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ABSTRACT

Due to the general absence of outcrops, the studies undertaken
in this thesis utilized chiefly subsurface geological methods.

This analysis of the "Red Beds" consisted of several lines of
approach. An isopach map of the "Red Beds was constructed from the
data obtained from sample studies and drillers logs. This map showed
the bulk of the "Red Beds" to form an elliptical shaped body in the
center of the Lower Peninsula within the limits of L.ake, Kent, Gratiot,
and Roscommon counties. Numerous erosional outliers were found
to surround this body. The average determined thickness for the "Red
Bed" body is approximately 87 feet with the greatest thicknesses tending
to be located in its center. A map indicating the approximate distribu-
tion of gypsum in. the "Red Beds' was also constructed which showed
no significant trends in gypsum distribution. The clay fraction of eight
samples was X-rayed. Illite was the most common constituent,

A total potassium analysis was therefore run to determine the percentage
of illite in each sample. A sphericity study was conducted on the fine
sand constituent of the above samples to help determine a possible
source for the '"Red Beds.'" The coloring agent of the "Red Beds" was
isolated and analyzed as iron.

An extensive search for fossils revealed unusual markings in a
sample from Mecosta county which may be an indication of life that
existed during the deposition of the "Red Beds."

On the basis of the data collected, it is postulated that the "Red
Beds'" were deposited under marine conditions. The time of deposition
appears to have been Pennsylvanian. The results of sphericity studies
as well as paleogeographic considerations suggest that a possible

major source for the "Red Beds'" was located to the southeast.
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PURPOSE

Lying in the center of the Lower Peninsula of Michigan and
stratigraphically subjacent to the glacial drift is a group of reddish
siltstones and associated gypsum beds which has been designated as
the Permo-Carboniferous "Red-Beds.' Relatively little data is
known concerning these beds, and it was felt that any new information
obtained from them would be of value. This value would be not only
of an academic nature, but further, since these beds lie within the
water saturated zone of the area that they encompass, any additional
information on the "Red Beds'" might well contribute to the knowledge

of the water resources of the state.
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INTRODUCTION

Location of the '""Red Beds"

The "Red Beds, " situated in the center of the Lower Peninsula
of Michigan, comprise an area of about 3, 500 square miles. They
are located or inferred to be located within the counties of Roscommon,
Ogemaw, Lake, Osceola, Clare, Newaygo, Mecosta, Isabella, Midland,

Montcalm, Gratiot, Saginaw, Clinton, and Kent.

Previous Work on the "Red Beds"

Before 1932, the "Red Beds'" had been mentioned occasionally
in the geologic literature. In 1932, Newcombe described them as
"a series including red shale, red to greenish sandy shale, sandstone,
and gypsum. . . . (which) occur above a thick basal sandstone and are
widespread in the central part of the State." Kelly in 1936 again briefly
mentioned the "Red Beds" in his discussion of the Pennsylvanian system
of Michigan. In 1951, a study of some "Red Bed' samples from the
subsurface laboratory at the University of Michigan was undertaken by
D. H. Swartz in conjunction with a Masters thesis at that university.
From this study a map was made defining the limits of the '"Red Beds"
and showing the elevations of the contact between the "Red Beds' and

the underlying strata at various points,



GENERAL STRATIGRAPHY

The Michigan Basin

The Michigan Basin, which is considered to be a classic example
of a structural basin, is centered in the approximate center of the
Lower Peninsula of Michigan. The Basin includes within its bounds
Lake Huron and Lake Michigan and its margins extend into the Upper
Peninsula of Michigan, into Ohio, Indiana, Illinois, Wisconsin, and
Ontario. This basin is not a true circular basin but rather somewhat
elliptical in shape with its major axis trending approximately north-
south. The extensive deposits of Siluriaﬁ salt beds within the basin
indicate that it was present as a structural unit as far back as Silurian
time, and it can be indeed postulated that the basin was in existence even
earlier.

The Michigan Basin has a base of Precambrian rocks. Above
this Precambrian base is 2 sequence of sediments representing every

system from Cambrian through Pennsylvanian.

Stratigraphic Position of the '"Red Beds"

The "Red Beds" lie stratigraphically directly beneath the Quaternary
glacial drift and are separated from the overlying drift by a definite
unconformity. Thus, post "Red Bed'"-preglacial erosion has removed
the upper part of the "Red Beds'" as well as any possible post '""Red Bed"
sediments.

Definite Pennsylvanian sediments lie just below the ""Red Beds. "

In some places the "Red Beds" overly a basal sandstone, whereas in

other places they overly black shales or limestones. This strongly



suggests that at least a local unconformity separates the "Red Beds"

from the underlying sediments.



SAMPLE STUDIES

Scope of the Sample Studies

In this study of the '""Red Beds, " no outcrops of the beds were
found. Thus, the study was limited to subsurface geologic methods.
As no drill cores were found, this study was restricted to crushed
rock samples taken during the drilling of oil wells in the area of the
state covered by the "Red Beds.'" The samples were taken from the
sample collections of the Geology Department of Michigan State
University and the Michigan Geological Survey. Samples from approxi-
mately 1150 wells were investigated. Of these, 133 wells definitely
showed the "Red Beds, " or gave indirect evidence that the '"Red Beds"
were likely present,' and 493 wells showed the '"Red Beds' to be absent.
The remaining wells, approximately 524 in number, yielded no
information on the "Red Beds'" because samples were not available
stratigraphically high enough in these wells to include the area of the
"Red Beds.'" The samples from these wells were contained in vials
with the contents of each vial representing a small interval (5 to 10 feet)

of drilled stratum.

Description of a Representative "Red Bed'" Sample

A description of the "Red Beds'" from a well in Mecosta County
from the sample collection of the Geology Department at Michigan
State University is given below, The sample in each vial represented
5 feet of drilled stratum. A series of adjacent vials with similar
lithology is recorded here as a stratigraphic unit. The thickness of

the unit is the sum of the footages included by samples.



SAMPLE STUDY

Michigan State University Sample Collection
Mecosta County T.16N.-R.8W. -Sec. 1
M.S.U. Catalogue #4046 Permit #11154

Lithology Thickness
(in feet)
Glacial Drift . . . . . ¢ v v v v v e v 0 o 0 o . 605
Red Beds:

Aggregates of reddish brown fine grained silt-

stone with occasional streaks of greyish clay

within the siltstone. This siltstone appears to

have a high clay content. Some aggregates of

siltstone have apparent glacial material in them,
suggesting that these aggregates were cemented
together from pulverized material during the

drilling. . « ¢ ¢ ¢ ¢ ¢ ¢ 4 4 b e e e e e e e e e 20

Red siltstone with a few small aggregates of
white chalky gypsum. . . . . . .« ¢« ¢« ¢ ¢ ¢ ¢« & 05

An approximately equal mixture of reddish silt-
stone and chalky gypsum. . . . . . . ¢« . ¢« . . 20

Predominantly gypsum mixed with some reddish

brown siltstone and glacial drift. The gypsum

has a chalky appearance. Some of it is granular

and some of it shows a platelike basal cleavage.
Occasional patches of clear selenite are seen

within the platy gypsum. . . . . . . « ¢« ¢ v o . 65

A mixture of dark red shale and grey shale con-

taining mica. One aggregate of dark red shale

appears to grade into grey-black shale. A small
amount of black shale is present. . . . . . . .. 10

Definite Pennsylvanian:

Predominantly a grey micaceous siltstone with
occasional plant remains. Some gypsum, red

siltstone, and an increasing amount of black
shalearepresent. . . . . « ¢« ¢« ¢« ¢ ¢ ¢ o s o o . 5

Depth
(in feet)

605

625

630

650

715

725

730



The "Red Beds'" are interpreted here as comprising the reddish-

brown siltstone and chalky g'yps‘um which directly underly the glacial

~

drift at a depth of 605 feet. This siltstone and gypsum continue down

to a depth of about 727 feet where dark purplish-red siltstone, grey
siltstone, and some dark grey shales are encountered. These sedi-
ments are not considered as part of the YRed Beds" because their

color is not the typical "hematite brown' of the "Red Bed" siltstones.
The depth of 727 feet was chosen as the base of the ""Red Beds" because
in the sample vial marked 715-720 (feet depth), the underlying sediments
are found mixed with definite Red Bed sediments. Thus, the base of

the "Red Beds'" is assumed to be at a depth of 715 feet to 720 feet, and
the value of 717 feet was chosen on the basis of the approximate ratio

of "Red Bed" sediments to underlying sediments in this vial.



