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Measurement of Physical and Paleomagnetic Properties
from Rocks in the Steamboat Hills and Carson Range, Nevada

ABSTRACT

physical and paleomagaetic properties measurements were performed on selected rock formations in the Steamboat HiUs

and Carson Range near Reno, Nevada. The physical properties mqsuremens included bulk specific gravity, density, and

magretic susceptibility. The paleomagnetic properties measurements included magnetic direction and magnetic intensity.

Rezults of the physical properties measurements are consistent with results from prwious regional studies. The

paleomagnetic properties results correlate well with magnetic anomalies identified in a recent airborne geophysical survey

of th" Ca6on Range. These results will be used as input parameters for potential fields (magnetic and gravit-v) modeling of
subsurface strucnlre in the Steamboat Hills, Carson Range, and South Truckee Meadows. The potential fields modeling is

intended to provide an increased understanding of the hydrogeologic characteristic of alluvial and fractured bedrock

aquifers in the Reno Basin.

A glossary is included at the end of this report to provide definitions for physical and paleomagnetic properties and

geophysrcal terms that are printed in italics when first introduced in the text.

of the total field magnetic data. This modeling
was performed by Dr. Robert Karlin of the
Mackay School of Mines, University of Nevad4
Reno (UNR) using the commercid software
GM-SYSTM by Northwest Geophysical
Associates. The modeling input pararneters

(magnetic intensity, magnetic direction, and
magnetic susceptibilir)) were assumed based on
representative values for the known rock types.
Geologic and structural features were obtained
from published maps (Bonham and Bell, 1993;
Bonham and Rogers, 1983; Tabor and Ellen,
1975) and local lithologic control was input from
available borehole data. Karlin (1996) reported
results of the magnetic modeling with
recommendations for additional geophysical

suryeys, further modeling of gfavity and

magnetic data, and measurement of physical and

paleomagnetic properties for model input
parameters. This report describes the methods
for collecting rock samples of the main geologic
units, the methods for measuring the physical

properties (bulk specifc gravity, density, and

magnetic susceptibility), and the methods for
measuring the paleomagnetic properties of
magnetic direction and magnetic intensity.

INTRODUCTION

The Utility Services Division of the Washoe

County Department of Water Resources

commissioned one land-based and a number of
airborne geophysical surveys over the Washoe

and Reno Valleys and the Carson Range

between 1994 and 1996 for the purpose of
subsurface characterization of structure, alluvial
basin configuration, and hydrogeologic

conditions. Washoe County is interested in the

hydrogeologic characterization of these areas

because of increased demand for public supply

water in the South Truckee Meadows (See

Figure l.) The airborne geophysical surveys,

which included total field magnetic and

electromagnetic measurements, were conducted

over areas shown on Figure 2. A gravity survey
consisting of one east-west trending and two
north-south trending traverses was conducted

immediately north of Steamboat Hills over the

Mount Rose Fan (Galena Fan).

A preliminary evaluation of the structure of a

portion of the Mount Rose Fan atea was

conducted using a forward modeling approach



PURPOSE OF STUDY

The purpose of this study was to measure the

physical and paleomagnetic properties of
representative rock formations in the study area.

This would provide greater constraints on

geologic modeling of the subsurface using

geophysical data. Subsurface structures in the

alluvial basins and ranges in Washoe County can

be modeled and imaged using the geophysical

methods of gravity and magnetics known

collectively as potential fields. The subsurface

structures such as the basin geometry, fault

locations and orientation, and nature of the

bedrock basement are important for
understanding groundwater resources. These

structures can influence recharge from the

mountain block to the alluvial aquifers, control

the direction of groundwater flow, determine the

volume of groundwater in a basin, and influence

the rate that water can be extracted from the

subsurface.

Forward modeling of magnetic data collected

along a single flight line of an airborne survey

involves creating a two-dimensional interpre-

tation of the subsurface geology. Resultant

cross-sections are produced that closely match

the observed magnetic data with the calculated

magnetic data. Magnetic modeling, however, is

non-unique in that more than one geologic

interpretation can produce an excellent fit to the

observed data. For example, a profile of
magnetic data could be modeled as: (l) a deeply

buried body with strong magnetizatioq (2) a
surlace body of identical dimensions with weak

magnetization; or (3) a surlace body of smaller

dimensions with strong magnetization. Because

of this non-unique nature in modeling potential

fields data, a reasonable geologic interpretation

must include available geologic information
(surface mapping, borehole logs, geomorphic

features) and information on the physical and

paleomagnetic properties of the representative

rock types.
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RE\rIEW OF POTENTIAL FIELDS
FTJNDAMENTALS

The magnitude of the gravitationd force

between two bodies is proportional to each mass

and inversely proportional to the square of their

separation. Therefore, bulk specific gravity and

density data (mass) are used in gravity modeling

to calculate depths to subsurface bodies

(separation). The density contrast between two
geologic materials, such as alluvium and

granodiorite, produces a negative gravity

anomaly for an alluvial basin. By knowing this

density contrast the depth of the basin can be

calculated. Alternatively, by knowing the depth

to bedrock in portions of the basin the variation

of the density contrast can be estimated. Basin

depths estimated from gravity data can be used

to constrain the possible geologic interpretations

when modeling total field magnetics data.

The total field magnetics data obtained from an

airborne survey represents the sum of the

magnetization of the earth's geomagnetic field
and the magnetization from surface and



subsurface rocks. The rock magnetization is due

to the magnetic minerals (primarily magnetite) in

the rocks and consists of induced magnetization,

which is dePendent on the magnetic

susceptibiliry of the rock, and on the remanent

magnetization, which is dependent on the

geologic history of the rock Typically, basalts

have higher remanent magnetization and lower

induced magnetization (low magnetic suscep-

tibility) than granites. Sediments and meta-

morphic rocks usually have lower remanent

magnetization and lower magnetic susceptibility

than both basalts and granites.

An anomaly in the total field magnetic data

results from the perturbation of the geomagnetic

field due to magnetic bodies at the surface or

buried in the subsurface. The shape and

magnitude of the anomaly is dependent on the

orientation of the airborne survey flight line,

direction and intensity of the geomagnetic field,

orientation of the magnetic body, magnetic

susceptibility of the rock, and the remanent

magnetization of the rock. As can be seen by

the number of variables that determine a

magnetic anomaly, forward modeling of total

field magnetic data requires more input data than

for gravity modeling. Additionally, the range of
values for magnetic data is much more variable

than for gravity data. The physical and

paleomagnetic properties measurements

obtained during this study will allow better

constraints for constructing models of the

geologic cross-sections in the study area using

gravity and total field magnetics data.

METEODS

SAMPLE COLLECTION

Samples representing the main geologic units in

the Steamboat Hills were collected during a field

reconnaissance on June 6, 1997 with Ted

Delong of Caithness, Inc., John Skalbeck and

Michael Widmer of Washoe County and Drs'

Robert Karliru Richard Schweickert, and Mary
Lahren of UNR. The total field magnetic map of
the Steamboat Hills area @ighern" 1994) with an

overlay of the local geologic maps (Bell and

Rogers, 1983; Tabor and Ellen, 1975) provided

the framework for discussions of local geology

and structural trends versus magnetic anomalies'

Sample locations were based upon these

discussions. Seven hand samples (SB-1 through

SB-7) were collected at four locations from the

Tertiary Kate Peak Formation [basalt (Tb) and

andesite flows (Tld)] and the pre-Cretaceous

metasediments (pKm). An eighth sample (SB-8)

was collected near this area from granodiorite

(Igd) on June 20, 1997. These samples were

collected for physical properties measurements.

The sample locations in the Steamboat Hills area

are shown on Figure 3.

Mr. Skalbeck and Mr. Widmer collected samples

for physical properties and paleomagnetic

properties measurements from outcrops of
granodiorite (gd), andesite flows (Tld)' and

hydrothermally bleached andesite flows (Tkfb) in
the Carson Range. Site locations were based

upon colrelation of the mapped geology with
magnetic anomalies identified on the total field

magnetic of the Carson Range (Dighent" 1994).

A total of thirteen hand samples for physical

properties measurements were collected from

ien sites (CR0I-CR07, CRl0, CRll, CRl3) in
the Carson Range on July 17, 1997 ' These sites

were sampled via helicopter transport by El Aero

Services, Inc. under contract to Washoe County.

One additional hand sample was collected at Site

CRl4 from granodiorite on July 26, 1997 that
was accessed by a 4-wheel drive vehicle. A total

of 30 small diameter (l inch) oriented core

samples (5 cores per site) were collected at six

sites (CR02, CR04, CR05, CR07, CRll, and

CRl4) for paleomagnetic measurements.

Samples were collected using standard

paleomagnetic equipment and techniques. The

sample locations in the Carson Range are shown

on Figure 4.



PHY S IC AL PROPERTIE S MEASUREMENT S

Physical properties measurements (bulk specific
gravity, density, magnetic susceptibility) were
performed by John Skalbeck in the Mackay
School of Mines Geomechanics Laboratory from
July through October, 1997. Bulk specific
gravity measurements were conducted using
ASTM Method C97-96 (ASTM, 1996). The
samples were heated for at least 48 hours at 60o

C prior to measuring the dry weight (Wta). The
wet weight (Wt*) of each sample was measured
after the sample was immersed in a deionized
water bath for at least I hour and wiped with a

damp towel to remove excess surface water.
The sample were then returned to the water bath
and the submerged weight (Wt.) was measured
within 5 minutes. All weights were measured to
the nearest 0.02 grams (g) using a SoilTest Dial-
o-Gram balance. Bulk specific gravity (Sr) was

calculated as follows:

S,=Wt6/(wt*-wt) (t)

Density measurements should be equivalent to
bulk specific gravity measurements when units
are metric. Sample volumes (V) were measured
in cubic centimeters (cm3) by the displacement of
deionized water within a graduated cylinder.

Sample density (p) was calculated as follows:

p=wtd/v (2)

Magnetic susceptibility (X) measurements were
performed on two sample specimens of different
dry weight. Specimens were measured using a
Barington M.S.2 susceptibility meter in
dimensionless Gaussian (cgs) units of magneti-
zation calibrated to a volume of 10 gl"^t. The
specimen volume (V,) was calculated by dividing
specimen weight by the sample density.

Normalized 1, which represents the 2g per unit
volume of specimen, was then found by:

Normalized 1: Measured I *10)i V, (3)

The sample average X represents the arithmetic
average of the two specimen (A and B)
normalized X measurements. The sample

average 26 in Systeme Internationale (SI) units
was found by 1 cgs:4 ': SI.

PALEOMAGNETIC PROPERTIE S

MEASUREMENTS

Paleomagnetic properties measurements were
performed by John Skalbeck in the Mackay
School of Mines Paleomagnetics Laboratory
from August through October, 1997. The l-inch
diameter cores were cut to f -inch long samples

using a water/oil-lubricated diamond-tip saw.

Magnetic measurements were performed within
the magnetic shielded (field-free) room of the
laboratory using a Schonstedt Model GSD-I
digital spinner magnetometer. Natural remanent
magnetizatior (NRM) was measured on each

sample prior to progressive alternating-field
(AF) demagnetization treatment using a

Schonstedt Model DSM-1 AC geophysical
specimen demagnetizer. Sites CR04, CR05, and

CR07 were also treated by thermal
demagnetization at 200"C using a Schonstedt
Model TSD-I thermal specimen demagnetizer.

