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INTRODUCTION

The purpose of this st \ : to investigate whether paleomag-
netism might elucidate ag ) e Pre-Missoula Gravels, which
underlie part of the Hanford If these deposits are less than
seven hundred thousand years old, they would probably contain only

normal-polarity remanent magnetization, since the present normal-

polarity epoch began about 73( ) On the other hand, If

the Pre-Missoula SGravels are greater than 7: )00 years old, they might
contain reversed-polarit magnetization reflecting either deposition,
diagenesis In a reversed-polarity omagnetic field.

of the Pre-Missoula Gravels contain

reversed-polarity magnetizations, | onsidered desirab:e to sampie
these sediments both e subsurt of the Hanford Site and In
nearby iIrfrace outcrops, where ully oriented samples uld be
obtained. Accordingly 42 paleon agnetic samples were collected from
corehole E-20 at the Skagit/Hanford Nuclear Project on the Hanford
:cted from Pre-Missoula Gravels at four

surface exposures,




COLLECTION

Forty-two samples were collected for paleomagnetic analysis from
depths between 24.8 and 63.1 feet in corehole E-20 on the Hanford Site
(Figure 1) The sampled sediment ranged from predominantly fine- to
medium-grained sand at the top to very coarse-grained, poorly sorted
sand near the base.

Initially, 30 ples were collected by D. R. Van Alstine on June

1

1981, th after the core runs were brought ) the

surface Cubical ples of sediment were carved using demagnetized
stainiess tee!l K The samples were encased either in 6-cubic-
centimeter, non-magnet lastic or quartz boxes Plastic boxes

samples were - g the coarsest lithologies, which were to be

ting-field (AF) daemagnetization; quartz

alterna
the ?mer-grd:med or more
subjected to thermal demag-
in 1Its container
the exposed surfaces to prevent
from rotating during transport and subsequent laboratory analysis.
were collected while the core was positioned hor Zoniailly In
fixed cradle. Consequently, any magnetization imparted to the sampie
while it was being carved would have an clinat Nno steeper than
(the compiement o 1g:e of the present geomagnetic field at
the sampling site)
samples, 12 additional samples
from were collected by b, ' Alstine on December 15,

lThese samples ollected wusing similar sampling procedures but
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LABORATORY
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magnetization parameters, structural and virtual geomag-

netic poles

The superconducting magnetometer measurements are traceable to

the National Bureau of Standards

and to Siert 5, own set of refe

samples, which have been checked against three magnetometers at

laboratories Reproducibility of . given mea:
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improves the accuracy of the paleomagnetic analysis by
contribution of any viscous components of magrietization

magnetization of the sample.

For each sample vector analysis was performed to identify the
multiple components of magnetization that might be present Compo-
nents of m R ( were identified visually as approximately linear
stretches oin on the demagnetization diagrams, or as clusters of
consecutive )ints o > demagnetization path that showed little change
in direction or | 1sity. A least-squares line was then fitted through
each line segment Although a computer was used to calculate the
least-squares lines, the endpoints of each segment were chosen by the
investigator, unlik the computerized search method proposed by
Kirschvink (198 wWe have ounN( that the computerized search

invariably yields line segments that are biased by curved parts of the

demagnetization paths. "he advantage of calculating magnetization

directions using least-squares lines i1s that scatter of directions due to
effects of VRM or anhysteretic remanent magnetization (ARM) are mini-
mized in the final computation of the mean direction for a site.

The component with the highest coercivity or blocking temperature
was considered to be the "characteristic magnetizat
1967) of the sample 'he characteristic magnetization directions were
used to crapute the mean paleomagnetic direction for each locality
together with its estimated 95% 1 nce lin ( McElhinny,
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A downward-pointing magnetization with low coercivity (i.e
resistance to alternating magnetic fields) was most pervasive in the
coarsest sediment samples. This vertically-downward magnetization is
undoubtediy a drilling-induced remanent magnetization (DIRM), nearly
ubiquitous in drilicore samples (cf. \son, 979; Van Alstine and
Gillett, 1981, 1982)