ANALYSIS OF THE SILT AND CLAY FRACTIONS
OF THE '"RED BEDS"

Selection of Wells for Sampling

In addition to the gypsum, siltstone and clay were found to be

the major constituents of the "Red Beds.'" It was therefore thought

that an investigation of these silts and clays would yield pertinent

information.

- As many of the samples were considerably contaminated with

cavings from the overlying drift, some difficulty was encountered in

obtaining pure samples while still giving a uniform coverage of the:

"Red Beds." Eight wells were chosen for study following an exami-

nation of the available wells. These are listed below:

Samples obtained from the Geology Department at Michigan
State University.

Well No. 1, No. 4479 Ogemaw Co., 11N-1E-Sec.8, Cities
Service, Hickey No. 1, Permit No. 12267.

Well No. 2, No. 4355 Clare Co., 18N-5W-Sec. 13, Burton,
Thompson No. 1, Permit No. 10380.

Well No. 4, No. 3825 Mecosta Co., 15N-10W-1, Gulf,
Colfax Project No. 2, No permit number given.

Well No. 5, No. 3516, Mecosta Co., 15N-7TW=Sec. 21, Gulf,
Warner No. 1, Permit No. 9841."

Well No. 6, No. 4223, Montcalm Co., 12N-8W-Sec. 6,
Gordon, No. 1, Paris, Permit No. 10922.
Samples obtained from the Michigan Geological Survey.

Well No. 3, Isabella Co., 16N-5W-Sec.23, J. V. Wickland,
Gamble No. 1, Permit No. 12635.

Well No. 7, Newaygo Co., 12N-11W-Sec. 20, Sun Oil Co.,
Woodard Brown No. 1, Permit No., 17132,

Well No, 8, Montcalm Co., 11N-7W-Sec. 35, Howard D. Atha,
C. Dancer No. 1, Permit No. 17262.



These wells will be referred to here by the number assigned to
them from 1 through 8. These numbers run consecutively from north
to south with well No. 1 being the furthest north and No. 8 being the

well furthest south (see Figure 1).
Sampling Procedure

As much sample as possible was removed from each vial without
"robbing' the vial. This amounted to about one-fourth of the contents
of each vial. The total sample from the vials in a given well was mixed
to give a composite sample for that well.

After obtaining a composite sample for a well, the siltstone, and
clay aggregates were separated from the gypsum and glacial drift by
hand and the siltstone fraction then weighed. The weight of the silt-

stone-clay fraction from each well is given in Table I.
TABLE I

INITIAL SILT-CLAY SAMPLE WEIGHTS

Well Weight of Siltstone-
Number Clay Fraction
(grams)

5.49
e e e e e e 3.89
7.88
1.67
3.59
1.80
7.12
3.67
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The yields, as can be seen, are very unequal with wells 4 and 6
giving relatively little sample; however, this was sufficient for the

subsequent analysis of the samples,
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Separation and Purification of the Silt
and Clay Fractions

The silt and clay in these samples were not present as discrete
aggregates, but rather the clay was largely present interstitially within
impure siltstone aggregates, making it necessary to separate and
purify the silt and clay fractions. This was done according to the follow-
ing method based on recommendations of the Soil Science Department

of Michigan State University.

Removal of Water Soluble and Acid
Soluble Salts

The samples appeared to have little or no organic matter; so it
was not considered necessary to subject them to the hydrogen peroxide-
acetic acid method for the removal of organic matter. Instead, the
samples were placed in a beaker and treated with a weak solution of
hydrochloric acid and then heated. This treattent was repeated until
all bubbling ceased which indicated that all carbonates had been dissolved.
Each sample was then placed in fine filter paper, washed with about 200
ml of 1 N hydrochloric acid, and then washed repeatedly with distilled
water until no precipitate was obtained when a 1.5M Na,CO; solution or
a crystal of AgNO; was added to the filtrate. This then indicated that
no Ca++, Mg++, Cl™, or similar ions were present, and that the sample

was likely free of carbonates, gypsum, and any water soluble halogen

salts (if present).
Removal of Iron

In the above acid treatment, sample No. 3 was treated with hydro-
chloric acid of sufficient concentration to remove the red iron stain

from this sample. It was feared that removing the iron in this manner
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might further dissolve or damage some clays such as the sepiolite-
attapulgite-palygorskite minerals (Grim 1953) if they were present.
The method chosen for iron removal (Jackson 1956) with somé modifi-
cations is as follows: Each sample was placed in a beaker and 40 ml.
of 0.3M sodium citrate solution and 5 ml of 1M sodium bicarbonate
solution were added. The temperature was then brought to approxi-
mately 80° centigrade with the aid of a water bath, and 1 gram of

solid Na,S,0,4 (sodium hydrosulfite) was slowly added. The mixture was
stirred constantly for one minute, and then occasionally for fifteen
minutes. Heating above 80° centigrade is avoided as much as possible
because FeS is formed at these higher temperatures. The mixture
then stood for a fifteen minute digestion period. In order to promote
flocculation, 10 ml of saturated sodium chloride solution was afterward
added. The samples were then placed in No. 50 filter paper with a
portion of the filtrate of each being saved for iron determination; then
the samples were washed several times with distilled water. Since

the clays at this stage were so well dispersed that the finer particles
passed through the filter paper, it was necessary to add calcium chloride

to the residue to flocculate the clays and retard this loss.

Dispersion of Clays and Separation of
the Silts from Clays

The iron free samples were next placed in small bottles, titrated
with sodium hydroxide past the phenolphthalein endpoint, and placed in
a reciprocating shaker for 17 hours to affect complete dispersion.

At the end of this period, the samples were still alkaline beyond the
phenolphthalein endpoint. Following dispersion, the samples were
placed in 1 liter graduated sedimentation cylinders, shaken thoroughly,
and allowed to settle. The clay minerals were separated from the

samples at this point in accordance with the principle that clay
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minerals are generally smaller than 1 microns, whereas nonclay-
minerals are commonly larger than 1 to 2 microns (Grim 1953).
Stokes' law shows that particles 2 microns in diameter and with a
density of 2.63 (density of clay) will settle in water 21,76 centimeters
in 17 hours. A yield of almost pure clays (particles 2 microns or less)
was thus obtained by siphoning off the top 21 centimeters of suspension

in the sedimentation cylinders 17 hours after the initial shaking.

Qualitative X-Ray Clay Analysis

It was apparent that a determination of the types of clay minerals
in the "Red Beds" would not only lead to a better understanding of the
"Red Bed" clays themselves, but that it would also give possible clues
to the mode of origin of these beds. One of the best methods available
for a qualitative determination of clay minerals is X-ray diffraction
analysis. The X-ray diffraction apparatus of the Soil Science Department
of Michigan State University was available, and, using this apparatus,

an X-ray analysis of the clays of the eight samples was made.
Theory of X-Ray Diffraction Analysis

A crystalline clay mineral, on a molecular scale, is composed
of a three dimensional framework or lattice of atoms having a character-
istic arrangement and spacing for each mineral. By the use of X-rays,
this lattice spacing (called "d" spacing) can be determined and the
‘mineral thus identified. This is due to the fact that a lattice acts as a
plane surface to an X-ray beam striking it, and reflects the beam back
‘at the same angle at which it strikes the lattice. That is to say, the
X-ray's angle of incidence is equal to its angle of reflection. As the
lattice is three dimensional, the X-ray will encounter different planes

when striking a given mineral at different angles.
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At a given series of angles, depending on the average length of the
X-ray and the crystal's inter-lattice of "d" spacing, the reflected
X-ray beams from thousands of parallel lattice planes will interfere
constructively resulting in an intensified reflected beam. Any slight
variation from this angle will cause virtually complete destructive
interference and consequently no reflection. This relationship is

expressed in Bragg's equation which states:

n\ = 2d sin @

where \ is the wave-length of the X-ray beam, € is the angle that the
X-ray beam makes with the lattice plane, n is the number of wave-
lengths of path difference of the reflected X-ray beams (1\, 2\, 3\,
etc.), and d is the distance between successive lattice planes. As can
be seen from the above equation, n increases as ¢ ihcreases, and
constructive interference will result only when n is equal to 1, 2, 3,
etc. Since n, \, and €@ can be readily determined, it is possible to
calculate the "d'" spacing and thus identify the mineral.

Clay minerals commonly display good basal cleavage, and a
very advantageous procedure in clay X-ray analysis (Kinter and Diamond
1955) consists of orientating the mineral aggregates parallel to this
basal cléavage and measuring the "d" spacing of their "basal" lattices.

This method was employed here.

