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ABSTRACT

A paleomagnetic study was conducted involving
the Upper Fairview (Upper Ordovician, Maysvillian)
Formation and Lower Fairview Formation., The purpose
of this study was to determine the possibility of
measuring the geomagnetic polarity reversals occur-
ring in paleozoic limestones. This thesis is primarily
concerned with, and concentrates on, the latter
twenty one feet and its results. For information

concerning the remaining section, see Musser (1977).



CHAPTER I
INTRODUCTION

The type section on which this thesis is based
was obtained from a 1,200 foot section of standard
BX core. The core was drilled din July 1970 and boxed
by Cominco American, Inc. and designated as CA-38.
The location of the drill site was approximately
1,800 feet east of Minerva, Mason County Kentucky.
Shortly thereafter the core was obtained by the Geo-
logy and Mineralogy Department at Ohio State Univer-
sity and stored in the Micropaleontological Labora=-
tory (basement of Orton Hall). This core represents
nearly a complete section beginning near the top of
the Fairview Formation (core depth of 20 feet) and
extends through the Lower Fairview (core depth of
98 feet) to the High Bridge Group (Middle Ordovician).

In 1906 Bassler introduced the name Fairview
for a Formation unit in the type section of the
Upper Ordovician Cincinnatian Series. Bassler in
defining the Fairview combined two previously named
beds, the Fairmount and underlying Mount Hope.
Justification for this combination was on the basis
of almost identical faunal characteristics., More
recently Ford (1965) mapped and redefined the Fair-
view Formation as a rock-stratigraphic unit in the

Cincinnati area. In the Maysville region of Kentucky



rocks of similar lithology and faunal conformance
are designated in Ford's classification as the Fair-
view Formation within the Maysville group or stage.

Briefly the Fairview consists of interbedded
blue-gray Iimestones, siltstones, shales and mud-
stones. It also contains an abundance of Upper
Ordovician fossils including several species of
conodonts such as PLECTODINA FURCATA and OULODUS
OREGONIS VELICUSPIS (Sweet, Harper, Zlatkin, 1974).

The Fairview as represented by core CA-38 was
divided into three seperate lithologies; Upper,
Middle and Lower. The Upper Fairview (27 feet thick)
consist of fossiliferous limestones interbedded with
siltstones and shales. The Middle Fairview (9 feet
thick) tends to be dominated by shales which are
very similer to the Miamitown Shale of Southwestern
Ohio (Ford, 1967; Osborne, 1968). Because of these
similarities the Middle Fairview is considered a part
of the Miamitown Shale. The Lower Fairview (42 feet
thick) is composed of limestones interbedded with
shales in approx;mately equal ratios (Sweet, Harper,
Zlatkin, 1974).

A shale percentage log has been included in
Appendix A, analyzing the bulk properties (litholog-
ies, ratio of shale to limestone) of the lower 21

feet, core depth of 40-52 feet. This log represents



a record of shale thickness stated as a percentage
of the total thicknesses of successive one foot

intervals.



CHAPTER 1I1I
PROCEDURE

On obtaining a box of BX core from the Micro-
paleontological Laboratory several precautionary
procedures were necessary before subsampling could
commence. These precautions were required because
each box contained ten feet of fragmented core seg-
ments representing arbitrary lengths. There was,
however, a maximum length of 0.83 feet per segment
which was never exceeded. Figure 1 illustrates a
typical section of fragmented core.

The Cominco personnel initially designated on
the exterior of each box the core depth for a par-
ticular ten foot interval such as 41-51 feet, plus
an arrow indicating top or (in this case) the 41
foot level. This labeling is the only orientation
known concerning the core segments and is the only
control in the sense of the up~hole direction for
each segment. Azimuth alignments have been totally
randomized by rotation of the core about its long
axis during drilling, recovery and boxing. Within
each box the writer proceeded to measure, number and
inspect each individual core segment. This inspection
hopefully minimized the probability of an improperly
oriented (inverted) core segment. The core segments

were then labelled with a code number and the up-core
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direction of each segment was clearly marked by use
of a barbed arrow.