Progressive demagnetization is performed to
separate the primary magnetization from the
component(s) of secondary magnetization. The
primary magnetization is typically the
investigation target because it represents the
unaltered magnetic direction that is likely
characteristic ofthe rocks at depth (not exposed
to surface weathering). Additionally, inter-
pretation of progressive demagnetization data
also allows for the delineation of the magnetic
mineralogy, magnetic history, and magnetic

stability of the sample. The least-sEtares best-Jit
line, calculated for each sample using the
progressive AF demagnetization data following
the method of Kirshvink (1980), describes the
primary magnetization of the sample.



Site mean magnetic directions and magnetic

intensities are calculated from the sample

directions using the probability density function

known as Fisher distibution described by Fisher

(1953). Site mean directions were calculated for

the NRM directions and for the least-squares

best-fit directions. The precision of the

calculated site mean direction relative to the true

site mean direction is described by the Fisher

confdence limit parameter a95. Calculation of
the site mean direction is dependant on the how

well the individual sample directions are

clustered. A set of closely clustered sample

directions results in a high precision calculation

of the site mean and a low 495 value. A poorly

clustered set of the sample directions would

yield a low precision calculation of the site mean

direction and a high ct95 value. The cr95

parameter is used to judge whether the

calculated site mean direction is statistically

valid. The generally accepted critical value for a

valid site mean direction is cr95 : 15 degrees.

RESULTS

Results of the physical properties measurements

for the Steamboat Hills samples are given in
Table 1. As expected, the bulk specific gravity

and density results show close correlation.

Values of bulk specific gravity range from 1'29

glgfor a scoriaceous basalt sample at Site SB-1

to 2.77 glg for a metasediment sample at Site

SB-3 with corresponding density values of 1.36

d" t and2.74 d" t, respectively. The results

of sample average magnetic- susceptibility range

from 9 x 105 cgs (144 x l0{ SD for a weathered

sranodiorit. ui Sit" SB-8 to 1906 x l0{ cgs
-QqZeO x 106 SI) for an andesite flow at Site

SB-4. Table 4a provides the mean physical

properties values by rock type in the Steamboat

Hills area.

Physical properties measurements results for the

Carson Range are given in Table 2. Again' the

specific gravity and density results show close

correlation. The results of bulk specific €ravlty
(density) range from I .92 gle (2.03 glcm ) for a
hydrothermally bleached andesite flow at Site

CR14 to2.78 de!.76 dcm') for a granodiorite

at Site CR07. Measurement results of sample

average magnetic susceptibility values range

from -0.9 x L0{ cgs (-11 x l0{ SI) at Site CR14

to 2540 x l0{ cgs (31918 x 105 SD for a

granodiorite at Site CR02. Mean values of the

physical properties measurements by rock type

for the Carson Range are presented in Table 4b.

A summary of site mean results for
paleomagnetic properties measurements from the

Carson Range are presented in Table 3.

Individual sample data for these measurements

are included in Appendix A. Results are

presented in geographic coordinates (not

corrected for structural tilt) for NRM least-

squares best-fit directions. The samples of a

hydrothermally bleached andesite flow at Site

CRl l show a weak present-day magnetic

overprint (Declination:0o, Inclinationd0). that

has completely replaced the primary

magnetization. Therefore, this site was not

treated with AF demagnetization. The NRM site

meirn magnetic intensity at CRll is l.9l x l0{
electromagnetic units per cubic centimeter
(emu/cm3). The NRM site mean magnetic

intensity for the other 5 sites range from 1.99 x
lo'3 to 1.54 x loaemu/cm3.

The decay characteristics of the magnetic

intensity as seen in the progressive demag-

netization data (Appendix A) for the remaining 5

sites suggest that the magnetic mineralogy is
likely magnetite. This interpretation is based on

the fact that AF demagnetization is effective in
progressively removing magnetic intensity.

Additionally, the results of low temperature

thermal treatment (200"C) show no change in

magnetic direction and magnetic intensity. This

indicates that goethite minerals, which often

result from weathering, are not part of the

magnetic mineralogy of these samples.



Site mean directions improved with progressive

AF demagnetization for Sites CR02, CR05, and

CRl4 relative to the NRM directions. This is

indicated by the lower cr95 value for the least-
squares best-fit site mean. The least-squares

best-fit site mean directions for Sites CR02,

CR05, and CR14 are considered valid based on

the cr95 values being less than l5 degrees.

The cr95 value for the least-squares best-fit site
mean of Site CR07 improved relative to the

NRM a95 value; however, this value is above

the generally accepted morimum value of i5
degrees for a statistically valid site direction.
The site mean cr95 value at Site CR04 for did
not improve with AF demagnetization and is also

above 15 degrees. The site mean directions for
Sites CR04 and CR07 are not considered valid.

The least-squares best-fit site mean directions for
Sites CR02 and CRl4 show similar declinations

and positive inclinations indicative of a normal
magnetic polarity. The least-squares best-fit site
mean direction for Site CR05 shows a nearly
antipodal direction (180" difference in

declination and negative inclination of similar
magnitude) relative to Sites CR02 and CRl4.
This direction likely represents a reverse

magnetic polarity.

DISCUSSION OF RESULTS

Physical properties results were obtained from
samples of fresh and weathered granodiorite

Kgd, gd), basalt and fresh and altered andesite

of the Kate Peak Formation (Tb, Tkf, Tkfb), and

metasedimentary rock (pKm) in the Steamboat
Hills and the Carson Range. The mean bulk
specific gravity values for each rock type from
this study correlate closely with the range of
specific gravity values for rocks of similar
description reported by Thompson and Sandberg
(1958). A copy of Table I from that study is

provided in Appendix B. Krank and Watters
(1983) present specific gravity results from a

study of weathered Sierra Nevada granodiorite
that includes a rock weathering classification.
Bulk specific gravity values for the weathered
granodiorite sample in the Steamboat Hills area
correspond to Grade IV (higtrly weathered)
while the remaining granodiorite samples from
this study correspond to Grade I (fresh). A copy
of Table 3 from Krank and Watters (1983) is

included in Appendix B.

Magnetic susceptibility values from this study
were compared to values reported for a regional
airborne magnetic survey of the Reno
quadrangle by Hendricks (1992). Table I from
that study is presented in Appendix B. The
sample average susceptibility values from that
study compare closely with results collected
from similar rock type samples collected in the
Southern Virgina Range (granite), Long Valley
(granodiorite), Mason Valley (metavolcanic),
and the Desert Mountains (basalt, andesite,
altered diorite).
The magnetic susceptibility results can be
correlated with observed anomalies on the total
field magnetics map for Steamboat Hills
(Dighem, 1994). A large area in the central
portion of the Steamboat Hills that exhibits a

magnetic low anomaly correlates with the
location of metasediments (pKm). The magnetic
susceptibility values for metasediments are very
low indicating that these rocks have weak
magnetization. A magnetic high anomaly over
the eastern and northeastern portions of
Steamboat Hills containing andesite flows (Tld;
correlate with high magnetic susceptibility rocks
and thus strong magnetization. In the Carson
Range, a correlation exists between the
hydrothermally bleached andesite flows (Ttdb) at
Site CRl l and a magnetic low anomaly on the
total field magnetics map @ighenu 1994). The
magnetic susceptibility and magnetic intensity
values for this site are low indicating weak rock
magnetization.



The paleomagnetic results from samples
collected in the Carson Range correlate well
with magnetic anomalies identified on the total
field magnetic map of the Carson Range
(Dighem, 1994). The two normal magnetic
polarity sites (Sites CR02 and CRl4) correspond
to magnetic high anomalies on the total field
magnetic map. These sites show high magnetic
susceptibility and moderate magnetic intensity
values that indicate strong rock magnetization.
The reverse magnetic polarity site (Site CR05)
corresponds to a magnetic low anomaly. For
this site, the remanent magnetization is more
dominant than the induced magnetization as

indicated by the high magnetic intensity and
moderate magnetic susceptibility values. Thus,
the magnetic low anomaly is the result of the
vector addition of a remanent magnetization
with reverse magnetic polarity that acts in the
opposite direction of the induced magnetization
with present-day normal magnetic polarity.

CONCLUSIONS

The bulk specific gravity/density data collected
for this study will be important for making
informed assumptions for input in forward
modeling gravity data in the study area. This will
provide important constraints on the possible
interpretations of subsurface geologic structure.
The results show that fresh granodiorite (Kgd-
fresh) and the metasediments (pl(m) can be
modeled using the standard value of 2.67
gm/cm' for crustal rocks whereas the weathered
granodiorite (Kgd-weathered), andesite flows
(Tk|, and basalt (Tb) should be modeled using
slightly lower (2.49 to 2.54 gm/cm3).

Since no paleomagnetic data was available
during the forward modeling of the magnetic
data by Karlin (1996), the magnetic susceptibility
mode of GY-Sysru was used to model the
subsurface geologic structure. This mode
represents the rock magnetization as 100%
induced magnetization and 0% remanent

magnetism. The induced magnetization for the
model yields a magnetic direction of the present-
day geomagnetic @eclination:Oo and
Inclination:60"). The paleomagnetic properties
data show some sites with magnetic directions
that differ from the present-day magnetic
direction. Forward modeling using the
combined magnetic susceptibility and magnetic
remanence modes of GY-Sysw (using the
paleomagnetic properties results from this study)
will produce model results that are more
representative of the subsurface geologic
structure.

RECOMMENDATIONS

The results of paleomagnetic properties
measurements for rocks in the Carson Range
reveal that the magnetic directions and magnetic
intensities vary for samples collected from the
granodiorite and the andesite flow sites.
Additionally, the magnetic direction for Site
CR05 indicates a reverse magnetic polarity for
this andesite flow (Tld) site. Fomard modeling
conducted by Karlin (1996) suggests that the
magnetic low anomaly located in the
southwestern portion of Steamboat Hills (See

Figures 5 through I I of KarlirL 1996) may be
due to andesite flows (Tkfl with reverse polarity
remanent magnetization. Based on the
correlation between magnetic direction and
magnetic anomalies on the total field magnetics
map for the Carson Range, paleomagnetic
properties characteristics are needed in the
Steamboat Hills.

Samples should be collected for paleomagnetic
properties measurements from sites that
correlate to the locations where forward
modeling suggest a reverse polarity magnetic
direction and to locations that show magnetic
anomalies on the total field magnetics map.
Recommended sampling locations include: (l)
andesite flows (Tkf) northeast of Galena Creek
in the northern portion of Section 12, Tl7N,



RlgE (Tabor and Ellen, 1975); (2) andesite

breccia (Tkb) northwest and southeast of
Browns Creek in the northeastern portion of
Section 13, Tl7N, RlgE and central portion of
Section 18. Tl7N, R20E (Tabor and Ellen,

1975); and (3) soda trachyte rocks of the Alta

Formation (Ta) located south of the Mount Rose

Highway in the northern portion of Section 36,

Tl8N, RlgE @onham and Rogers, 1983).
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GLOSSARY

Bulk specific gravity: The dimensionless ration of the

bulk density of a rock to the density of water. Measured

as the dry weight of a rock sample relative to the weight

of the sample while submerged in deionized water

(submerged weight). Equivalent to density when

measured in metric units.

Density: The mass per unit volume of a rock sample

"*pr"rr.d 
in grams/cubic centimeter (gn/cm1.

Declination: Azimuthal angle between the horizontal

component of the geomagnetic field and geographic

north.

Demagnetization: Process of progressively remwing a

sample's magretization in the paleomagretic lahratory

by zubjecting the sample to alternating magretic field

1Ag and/or thermal conditions within a rnagretic

shielded (field-free) room- AF demagnetization is

effective in removing magnetization from grairs of
magrretite where as thermal demagrretization is needed to

temoue magretization ftom grains of hematite, goethite,

and other secondary magnetic minerals formed by

weathering and chemical alteration.