Because of the presence of normal-polarity DIRM in corehole E-20,
the polarity of the primary DRM may have been obscured in many of
the samples. However, the most accurate paleomagnetic recorda is
generally preserved i finer-grained sediments. Iin corehole E-20
samples #1, 13, 14, and 15 apparently contain the highest silt fractions;
these samples also contain the best records of a normal-polarity magnet-

magnetic ability upon both AF and thermal demag-

netization an coercivity ~300 Oe and blocking temperature ~400° to

500°C). This consistent with a normal-polarity DRM residing in

magnetite and acquired penecontemporanecusly with deposition.
though samples between #1 (24.8 feet) and #15 (39.6 feet) are coarser
grained and contain more drilling remanence, their demagnetization
paths generally exhibit positive inclinations trending toward the origin.
Thus, the upper 40 feet of E-20 probably has penetrated only normally
magnetized sediments.
the initial suite of samples, reversed-polarity magnetization was
discovered below a depth of about 40 feet. A reversed component was
best isolated : le #20 (43.8 feet; after thermal demagnetization at
350° to 550°C) and in sample #26 (54.3 feet; after AF demagnetization
200 to 1,000 Oe) The presence of a reversed-polarity magnetization

was suggested in many other samples (particularly #17, , 822, #27,
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Figure 5. Vector demagnetization diagrams ! pre tative
samples from the Yakima Bluffs section.

Vector demagnetization diagrams display changes in both remanent
magnetization direction and intensity upon progressive dem2~netization.
Shaded circles represent the endpoint of the magnetic vr projected
onto the horizontal plane; the declination i1s the angle (i .e-ured clock-
wise from due north) between the north-south axis and the horizontal
component. The distance from open circles to the origin is the total
length of the magnetic vector; the angle between the abscissa and the
ray from the origin through the open circle is the inclination The
demagnetization steps are indicated beside the figures (AF steps are
labeled with G = gauss cersted = 0.1 millitesla; thermal steps are
labeled with T =

‘?)k)‘ _R_B“_\Wg-’)i)
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between 250 and 700 Oe. Thermal demagnetization reveals that some of

the reversed-polarity magnetization resides in hematite, since between
10% and 40% of the NRM intensity remained at temperatures above the
Curie point of magnetite (~

A mean direction (D Dl ) ), calculated
from the nine reversed-polarity mples, is not different
from the reversed-polarity, axial-dipole-field direc

-64.0°)

nted samples co ‘om about b meters

addition, two

leld normal-poiarity charac-

magnelizations The two loess samples exhibit table magnet-

th MDF of ~50( nd blocking temperature consistent with a
magnetization residing in megnetite.

The eight Pre-Missoula samples are from sandy interbeds in
characteristic mag-
blocking temperature
magnetization asiding primarily (98%) in magnetite
the NRM intensit survived heating above the Curie

point ¢ magnetite, indicating that these samples contain littlie
hematite The linearity of the vector agnetization diagram indicates

that the samples onNt on| nis 1gle, normal-polarity magnetizat
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6: Stereographic projection showing leas
squares-fitted magnetization directions from
the Yakima Bluffs section. he X marks the
direction of the present axi dipole field at
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The six samples from the lower sand lens also exhibit normal-
olarity characteristic magnetizations. The lower magnetic stability
(MDF of o 100 Oe) of these samples is consistent with the magne-
tization's residing primarily in relatively coarse-grained magnetite.

The eight samples of Pre-Missoula Gravels yield a mean paleo-
magnetic direction ( I= +64.4°,

tqe= 3.9%) which is not

significantly different from the normal-polarity, axial-dipole-field

Bl

direction (D= 0.0°, 1= +64.0°) at this locality (Figure 8)

GRAVEL PIT SECTION

Ten oriented samples were collected from about 4 meters of Pre-

Missoula Gravels at a gravel pit near Kennewick. As at the Kiona
lecality, all 10 samples yield normal-polarity characteristic magneti-
zations. AF demagnetization reveals that this component resides in
magnetite cf intermediate stability (MDF of 100 to 400 Oe). As much as

b% of the NRM intensity remains after thermal demagnetization to 600°C,

indicating that some of this magnetization resides in hematite

The 10 samples from the Gravel Pit section ield a mean paleo-
p

r

magnetic direction (D= 8.3%, i= +65.1°, 0,.= 6.0°) which is not signifi-
: o o

cantly different from the normal-polarity, axial-dipole-field direction at

this locality (Figure 10)