Before paleomagnetic study could commence, it
was necessary to construct a jig that would securely
hold.a variety of core lengths in which subsampling
could be conducted. Dr. Noltimier and I designed
and I constructed a tray and guide plate which would
accomodate a length of BX core up to 0.8% feet.
Figures 2 and 3 illustrate both devices. Subsampling
proceeded by drilling normal to the core axis with
a drill press adapted to produce cores approximately
one inch in diameter using a diamond tipped drill.
Ideally, five subcores could be drilled from an 0.83
foot section of core. In reality, I never obtained
over three subcores per given length of BX core.
Bach core was then marked with a line on the up side
and labelled indicating the box and coded core segment
from which the core was taken. A standardized code
name designated as T70ZA preceded both box and core
segment number. Using a double-bladed rock saw the
cores were trimmed into specimens O, 87 inches in
length.

The NRM (natural remanent magnetization) of
each sample was measured using a SRM (superconduct-
ing rock magnetometer). This device measures the
total magnetization in emu (gauss . cubic centimeters)

in terms of three orthogonal magnetic components
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along the X, Y and Z2 axes of each sample (the volume
of each sample is in fact very nearly constant at
eleven cubic centimeters). The SRM output is display-
ed simultaneously in the form of a digital readout
for recording purposes. Due to instrumental drift,
three measurements were necessary to obtain accurate
values for the respective axes. Initial values were
recorded before the sample was inserted into the
magnetometer. Second measurements were obtained with
the sample within the SRM and a third set was recorded
after the sample was withdrawn.

Paleomagnetic stability tests were conducted
with a Schonstedt GSD=1 AC Geophysical Specimen
Demagnetizer. All specimens were first measured as
is to determine the NRM. They were then demagnetized
along three mutually perpendicular axes (X, Y, Z)
in steps of 100 oersteds up to a peak magnetic field
of 600 oersteds, or in some instances 900 oersteds.
By this method all magnetic domains of ferromagnetic
minerals carrying the natural magnetic remanence
with short relaxation times were randomized leaving
only those domains (stable single domains) capable
of retaining magnetic moments over long periods
of geologic time. The peak magnetic field at which
the residual intensities stabilized was determined
from those cores demagnetized up to 900 oersteds.

The demagnetized values were plotted as J/Jo (inten-
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sity after demagnetization / original NRM intensity)
versus the peak alternating field (H). From the
graph, figure 4, the peak magnetic field at which

a stable magnetic component is revealled was found
to be approximately 450 oersteds. The reader may
notice the decay curve labelled 70Z2A-37B. This curve
is atypical in that it increases in magnetization
rather than the normal decrease as represented by
the majority of the decay curves. Several factors
could cause this anomalous behavior; one of which is
measurement error. Contamination of the sample due
to handling between demagnetization steps could also
account for the increase in magnetization.

After completion of the paleomagnetic measure=
ments the data was processed using a program written
by Dr. Brooks Elwood and modified by the author.

The program was designed to calculate the X component
of magnetization in the subsample which is parallel

to the up-core direction of the original core and

J, the total magnetic moment of each core. This

was completed for all NRM (H=NRM) and subsequent
demagnetization measurements (H=300, 400-450, 600).

The sample code and its X and J values is printed

ad jacent to the NRM column. Appendix B illustrates

this data. Within the H=300 oersted column, two samples
are represented by asterisks and corresponding arbi-

trary J's. Due to operator error, measurements in
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this field were not obtained. To insure consistant
visual alignment of the data, two dummy values were
incorporated into the programs data deck to replace

these missing results.