Gravity: The gravitational force of attraction between

two bodies that is proportional to each mass and

inversely proportional to the square of their separation'

A gravity measurement is dependent on the density of the

subzurface material, elevation of the survcy

measurement, and the topography of the zurrounding

landmass.

Forward modeling: Source model is initially constructed

based on geologic and geophysical intuition and available

data. The model's anomaly is calculated and compared

with the observed anomaly. The model parameters are

then adjusted by trial-and€rror to improve the fit
between the calculated and observed anomalies'

Computer software programs such as GM'SYSru have

autornated this process fot potentiallelds modeling'



Fisher distribution: A probability density function

appticable to paleomagnetic directions dweloped by

British statistician R. A. Fisher. Each sample direction is

represente.d by a point on a sphere of unit radius and is

given unit weight. The Fisher distribution firnction

P6,,,(0) grves the probabilit-v per unit angular area of
finding a direction within an angular area (dA) centered

at an angle 0 from the true mean direction.

Fisher confidence limit parameter cr95: A measure of
the precision with which the true mean direction has

been determined expressed as an angular radius from the

calculated mean direction. There isa95o/o certainqv that

the unknown true mean direction lies within 495 of the

calculated me:ln direction. When ploned on a

stereognphic projection with paleomagnetic directions

the cr95 appear as a circle or oval.

Geomagnetic field: The magnetic held originating from

the earth's internal elecromagnetic interactions near the

core-mantle boundary. The field is aszumed to behave as

a dipole (positive and negative poles) similar to a bar

magnetic rvith the geomagnetic poles roughly parallel

with the geographic poles (geocentric). Paleomagnetic

studies have shown that the field undergoes temporal

changes (secular variation) in magnetic direction and

magnetic intensity and flip-flops (rwersals) at irregular

internals. The presentday geomagnetic field is referred

to as normal magnet,c polarity (North Pole having

downward inclination) where as in a reverse magnetic

polarity freld the North Pole would have an upward

inclination.

Inclination: The vertical angle (dip) from horizontal of
the geomagaetic field vector. Inclination ranges from -

90' (upward) to +90" (downward) at the present{ay

South Pole and North Pole, respectively.

Induced magnetization: Magnetization in a rock

acquired when exposed to the geomagnetic feld. The

magnitude is proportional and the direction generally

parallel to the geomagnetic field. The magnitude of
magnetization is a function of the magnetic nsceptibility
of the rock that is related to the magnetic minerals in the

rock. Induced magrretization disappears without the

presenc€ of the geomagnetic field such as in a magnetic

shielded (field-free) room.

Least-squares best-fit line: A rigorous quantitative

technique used to determine the direction of the best-fit
line though a set of scattered data such as proglessive

demagnetization data. The measure of precision of the

best-fit line is qr:antified by the maximum angular

deviation of the data points from the line.

Magnetics: Earliest discovered geophysical property of
the earth that explains the attraction and repulsion of
magnetic objecs (lodestones) and allows the used of the

rnagnetic compass. An airborne magnetic survey is

conducted with a proton-precession magnetometer while
paleomagrretic rock samples are measured using a flux-
gate magnetometer.
Mapetic dipole moment: Refers to a pair of magnetic

charges (+, -) and is the product of the magninrde of the

charge and the distance separating the + and - charges.

Magnetic direction: The total magrretic field vecor can

be broken into (l) a horizontal component known as the
declination (azimuthal degrees from geographic north)
and (2) a vertical component knovrn as the inclination
(vertical degrees from horizontal).

Magnetic intensity: Measure of magnetic strength that

is the unit volume sum of the magnetic dipole moment of
individual magnetic grains in a rock. ldagnetic intensity
of the earth's geomagnetic field is approximately 52'000

nanoTesla (nT). Magnetic intensity of rocks may range

from l0'2 to l0-7 electromagnetic units per cubic

centimeter (emr/cm3). I nT = l}-sl4'rcemr/cm3.

Magnetic susceptibitity: A dimensionless constant of
proportionality characteristic for a rock based on the

magnetic mineralogy. Represents the ability of a rock to

acquire induced magnetization from lhe geomagnetic

feld.

Naturaf remanent maguetization (NRM): Remanent

magnetization in a rock sample prior to treatment in the

paleomagrretic laboratory. The NRM depends on the

geomagnetic field and geologic prccesses during rock
formation and during the zubsequent history of the rock.

The NRM component acquired during rock formation is

referred to as primary magnetization and the component

acquired zubsequent to rock formation is referred to as

secondary magnetization. The NRM of a sample is the

vector sum of the prirnary of magrretization and

secondary magnetization. The primary of magnetization

is sought in most paleomagnetic investigations; howwer,

the secondary of magnetization is often useful in
determining the history of the rock.

9



Normal magnetic polarity: Describes the presentday

orientation of the Earth's geomagnetic field where the

magnetic field lines are pointing downward at the
geographic North Pole and upward at the South Pole.

Paleomagnetic (paleomagnetism): The natural
remanent magrretism presewed in rocks that provide a

record of the geomagnetic field during the formation of
and/or subsequent history ofthe rock.

Potential fields: Mathematical properties of the

consewative, naturally{ccurring, force fields of gravtty

and magnetics. The property relates to a path

independent of work such that the amount of work to

move a mass in some external gravitational field from
one point to another is the same regardless of the path

uken between the two points. Identical physical and

mathematical representations are used to understand

gravitational and magnetic forces. The fundamental

element defining the gravitational force is the point mass

where as the equivalent fundamental magnetic element is

the monopole. Consewative forces such as gravitational

and magnetic forces can be represented by simple scalar

expressions knovm as potentials, thus the term potential

fields.

Primary Magletization: The component of
magnetization acquired during rock formation. As an

igreous rock cool the magnetic minerals acquire the

direction of the Earth's geomagrretic field. Sedimentary

rocks acquire magnetization when the magnetic mineral
grains align with the geomagnetic field prior to

consolidation.

Proton-precession magretometer: Measures the

magnirude of the total magnetic feld from the precession

frequency of protons in water based on the principle that
particles with magnetic moments precess in a magnetic

field with a frequency proportional to the magnelic

intensiv of the field.

Remanent magEetization: Magnetization preserved in a
rock which is dependent on the origin and geologic

history of the rock. Remanent (also known as

paleomagnetic) magnetization is measured in terms of
magnetic direction and magnetic intensity. Rocks

containing magnetic minerals can acquire a magnetic the
magnetic direction parallel to the earth's geomagnetic

field during the time of formation. The subsequent

geologic history (folding faulting, weathering erosion,

metamorphism) can alter or replace this original
(primary) magnetization. Thus, the remanent
magnetiz-tion direction is often different than the present

day geomagnetic direction that leads to a total f;eld
magnetic anomalY.

Rever:e magnetic polarity: Refers to the orientation of
the Earth's geomagnetic lield wherc the magnetic field
lines are pointing upward at the geographic North Pole

and downward at the South Pole. This is the opposite

orientation of the presentday geomagrretic field.

Rock magnetization: The total magrretization of a rock
that is composed of induced magrretization and remanent
magnetization.

Secondary msgDetization: The component of
magnetization acquired subsequent to rock fornation.
This component of magretization may be the rcsult of
thermal conditions (contact metamorphism), chemical

alteration, and/or weathering.

Total field magnetics: Measurement of the magnitude
(magnetic intensity) of the total field (horizontal and

vertical component) collected during airborne surveys

using a proton-precession magnetometer. The direction
of the total field is not mqNured.
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Table 4a. Mean physical properties measurements from the Steamboat Hills.

Rock
Type

Number
of

Samples

Mean
Bulk Sg

(g/s)

Mean
Density
(s/cm)

Mean Mean

xx
(css x 101 (Sl x 101

Tbscoria

Tbdense, Tkf

pKm

Kgd-fresh

Kgd-weathered

1

4

2

1

1

1.29

2.50

2.73

2.68

2.54

1.36

2.49

2.67

2.55

2.52

232

1765

't5

473

9

2968

22395

186

6266

144

Table 4b. Mean physical properties measurements from the Carson Range.

Rock
Type

Number
of

Samples

Mean
Bulk Sg

(g/g)

Mean
Density
(g/cm1

Mean Mean

xx
(cgs x 10f (st x 101

gd

Tkf

2.62

2.39

2.00

2.74 1956

1 551

-0.7

24575

14699

-9

2.52

2.15

Notes:
Sg: Specific gravity

1: Magnetic suscePtiblitY
g: grams
cm3: cubic centimeters
cgs: Gaussian units
Sl: Systeme Intemational units
Tb: Kate Peak Formation, black olivine basalt (Iabor and Ellen, 1975)
pKm: Metamorphic Rock, gray metagreywacke fl-abor and Ellen, 1975)

Tkf: Kate Peak Formation, andesite flows (fabor and Ellen, 1975)

Kgd: Biotite-homblende granodiorite (Bonham and Rogers, 19E3)

gd: Homblende biotite granodiorite (Ihompson and White, 1964)

Tkf: Kate Peak Formation, andesite and dacite flows (Bonham and Rogers, 1983)

Tkfb: Kate Peak Formation, bleached andesite flows (Bonham and Rogers, 1983)
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KJgr
KJgr

KJgr

KJgr
KJgr
KJgr

KJgr
KJgr
KJgr

K.ldr

KJgr
KJgr

KJgr

KJgr
KJgr
KJgr

K.1d.

KJgr
KJgr
KJg!