Preparation and X-Ray Diffraction Analysis
of the '"Red Bed" Clays

The eight samples were prepared and X-rayed as oriented aggre-
gates according to the procedure given below which was based primarily
on recommendations of the Soil Science Department of Michigan State

University.
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About 10 cc. of the clay suspension was poured on a porous plate
containedina porous plate holder that rested on a vacuum flask. The
suction from the flask drew the water through the plate, while the clay
aggregates were retained on the surface of the plate as a thin film of
particles lying parallel to one another on their vasal cleavage planes.
This film was then leached with three increments of 0.1N CaCl, which
contained 3 percent glycerol by volume and washed several times.

The calcium i'epla.ced all replaceable ions in the lattice structures of
the clay minerals, while the glycerol spread the ''d'' spacing of mont-
morillonite (if present). In this manner, the clay minerals were
"standardized' to give consistent results in X-raying.

Each porous plate with its film of oriented aggregates was placed
in a holder on the X-ray diffra.étién apparatus and the sample bombarded
with X-rays from a copper source. A revolving goniometer measured
the angle and the intensity of the reflected beam which was recorded
on a chart (see Fiéure 2). A rotation of the goniometer through an angle
of from 2° to 30° 26 (1°-15° -G)I was sufficient to reco;'d the presence
of any clay minerals. | |

The sample was then removed from the machiné, placed in a
porous plate holder, and suction applied. f‘ollowing this, calcium
saturated clays were leached with 0.1IN KCl, washed thoroughly with
distilled water, then heated to approximately 110° centigrade for about
12 hours, and X-rayed again. This process collapsed the structﬁre and
"d" spacing of any vermiculite or montmorillonite present 'resulting
in consequent destructive interference for them (Brown 1951).  This
was easily noted on the graph of the second X-ray experiment and
served as a further indication of the presence or absence of these
minerals.

To collapse the structure of any kaolinite, the sample was removed
and heated to about 550° centigrade for approximately one hour (Grim

1953). The third X-ray experiment recorded this change.
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Results of the X-Ray Diffraction Analysis

The charts of the three experiments for each sample gave a

qualitative recording of the clay minerals present in that sample.

These results are listed for each of the eight samples in Table II.

TABLE II

RESULTS OF THE QUALITATIVE CLAY MINERAL ANALYSIS

Sample Number

Clay-Minerals Found

1 e e o o

kaolinite

illite interstratified with an expanding
type clay mineral(s) (vermiculite and/or
montmorillonite).

some kaolinite

illite randomly interstratified with an
expanding type clay mineral(s) (vermi-
culite and/or montmorillonite).

kaolinite

illite interstratified with an expanding
type clay mineral(s) (vermiculite and/or
montmorillonite).

illite randomly interstratified with an
expanding type clay mineral(s)
(vermiculite and/or montmorillonite).

possibly some kalonite

illite randomly interstratified with an
expanding type clay mineral(s)
(vermiculite and/or montmorillonite).

illite randomly interstratified with an
expanding type clay mineral(s)
(vermiculite and/or montmorillonite).

kaolinite

illite randomly interstratified with an
expanding type clay mineral(s)
(vermiculite and/or montmorillonite).

kaolinite

illite randomly interstratified with an
expanding type clay mineral(s)
(vermiculite and/or montmorillonite).
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The dominant mineral found is illite which is interstratified with
an expanding type clay that could be either vermiculite or mont-
morillonite or both. In samples 1, 4, 5, 6, 7, and 8, the general
diffusion of the X-ray diffraction pattern of the interstratified clays
suggests that this interstratification is random (no particular sequence
in the interstratified layers). On the other hand, samples 1 and 3 show
a few small peaks in the diffraction intensities of their interstratified
clays suggesting possibly some order in the sequence of their inter-

stratified layers.

Quantitative Determination of Illite by
Total Potassium Analysis

As illite was found to be the most significant clay mineral in the
X-ray diffraction analysis, it was considered important that a quanti-
tative determination of this mineral be made in each of the eight samples.

Illite, generally speaking, may be considered the only clay-
mineral that contains potassium to a significant degree (Grim 1953).
Assuming a relationship exists between the amount of illite and the
amount of potassium in a given clay sample containing illite, a quanti-
tative determination of this illite can be made from the total amount of
potassium found. It is possible to determine fairly accurately the
amount of potassium in a sample by the strength of its potassium
emission spectrum. In this manner, the total potassium content was
determined in each of the eight samples using the Beckm.aLn flame
spéctrophotometer of the Soil Science Department of Michigan State

University.
Procedure

The procedure (Webber and Shivas 1953) described below was
recommended by the Soil Science Department of Michigan State Univer-

sity. Certain modifications have been added.
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‘Samples weighing between 0. 25 and 0.5 grams were dried at
110° C., cooled in a desiccator, and weighed to four decimal places
in platinum crucibles. One ml of a solution of H,SO, (1:5) was added
to each sample. The samples were placed on a hot plate, approxi-
mately 5 ml of concentrated hydrofluoric acid (HF) added to each
sample, and the samples evaporated to dryness. This removed the
silica in the samples as volatile silicon tetrafluoride (SiF,) (Kolthoff
and Sandell 1952). Five ml of the concentrated HF was again added
to each of the samples and the process repeated. The residue was
then taken up with distilled water, filtered, and the remaining residue
washed with 0. 1N HCl and distilled water. The volume of the filtrate
of each sample was next adjusted to 200 ml. The Beckman flame
Spectrophotometer was then calibrated to the samples, a portion of
each solution poured through the spectrophotometer and its value recorded.
From these values, the total potassium and illite concentration was

calculated for the eight samples.
Results of the Total Potassium Analysis

The values obtained from the ai:ectrr;photometer were converted
into milligrams of potassium and then calculated as corresponding
theoretical milligrams of K,O. Knowing the weight of the original
samples, the percentage of K,0 was calculated for each sample., The
percent illite was then calculated on the assumption that pure illite
would contain approximately 5.5 percent K,0 (Grim 1953). These
results are listed in Table III.

These results cannot be taken as completely accurate, but they
give a general indication that illite is the predominant clay mineral

of the '""Red Beds,"
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PERCENTAGE ILLITE CALCULATED FROM THE TOTAL
POTASSIUM CONCENTRATION

—_ —

Sample Mgs. Mgs. Total Percent
No. K K,O Sample Wt. Percent K,0 Illite
Mgs
6.15
1 5.1 6.15 311.6 3T 6 - 1.98 36.0
16.4
2 13.6 16.4 332.8 -3-32—.—8—- = 4,93 89.7
22.8
3 18.9 22.8 484.0 2840 - 4,71 85.6
7.59 _
4 6.3 7.59 275.8 >75.8 - 2.76 50.3
13,73
5 11.4 13.73 356.5 3565 - 3.85 70.1
7.84
6 6.5 7.84 259.2 3592 - 3.03 55.1
19.3
7 16.0 19.3 448.3 g3 - 4.30 78.2
16.9
8 14,0 16.9 317.7 3177 - 5.32 96.6

Significance of the Clay Minerals Found

Studies have shown that the types of clay minerals found in a sedi-

ment reflect, in a general way, the age and conditions of deposition of

that sediment.

Investigations of sediments in eastern France and the

adjacent sections of Germany and Switzerland which were known from

paleontological and stratigraphic evidence to be marine sediments,

contained illite as the dominant clay mineral (Grim

1953). Kaolinite

was often present as a secondary mineral with chloritic mica and
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vermiculite often present as minor constituents. Sediments of lagoonal
and lacustrine origin contained different mineral assemblages and
proportions. The universal presence of illite in the '"Red Bed"
samples along with the frequent presence of kaolinite and possible
presence of vermiculite suggest a possible marine type environment
for the deposition of the "Red Beds.'" Attapulgite and sepiolite often
indicate an evaporite type environment. The fact that they were not
found here, however, does not preclude the possibility that the ""Red Bed"
gypsum was formed under u3alt lake" conditions because attapulgite and
sepiolite are apparently found only in recent sediments.
Montmorillonite has been found to be almost exclusively absent
in sediments older than Mesozoic age. Since the presence of mont-
morillonite as a constituent of the expanding clays could not be definitely
established or refuted, no determination of a pre- Mesozoic or a
Mesozoic-post Mesozoic age for the "Red Beds' could be determined.
The presence of kaolinite shows that the '"Red Beds" are likely post-
Devonian, but this is readily established from their stratigraphic position.
The clay minerals found indicate then that the '"Red Beds' were
possibly formed under marine conditions; however, insufficient infor-
‘mation was available to give any new clues as to the age of the "Red

Beds."