12
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'CHAPTER III
PALEOMAGNETIC RESULTS

In this study the up, or X, direction of mag-
netization was the only known orientation. Rotation
of the BX core about its vertical axis rendered Y
and Z directions useless except in calculating J
(total magnetic moment) and the magnetic inclination
from which the paleolatitude may be calculated.
Because of this limitation the data was not amenable
to standard Fisher Statistical Analysis or the cal=-
culation of a virtual geomagnetic pole (VGP). However,
the data lent itself useful in the discovery of
geomagnetic polarity reversals. For this sequence
of cores, the majority of negative signs preceding
the X moments indicates a reversed geomagnetic field
orientation. Essentially this means that the magnetic
flux lines that surround the Earth normally eminate
from the southern geomagnetic pole and converge in
the northern geomagnetic pole. During a reversal,
the intensity of the geomagnetic field drops to
zero, reverses direction, and then increases in
field strength. Once the reversing process begins,
it proceeds rather quickly taking 100 to 1000 years
for completion. The cores that display a positive
X moment after a 600 oersted cleaning, represent
a time during the Upper Ordovician when the geo-

magnetic field assumed a normal polarity. McElhinny
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(1973) reports the paleomagnetic data for the Ordovic-
ian, indicating that the polarities were roughly

50% normal and 50% reversed., The polarities in this
data are predominantly reversed.

In evaluating the paleomagnetic data from the
computer output, geomagnetic reversals can be grouped
in two categories; probable and possible reversals.

Probable reversals can be exemplified by those
cores displaying negative to positive sign changes
upon demagnetization. This characteristic would imply
that the initial X component of the NRM had become
masked by additional magnetization such as isothermal
remanent magnetism (IRM) and / or viscous remanent
magnetism (VRM). This secondary magnetization would
have been acquired after the deposition of the sed-
iment and probably in geologically recent times.
After a several hundred oersted cleaning, the addi-
tional components were destroyed leaving the stable
residual positive moment. Cores ZA%-59A4 through
ZA4-2A exhibit this phenomenon.

A possible reversal implies a certain degree
of uncertainiy surrounding the result. The reason
for this doubt can be traced back to the boxing of
the BX core fragments. If, for example, a reversely
magnetized segment had been inverted in the box,
then subsampling of the segment would produce a

core displaying a positive X (NRM) moment. Those
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isolated cores that display this characteristic
reversal in polarity can only be considered possible
reversals unless supported by other factors. One such
factor is exhibited by cores ZA4-9A through ZA4-12A
which represent a group of positive X moments under
the NRM column. This series of cores drilled from
several adjacent BX segments tends to lower the prob-
ability of an accidental reversal in view of the
fact that several adjoining cores display a positive
polarity.
The computer output in Appendix B represents
a total of twenty one feet of the Fairview Formation.
The three upper most cores (ZA2-49A through ZA2-53A)
are approximately a one foot overlap into the upper
nineteen feet. Within this twenty one feet there exist
five probable reversals, one of which is a group of
three cores within the Miamitown Shale (2ZA3-59A
through ZA4-2A). Three single and three groups of
possible reversals are also evident within this
section of the Fairview. The time span indicated
by this stratigraphic interval of core is uncertain.
In Appendix A a correlation between polarity
(R denoting reversed polarity,AN representing normal
polarity) and depth of sample can be seen. A question
mark adjacent to the letter N indicates a possible

reversal to normal polarity.
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As previously mentioned, a value for the paleo-
latitude can be calculated from existing data. The
X, Y and Z moments were selected from the 600 oersted
demagnetizations for thirteen samples. Four cores
were chosen from the top and middle and five cores
from the lower section of the twenty one foot CA-38
interval., This procedure was adopted in order to
obtain a more representative value for the paleolati=-
tude. An average inclination, I, was calculated
and inserted into the dipole formula, tan 1 = 0.5
tan I, (1) representing the paleolatitude, (I) the
average magnetic inclination of the stable remanence
in the sample. A value of twenty two degrees south of
the equator was obtained. To determine the validity
of this calculation paleozoic pole positions for the
Middle Ordovician Trenton Limestone (3%6°S., 66°W.) and
Lower Silurian Castanea Formation (21°s., 78°w.)
for North America were obtained from McElhinny and
Opdyke (1973). These pole positions were plotted
using a polar stereographic projection and their
paleoequators determined. The estimated paleolatitude
was also plotted and found to fall approximately
in between both paleoequators. From this information,
a virtual geomagnetic pole for the Upper Ordovician
Fairview Formation was interpolated. A value of 118°
East and 30° North was obtained for the North VGP

and 64° West, 30° South was estimated for the South VGP,



APPENDIX A
PALEOMAGNETIC TABLES
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