CRO2.PMG

l. OOOA carson rng .00 .00 17 .0 . 0 .0 27 .8 356.0 37.0 ' 00 cr02Q1a
1.O0OA .oQ 332.4 -4.7 332.4 -4.7 62.3 -95.1 2.15E-04 4.52 nrrn 08/26/9'7 14:00: a2J/Jo
1.0OOA .OO 28.5 26,3 28.5 26.3 58.5 62.7 L.51E-05 8.68 lOOoe 09/09/91 13:56:II.O7
l.0OOA .OO 38.4 25.2 38.4 25.2 49.1 59.3 1.018-05 12.8 150oe 09/09/9'7 l4:06:56 '05
t.OOOA .00 58.8 39.'t 58.8 39.'t 28.6 54.1 l.lOE-06 9.84 200oe 09/09/9'7 14l.I2t55,03
2.000A carson rng .00 .00 17.0 ' 0 .O 28.9 262' 0 f5.0 ' 00 crO2O2a
2.OOoA .OO 339.5 13.4 339.6 r3.4 68.6 -71.1 1.448-04 8.05 nrm 08/26/91 l4:03:Ot JlJo
2.OOOA .OO 2't.5 39.2 2'7.6 39.2 55.1 48.6 3.64E-05 6.48 SOoe O9/09/97 L4z7'7:36 ,zS
2.OOOA .OO 25.7 43.9 25.7 43.9 54.3 42.I 2.07E-05 5.58 lCloe 09/09/91 14:2!:51.tY
2.000A .00 24.2 4'1.9 24.2 47.9 52.9 36.5 r.478-05 3.28 150oe 09/09/97 L4:.26:52 .to
2.O0OA .OO 46.6 43.6 46.6 43.5 38.4 56.8 8.52E-06 17.6 200oe 09/L-7/97 l0:50:44 .06
3.000A carson rng .00 .00 17.0 . C .0 2'l .9 353. O 20.0 .00 cr0203a
3.OOOA .OO 359.'t 42.3 359.'7 42.3 65.5 -.'7 L.258-04 1.11 nrm 08/26/9'7 14:04:3r J/Jo
3.OOOA .00 19.8 52.9 r9.8 52.9 51.7 ?'7.2 6.77E-05 3.58 Sooe 09/09/9'7 L4z30:aO .E'f
3.OOOA .00 18.2 55.? L8.2 55.? 50.0 23.I 4.148-05 2.81 l00oe 09/09/97 14:34: $ ,3t
3.OOOA .OO 40.4 60.1 40.4 60.1 34.6 36.0 2.02E-05 2.51 2OOoe 09/09/9'1 l4:38:52.tb
3.OOOA .OO 36.8 ?0.5 36.8 ?0.5 2'1.5 23.0 1.418-06 8.53 400oe 09/I7/ 97 11:10:09 .D6
4 . OO0A carson rng .00 .00 l-7. 0 .0 .O 29.6 267 .0 57.0 .00 cr0204a
4.OOOA .OO 5.2 2L8 5.2 2L.8 't't.6 24.3 )..35E-04 7.65 nrm 08/26/97 14:06:3S J/Jo
4.OOOA .OO 3?.8 46.4 37.8 46.4 44.4 49.4 3.1L8-OS 6.62 5Ooe 09/09/91 14243:05,28
4.OOOA .OO 4?.0 57.4 4'7,O 57.4 32.5 43.1 2.06E-05 8.29 l0Ooe 09/09/9't 1-42472L2 ,tS
4.OOOA .OO 35.9 59.0 35.9 59.0 38.5 35.1 1.298-05 9.45 150oe 09/09/91 1.4:51:50.rO
4.OOOA .OO 51.9 51.4 51.9 51.4 29.I 45.2 6.62E-O6 11.7 20ooe 09/:-7/9'7 10:54:13.ot
5.000A carson rng .00 .00 !7.0 .0 .O 28.4 359.0 53.0 .00 cr0205a
5.0OOA .OO L2.4 3.-1 12.4 3.'1 '1'1 .5 81.3 1.50E-04 1.88 nrm 08/26/9'7 i4:08:28 JrJo
5.000A .00 32.5 3I.2 32.5 3\.2 53.8 60.5 4.55E-05 3.85 5Ooe 09/09/97 14:55:50 '3o
5.OOoA .OO 48.9 49.4 48.9 49.4 34.6 52.2 2.0?E-05 2.48 100oe 09/09/97 L4:5922Q ,11
5.OOOA .OO 53.0 51.4 53.0 51.4 30.7 51.9 1.42E-O5 3.70 lsOoe 09/09/91 15:00:10 .ol
5.OOOA .OO 43.8 54.1 43.8 54.7 35.1 44.4 't.63E-06 10.3 2OOoe 09/l'7/9'7 10:56:46 .OS
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CRO2NRMS.PRT

Sample # Data Tlpe DeclAz/Lo^g I^c/Plllat Intensity Demag Remark
KJgr I.OOOA Rem Drxn 332.4 -4.7 2-15E-04 nrm
KJgr 2.OO0A Rem Drxn 339.6 13.4 1.44E-04 nrm
KJgr 3.000A Rem Drxn 359.? 42.3 l-25E-04 nrm
KJgr 4.000A Rem Drxn 5.2 2I.8 1.35E-04 nrm
KJgr 5.000A Rem Drxn L2.4 3.7 1.50E-04 nrm
Tue, l4 Oct. L997

NONPARAMETRIC TESTS FOR UNIFORMITY. Total included angles = 10
Beranrs test statistic = 3.5377
Data non-random at 1.0t level.
Gfners test statistlc = 1.1416
Data non-random at 1.0t level.
Combined test stati.stic = 4.6793
Data non-random at l.0t level.

> > > FISHER STATISTICS < < <

N = 5 R = 4.6358
According to liatson's test:
Data non-random at 1.0t level.
Declrnation = 353.5 Inclinatron = 15.8 Paleolat = 8-0
PoIe ]atrtude = ?9.7 Pole Iongltude = -38.8
dp = 12.8 drn = 24.8 Oval azimuth = 140-7
M.L.E. of kappa = 13.?679 kappa = 11.0143
Alpha 95 = 24.12 Circular standard devlatron = 24.53

SPHERICAL MEDIAN:
Nurnber of iterations taken = 4

Declinatron = 353.4 Inclination = l'5-7 Paleolat = 8.0
PoIe Latitude = 79.5 PoIe longitude = -39.3
Angular distance' Flsher mean to medlan I deg.

> > > nvEcToRn sTATrsTIcs < < <

N = 5 R = ?.109E-04 Arithmetr.c sum of intensities = 7-6908-04
Declination = 351.3 Inclination = 13.0 Paleolat = 6.6
PoIe latitude = 79.1 PoIe longitude = -52.8
dp = 12.8 dm = 25.I Oval azimuth = L26-1
M.L.E. of kappa = 13.2250 kappa = 10.5800
Alpha 95 = 24.66 Clrcular standard devlatlon = 25.O4

MON-IENT OF INERTIA:
N = 5 EtgenvaLues - .224L .4611 4.3088
Uniform test statistlc = 15.75 Normalized : 3.1502
Data non-random at l.0t Level.
woodcockfs parameters: Shape = 3.0244 strength = 2-9564
LINEAR DATA: Directi.on of MAXIMUM eigenvector.
Declinatlon = 353.7 fnclination = 15.8 Paleolat = 8-1
PoIe latltude = 79.8 PoIe longltude = -31-1

> > > BINGHAM STATISTICS < < <

M.L.E.'s of Blngham concentratl,on parameters: Kl = -11.9 K2 = -6.I
Standard deviatton angles: Sigma l-3 = 5.82 Signa 1-2 = 8.35
Approximate 951 confidence angles: Alpha 1-3 = L4.23 AJ'pha 1-2 = 20-43
Oval azrmuth = 41.3

Test statistics for circular symmetry based on Bingharn distributlon:
Bipolar 70 Girdle = 11.78
Test rndlcates slmunetrlc bipolar distribution. Mean Bingham alpha = 17.33

> > > DIMROTH-WATSON STATISTICS < < <

Dinroth-watson concentratlon parameter = -7.98
Circular standard deviation = 21.62 deg. (Parametric estimate.)
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Sample # Data Type DeclAz/Long Tnc/Plllat Intensity
KJgr I.OOOA Lin Segm 58'8 39'7 7'l0E-05
rJgr 2.0OOA Lin Segm 25'4 44'6 2'07E-05
x.rir 3'0OOA Lin Segm 4O'4 60"7 2'028-05
r<Jer 4.OOOA Lrn Segm 35'O 59'0 1'298-05
rJer 5.OOOA Lln Segm 5O'2 49'3 2'O7E-O5

Tue, l4 Oct.1997

NoNPARAMETRICTESTsFoRUNIFoRMITY.TotaITnc.]-udedangles=
Beranrs test statlstlc = 4.2699
Data non-random at 1.0t Level'
Grnefs test statlstic = 1.7844
Data non-random at 1.0t level'
Cornlcined test statistic = 6.0543
Data non-random at 1.0t Ievel'

a, n

Demag
20ooe oRIGN
100oe ORIGN
200oe ORIGN
l5Ooe ORIGN
l0ooe oRIGN

l0

Remark

> > > FISHER STATISTICS < < <

N= 5R= 4.9048
According to watsonrs test:
Data non-random at 1.0t level'
Decli.nati.on - 42.8 IncLi'natlon = 51'3 Paleolat =

PoIe latitude = 38.5 Pole longLtude = 4'l'4
dp = tl.O dm = 16.2 Oval azimuth : 60'3
M.L.E. of kappa - 52.4966 kappa - 4I'9912
Alpha 95 = 11.94 Circular standard deviation = L2'49

SPHERICAL MEDIAN:
Number of iterations taken - 4

Declrnatron = 42.? Incllnation = 51'3 Paleolat =

Pole latl.tude: 38.6 PoIe Iongltude = 4'l'4
Angular distance, Fisher mean to medj'an I deg'

> > > "VECTOR" STATISTICS < < <

N = 5 R = 8.O3oE-05 Arithmetic sum of intensr-tles = 8'160E-05
Decli.nation = 40.0 Inclination = 52'2 Paleolat = 32'8
Pole latitude = 40.1 Pole longltude = 45'0
dp = lO.2 dm = 14.9 OvaI azrmuth = 5'l '2
M.L.E. of kappa = 62-7500 kappa = 50'1999
AlDha 95 = 10.90 Clrcular standard devrati'on = lL'42

MOMENT OF INERTIA:
N= 5 Ei'genvalues= .0605 .L27 4 4.8L2\
Unrform Eest statrstlc = 22'26 NormaL