Sphericity Analysis of the "Red Bed'" Clastics

The "Red Bed" siltstones were composed predominantly of quartz
particles and contained practically no heavy minerals. Consequently,
a sphericity study was made on the quartz with the intension of determin-

ing the possible direction of its source.
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Preparation of the Samples

The clastics in each of the samples were separated from the
dispersed clays, washed several times with tap water, and then dried.
Following this, the silts and fine sands were sieved and separated,
in accordance with Wentworth's classification, into one size covering
medium sands and larger (particles greater than 0.25 mm), four sizes
of fine sand between 0. 25 mm and 0.065 mm, and one size covering
the silt size particles--0,.065 mm to 0.0039 mm--(Krumbein and
Pettijohn 1938). The quantitative size of the fractions decreased with
increasing grain size, and the silt fraction was in each case the largest.
The fractions of medium sand or larger were generally insignificantly
small and were probably contaminated to a considerable degree by the
overlying glacial drift.

It was desirable to obtain for study a fraction from each of the
samples that would be as large as possible in sieve size and still not
have contamination from the fine sands of the overlying drift. After an
examination of the samples, the sand between 0.112 mm and 0.125 mm

(very fine sand) was chosen from each of the eight samples for study.
Separation of the Light and Heavy Minerals

The fractions chosen for study were next placed in funnels filled
with bromoform (CHBr,) to separate the "light'" minerals from the
"heavy" minerals. Bromoform has a specific gravity of approximately
2.89, and minerals with a higher specific gravity than this (rutile,
magnetite, etc.) will sink in bromoform; whereas minerals with a
lesser specific gravity (quartz, feldspar, etc.) will float., After all
the heavy minerals had settled, enough of the bromoform was released

from the bottom of the funnel to wash these heavy minerals onto filter
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papers placed below the funnels. The light minerals remained floating
in the bromoform left in the funnels, and the separations were thus

completed.
Mounting and Optical Examination

The light and heavy fractions of each sample were mounted of
glass slides in a medium of araclor (index of refraction 1.66). An
examination of the heavy minerals with a petrographic microscope showed
only a few grains on each slide indicating that the "Red Bed" clastics
likely contained little or no heavy minerals. The few heavy minerals
found could easily have been contamination from the overlying drift.
The examination of the light minerals showed quartz to be the predominant
mineral with occasional fragments of feldspar. These quartz grains

were very angular.
Measurement of Sphericity

The sphericity of the light minerals was measured in each of the

samples according to the following formula (Riley 1941):

s- J5

where S is the sphericity of a given grain, i is the diameter of the
largest circle that can be inscribed within the projection of the grain on
‘a plane surface, and I is the diameter of the smallest circle that can be
circumscribed around that same projection. From this formula, a
perfect sphere has a sphericity of one, whereas values decreasing from
one to zero indicate a corresponding decrease in sphericity.

In selecting individual grains for measurement, an attempt was
made to choose grains such as quartz which display no distinct cleavage.

The sphericity of at least fifty grains was measured for each sample,
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and these measurements averaged to give a composite value for the
sphericity of that sample. The results for each of the eight samples
is listed in Table IV.

TABLE IV

SPHERICITY OF RED BED CLASTICS
VERY FINE SAND FRACTION

Sample No. Sphericity
1...... e e e e s e e e e s e 0.799
2 . . it it it e it e e e e e e e 0.774
K 0.803
e 0.808
. c e e v e e 0,785
6. it c o e s e s e s 0.785
T oo e o e o oo o o o c e e v e e . 0.794

8 e e o o o o o o o o o o o o o o o o o 0. 786

Significance of the Sphericity Analysis

Figure 3 shows that there is a slight tendency toward an increase
in sphericity in the "Red Bed" samples toward the northwest. Proceed-
ing on the assumption that sphericity in detrital sediments increases
with distance from source, then a source for the "Red Beds" might be
postulated to have existed somewhere toward the southeast--perhaps
in the old Appalachian landmass. This proposal must be made with
reservations, however, first because of ;he small number of samples,
and secondly because the assumption that sphericity in detrital sediments
increases with distance from source has not been definitely proved

(O'Hara 1954).



24

: | |
; ' I

| ‘ 7y M 799
| D

ROSCOMMON' OGEMAW

WEXFORD lNISSAUKEE

LAKE OSCEOLA

|
|
|
. 4=
' l ' i
| | | ;
EXPLANATION
CQNTACT OF THE SPHER'C'TY ANALYS'S
“RED BEDS" 786 OF
E/] % ; " "
ESTABLISHED TgFE Mﬁ%algizs
:,,.. SPHERICITY VALUE
IN'FERRED WELL LOCATION ' Base
AND NUMBER Base mep

Figure 3



THE "RED BED'" GYPSUM

Manner of Occurreénce

The sample studies indicate that gypsum comprises approximately
one-half of the "Red Beds." Accordingly gypsum may be considered
to be a major, if not the major, constituent of the "Red Beds.'" This
gypsum generally occurs in chalky masses displaying a selenite like
cleavage. Patches of clear selenite are often found within the chalky
gypsum suggesting that this chalky gypsum is possibly selenite that has
lost some of its water of hydration (Kraus, Hunt, and Ramsdell 1951),
however, no detailed qualitative study was made of the "Red Bed" gypsum.

This gypsum is likely of primary rather than of secondary origin
due to the fact that it is found in many wells in thicknesses of tens of
feet indicating that it was deposited in fairly homogeneous thick beds.
In addition, small laminae of gypsum about one millimeter in thickness
are often found within siltstone aggregates. It is unlikely that gypsum

of secondary origin would occur in this manner.

Quantitative Distribution of Gypsum
in the "Red Beds"

To obtain an idea of the quantitative distribution of the "Red Bed"
gypsum, a study was made of the relative amount of gypsum in all
possible wells, and, from this data, a generalized map of the quanti-

tative distribution of gypsum in the "Red Beds" was made (see Figure 4).
Procedure

Due to the large number of wells studied and the questionable

accuracy of the quantitative representation of the gypsum in the samples,

25
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the amount of gypsum in each sample was visually estimated to the
nearest third., These values were then plotted on a map, and all
adjacent wells of equal gypsum concentration (to within the nearest
third) were grouped together. In this manner, the "Red Beds'" were
divided into generalized areas of 0-33%, 33-66%, or 66-100% gypsum
concentration. It was felt that the lack of precise information from
the individual wells and the small number of wells gave insufficient
control for a contour map and that a map of this type would be,
therefore, more representative. A complete list of the wells used in

this determination is listed in the Appendix.

g_gniﬁcance of the Gypsum Analysis

The map shows that there is no uniform trend in the gypsum
concentration but rather that the gypsum is randomly distributed.
This suggests that gypsum was concentrated in certain areas more
than in others instead of being uniformly precipitated throughout the

extent of the "Red Beds."



POSSIBLE FOSSIL REMAINS IN THE "RED BEDS"

What appear to be possible fossil remains were found in samples
from Mecosta County, Well No. 3516, Permit No. 9841 of the
Michigan State University Collection of Well Samples (see Figure 5).
These remains appear in the form of small regularly spaced furrows
and ridges on the surface of some siltstone aggregates. This suggests
that they may be fragments of steinkerns or external molds of the
shells of some type of invertebrate such as Pelecypoda, or from the
appearance of the furrows and ridges, perhaps Conularida (Shrock and
Twenhofel 1935). It has also been demonstrated that they show rather
marked similarity to early garnoid-type fish scales or plates of
Astracoderm like vertebrates. No definite statement, however, can be
made as to their identification or even that they are of organic origin.
It is possible that they were formed in some bizarre manner from
pulverized particles recemented during the drilling operations at this
well, From their appearance, however, they are more easily explained
as some type of organic remains.

These remains suggest that the '"Red Beds" are possibly more
fossiliferous than was previously assumed and that perhaps future

investigations will uncover more definite fossil evidence.

28
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THE "RED BED'" IRON

Iron has generally been considered to be the cause of the
characteristic reddish color of the !"Red Beds, " and this assumption
was further confirmed here by testing qualitatively for the presence of
iron in the "Red Bed" samples. This test was accomplished by treat-
ing the samples with a weak solution of hydrochloric acid, removing a
portion of this solution, and adding to it a weak solution of potassium
thiocyanate. In each case an intense purple solution of Fe(CNS)++
formed indicating the presence of considerable iron in the solution.

The fact that this iron could be completely removed from the
samples leaving them grey in color strongly suggests that this iron was
present as a coating and possibly as a fine matrix between the surfaces
of the individual particles of the "Red Bed'" sediments but not as an
inherent part of their chemical composition. The brownish red color
of the "Red Bed" sediments is very similar to the color of hematite.
This further suggests that this iron occurs in the "Red Beds'' as ferric
oxide.

It is difficult to deduce definite climatic conditions which caused
this precipitation of iron in the "Red Beds." The presence of iron in
"Red Beds'" has often been assumed to indicate oxidizing conditions of
an arid climate; although conditions favoring the deposition of iron

oxide may be found in many areas today having tropical climates.