MARENGO SECTION

Twenty-five oriented samples were collected from 4 meters of loess

1d calcic paleosol between two coarse flood gravels at Marengo (Figure
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the pedalfer and pedocal soils, on, depositio the

overiying loess, and for LIt ; second CiC horizol | occurred
000 years. Separa n of the two reversed-polarity loesses

years implies the B oulc ot both have been deposited

auring the same ‘ hes-age event; the probability nat these twc

1«

loesses were deposited ring two different events within the Brunhes
> S 208 L 5 A4

<(9 , 5(-]!" / j D 0.02% | hus the O 0gi and pzl‘f"{;”“d’g“f‘t I(
evidence indicates w cer 1t that a t SC of the Pre-
€

Missoula Gravels are

Paleomagne

Nuclear
reversed-poilarit anent gn AtIC lissoula Gravels below
a depth of eel I he ex| ce O reversed-polaritly magnetization
Pre-Missoula s of E-2f )| h
these deposits are older than 730,000 years B

discovery of reversed-polarity i Pre-Missoula Gravels at two
surface outcrops supports the conclusion that reversed-polarity Pre-

Missoula Gravels underlie the Hanford Site near corehole E-20. The
existence, at the Marengo section, of reversed-polarity magnetizations
INn a stratigraphic succession of loesses and paleosols implies with near

certainty that at least some of the Pre-Missoula Gravels are older than

years
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APPENDIX




INTRODUCTION

This Appendix presents the paleomagnetic data from samples of
Pre~Missoula Gravels (both #from surface outcrops and from corehcle
E-20) that were collected by Sierra Geophysics in June and December,
1981. Surface data are arranged by sampling locality and subsurface
data according to corehole designation (E-20)

DESCRIPTION OF DATA FORMAT

Paleomagnetic results from each sample are listed individually on
separate pages. Three plots are shown in the upper part of the page.
and the data pertaining to the sample are tabulated in a number of
columns below The format of the tabulated data will be described
first, followed by an explanation of the plots

Tabulation Description

The first line lists general "locality" information, including an
identifier (e.g. "Marengo"). as well as the latitude and longitude of
the sampling site Next, the total number of demagnetization steps for
the sample is given On the following line. "INTERVAL" refers ¢to a
stratigraphic interval For subsurface samples, it is the depth (in
feet below the surface) from which the sample was obtained "STRIKE &
DIP OF BEDDING" are alsoc shown on this line, and all beds in this study
are assumed to be flat-lying The next line, if present, gives the
Koenigsberger ratio of the sample, using the measured susceptibility
and normalized to an ambient field of 0.5 QOe.

The following lines give the measurement data for the sample in a set
of columns The abbreviations above these columns are as follows:
“SM#" is the sample number, including the "rock unit" prefix "DEC G -
INC G" and “"DEC S - INC S" are the declination and inclination of the
magnetization vector in coordinate systems uncorrected for ("geographic
coordinates"”) and corrected for ("stratigraphic coordinates") bedding
attitude "INTENSITY" is the intensity of magnetization, in wunits of
emu/cc The columns labeled "DIFF VECT" and "JDIFF" are the directions
and intensity of the vector removed between successive demagnetization
steps “V LAT" and "V LONG" are the latitude and 1longitude of the
virtual geomagnetic pole calculated from the stratigraphic declination
and inclination “DEMAG" is the demagnetization step. "NRM" stands
for "natureal remanent magnetization"; i.e. . the zeroth demagnetization
step Alterrating-field demagnetization steps are in oersteds and have
a suffix of "G" (for gavuss) Thermal demagnetization steps are in
degrees centigrade and are prefixed by "T". Chemical demagnetization
steps are in hours in solution and have a prefix of "C" (for chemical)




The column labeled JH/JO is the ratio of the intensity of magnetization
at the giver, demagnetization step to the NRM intensity Finally, "CHI"
is the bulk susceptibility, in dimensionless cgs units, and "C/CO" is
the ratio of the susceptibility at any demagnetization step to the
susceptibility at NRM For these samples, susceptibility was measured
at NRM only, so the entries for all positions following NRM are blank

Types of Plots

In the lower left corner, above the tabulated data, a plot of the
change in total magnetic intensity with demagnetization is given. The
intensities are ncrmalized to the NRM value The data points are shown
@s shaded stars.