Data non-random at 1.0t Ievel'
Wo

r.zed = 4.4529
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Cr04.pmg

KJgr 1 1.000A calson rng .00 .00 17.0 .0 .O 28.2 272.0 42.O .00
cr04 01a
KJgr I.oooA .oO 1.85.4 -16.2 185.4 -L6.2 -80.2 -r47.1 l.OlE-02 6.39 nrm 08/26/g-t 14:18:nU JfJo
KJgr L.OOOA .00 188.9 -15.9 188.9 -15.9 -78.0 -132.5 8.94E-03 5.29 50oe Og/1-1/91 09:08:50.Eg
K\tgr r.000A .00 190.0 -1,5.3 190.0 -15.3 -'1't.4 -L28-2 6.30E-03 6.29 1OOoe 09/11/97 99;13116.62.
KJgr l.OOOA .00 190.4 -14.9 190.4 -L4.9 -'71.2 -L26.5 4.468-03 5.18 l50oe Og/LL/9't O9z28zO4,V4
KJgr 1.000A .00 192.2 -I5.I I92.2 -).5.1 -?5.6 -122.6 3.01E-03 6.21 2OOoe O9/lI/9'7 09:4?:56,to
KJgr 1.OO0A .OO 194.3 -1?.1 I94.3 -i?.1 -13.2 -L22.9 2.93E-03 3,95 2OOoC LO/I6/91 !1226:09.2q
KJgr T.OOOA .OO 195.7 -18.2 195.7 -'r8.2 -71.8 -12L.3 5.55E-04 5,19 4OOoe LO/16/91 11:3?:L9,01
KJgr 1.000A .00 195.1 -17.9 r95,1 -i7.9 -'72.4 -LzI.8 2.1,08-04 5.65 60Ooe LO/L6/97 11:40:04,oL
KJgr 1.000A .00 19?.8 -I9.? 197.8 -i9.1 -69.6 -I2O.3 9.548-05 4.34 800oe IO/16/91 \!t42256.41
KJgr I.OOOA .00 195.1 -19.0 195.1 -19.0 -12.1 -r23.5 4.9?E-05 6.51 1OOO LO/).6/91 LL:462O6,oO5
KJgr L 2.000A carson rng .00 .00 L7.0 .0 .O 28.3 291.0 42.0 .00
crO402a
KJgr 2.0ooA .OO 82.4 -4I.L 82.4 -4L.L ?.0 113.7 1.948-03 10.? nrm 08/26/g7 IAz2OztO Jl)o
KJgr 2.OOOA .OO 82.4 -44,5 82.4 -44.5 6.8 115.4 4.868-04 8.8? 100oe Og/LJ-/97 09:15:40 .Zs
KJgr 2.000A .00 78.? -43.5 78.7 -43.5 IO.2 L15.8 2.278-04 1.?1 150oe 09/11/91 Q9z3OzO9.17
KJgr 2.000A .00 79.8 -42.O 79.8 -42.0 9.3 114.6 2.438-04 3.21 20OoC I0/L6/97 11:28:33 . lZ
KJgr 2.000A .00 74.1 -41.1 ?4.1 -41.1 14.5 114.4 8.498-05 6.89 200oe lO/L6/91 11:49:52 . orf
KJgr 2.000A .00 a8.'t -44.7 88.7 -44.7 1.1 116.3 3.05E-05 2.58 400oe LO/16/91 11:59:01 , ol
KJgr 1 3.000A carson rng .00 .00 1?.0 .0 .O 28.9 2'13.0 26.0 .00
cro4 03a
KJsr 3.0ooA .OO 118.2 -49.5 118.2 -4g.5 -24.0 1.23.6 1.21E-03 ?.85 nrm 08/26/91 ttzZZzZgJl)o
KJg! 3.OOOA .OO 128.9 -64.5 128.9 -64.5 -25.? 143.4 2.688-04 3.34 100oe Og/Lt/g't 09:17:T.ZZ
KJgr 3.000A .00 118.9 -52.7 118.9 -52.7 -23.9 126.9 5.89E-05 5.41 150oe O!/LI/91 09:33:32,Oc
KJgr 3.000A .00 117.5 -52.6 117.5 -52.6 -22.8 L26.4 7.62E-OS 4.13 20OoC 10/16/91 11:30:12,06
KJgr 3.000A .00 115.0 -57.0 115.0 -57.0 -19.5 r30.3 2.02E-05 4.63 20ooe \0/16/91 !!zS2zOJ- .OL
KJgr 3.OOOA .OO 75.5 -68.1 ?5.5 -58.1 8.4 L42.0 4.90E-06 10.9 400oe IO/16/91 12:01:35. oO{
KJgr L 4.000A carson rng .00 .00 17.0 .0 .0 28.'7 35.0 55.0 .00
crO4 04 a
KJgr 4.OOOA .OO 167.5 -14.6 L67.5 -14.6 -75.5 I2I.O 2.40E-04 9.92 nrm 08/26/91 L4:24239 J/)o
KJgr 4.000A .00 173.8 -L6.2 1?3.8 -16.2 -19.7 143.5 2.748-04 3.36 nrm 08/28/91 10:13:38
KJgr 4.OOOA .00 193.1 -5.3 r93.1 -5.3 -76.6 -101.5 7.60E-05 2.56 1O0oe Og/lL/91 Q9:2L:42.24
KJgr 4.OOOA .OO 195.6 -5,3 195.6 -5.3 -74.2 -9g.1 3.6?E-05 4.64 15Ooe Og/l-I/91 09:35:50. t3
KJgr 4.OOOA .OO 198.6 -?.8 198.6 -'1.8 -71.0 -102.0 3.638-05 3.50 2O0oc LO/L6/97 11:31:44,13
KJgr 4.0OOA .OO 209.1 1.6 2O9.1 t.6 -60.8 -88.4 1.33E-05 5.53 20ooe LO/L6/91 11:54:06,05
KJgr 4.000A .0O 229.3 20.8 229.3 20.8 -39.9 -75.9 3.69E-06 31.1 400oe LO/L6/91 12:03:31 .o I
KJgr 1 5.000A carson rng .00 .00 17.0 .0 .0 29.8 20.0 50.0 .00
cr04 05a
KJgr 5.OOOA .OO 107.3 35.7 r07.3 35.? -16.2 69.4 1,42E-O4 5.94 nrm 08/26/91 la:30:OO JUo
KJgr 5.OOOA .OO 109.? 58.? 109.? 58.? -I5.1 48.9 3.31E-05 5.90 lOooe 09/11/91 O9224r4I,73
KJgr 5.O00A .00 119.4 61.1 119.4 61.L -21.3 43.8 1.508-05 4.31 l5Ooe O9/LI/91 O9:38:4? .l b
KJg! 5.OOOA .OO 135.6 60.5 135.6 60.5 -32.4 38.4 1.34E-05 10.5 2OOoC 10/16/91 11:33:42,oq
KJgr 5.OOOA .00 14?.6 65.4 L47.6 65.4 -34.8 26.L 6.198-06 25.2 2OOoe LO/L6/91 11:56:47,o1+
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Sample t )ata
:. C00A Rem

:.000A Rem

3. 000A Rem
1 . 000A Rem

5. 000A Rem

L6 oct. )-991

Type Dec/Azl Long
Drxn :35.4
Drxn ?2.4
Drxn '-i8.2
Drxn 167.5
Drxn i:7.3

CRO.INRMS.PRT

:.../ PI/ Lai. intensL:Y
-i5.: -. clE-02
-.1 i.i 1.94E-03
-.1 9.5 :. Z!L-V)
-i4.6 :.40E-04

:a- i L.qaL-ac

nrm
nrm
nrm
nrm
nrm

RemarK

',CNPARAMETRIC TESTS FOR UNIFORMITY' T::ai :::cluced anqles
:eran's test staclstrc -- 2.'i'i 93

:ata non-random at 5.0t level.
3ine's tesE s-Latlstl.c = .3i22
:ata random ac 5.0t levei.
::nr)f neo '-esE. sta..l-stic = :.15i5
::--a ranoom :3 :. lt ievel.

. > , FISiiER S:AT:::::: T ' L

5 R = 3.5050
:,,:cordrng to t'Jatson's tesc:
:aca non-ranoom at. 5. Ct Levei .

lecrrnatlon = 136.? Incllnac:.cn = -21' 9 ?aieolac = -rl' 9

---.Ie tat:,tuce = -45' 4 Pole .l-cng1'.ude = '- -: 'l-'  :: = i-.y cm = )-.u uvdr
'-r.r.E. oI i:appa = 3.3145 k:ppa = :'6?56
,:.-ona 95 = 38.36 Cl-:cular scancard :ev1:-::n = : - ' 35

S?HERICAL MEDIAN:
'iufilDer of rteralions taken = 'i

leclr-natton = l-36.f IncIlnatl-on = -23': ?aieoiat = -'L?''
:..1,e I atl-tude : -i 5. 4 PoIe Iong I tuoe : 121 ' 3
.r.ngular drstance, Fisner mean to medran 2 deg'

> > > "VECTOR" STAT:STiCS < < <

:i=5R=1.135E-O2Arl'thmetlcsumc'il-ntenslties=:'353E-02
leclJ.nat]-on -- !12.2 IncLl'natron = -25 ' i- ?aIeolat = -i3 ' 8

Pole Latrtude = -14.2 PoLe l-cngrtude = 150.9
cp = 22.9 dn = 72.3 OvaI azlrnuch = 30'l
i'1.L.E. of kappa = 5.9650 kappa = 1"1'724
Alpha 95 = 39.15 circular stanoard dev13-'Lcn = 31 '66

.,1OMENT OF ]NERTIA:
'l = 5 E:.genvai-ues = .9924 l'3:'lC :'6535
-niform test s..aErstlc = l.l9 l'lorma-::eo = 'q580
:3ta non-r3;tcom 3t l. Jt Ie'reI.
;iooococK's oarameters: ji.ape = :. 166- iLSen!r:l =
-:NEAR DATA: Dl-rec!i-on of Y.AXIMUM el-Lj-e'"'e:'or'
:eclrnaf,lon = L{5.0 Incirnatron = --li'9 ?aleolat = -i
?:le iatrLuoe = -51-.1 ?cIe l:nq::ude = -18'5

i836

3

> > > BINGHA]'I STAT:S::CS < < <

:.1.L.8.'s o! Brngnam concenc:aclcn parame:ers: KL = -2"' K2 = -1'6
SLanoard devraElon angles: Srgma 1-3 = -9'85 S:-gma 1-2 = 28'l'7
ApproxrmaEe 95t confrJence angl'es: AIpna i-3 = 18'59 AIpha l-2 = 68'96
cval azLmuth = 68'3

Test st.atLstrcs for crrcuLar syrnmetry based on Bingham distribution:
BrpoJ.ar 1? Girdle = l-. 03

2nd elgenvector, declination = 43'1 lncirnatlon = -18'3
Approxirnate 95$ confidence angles: Alpna 2-L : I'12'34 Alpna 2-3 = 68'96
Oval- azlmuth (along 2-L) = L23.8
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Sample t Data T'ype Dec/A:/t-o",i:'.:/ 9.1-lLa:
:.COOA Rem Dr7'n :?2.? --5'i
:. O0OA Rem Drxn -'i .1 - j i ' 1

3.OOOA Rem Dr:{n ::5.C -r?'0
i.OOOA Rem Dr;{n :19.1 ''6
5 . OOOA Rem Drxn ,.11 . 6 ;5 . 4

:6 oct. i.991

r.lcn<r l\/

J. UIts-UJ
?. 4 9E-05
- . utL-u)
^. JJL-U)
'). I9E-06

:C0oe
: !0oe
2C0oe
? C0oe

Remark

'JONPARAI1ETRIC TESTS FOR LJNIFORMITY. :r--a- :-'cluc:c angles = l0
Eera;'s test stat!strc = l. ll-3
Daca ranoom cc 5.0t Ie'rei.
.ll:.e's test siatlstlc = .3804
ia--a .anoom'-c 5.0$ level.
C.r:c:neo tesr- statlstrc = '. - a9'7i
:a!a ::andom to 5. 0t ]eve].

> > > FISHER STAT:S:::5 < < <

fJ = 5 R = 2,4580
Accc-rd1ng to Watsonrs test:
Data random to 5.Ot leve}.
Deci:nation = 161.1 Inclrnatron = -i9'5 Paleolat = -l-0'0
Pole latitude = -68.7 Pol-e longrtude = ll8'6
cD = 53. 9 Crn : l-03.2 Cval azrlnuth : 53 ' 1

i 
^i 

k:nn: = L.'1209 kapPa = ..5i36
Alc;:a 95 = )8.19 cl-rcuiar standaro devl:--:tr:l = 65'50

SPH:RICAL MEDIAN:
)'luircer of tterat rons taken = I
Deci:aacrcn = f61.0 Incirnatron = -19'';31-eoia-- = -10'I
Pole iatrtude = -68.5 Pole icngrtude = -13' 6

AngLra! dLstance, Fisher mean to medra' I Jeg'

> > > "vEcToF.'s::.::sTll5 <. <

N = i R = 3. 016E-03 ,r.rlthmetrc sum :: :'^t,ens:-'f es = 3' 135E-03
Decirnaclon = 190.9 Inclfnatlon = -i6'i laieola-': -d'4
PoIe laErtude = -?6.3 Pole longrtude = -'-21 '8
dp = 9. O dm -- I'7.5 OvaI azLmuth = if " ' 0
M.L.E. of kappa = ?6.469? kappa = ll'1758
Aipra 95 = l?. 01 Crrcular standard devl::::n = 1- ' 63

MOMSNT OF iIIERTIA:
N = 5 E.j,genvalues = ,5708
Un:- iarm test statLstrc = 3. Cl
laaa :on-ranoom al L. l3 ievei.
:'looc:ocK's paramecers: ShaPe =

Norna-::ed = ,6'012

:-i.rr6n^-- - 1.4901

l:)i:AR DATA: Dtrectton of yAXIMUM elce:\'ector'
Dec-rnaEron = 226.3 Inclination = {4'- ?sleoiat = 26'3
Pc-e !atrtuoe = -38.2 PoIe iong:-cuoe = -'5'6

> > > BINGHA},I STATISTICS < < <

M T . rc nf Bindham concentratJ-on paranelers: KI : -4.5 K2 = -'6
Stancard cevlaclon angles: Sigma l-3 = 13'63 Srgma l-2 = 63'69
Approxrmate 95t confidence angles: Al,pha l-3 = 33.36 Alpha 1-2 = 155.88
Ovai azrmuth = 31.3