30



THICKNESS AND DISTRIBUTION OF THE "RED BEDS"

Procedure of Analysis

An isopach map of the "Red Beds' was constructed using the
thicknesses and distribution of the wells from the sample study as
control points. Often the upper contact between the "Red Beds" and
the overlying drift was not present in the samples due to sampling
being started at a lower point. In this case the data was taken from
information on the drillers logs. The drillers logs were used in other
instances where it was felt that they would be helpful in clearing up
ambiguities but, due to possible inaccuracies contained in them, they

were used very sparingly.

Thickness and Distribution

The average thickness of the "Red Beds, "' calculated from the
thicknesses found at the various well sites, was found to be approxi-
‘mnately 87.1 feet. The greatest thickness found is 220 feet and was
found in a well located in central Mecosta County.

The "Red Beds" appear roughly in the form of an elliptical shaped
body whose major axis trends north-northeast (see Figure 6). This is
approximately coincident with the axis of the Grand River Group. The
major axis is, however, inclined to the major axis of the Michigan
Basin proper as the axis of the basin trends approximately north-south.

The thickest part of the "Red Beds" follows the trend of this
major axis of the "Red Beds'" very closely with the strata becoming
generally thinner on the flanks of the body at increasingly greater

distances from the major axis.
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Due to a lack of definite information, the presence of the
"Red Beds'" can only be inferred in certain areas. This is especially
true of the arm of the '""Red Beds" that is found in Gratiot County.
Although actual evidence is lacking here, the extensive presence of
Grand River Sediments suggests that the stratigraphically overlying
"Red Beds'" may, at least to some degree, be present. In northwest
Saginaw County, red gypsiferous sandstones were found. Although
these sandstones are probably correlatable with the Grand River Group,
they suggest that overlying '"Red Beds" may occur here as scattered
remnants. In Kent County, reddish shales and gypsum extend approxi-
mately as far south as Grand Rapids; while definite ""Red Bed" sedi-
ments occur in the northern extremities of this county. These reddish
shales and gypsum are likely part of the Saginaw Formation because
of the fact that their color is a much deeper red than is found in the
usual "Red Bed" siltstones and also that they frequently overlie
Mississippian sediments. |

Several definite erosional outliefa were found to border the
"Red Beds" suggesting that the beds were originally much more extensive
than they are at present and that erosion has reduced the '""Red Bec‘ls" '

considerably in size and thickness.



PALEOGEOGRAPHIC CONSIDERATIONS

Using the concept of paleogeographic probability--that is,
the probability of what the physiographic picture of an area was at
certain times in the earth’'s history--it is possible to obtain some idea
of the general manner and approximate time of formation of the
"Red Beds.'" Some aspects of the paleogeographic picture of the
Michigan Basin and inferences drawn from them are presented below.

As no definitely marine dei)osits are known in the Appalachian
trough after Pennsylvanian time, and indeed after the Conemaugh
series of the Upper Pennsylvanian, it would appear that the epeiric
seas withdrew from the trough after Conemaugh time due either to
lowering of the sea level or rise of the land in the eastern part of the
country. The sediments of the Monongahela series (late Pennsylvanian)
and Permian system of the east were presumably received in fresh
water bodies near the center of the West Virginia Basin. The general
paleogeographic picture of the Pennsylvanian would indicate any
epeiric sea in the Michigan Basin to have occurred in an arm of a
larger continental sea located to the south. Thus, the sea withdrawal
after Conemaugh (late Pennsylvanian) time must have been to the south,
and it is paleogeographically unlikely that marine waters should have
occurred further north in the Michigan Basin after Conemaugh time.

If the "Red Beds" of the Michigan Basin area are truly marine,
as herein concluded, their age then, on this basis, could be reasoned

as no younger than Conemaugh of Upper Pennsylvanian,
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CONCLUSIONS

In this work, the "Red Beds' were studied in sufficient detail to
give a more precise concept of their thickness and distribution.

In addition, some of the various characteristics of the "Red Beds"
were studied. It is perhaps possible, with the data obtained from
these investigations, to state a few tentative postulations concerning
the time and manner of origin of the ""Red Beds."

It seems probable, on the basis of paleogeographic considera-
tions and the type of clay minerals found in the "Red Beds, " that these
"Red Beds" were deposited in a northward encroaching arm of a
shallow continental sea that covered an extensive. area south of the
Michigan Basin. This arm was perhaps separated from the main body
of the sea from time to time along the Basins relatively shallow rim
forming, in the Michigan Basin, a dead sea. This isolation of the
Michigan Basin sea resulted in increased salinity of its water due to
evaporation, - After continued evaporation of this sea, supplemented
by replenishments of sea water by several temporary marine invasions
into the basin, considerable deposits of gypsurmn were precipitated.
Other more soluble evaporites such as halite may have been deposited,
but, if so, they have long since been leached away. During the
evaporation of this sea and the deposition of the gypsum, the thoroughly
oxidizing conditions of the shallow water environment brought about
precipitation of the red iron oxides. These highly saline conditions
would have generally been unfavorable for abundant life, and, as a
result the '"Red Beds" would be expected to contain relatively few
fossifs.

The "Red Bed" sediments were generally fine grained clastics

consisting chiefly of silt and clay size particles. These sediments
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perhaps came chiefly from a source to the southeast--possibly the
old Appalachian landmass.

Due to the fact that the northeastern part of the United States is
generally considered to have been an elevated landmass after
Pennsylvanian time, it is unlikely that any subsequent post Pennsylvanian
marine invasions of any magnitude occurred here. Thus, due to their
apparent marine origin, it does not seem likely that the "Red Beds"
were formed after Pennsylvanian time.

It is still possible that the "Red Beds'" are perhaps Permian or
later in age or even that they are transitional between the Pennsylvanian
and Permian periods. However, the findings of this work, together with
paleogeographic probability, suggest to the author a Pennsylvanian age
for the "Red Beds." More specifically, the age would appear no younger
than the Conemaugh series of the Pennsylvanian since non-marine
sedimentation began in Monongahela (uppermost Pennsylvanian) and
carried through the Permian in the Appalachian Basin. Additional
support for a Conemaugh age of the "Red Beds" is found in the fact that
the Conemaugh series of the Appalachian Basin is comprised of a high
percentage of red beds, much of which occurs in the marine phase of
the sedimentary cycle. The underlying Grand River group (Conemaugh
age) in Michigan also contains considerable red beds which are largely
sandstone.

No definite fossils were observed upon which the age relationships
of the "Red Beds" could be established. However, a few questionable
forms that were found might well make additional future search worth-

while.



SUGGESTIONS FOR FURTHER STUDY

The chief deterrent to a more comprehensive knowledge of the
"Red Beds'" has been a lack of material available for study, and the
total knowledge thus far accumulated has come from a limited number
of well samples and drillers logs. The study of any additional
samples would, therefore, contribute new information on the "Red Beds."
In addition, it is8 recommended that a search be made for drill cores
and outcrops since these would be of greatest value in future studies.
In certain areas, the presence of the "Red Beds'" has been pre-
sumed from indirect evidence but not definitely established, and
further investigation here is advisable. This is especially true in the
northern part of Kent County and in a large part of Gratiot County.
Further investigations of the clastic components of the "Red Beds"
may well prove of value. These might include a more extensive
sphericity analysis as well as a study of roundness and a more detailed
quantitative and qualitative mineral analysis of the ""Red Beds" clastics.
A lithologic comparison between the '"Red Beds" of Michigan
and late Paleozoic and Permian red beds located in other areas of the
continent could also be helpful in further defining the age of the "Red
Beds. "
The fossil-like markings found in this investigation demonstrate
that further search for fossils in the "Red Beds" would be of value.
A palentological study that might well be the most valuable single study
to undertake in the immediate future would be palynological investigation
of any plant spores, pollen, or other similar microfossils found in the
“"Red Beds." Palynology could very possibly give exact information

concerning the age and formation of the "Red Beds' of Michigan.
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APPENDIX

LIST OF WELLS FOUND TO CONTAIN
THE "RED BEDS"

