can be made concerning the relative positions of the shales. 

Red shale was found to overlie the ,reen in some places, but just 

as frequently the green shale was found in the higher position. 

Usually the green shale for:as an outcrop which is somewhat more 

resistant to weathering, and from appearances the green shale 

contains a greater amount of carbonaceous material. Both the red 

and the green shale weather to a gray color which may be due to 

the removal of the stains through leaching. 

SUiaiARY OF ANALYTICAL liESULTS 

The analytical methods employed in this investigation have 

developed some definite results and a number of indications which 

are valuable in explaining the color variations of the shales. 

Each of the methods of analysis has yielded information concern- 

ing the mechanical or the chemical composition of the sediments. 

Spectrographic Analysis. The spectrographic analysis shows 

that no elements are present in red shales which do not also occur 

in approximately equal concentrations in green shales. This 

similarity in composition suggests that the colors of the shales 

must due to valence differences of the intrinsic elements or, 

which may be the same thing, to dissimilar chemical combinations 

of those elements. 

X-ray-diffraction Analysis. As was shown by the X-ray- 

diffraction analyses, red shale is characterized by a more random 

structure and a smaller crystal size than Oren shale. These 
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results indicate a structural difference between the shales which 

probably is due to weathering of the red shales. 

Petrographic Analysis. The petrographic analyses reveal 

that the red stain present on detrital grains of the red shales 

is hematite and establishes the presence of a green stain, which 

may be a chlorite, in the green shales. 

Mechanical Analysis. Statistical examination of the mechan- 

ical analyses has indicated that the shales are well-sorted, 

near-shore deposits. Further, there is an apparent relationship 

between the intensity of color and the clay-silt ratio of the 

shales. 

Chemical Analysis. The chemical analyses show that there is 

ferric and ferrous iron present in both the red and green shales 

in a ratio that is opposite to the ratio expected if the state of 

the iron is solely responsible for the color of the shales. how- 

ever, it is certain that a part of the iron is combined as minerals 

other than those staining the shales, and this presence of either 

form of iron in other relatively stable minerals of the shales 

oiould make the ferrous-ferric ratio unreliable as a criterion of 

the oxidizing or reducing conditions imposed upon the shales. 

The iron which is not combined as stains is undoubtedly retained 

by the original minerals. 

Differential Thermal Analysis. The differential ther,qal 

analyses disclose that the same clay mineral, illite, is the 

major component of all of the shales examineo. 
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CONCLUSIONS 

The results of the analyses indicate that a mineral stain 

on the particles of the shales is the petrographic factor deter- 

mining the color of the shales. The stains of both the red and 

green shales are alteration products or secondary minerals proba- 

bly derived from the original clay minerals, and they apparently 

occur only on the surface of the particles composing the shales. 

The mineral hematite is undoubtedly the cause of color in the red 

shales; whereas the green shales are probably colored by a h7drous 

ferrous silicate mineral. This formation of minerals character- 

istic of either an oxidizing or a reducing environment can best 

explain the red and green color variations of shales. Moreover, 

this explanation does not require that the constituent iron of a 

shale be entirely of one valence or another. 

The chemical conditions of oxidation and reduction necessary 

to produce the hematite or silicate stains are factors of the 

environment under which the shales were deposited or to which 

they were subjected subsequent to their deposition. The presence 

of organic material in the environment is conducive to the chemi- 

cal reduction of the constituents, and the oxygen of the atmos- 

phere is all that is required to produce conditions of oxidation. 

Although insufficient evidence has been collected to defi- 

nitely determine the environment under which the vari-colored 

shales were deposited, only an environment which is related to 

oxidation and reduction can effectively explain the alternation 

of color in the shales. From the field eviaence it is thought 



64 

that the shales are littoral sediments inasmuch as these rocks 

show the stratification and contain the fossils of deposits 

related to marine conditions. The environment which might best 

induce alternate oxidation and reduction would be a subaerial 

plain of deltaic origin adjoining a sea fluctuating in level. 

The subaerial plains (Twenhofel, 1950, p. 103) are fre- 

quently extensive deposits which may be quite flat, contain lakes 

and swamps, and are bordered on the seaward margin by lagoons. 

The areas of the subaerial plains Mich were under water 

(lakes, swaps, and lagoons) would have an environment conducive 

to life if the water was not too saline, and in these areas there 

would be an accumulation of organic material with attendant 

reducing conditions. Particles collecting in the reducing areas 

might easily alter on the surface to a hydrous ferrous silicate 

which would effectively color the sediment. 

Sediments which accumulated during flood conditions on the 

dry areas of the subaerial plains would owe their color to their 

exposure to the oxidizing conditions of tie atmosphere. The rapid 

decay of organic matter under these conditions would inhibit its 

accumulation, and the dry conditions would permit no possibility 

of reduction of the iron of the oxide to which the red color is 

due. A fluctuation of sea level would explain the inconsistent 

relative positions of the shales as the normal onlap and offlap 

of advancing and retreating shorelines. 
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This investigation was undertaken to determine the factors, 

both petrologic and environmental, which affect the colors of red 

and green shales. The occurrences of a number of van-colored 

shales were observed in the field, and samples of these shales 

were analyzed in the laboratory by means of spectrographic, 

X-ray, petrographic, mechanical, chemical r and differential ther- 

mal analyses. Each of these methods contributed information 

concerning either the mechanical, chemical, or mineralogical 

composition of the shales. 

The analyses indicate that the formation of secondary mineral 

stains on particles of the shales is the petrologic cause of color 

in the rocks. The mineral hematite stains the red shales, and the 

green shales studied are apparently colored by a ferrous silicate. 

The chemical conditions of oxidation and reduction influence the 

formation of these mineral stains, and the intensity of the color 

is affected by the clay-silt ratio of the shales. 

The environment which might best induce alternate chemical 

oxidation and reduction to produce van-colored shales within the 

same geologic member or formation would be a subaerial plain of 

deltaic origin adjoining a sea fluctuating in level. This envir- 

onment'contains accumulation areas for organic material with 

attendant reducing conditions and high, dry areas exposed to the 

oxygen of the atmosphere where oxidation is possible. Field 

observations on the stratigraphy and paleontology of the sediments 

also suggest a littoral environment for deposition of the shales. 