Tesr stat].st.tcs for crrcuLar symmetr-v taseo on Bingham distribut]-on:
Brpoiar = 2.56 Gtrdle = .20
2no ergenvector, declrnatlon = 5.5 ::cilnatron = 3'1 '4
App:ox].mate 95t confl-dence angles: ALcna l-1 = i3'79 Alpha 2-3 = 155'88
Ova:3zrmufh (aIong 2-1') = 152.j

JJ



1.000A carson lng

Cil5.Pmg

.00 . 00 17.0 .0 .o29.3 78.0 38.0 .00Tmvf I
CTUSUIA
Trnvf
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf
Trnvf
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf I
cr05O2a
Tmvf
Tmvf
Tmvf
Tmvf
'l mvr
Tmvf
Tmvf
Tmvf
Tmvf 1

Tmvf
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf
Tnvf
Tnvf I
cr0504 a
Tmvf
Tmvf
Tnvf
Tnvf
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf I
cr0505a
Tmvf
lmvr
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf
Tmvf

t.OOOA .OO 2g'j.Z -21,4 291.2 -27.4 26.2 -LO6.2 1.1?E-03 2.59 nrm O8/28/g1 10:1?:58 JbJ.
t.0OOA .OO 288.s -37.2 288.5 -37.2 L't.2 -111.8 6.848-04 2.21 SOoe 08/26/97 :-OtL2:24.54
t.OOOA .OO 256.8 -57.9 256.8 -5?.9 -10.3 -L29.3 3.8?E-04 L.22 lOOoe O,/LL/91 1O:39:15.33
I.OOOA .OO 238.3 -60.8 238.3 -60.8 -23.1 -136.4 3.30E-04 1.99 150oe 09/:-1/91 10:41:21.28-
1.OOOA .OO 221 .6 -62.5 227.6 -62.5 -2g.2 -L42.4 z.'toE-o| 2.68 200c,e Og/tL/g1 LO.48:2L '29
I.OOOA .OO 22L.6 -62.2 22t.6 -62.2 -32.8 -145.1 2.O78-O4 3.11 3OOoe Og/]L/g7 10:50:43.18
t.OO0A .OO 211.G -62.4 2L'7.6 -62.4 -34.9 -141.5 1.62E-O{ 3.82 400oe O9/]-]-/91 10:54:00,t{
1.OOOA .OO 215.1 -61.8 215.1 -51.8 -36.8 -148.4 l.I2E-O4 3.32 600oe 09/L]-/97 l0:58:11 'lo
1.OOOA .00 213.6 -51.3 213.5 -61.3 -37.9 -148.6 8.56E-05 2.'12 SOOoe 09/11/91 11:02:01.07
l.OOOA .OO 210.5 -52.3 21O.5 -62.3 -38.6 -151.9 6.87E-05 2.46 1000 og/tl/9'7 12:15:53.06
1.OOOA .OO 2O1.3 -01.9 2O7.3 -61.9 -40.4 -153.9 6.58E-05 3.61 2O0oC LO/03/91 L2:24:47.OL
2.000A carson rng .00 .oo 1?.0 .0 .o 29.3 11?.O 25.0 .00

2.OOOA .OO 287.6 -23.O 287.6 -23.O L't.2 -102.5 2.158-03 1.45 nrm 08/26/97 14:39:29JrJo
2,O0OA .OO 22I.2 -58.L 22I.2 -58.1 -35.9 -140.? 1.538-04 2.30 200oe 09/I:-/91 11:05:33.07
2.OO0A .OO 21s.4 -58. g 2t5.4 -58.9 -38,9 -145.0 1.138-04 2.70 3oooe OT/LI/g't 11:10:42 ',o'
2.OOOA .OO 2tO.B -58.9 2LO.8 -58.9 -4L.4 -148.3 8.62E-05 4.60 4oooe 09/LL/91 11:13:00.Dt
2.OOOA .00 20?.4 -5?.9 2O'1.4 -57.9 -43.9 -150.0 5.63E-05 3.50 600oe O9/LL/97 11:36:37 'o3
2.OOOA .OO 202.1 -58.2 202-1 -58.2 -46.1 -155.1 4.54E-05 .30 200oc LO/O3/91 L2t21236.67
2.OOOA .OO 192.6 -51.9 t92.5 -61.9 -45.4 -155.9 2.288-05 3.87 8000e LO/03/9't 12:36334.o1
2.OOOA .OO 188.8 -58.2 188.8 -s8.2 -50.3 -r59.3 1.87E-05 ?.55 1000 LO/03/91 12:40:10.OO5
3.000A carson rng .00 .00 17.0 .0 .o 29.0 137.0 30.0 .00

3.Oo0A .OO 290. o -z'7.I 29O.0 -2-1.1 19.4 -105.2 3.90E-03 1.28 nlm 08/26/g7 14:40:59 J/Jo
3.OOOA .OO 269.1 -44.6 269.1 -44.6 -.8 -116.2 3.07E-04 1.22 lOOoe 09/LL/91 LI:262L6'O8
3.OOOA .OO 245.9 -55.6 245.9 -55.6 -19.3 -128-'t L.428-04 2.29 2OOoe 09/LL/97 11:30:10.OS
3.OOOA .OO 224.9 -59.2 224.9 -59-2 -32.9 -139.9 7.39E-05 1.51 4OOoe O9/]-L/91 11:33:2?.oZ
3.OoOA .OO 218.1 -58.t 2I8.1 -58.1 -3?.8 -r42.5 4.83E-05 1.62 6OOoe o9/II/91 11:38:19.o1
3.OOOA .OO 223.9 -58.4 223.8 -58.4 -34.O -139.6 5.5?E-O5 1.41 2o0oc LO/O3/97 L2.292]-6.O1
3.OOOA .OO 211.4 -59.8 211.4 -59.8 -40.4 -148.8 2.33E-05 3.50 80ooe lO/03/97 12:43:15.Oot
3.OOOA .OO 214.2 -54.9 2t4.2 -54.9 -42.3 -141.? 1.84E-05 .91 1000 LO/03/91 !2246224 .ool
4.000A carson rng .00 .00 17.0 .0 .o29.L221.0 62.0 .00

4.o0oA .oo 249.6 -24.L 24g.6 -24.1 -19.9 -103.4 2.06E-03 4.63 nrm 08/26/91 L4.42t32JlJo
4.oooA .oo 231.2 -4O.6 23I.2 -4O.6 -35.2 -118.8 1.84E-04 4.98 loOoe 09/:-L/91 II.42244.o1
4.oooA .00 218.6 -48.6 2I8.6 -48.6 -42.9 -L32.3 9.80E-05 3.57 2000e O9/L]-/91 11:46:04,o5
4.OOOA .OO 209.1 -55.0 209.1 -55.0 -45.3 -145.? 5.958-05 3.1? 400oe 09/II/97 LLt49.22.O3
4.OOOA .OO 198.? -56.4 198.? -56.4 -49.2 -156.9 4.06E-05 4.70 600oe Oq/LL/91 11:51:58.o2.
4.OOOA .00 203.2 -57.1 203.2 -57.1 -46.1 -r53.6 3.958-05 4.95 20OoC \O/O3/91 L2|3I.I3.oZ
4.0ooA .oo 199.9 -58.3 199.9 -s8.3 -46.9 -157.2 1.94E-05 5.44 8000e lO/03/91 12.49,24.o1
4.OOOA .OO 201.3 -51.1 201.3 -51.L -52.4 -L49.7 1.51E-05 4.13 1000 lO/03/97 L2:52:.37 .s6t
5.000A carson rng .00 .oo 1?.0 .0 .0 30.2 2'1 4.0 44.0 .00

S.OooA .OO ZZB.8 -31.9 228.8 -31.9 -38.9 -Ll2.s 6.46E-04 3.95 nrm 08/26/91 1a,aa,25 Jlfo
5.OOOA .OO 2O1.2 -53.I 201.2 -53.I -4'7.8 -145.6 1.14E-04 3.63 l0ooe O9/I1/g7 11:5?:04'18
5.OOOA .OO 20r.7 -55.3 201.7 -55.3 -48.g -L52.9 8.20E-05 2.43 2OOoe OT/LL/9't 12:00:L2,13
5.OOOA .00 198.4 -58.7 198.4 -58.7 -47.2 -LSg.O 5.33E-05 2.61 4OOoe Oq/LL/97 12:03:13.o8
5.OOOA .OO 19?.5 -61.L L91.5 -61.L -44.9 -161.? 4.148-05 3.13 60Ooe Og/]-L/97 12:06:0? .05
5.0OOA .OO 204.2 -51.6 2O4.2 -5't.6 -45.7 -752.6 2.138-05 4.17 800oe O9/tt/9't L2zO9|02.O1
5.OOOA .OO 199.2 -52.1 r99.2 -52.L -52.6 -152.9 2.398-05 8.41 1000 09/]-I/91 L2:I2247 .Ov
5.OOOA .oo 209.1 -53.9 209.r -53.9 -46.1 -144.6 2.3?E-05 9.40 2000C IO/03/91 l2z32t45.oLf
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CROsNRMS.PRT

sample # Data Type Dec/Az/Long Inc/ PI/Lat Intenslty Demag Remark

Mon, 6 Oct. 199?

NONPARAMETRIC TESTS FOR UNIFORMITY. Total included angles = 0

Grne's test st'at1stlc = .0000
Data random co 5.0t ]evel.

MOMENT OF INERTIA:
N = O Eigenvalues = .0000 .0000 '0000
LINEAR DATA: Dj-rectton of MAXIMUM el-genvector.
Declrnatron = 2'10.0 Inclination = .0 Paleolat = '0
PoIe Iatltude = .0 Pole longitude = -90.0

sample # Data Type Dec/Az/Long Inc/Plllat Intenslty Demag Remark

Tmvf l. OOOA Rem Drxn 297 ,2 -27 .4 I.17E-03 nrm
Tmvf 2.OOOA Rem Drxn 287.6 -23.0 2'16E-03 nlm
Tmvf 3.OOOA Rem Drxn 290.0 -2'l.L 3'90E-03 nrm
Tmvf 4.OOOA Rem Drxn 249-6 -24.L 2'058-03 nrm
Tmvf 5.OOOA Rem Drxn 228-8 -31.9 6'45E-04 nrm
Mon, 5 oct. 1997

NONPARAMETRIC TESTS FOR UNIFORMITY. Total included angJ.es = l-0

Beranrs test statlstic = 3.5853
Data non-random at l.0t level-.
Ginefs test statrstic : I.2304
Data non-random at l.0t level-
Combrned test statisttc = 4.8157
Data non-random at l.0t level-

> > > FISHER STATISTICS < < <

N = 5 R = 4.5855
According to Watsonrs test:
Data non-random at 1.Ot Ievel.
Declinatron = 2'7L.6 Inclination = -29.3 Paleolat = -15'7
PoIe latitude : 1.5 Pole longltude = -105.7
dp = 15.8 dm = 28.6 Oval azimuth = 89.6
M.L.E. of kappa = 12.0667 kaPpa = 9'6534
Alpha 95 = 25.94 Circular standard deviation = 26'23

SPHERICAL MEDIAN:
Nunber of iteratlons taken = 4

Dec]lnation = 21I.5 Incllnatlon = -29.3 Paleolat = -15'7
PoIe latitude = 1.4 Pole longitude = -105.7
Angular dj,stance, Fisher mean to median 1 deg'