40



41

w "SPOE POW, 93 JO UOEOIPHUSPT 2antsod 103 eEp JUSTOYIMSU]

juasaxd e S6%¥ 99L11 un
axourtd ¥ ‘ON oryos GZ2-MG-NI1
001-99 3001 96¥%¥ 69811 axow(r) [ ‘ON otyos GZ-MS-N91
€€-0 +56 ¢19% s€921 s|qured 1 °‘ON m3uo
“PuUnPOIM €2-MS-NI1
€€-0 +06 L6LY 810€1 juag -V m3uoW S-M9-NST
juesaxd ¥ 99¢¥ LYLTT Appd 1 ‘ON ung Z-M9-NST
juosaxd PA LLSY 9¢821 1ITH § ‘ON 0D TtO 123D €E-MI-NPIx
juasaid A 698% AR 42! 310D 1 ‘ON ‘A3 uotu() 91-MP-NE1
AjunodH erreqes]
jussaxd P2 LE82 L918 zoulem 1 ‘ON sIanjIeyd 2-M¥-N6
AjunonH jorjean
001-99 4 962¢ GLL8 pueImaN 1 ‘ON uotuf) 6T-M¥-NOZ=*
99-¢¢ 147 0682 86278 nVi ueuwaax g
-93e38 1 °‘ON aand 1-M9-N8T
0 9% sGed 08¢01 uosduroy] 1 °ON uojang €1-MG-N8T
99-¢¢ Z8 8L6E S6L01 30ooxqIoH -V 2and 21-MGS-NS8I
001-99 é 6S1¥ X420 I1emod 1 °‘ON aind L-M¥P-N8T
e 06 GL6E 86921 SIqIeN -V aandg 8T1-M9-NLI
9¢-¢¢ S0t SH6c L8901 I9)0T 1 °‘ON omqosg L-M9-NLT
€€-0 14°] 6€LS ¥1691 IOT 1 °ON 1aned L-MI9-NLT
€€-0 +01 Shevy SEPTT 11922114 [ ON °suo)d °'YIIN €Z-MG-NLT
LjunonH aaern
1994 ut ‘ON ondoreied
umsdAn wspod pPa¥., jusaunyxedag JaqumN waed xo03exadp uored07
jusdIag 3o ssawmpory] 4£80109D°'N SN Twrsdg

NOILOIFI0D A'TdNVS ININWNLIVAIJ AD0TOIAD ALISYIAINN TLVIS NVOIHIINW

I LI9vd



42

joofoag

99-¢¢ G11 G78¢ -- xeJ100 7 'ON bauls) 1-MOT-NGIT
001-99 +601 618¢ -- 309foag
X®eJ10D [ ‘ON paLta) 6-M6-NST
juasaxd e L61H 68%11 3301
-233] I 1 'ON °"suodD ‘YOI G-M6-NGT
jussaxd bl LOZ¥ 88¥11 ysng | 'ON ‘suod ‘YdI G-M6-NGT
jussaxd G8 €LY G1621 zaxed | "ON I2Aa|N pue
‘puey ‘Toumoy = £€-M8-NGI
99-¢¢ SH1 6LLE -- j0ofoag
®318009 N Z ‘ON IMO  6Z-M8-NGI
99-¢¢ L8 816¥ $59¢1 x9juadae)d 1 ‘ON T08u0D
ueSTOIN  SE-ML-NGT
£€-0 G8 916¢ 186 Iourem 1 ‘ON Imo 12-ML-NGST
jussaid LLT 806% 9LIET MmoanylL [ °‘ON oTYO  6T-M8-N¥I
001-99 P2 18L¢€ -- j09foag
®IS00aN [ "ON pagits] P-M8-N¥b1
jussaxg pA LOO¥ 8,901 syoeid 1 'ON T!O 1331eD 6-ML-NVI
juesaad +0L1 626¢ G8€0T areld 1 °‘ON sam3enw 8-M6-NET
jussaid pA SEVY LS121 aueiD | ‘ON °'suodD ‘YIIN Z-M6-NET

AjunonH ®Is0d9|

jussaxd é yaLy , 9L821 I°3ypueT [ "ON wmi[eDdeW LZ-MZ1-NOT
0 A 0¥9% 88921 sTe2dg 1 ‘ON IO X9 $E€-MT1-NOT
jussaidq A 1L6€ 92801 @duaameT 1 'ON zsuuadem O0¢-MIT-NOT
001-99 é 812% 88211 sdiIyd 1 "ON °‘suod ‘YIIW €-MOT-NOT
0 e 9G68¢ LG9L1 uosIapuy 1 °‘ON pxiomead 82-MZ1-N6
99-¢¢ e 2¥0¢ 4 14%°1:] U3apIoH 1 'ON yseoy 82-MT1T1-N6
€€-0 P s$02 S119 smed 1 ‘ON PUNPOTM OT-MT1-N6
00T1-99 é 1222 1699 1aaed [ "ON ueuginyg 02-MO1-N8
jussaxd P2 968% ¥o1¢€1 ssed [ 'ON 4AaieDOW °f S-MOT-N8
jussaxg ¢ €922 89L9 a1ho@ 1 ‘OoN Aqranoyg 9-M6-NL
LAjunon juay
1994 urt “ON endorejed

umsdAn wspad pad., juaunzedag Iaqump waeg xojeaadQ uo1j3ed0]

Jusdaag - Jo ssawOTY], . LZor09H ‘N ‘S°'W Nnwrad

e —— -

panurjuod -- uoridosiron) 2dureg jusurixedsg A8o109n A3tsaeatTun 93121¢ ueITysIIN -- I LYV



IR IEE  BrEen oy — - taeywd seawwerc s T T Nt ee e L teis s e Tiec s A HTcrger.ms > A sres wie~wersd iravraes sswe-Ires AN » 7 deNro T



43

juasaxdg P2 887% $0S11 34931 1 ‘ON I3[ M 82-M8-NZ1

jussaid +€2 LY 88111 Srred 1 ‘ON Ia719M  LZ-M8-NZI
001-99 0€1 €22¥% 22601 stied 1 ‘ON uopxon 9-M8-NZ1
jussaxd 05 0¥ 8¥ $5621 19Z3M8 1 ‘ON ‘324 oryog $-M8-N2Z1
99-¢¢ V1 XA %4 61611  sednog 1 ‘oN ‘8taqg uorun €-M8-NZ1
001-99 06 121% 66011 Su2lIeW [ 'ON ung  9¢-MB8-NTIT
001-99 0L 85S¥ EPEZT JNoeld pue
Asyyuag 1 ‘ON AouyTym  8Z-ML-NTT
jussaxd ¢ 9%S¥ 0L121 NoogoT 1 ‘ON oryos 1-ML-NTT
jussazg ¢ 952%¥ G8HIT uo0sIdldd | °‘ON 9opniD Afred  ST-M8-NOT
99-¢€¢ 328 66 -- UOsSud3323§ [ 'ON  [1O UapPIOD S-M8-NOT

£junoH wredjuoW

¢ 388 0Z¢d pZLIT yoney | ‘oN siodg
‘3xe88e] 1-MOT-N9T
jussazd €S LS2Y 62911 uosundIg 1 ‘ON JMO  Z1-M8-NIT
001-99 3221 9%0% PSITI A33eq z ‘oN Imo 1-M8-N9IT
001-99 $01 TR LL8T1 33101309 ¥ °‘ON IMmo 1-M8-N91T
jussaxd 0€1 SLO¥ 09211 33103309 € 'ON I 1-M8-N9T
juasaad 111 870¥% GGIT11  J3I0130g Z ‘ON b3 uits) 1-M8-N9T
£€-0 911 ¥HO¥ L1011 3310330 1 °‘ON f3uts] 1-M8-N9T
jussazg ¢ GS1¢ 9088 POOM 1 ‘ON samBeN  LZ-ML-N9IT
99-¢¢ €6 298¢ 86501 °DidASuep Z ‘ON D 8T1-ML-NII
jussaad 188 66L¢ 26701 °DdAgueA 1 "ON IMD  81-ML-NIT
€€-0 GET LZ9¢ $100T Ttured zZ ‘oN F3uts] 8-ML-N9T
99-¢¢ 671 108¢€ LEPOT I3 T ‘ON pauls] L-ML-N9T
001-99 Z€1 y02% 66¥11 uosdwod ¢ ‘oN b3 ts) 9-ML-N91
jussazd Gel 068¢ 0€901 uosdwo) Z ‘oN p3uts] 9-ML-N9T

jussaxd +0¢€ 2€9% L8921 srand | ‘oN 19koN
pue puey L2-MOT-NSI
¢ 16 850% €2601 jaed8el 1 ‘oN j1ed3el 11-MOT-NSIT

(ps3u0D) LAjunonH e3soda |y

3994 ur “ON @ngoreien
uwmsdAn wspad pay., jusaunyxeda( Iaqump wreg xojexadQ uot13ed07]
juadIad  JO s8sawmIIYI AZoroen° N S ..  jtwrad

PINULU0) -- UO0TId3Y[0) 21dureg jusuniedaq ASo100n Arsaaatup ajeig ueSTyoTN -- I LUV