A "vector demagnetization diagram" of the sample is given slightly ¢to
the right and above the normalized intensity-ratio plot In most
cases, the plots overlap to some degree. Vector demagnetization
diagrams (cf Zijderveld, 1967, Roy and Park, 1974) illustrate
changes in both intensity and direction of magnetization upon
progressive demagnetization Shaded circles represent the endpoint of
the magnetic vector projected onto the horizeontal plane; the
declination is the angle (measured clockwise from due north) between
the north-south axis and the horizontal component The distance #from
open circles to the origin is the total length of the magnetic vector)
the angle between the abscissa and the ray from the origin through the
open circle is the inclination To avoid unnecessary clutter, the
demagnetization step, except for the NRM, is not annotated by the
points The successive points inward from the NRM point are the
demagnetization steps in the order listed in the tabulation. Linear
stretches of the demagnetization path, which if present are apparent on
these diagrams, indicate that a single component is being removed by
demagnetization; hence, these cdiagrams allow different components of
magnetization to be separated (e.g., Kirschvink, 1980).

The rightmost plot is a Lambort equal-area projection of the direction
of the magnetic vector, illustrating ¢the <change in direction with
demagnetization On this plot, solid circles represent positions on
the lower hemisphere (positive inclination), and solid triangles are on
the upper hemisphere (negative inclination) The NRM point is
identified; the other demagnetization steps follow this point in *he
order in the tabulation below

STATISTICS OF FULLY-ORIENTED SAMPLES

Samples taken from surface outcrops are conventional paleomagnetic
samples in that they are fully oriented Hence, the traditional




statistical approaches of paleomagnetism be employed, and
paleomagnetic poles calculated

Fisher Statistics

These statistics, which are the ones most commonly employed in
paleomagnetism, were initially developed by Fisher (19353). N refers to
the number of samples; R is the vector resultant obtained by treating
each direction as a unit vector and summing them; L. K. of kappa"
is the Maximum Likelihood Estimate of the concentration parameter
kappa; “kappa" 1is the wunbiased estimate, given approximately by
(N=1)/7(N-R). “Alpha-93" is the half-angle of the cone of 95%
confidence, in degrees; "circular stnd dev. " is the circular
standard deviation, also in degrees “"Declinatien" and "inclination”
give the mean direction; "pole lat. "™ and “pole long" give the
lJatitude and longitude of the paleomagnetic pole calculated from the
mean direction “"Paleocolat" is the paleclatitude, calculated from ¢the
mean inclination “"dp" and "dm" are the semiaxes of the 95% confidence
oval about the pole calculated from the alpha-95 circle about the mean
direction (e.g., McElhinny., 1973) "Oval azimuth"” is the azimuth of
this oval with respect to a mervidian; this azimuth extends from the
sampling site toward the the paleomagnetic pole

Moment of Inertia Statistics

These statistics are beginning to be applied in paleomagnetism (e.g..
Onstott, 1980), and they offer advantages over Fisher statistics in
certain cases They are based on the directions and relative
magnitudes of the axes of a "moment of inertia"” which can be visvalized
by imagining a point wunit mass at the tip of each unit vector When
two axes are equal, corresponding to @ circularly symmetric
distribution of points, Dimroth-Watson statistics are appropriate;
otherwise, Bingham statistics are used. An excellent summary of these

distributions, with references and some worked examples, is in Mardia
(1972)

Again, N is the number of samples "Eigenvalues" are the eigenvalues
of the moment-cf-inertia matrix "Uniform test statistic"” tests
whethsr the data are distributed randomly over the sphere (Mardia,
1972, p. 276277 large values of this statistic suggest that the
data are not random "Dimroth~Watson k" is the concentration parameter
for Dimroth-Watson statistics; "M.L.E. ‘s of Bingham parameters"” are
the maximum likelihood estimates of the ¢two Bingham concentration
parameters "Stnd dev angles” and “confidence angles"” give,
respectively, the standard deviations and confidence inter.als, in
degrees, of the major and minor axes of the Bingham confidence ellipse
“Oval azimuth” is the azimuth of this ellipse. with respect ¢to a
meridian

“Declination" through "paleolat" are as for the Fisher statistics; for




well-grouped data. these directions will be nearly the same as the
corresponding Fisher estimates Finally., two test statistics for
rotational symmetry of the data are calculated (Mardia, 1972, p

277-278), one for bipolar (axial) and the other for "girdle"” (i e .
squatorial) symmetry Small values of the bipolar statistic coupled
with large values of ¢the girdle statistic suggest that the data are
axial with circular symmetry about the m2an In the case that these
statistics indicate the ¢the data have rotational symmetry. a mean
confidence angle ALPHA is calculated
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