> > >'VECTOR" STATISTICS < < <

N = 5 R = 9.412E-03 Arithnetlc sum of intenslties = 9'9368-03
Declrnation = 2'78.5 Inclinatlon = -27.5 Paleolat = -14'6
PoIe Latitude = 8.3 Pole longitude = -104.7
dp = 12.1 dm = 22.1 Oval azlnuth - 87'8
M.L.E. of kappa = 18.9444 kaPpa = 15.1555
Alpha 95 = 20.30 clrcula! standard devlation = 20'87

MOMENT OF INERTIA:
N = 5 Eigenvalues = .0241 .7504 4'2255
Unlform test statistic = 15.13 Normalized = 3'0255
Data non-random at 1.0t 1evel.
Woodcockrs parameters: Shape = .5025 Strength = 5'15?4
LINEAR DATA: Direction of MAXIMUM eigenvecto!.
Decli.nation = 213.2 Inclrnation = -28.9 Paleolat = -15'4
Pole latrtude = 3.1 Pole longltude : -105.5

> > > BINGHAM STATISTICS < < <

M.L,E.'s of Bingham concentratlon parameters: K1 = -106'5 K2 = -4'0
Standard devratron angles: Sj'gma 1-3 = 1.92 SLgma t-2 = f0'83
Approxtmate 95t confidence angles: Alpha 1-3 = 4'69 AJ'pha 1-2 = 26'51
OvaI azrmuth = 81.7

Test statls
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Cr05fs.prt

Sample t Data Type Dec/Az/Lonq Inc/Pll]-at Intensl'ty Demag

Tmvf:.OOOALrnsegm?L8-2-62'31'628-044OOoeORIGN
Trnvf2.oooAL]'nsegm212.3-58.38.62E-05400oeoRIGN
Tmvf 3.OOOA Lr.n Segm 225.7 -59'1 ?'39E-05 400oe ORIGN

Tmvf4'oooALinsegm2oT.S-55.95.958-05400oeoRIGN
Trnvf5.oooALrnsegmlgT'1-60.25.33E-05400oeoRIGN
Fri, 3 oct. 199?

NONPARAMETRIC TESTS EOR UNIFORMITY.
Beranrs test statistic = 4.5504
Data non-random at I.0t level.
Grnefs test statistic = 2.7520
Data non-random at 1.0t level.
combined test statistic = 6.8024
Data non-random at 1.0t level.

Total included angles = l0

> > > FISHER STATISTICS < < <

N= 5R= 4.9184
Accordj.ng to Watson's test:
Data non-random at 1.Ot level.
Declrnation -- 2L2.1 Inclination = -59'5 Paleolat = -40'3
Pol.e lati-tude = -4o.2 Pole Iongltude = -I48'0
dp = 6.4 dm - 8.5 Oval aztmuth = f35'9
M.L.E. of kappa = 231.0338 kappa = 184'8281
Alpha 95 = 5.64 Circular standard devration = 5'95

SPHERICAL MEDIAN:
Numlcer of iteratrons taken = 5

Decl1nati.on = 2\2.0 Incllnation = -59.6 Paleolat = -40'4
Pole l-ati,tude = -40.2 Pole Longitude = -148'1
Angular dtstance. Fisher mean to med:.an 1 deg'

> > > "VECTOR" STATISTICS < < <

N = 5 R = 4.334E-04 Arithmetlc sum of intensities = 4'349E-04
Declinati.on = 2L4.1 Inclination = -60.1 Paleolat = -41'0
Pole latitude = -38.7 PoIe longitude = -L47'2
dp = 5.8 dm = 1.? OvaI azimuth = 134'l
M.L.E. of kappa = 281.2811 kappa = 229'8249
Alpha 95 = 5.05 Cilcular standard deviation = 5'33

MOITENT OF INERTIA:
N - 5 Eigenva.Lues: .00?3 '0358 4'9569
Unlform test statistic = 24.35 Normalized = 4'8715
Data non-random at l - Ot level.

Remark

woodcockrs parameters: Shape = 3.1106 Strength =

LINEAR DATA: Direction of IIAXIMUM ej-genvector'
Declrnation = 2I2.1 Inclination = -59.5 Paleolat =
PoLe lati.tude = -40.2 Pole longltude = -148.0

-40.3

> > > BINGHAI'I STATISTICS < < <

M.L.E.'s of Bingharn concentration parameters: Kl = -34L'9 K2 = -7O'7
Standard devralron angles: Sigma l-3 98 Sigma 1-2 = 2'17
Approxrmate 95t confrdence angles: Alpha 1-3 = z'rfl Alpha l-2 = 5'32
Oval azrmuth = 95.0

Test statj.stics for ci-rcular symmetry based on Binqham distribution:
Brpolar = 3.85 Girdle = 173.88
Test lndl.cares syrnmetric bipolar drstribution. Mean Bingham alpha = 3.86

> > > DIMROTH-WATSON STATISTICS < < <

Drmroth-watson concentratj'on parameter = -115'90
circular standard devr.ation = 5.33 des. (Parametrj'c estimate.)
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KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJgr

KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
K\tgr
KJgr
KJg!
KJgr
KJgr
KJgr
KJgr
KJgr

KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJg!
KJgr
KJgr
KJgr
K,Jgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJg!
KJg!

KJgr
KJgr

1.000A carson rng
1.000A .00 286. 9

r.000A .00 280.8
r.000A .oo 211.0
1.000A .oo 2"t6.2
1.000A .oo 2'12.4
1.000A .00 281.8
1.000A .oo 275.9
1.000A .oo 269.1
1.000A .00 281.9
2.000A carson rng
2.000A . 00 305. 9

2.000A .00 306.3
2.000A .00 303.1
2.000A .00 302.3
2.000A .00 304.4
2.000A .00 304.0
2.000A .00 308.8
2.000A .oo 275.'l
3.000A calson rng
3.000A .00 266.4
3.000A .00 28?.3
3.000A .oo 288.2
3.000A .00 291.3
3,000A .oo 292.4
3.000A .oo 294 .8
3.000A .00 299.2
3.000A .00 285.3

.0OOA carson rng

.000A .00 209.3

.o00A .oo 209.6

.000A .00 211.7

.000A .oo 217.6

.000A .oo 219.'7

. 00 .00 17.0
50.5 286.9 50.5 14.4
65.4 280.8 65. 4 7 .3
64.8 277 .O 64.8 4 .8
65.4 276.2 65.4 4.2
66.9 272.4 65.9 1.6
69.2 28L.8 69.2 ? .1
12.7 27 5.9 '7 2 .7 3. 1
o5.t zo9. / oJ./ -.2
5'7 .7 28I .9 5'7 .7 9.3

.00 .00 17.0
33.5 305. 9 33.5 33.8
50.0 306.3 50.0 30.6
50.7 303.r 50.'t 21 .8
az.v Juz.J az.v zo.6
50.8 304.4 50.8 2A.A
50.8 304.0 50.8 28.5
47.7 308.8 47.7 33.3
6L.6 2't5.7 6L.6 4.2

.00 .00 17.0
3.3 266.4 3.3 -3.5

4L.O 28't.3 41.0 15.8
43.1 288.2 43.7 15.3
41 .2 29I.3 41 .2 18.5
4-t.o 292.4 41 .O 19.6
46.3 294.8 16.3 2L.8
50.r 299.2 aO.L 24.8
(? n ?aR ? (? n 1) 1

.00 .00 17.0
35.4 209.3 35.4 -55.2
34.8 209.6 34.8 -55.3
45.I 2II .'t 4 5. I -4 9. 5
5L.5 2L'7.6 51.5 -42.1
50.6 219.7 50.6 -41.1
62.9 232.t 62.9 -26.),
54.8 238.0 64.4 -2L.3
66.6 225.7 66.6 -27.2
69.5 199.1 59.5 -34.4

. oo .00 1?.0
3.6 22r.9 3.6 -48.1

-9.2 229.2 -9.2 -40.'l
-2 .5 234 .4 -2.5 -35. 5
?.5 235.3 7.5 -34.6

L4.5 24t.L 14.6 -28,6
LL.Z aqv. t LL.Z -Z>.2
29.6 243.5 29.6 -25.4
34.I 240.9 34. L -21 .5
25.4 234.6 25.4 -34.3

4.000A .oo 232.L
4.000A .00 238.0
4.000A .oo 225.7
4.000A .00 199.1
5.0OOA calson rng
5.000A .oo 221.9
5.000A .oo 229.2
5.000A . 00 234 . 4
5.000A .00 235.3
5.000A .00 241.1
5.000A .oo 240.1
5.000A .00 243.5
5.000A .00 240.9
5.000A .oo 234.6

COT.pmg

.0 .O 29.6 14.0 51.0 .00 cr070la
-s7.6 2.43E-04 3.88 nrm 08/26/97 ta:52:gr J/Jo
-42.0 I.838-04 1.68 SOoe 09/22/97 LSz38:32 .15.
-43.1 1.56E-04 1.49 100oe 09/22/97 tll.42215 . blt
-42.3 L.11E-04 2.7O 2OOoe 09/22/91 15:45:35 .46
-40.4 5.84E-05 2.57 AQOoe 09/22/91 15:48:36.a{
-36.6 2.'tlE-05 3.65 60Ooe Og/22/g't 15:51:3G .l I

-31.7 1.428-OS 6.15 800oe 09/22/91 15:56:18 .06
-44.1 6.658-06 14.? 1OOO Og/22/91 16:00:13.O3
-51.1 ?.688-06 11.6 2OOoC lO/OI/97 15:50:59 . r3

.0 .O 29.6 321 .0 37.0 .00 cx97}.2a
-57.8 3.01E-04 1.93 nrm 08/26/91 14:53:51 )/Jc
-53.5 1.55E-04 1.59 l00oe 09/24/91 08:41: B .51
-53.9 1.10E-04 1.53 200oe 09/24/91 08:45:56 ,?b
-52.9 5.8?E-05 2.84 400oe 09/24/91 08:49:36 ,14
-53.4 3.01E-05 2.16 600oe 09/24/97 O8:53:0O.lO
-53.5 L.58E-05 6.22 8Oooe og/24/97 08:56:29 .05
-54.8 1.628-05 4.43 2OOoC IO/OI/97 15:52:46 .o5
-41 .I 1.?48-06 7.?2 1O0O rclL5/g't 15:03: 06 ,o3

.0 .0 29.5 15?.0 71.O .00 cr0703a
-88.4 1.?2E-03 4.24 nrm O8/26/g't 14:55:3? J/Jo
-65.5 1.37E-04 2.44 2OOoe Og/24/97 09:00:37 , *5
-53.3 9.11E-05 2.37 300oe 09/24/91 09:04:50 .39
-59.9 6.45E-05 2.67 4OOoe Og/24/91 09:O?:59.al
-59.9 3.07E-05 3.?2 6OOoe 09/24/97 09:11:19 .10
-50.1 3.11E-05 2.7O 2OOoc LO/Ol/97 15:54:08 . l0
-55.6 1.588-05 3.99 SOOoe IO/15/g't !4252:42.05
-51.4 9.548-06 4.63 1000 LO/L5/9'7 14:56:34 .03

.0 .O 29.4 73.0 45.0 .00 crO?Q4a
-54.1 8.?5E-03 9.34 nrm 08/26/91 14:5?:29 JlJo
-54.A 2.25E-03 9.16 100oe 09/24/91 09222:34 .26
-46.3 4.828-04 6.85 2OOoe 09/24/97 09226225 .oS
-44.2 2.25E-04 5.33 30Ooe 09/24/97 09:29 48 .03
-46.4 2.138-04 1.82 2OOIC IO/O]-/97 15:5?:20.oa
-38.9 8.04E-05 3.44 4OOoe IO/15/91 14:39:18. Ol
-38.5 3.9?E-05 3.?6 600oe LO/L5/91 14:42:11. oO{
-31.8 1.89E-05 6.94 8OOoe LO/L5/91 ,n-44-59 . oOL
-13.? 1.06E-05 8.3? 1OOO 1O/L5/97 14:48:32.oOl