Fr>ieEstx y RIS

Oy

ERAL R IR

22 weal oy A Narged.2s>

Ay ey oy T

T e ¥



44

n8pad P3¥., 243 JO

uoedyYjuapt aArjrsod 103 ejyep JUITIYINSUT %

juasaxg ¢ 8¥%12 6€69 1a1ing 1 ‘ON saod aied T1-F2-NT11x%
jussaxdg ¢ L96¥% LLIET z1eH 1 °‘ON 19jea] P-FAZ-NT11*
NuﬂﬁoO Bnﬁwmm
jussaxd LL GELE 6S101 youey | ‘ON *dxo)D
Iouwmoy 1-M6-N61
€€-0 (% 2 0¥9¢ 60001 sauof 1-v 2and  ¥Z-ML-N61
001-99 S01 801¥% 28211 IsteH 1-V aand GZ-MOT-NLI
001-99 91 pyZLE -- 19snoyrdwng | ‘ON IMD  G-MOT-NLI
¢ e 10L€ -- TI°M Tesodsiq
193em Ires 38aag JIMO G-MOT-NLI
juasaxg ¢ 188 ¢ Z€98uosieM 23838 [ ‘ON sam3en 1-M6-NL1T
001-99 pA 1692 298L  ATIISNOW 1 °‘ON uewdeq)  €€-ML-NLIT
Ajuno)H e10258Q
€€-0 8¥ 6L¥Y L9221 AoxdTH °*ON °A198 s913ID 8-AT-NT12
fjunon mewado
jussaxd e 682¥ 6L601 1amod
sIawmsuol) 7 °‘ON 312881 ZZ-MII-NS€I
juesaxd ¢ 601% 62801 1amod
siaumsuo) ¢ °‘ON ung  [Z-MIT-NE€T
001-99 $9 €10¥ LOLOT 1amod
sIaumsuo) 7 °‘ON ung  91-MTT-NE€T
001-99 ¢ $80% 08901 Iamod
: siaumsuo) [ °‘ON ung  FI-MTT-NET
001-99 €2 £¥6¢ 8LLOT suo)

Iamng [ ‘ON aand 0Z-MTII-NTT
juasaxg e Z8L6 G6ZL1 3I2A1RD 1 °‘ON UATOIN  OT-MZT1-NZ1
jussaxg ¢ G085 86591 maysj3eH 1 ‘ON isngd 6Z-MIT-NZIix*

funon o3KemaN
19940 ut “ON angdoreien
umsdAn wSpPad Pa¥., juaungaedaq JaqumpN wred 1o3eaadp uorjed0]
juadasag JO. 889WDOTIY ], £30109D°N"'S ' jurag

panunuo) -- uonosro) 21dureg jusunaedsq A8o109n Aj1s10ATUN) 93PI8 WESTYOIN -- [ LUVd



45

001-99 SH1 67811 1 'ON 3tuf) sen axowqr) omyos  GZ-MG-N9IT
€€40 +011 S€921 1 "ON °|qued punppdIM'f €2-MG-N9T
¢ 322 0606 1 'ON 23YM ‘32d I2uanl  8Z-ME-NIT
0 6L 6¥11 1 "ON I93Ied O § D ‘YT L-ME-N9T
99-¢¢ 09 ¥8LE 1 'ON Iayed 10 @2and  €€-M9-NST
001-99 a1 1§ 7% 2 ‘ON 13139ng MO @2and  €€-M9-NGT
jussaid 0S €ELZT 1 "ON 2333'YD ‘M 1O @2and  2€-M9-NST
€€-0 06 Z¥861 1 'ON wNO. Uewiayg 2jeis T!O sozeig  [Z-M9-NGI
TE-0 +06 810€1 1-viuegdd 110 m3uop G-M9-NST
€€-0 +0€ 0£€£81 1 °ON @12T[exg  urA[eD *D  €1-M9-NSI

AjunonH erreqes] L omog = +05

001-99 St 298¢€1 T “ON ‘Te3®  TIO Jauang
usIeTOW-ppny pue zadieH  GZ-M¥-NOT
jussaxd 10€ 1£€2 1 'ON Iayeg 1211 M 6-ME-N6

AjunonH joryean
juasaxg ¢ 18TLT 1 'ON zojuadied 11°g ‘A 'H  2Z-M¥-NOZ
0 02 88561 2 'ON 103®ay ung  GZ-ME€-NOZ
€€-0 ¢ 8E6LT _ _1 "ON Tyony puelrafag pnT  [1-MG-N61
¢ ¢80T 90¢L 1 "ON ‘Te 3o 831y A1xaqsy ‘B1aq uotun)  [1-M¥-N6T
001-99 0LT 85291 1 °"ON Je®ydg pue ISUUDS (IO puelae] L-MP-N6T
€€-0 01T ShEZT 1 "ON @s®D °*d [IOQ uopIon G-MP-N61
99-¢¢ <9 L8ES € 'ON uloHueA 'y ‘deA-Luodog €-M9-NST
99-€¢ 8¢ 9LEET 1 °ON I2A0TIS ‘[ ‘39d 19uan] 8-MG-NIT
99-¢¢ 06 €9¥H1 1 "ON STOYdIN 1 oryog G-MG-NS8T
€€-0 €21 i LILN 1 ‘ON AeyoW °f omog  £¢-MP-NS8IT
99-€¢ 061 9£221 1 °ON 300y 110 2andg L-M¥-NS8I
001-99 ¢ GLITT 1 _'ON Inoxjusuury °y 110 ung 9-ME-NLI
Ajunon axerd
3994 ur
umsdAn uwspod pPo¥., JaqunN wae x03exadQ uotjedo]
jusadsaag JO 8SaUNOIY,L jtwasdg

e —

—

II LYvd

NOILODJITTIOD ATANVS ATAYNS TVIIDOTOITD NVOIHDIN




PaInuyaeersy -~ uornoarron arduavsg Asaang 1es>31Foroan ueFrys>1pn —— 17T L VT



46

u "SPad P3Y,, 2Y3 JO UOTIBLOTIUSPT daTitsod 103 ejep JuardTyMSU],

€€-0 LZ1 8,901 1 "ON sydeld TTO 1931%D 6-ML-N¥b1=*
jussaid 152 Soett 1 °‘ON uramiiQ ‘32d yrwg L-ML-N¥1Ix*
001-99 3011 SLyZ1 1 °'ON uosuaydajg °Brai@ IIIIId2W  ZT1-MOT-NET
99-¢¢ 0L 6L861 1 'ON u3si®eT °Y °0D TIO TIPINO LI1-M-6-NE€1
001-99 o1t LS121 1 'ON 2uexD-sia3oy seh
*8U0D ‘YIIN Z2-M6-NET
jussaxd A IXX4 4! snIquUaIN ‘O TrO uewdey)d 12-M8-N¢€1
jussaid PA S00€T 1 °ON Zloyre) I93ea] ‘M ‘D TT1-M8-N€1
AjunonH e31s0d9a W
0 LA 1veel 1 ‘ON ystuyg wmireDdeWN'd 8Z-MZI1-NOT*
jussaid PA 9L871 1 'ON a99qpue] wmfiedd>eWN°'d 82-MZ1-NOI=*
A A LEBOT 1 °‘ON usssnuwsey ‘0D 10 piod 1-M6-NOT=*
€e-0 P2 LSI9LT uosxapuy piommead 82-MZ21-N6b6=*
0 l ¥9691 1 ‘ON u2zmy3imZ pioymeld‘ D LZ-M21-N6%
001-99 A y66L 1 °"ON T103stag 121233 'd "W 2€E-MTT-N6%
001-99 A 99621 1 'ON opAHiopueA AIId3DOW ‘[  $I-MTIT-N6%
€e-0 A S119 1 °ON stae( PuUepRdtTm [ OT-MTIT-Nb6%
€e-0 P 06161 1 'ON uanquiey °1 KizanoW °r L-MTT-N6%
001-99 PA 80281 1 "ON ‘Te 32 s3urfzasn 110 ung €E-MOT-N6%
€€-0 P 14487 1 °ON Jueld °39d 0088y  6Z-MOT-N6 %
€e-0 I ¥ot1¢€T 1 °ON seed ‘1] ‘AizenDOWN G-MOT-N8x%
jussaxd A €1081 T 'ON PIeM ‘[ T'O piEUOd] CT1-MOT-NLx%
K3unod uey
jussaxd e 98221 11 °ON 3tuf] sed otyog 0€-M9-NOIT
001-99 +0€1 28171 1 'oN uewdeyd °d omog  0£-M9-N9IIT
001-99 10¥%1 £8121 01 °ON 3ruf) sed orjog 8Z2-M9-NIT
(Ps3uod) Ajuno)d eiroqes]
3994 ur
wnsdAn wSpPad pa¥. I9qumN wae x03exadp uorjed0]
juadxadg JO SSaWITYT JTwaadg . :

panunuo) -- uorydaro) ardwreg Laaing 1ed1do109n ueSTOIN -- IT LUVd



EEEN N R

R AR AEE A g

~<

N

LA

»eIVar gerevses>

LA Mt adh g

bR 4




u *SPog Payy 2Y3 JO UOTIBDdTJIIUaPT 2AaT3Isod I0F BIEP JUIIDLINSUL,

47

€€-0 9L PLY61 *ON-uepiof wyaag ‘d €-ML-NTT
99-¢¢ Q11 16€£21 Z ‘ON 22qeT ‘H oryog 1-ML-NTT
99-¢¢ +0¥ 0L121 *ON d2qa] orqog T-ML-NT1T
001-99 +0¥1 10611 *ON 189M ung 1-ML-NT1
001-99 Ive GEPE *ON U0 TPPIN ‘A 1933( Z1-M9-N6
AjunoH wredjuoW
0 382 2622 ‘ON TeaN PUNDOIM ‘f  €T1-MZ-N9IT
jussaxd ¢ PHOE1 ¥ "ON 13098 j0ayd8 ‘g 8-MZ-N¥1*
LjunoH pueptN
001-99 8L 199%1 _ _ 1 ‘oNxog °J uosdwoqy ‘f 8Z-MOT-NIIT
jussazg e 90961 ‘Te 38 YIrwIg-Iamarg ‘394 oTYo§  GE-M8-NIIT
€€-0 396 L¥LOT ‘ON 19914 aTUUaf TIO ung P-M8-NIT
001-99 18 G2L21 1 ‘ON 1adieH 71 IO ung  1€-ML-N9IT
€€-0 0%1 LEPST ‘Te 32 suUrer[IIm asned ‘I  $Z-ML-NIIT
99-€€ 8¢1 €8261 1_°ON 3tun ydrey 0D ‘32¥ JMD 8-ML-N9T
99-¢¢ 06 L8921 *ON °‘Te 32 s13an) ‘1 JI24oW pue puey. LZ-MOT-NSIT
€€-0 221 8LV ‘ON Iamog ‘312@ 1098 8I-MOT-NSI
€€-0 62 €881 *ON 339ydueH ‘ymueiy 1dydoueH [1-MOT-NSI
99-¢¢ S01 69661 1 °ON 31e38el °D°M I9Y031a1d 1198sn¥  6$Z2-M6-NSI
£€-0 3L81 €8¥ *ON uosiapuy D pue O
spidey 819  H1-M6-NST
99-¢¢ 408 1986 ‘ON I9uIeMm MO JIMD  1Z-ML-NST
99-¢¢ oL 87881 *ON ToMNUII TIO PI'UOa T  $Z-M8-N¥1
001-99 3022 620€1 PORTON-ITwIS-AI1eg seD 'suod ‘YIIWN  ZZ-M8-N¥I
99-¢¢ 306 L98T11 ‘ON ToNUIN-23eIS °suodD ‘UDTIN "M ST*MB8-N¥I
juasaxdqd .ﬂ.mm -wN ON Zinoy °ouy wgzuvz
pue saA®ID ‘110D  LI-ML-N¥I1*
€€-0 36L S19¢1 1-D 1ophug °r 1931%D 6-ML-N¥T
(ps3u0D) AunoH eIso0d9W
3994 ur
umsdAn w8pPod P2, IaqumN xo03exadp uoTj}ed0T
juadxad. JO 88oWOIY,I, uxadg
———

e

pa2nuIjuo) -- uoridoro) ojdureg Loaang 1edr8oroen ueSWOIW -- IT LIV



Pa2nNnuyjes«rs>» -

CEIYE S T a3 gl ek A ava s erns p e vy e g ee v e r—aan aom



48

juasaxd Pl 12%21 1 °"ON 133sumy] d IO 1931eD  Z-MIT1-N¢€I
99-¢¢ 021 ZET1LT umolg -pIepoom TTO ung  6Z-MT11-N21
juasaxd e 72S0L1 1 'ON °T®e 32 I3sOWN uojstur)

_ pue ysng 6Z-MTT1-N2ZI
juasaxd e 09€S1 1 °ON °Te 32 83InYyg qsng 'V 0Z-MII-NZ1
juasaxd 9 20102 sunimeH saiIey)d Buruuspuan

pue aured OI-MII-NTI
Kjunon odKemaN
£€-0 +02Z1 9%502 1 ‘ON °Te o uasaiejad 0D
seD ‘suod ‘YOI  61-M6-NZI
Qdahuvﬁu<
001-99 +86 $0002 1 °ON 8atoH jury utsed-)S-IN[DOW 8-M6-NZT
001-99 3261 88811 1 ‘ON
pPremusisyag -Surreq I2[19M D LZ2-M8-NZ1
001-99 A 00¥% 1 °ON x9pfug 19phug
pue ‘AaOTH ‘aTed  0Z-M8-NZ1
£€-0 221 6€¥21 1 ‘ON Tepua M °d orog  01-M8-NZI
¢ 3021 G9€Z1 1 ‘ON 38014 ueqeue[DOW S-M8-NZ1
99-¢¢ 401 02€21 1 "ON Yd1oM PIeIITH €-M8-NZ1
€€-0 +¥¥ 9% 181 9L1-8 *su0D "YITW 6-ML-NZ1
001-99 3561 GZ¥21 1 °ON 23Tym € pue °S 110 31emdls  $Z2-M9-NZ1
99-¢¢ 8y £9¥¢ 1 °ON uasuaf 1aqied T  61-M9-NZI
juesaxd (13 Q1 viee 1 'ON @Imo] souof ‘A SI-MS8-NII
€€-0 081 22102 1 ‘ON W3tam °N °H urjreg
pue a[[rAueID 9-M8-NTT
¢ 36¢€1 9€ZL1 1 ‘ON °Te 32 uosiapuy sehH °suod °YIIW P-M8-NTI
99-¢¢ 406 891L1 1 °ON MIe[D seDH ‘suod ‘YdIIN ¥-M8-NTIT
€€-0 €01 29ZL1 1 °ON 1adueq YV 'H  GE-ML-NIT
001-99 99 244! 1 "ON 4aynjusg Lomyrym ‘d  8Z-ML-NITIT
(ps3u0D) AjunoH wredjuoW
399 g4 ut
gm&@ :wﬂwm Aﬁm.m: hooygz wxe g HOudHOQO QOmadUO.H
juadaadq Jo mmoﬁvﬁu,ﬂﬂﬂh ’ u._.nﬁhkwnm

>

panurjuod -- uorldayrod ardureg Asaang

1eo18o109n uelWYOIN -- IT LIV



PAMeIITITId L iy riegrercs> crgefterwrar A-roa srrgs Twr 20> perins> viwryes seyN - — 18 T ITV <X



49

« ‘8P92d P2Y. 243 JO uon3ed1yrjuapt aanjrsod 103 ejep juatoyNsU

99-¢¢ +0% Z0001 1 "ON uewWIdWWIZ oo pue ung  LZ-M6-NSI
99-¢¢ L61 pETET 9 °*ON uospIeydTy ung  O0T-M6-NSIT
jussaid S L616 ¥ 'ON 3uf) sed ‘19d Iouany,  Z1-M8-NSI
jussaid S¥ 0L181 1 ‘ON Aesaosyg-93e38 13333f D Z-M6-NLT
99-€¢ G¢ 6601 G1 "ON @3eis ‘aa@ Burihean Z-M6-NLIT
€€-0 09 8911 € °ON 2318 *Aa@ Burihean Z-M6-NLIT
jussazd ¢ 72€98 1 ‘ON uosjeMp -23e3s samBe 1-M6-NLT
99-¢¢ o¥1 20981 *ON 1938ND°D pue°Q 'IqUNIOD  ZZ-M8-NLI
€€-0 06 0€T1 91 23818 *aag Burjhean 8-M8-NLIT
€€-0 ¢ 22861 _ 1 "ON Suruuny
‘Te 32 satoy Burwerg pue ueunieHq G-M8-NLI1
£€-0 821 L6€02 1 "oN Aeaydwp 11O paeuoar]
pue AaeQq pue °39d unid  6Z-ML-NLIT
€£€-0 €g 26191 ‘ON POOM D 1988NIS A 22-ML-NLI
€€-0 e Z¥8L1 1 ‘ON pLor1 IO N3O 9T1-ML-NLI
001-09 101 GLEZT 1-V urwrawwilz O 2and  Z1-M-L-NLI1
001-99 ¢ 6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>