.0 .O 29.8 206.0 50.0 .00 cr0?05a
-8?.3 5.958-03 4.60 nrm 08/26/91 14:59:OS JlJo
-96.1 2-318-03 3.72 100oe 09/24/91 O9:33:54 ,?1
-91.6 5.82E-04 3.39 200oe 09/24/91 09:37:48 . I D

-85.4 2.2A8-O4 4.18 3O0oe Og/24/97 09:41:38 .O+
-81.5 I.41E-04 6.82 4OOoe 09/24/91 09:46:58.22
-83.5 1.348-04 5.08 2OOoC IO/OI/91 15:59:11.o2
-'72.4 3.368-05 3.54 6OOoe IO/t5/97 L4228:OL.o06
-68.8 1.73E-05 1.68 SOOoe LO/L5/g't 14:31:21 . os3
-?3.8 9.46E-06 6.88 1OOO IO/15/91 14;34;57.002
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Sample f :3ta Tlpe Dec/Az/L'ng I^c/ Pll'at -:itenslty )emag

tiJgr 1.OOCA Rern Dixn 286'9 r0'5 l'438-04 n:n
r.:.lir 2.OOOA iem Drxn 305'9 33'5 j'0lE-04 n:n
KJer 3.OOOA iem Drxn ?66'4 3'3 :'72E-03 ;im
X.lqr 4.OOOA Rem Drxn 209'3 35"1 :'758-03 n:m

KJqr 5.0OOA Rem Drxn ?2L '9 3 '6 : ' 95E-03 nrm

lhu, 1,6 Oct. i99?

NONPARAMETRIC TESTS FOR UNIFOR]'IITY. ICtAi iNCIUCEO ANqIES = 10

Seran's test sta-.islic = 2'51L1
Data non-random at 5.0t levei'
Grne's test statrstlc = .5240
Data random to 5'Ct Ievel'
Combtneo test s'-3t:stLc = 3'0957
Dala non-ranoom at 5.Ot level'

RemarK

)i= 5R=
Accordrng co Watson's test:
Data non-random at 5.0t levei'
Declrnatron = 255.9 IncIl-natron = 30'4 Paleoiac =

?oLe latrtude = -13.6 ?oie 'Lcngrtuce = '13'2'

> > > FISHER STATISTICS < < <

3. 9998

:i o

lo.J

tp = :l.i om = ;8.8 C'/ai azlmuch =

1.1 .L.E. cf kaPPa = 1.99E8 kapPa =

SPHERICAL MEDIA}I:
Nurilcer of lteraer:ns taKen = 4

DecI]'naLlon = :55.3 Incirnatron = 3O'3 Faieoiat = l6'3

Pore Iacl.tude = -:3.6 Pore Iongrcuoe = --3'Z
Angular drstance, irsher rnean to meoran I deg'

> > >'VECTOR' STATISTICS < < <

N = 5 R = l'.5398-02 Artthmetrc sum of lntenslt:'es = L'696E-02
Decl.inataon : ??2.1 Inclrnatron = 22'5 PaIeoIat = ll'7
Pole latitude = -46.6 Pole longitude : -i2'8
dp - 15.5 dm = 29.3 ovaL azlmutn -- 1'7 '3
M.L.E. of kappa = 10'??12 kapPa = 8'6170
Alpha 95 = 2'7.64 C:-rcular standard devtatron = 21 '8C

LINEAR DATA: llrectron of IUSXIMUM efgenvectcr'
Declrnacl-on = ::-.I IncI:natron = 30'3 PaLeo:ai =

PoIe latrtuoe = --2.3 Pcl'e )-ongrcuce = -;3'3

> > > tsINGHAH STATiSTICS < < <

M.L.E.'s of Brn-qn3n ccncentrati"on p3rameters: irL = -5'1 K2 = -2'O
standard devrarLcn angj-es: srgma 1-3 = i0.24 Srgna 1-2 = 20.45

oppfo*.n'"." 95t confrience angl-es: Aipha L-3 = -5'05 AJ-pha i-2 = 50'04

OvaI azrmuEh = -1.4

Teststat]sticsfcrclrcuiarSynmetrybasedonBingiamdlstrabutlon:
Blpolar = '\.50 Grrdle = 1' 96

2nd ergenveclor, cecltnaElon = 356'8 inclinat:.on = L6'0
Approxrmate 95t confidence angles: Alpha 2-1 = 5l'2? Alpha 2-3 : 50'04

Oval aztmuth (along 2-L) = l?L'1

MOMENT OF INERTI}.:
\= 5 E:genvaiues=
Unrform test sEatrstrc =

Data ncn-random at l.0t ievel'
;',looococri's Parame'-e5s: S:laoe =

.4852 1.2980 3.2163
5.90 Normailzed = :.:304

i6.3
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SamDj,e i ::--3 T'.pe DeclA3l Lonq Inc/ PIl:,at f ntensltT lemaq RemarK

I":.rgr - . ,30A : 3m Drxn :- 5. 9 '- ? .i
]iJgr :. ICCA ::n D:xn jJ1.0 50.t
KJgr J.300A ::rn Drxn :99.2 50.1
KJgr 4. C00A ::n Dlxn :25.1 66.6
riJgr 5 . l00A ::n Dr:{n :10. 9 3'f i
Th" 16 a-i ' iqf

.42E-a5 :0Ooe
-5dL-lr: :-Uoe
.588-05 :0Coe
. a9E-U5 :UUoe
.73E-05 a'l0oe

fIoNPARAMETRIC TESTS aIR TiNIFORMITY. Tcta} rnciuoed angies : lO
Beran's cesE siat:3::: = l.:3i3
Data non-ranoom a-, -.lt level.

- 1i41

JaLa non-rar:ccn a: -. rt -eve!.
rFqr c-::-:::: = ;.:[;i

Data non-ranoom a: - . -t iever.

' . IISHER STATISTICS' t'
l'l = : R = j.ajl1
Accordl-ng tc iiacsc: 's --esa:
laLa :.on-ranocn a: :. .lt ievel.
Declrnacicn = ?11.i:nciinatlcn = 59.0 Paleolat: l9.E
Pofe lac:.tu:e = .: Pole r:ngltuce = -50.-
lp = 16.9 :n = i:. i C/aI a::mucn = Jj.3

1"1 .L.8. ;a f:acpa = ll.--95 (3oPa : ::.,:36
Aipha 95 =:.1.1: ::::u,:: sL3n:arc cev:aclcn = -'1.51

5rnLnM! .'lL!:,..-r.

Nurcer oi :teracra-,s :3f:en = I
Decfrnatlon = l-!.: lnciinatron = 59.0 Paleoiat = :9.1
PoLe lat:-tude : .: PoIe Iongttude = -50.3
Angular dlstance, ::sner mean to medran i deg.

> > > "VECTOR" STATISTICS < < <

N = 5 R = -.59::-05 Arrthmetrc sum of lntensrtles : 3.200E-05
Dec]lnati.on = :68.::ncllnatron = 58.9 PaleoLat = 39.6
Pole Iatltude = -l .4 Pole Iongitude = -50.4
dp = 2?.1 cn = :5.4 Oval azlmuth = 88.8
M.L.E. of kappa = 13.4335 kappa = 10.7468
Alpha 95 = 21,45 C:-:cuiar standard devratron = 24.84

MOMENT OF INERTIA:
N = 5 E:genva- -es = '::40 .4666 r .3094
Unlform tesC s:aE:s--:.c = 15.16 Normaj.rzeo = 3.i5i-?
lata non-:anccm 3: -. -'i Level.
w^^^-^-k I q .r r^ner 4:s: S;taDe = 3.0295 Strenolh = :. 9569

;INEAR DATA: li,re::l:n .f MAXiMUI'1 er,f,envectcr,
Seclrnaticn = :-:.5 Inclrnatlcn -- a9.5 Paleol-at = iC. i
PoIe latrcuoe = -.: Pcle icngti'ude = -49.i

> > > BINGHAM STAT]STICS < < <

M.L.E.'s of 3:-ngna: c.ncent13."j-on paramecers: "i1 = -i1.9 K2 = -6.1
Stanoaro devtatfor.:ngles: S:gma i-3 = 5.81 Srgma i-2 = !.34
Approxlmate 93t cc-::ler.ce angies: AIpha L-3 = 14.23 Alpha i--? = ?O-42
ovaL azlmutn = :3 . 6

Test statrsclcs ic: c:.rcular si'rmeLry based on Bingnam ii-strrbutrcn:
Blpoiar lC 3lroie = 11.80
TesE rndrcaCes sytri:etrl.c stpoler orstribuLron. yean Blngham alpha = i'7.32

> > > DIMROTH_IiATSON STATISTICS < < <

Dlmroth-Watson concentracLon parameter = -1.99
Crrcular standard :evtaCt-on = 2l-.61 deg. (ParameCrIc estlmate. )
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Crl l.pmg

Tmv
Tmv
Tmv
Tmv
Tmv
Tmv
Tmv
Tmv
Tmv
Tmv
Tmv
Tmv

l,.00CA carson rng
1.00cA .i0 2.6
Z. UUVA L5I-VII !:;Y

2.000A .10 13.1
2.000A .10 6.1
3.CCOA carson rng
3.0c0A .c0 :.0
3.000A .c0 2.o
4.00CA carson rng
4.oooA .00 5.5
5.000A carson rng
5. O00A . J0 5. I

.00 1?.0
2.6 58.5 5C. 8

.00 17.0
l3.l 60.0 4'i.4
6.1 59.1 4).6

.00 17. C

. n (? q <' A

:.0 58.8 5C. 1

.00 l7 .0
5.5 59.8 19.0

.00 l-7.0
5.1 59.2 49.8

. . .,.J 24 .0 9? . 0 59.0
3.2 '1 .5lE-07 5.33 nrrn

.l .o 23.4 145.0 30.0
'14.1 2. 15E-0? 13.1 nrm

1 .9 2 .27E-O7 18. 9 nrm
. i .c 24.6 189.0 23.0

2.6 L.84E-06 15.9 nrm
2.4 L.82E_06 10.7 nrm

.J .J 22.5 15?.0 60-0
6.3 2.37E-06 - 95 nrm

. I -A 26.4 67.0 28.0
6.O 2.50E-06 5.58 nrm

.00
08/26/9't l5:C4:49

.00

.00
5U.5

.00
60.0
59.1

.00

58.8
.00

59.8
.00

59 .2

AA / 26/ 9't l5: 06: 35
08/26/91 l5:15:28

cr1102a

cll104a

cr1105a

.00
08/26/97 l5:08:09
08/ 26/ 9'7 l5:1,4 :03

.00
08/26/9'7 15:09:52

.00
08/26/9'7 L5zLI:22
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Sampie * Daca lype De./Az / Lc:.= -:../ PIlLat Intensl.cy lemag .?.emark
:-.,' L.000A Rem Drxn :. 6 58. 5 I . 5lE-0? nrm
l-v 2.000A Rem Drxn :3,1 c0.0 1.16E-07 nrm
l:r'v 2. C00A Rem Drxn 5.i 59. L :.2'78-A1 nrm
lr.'r 3.000A Rem Drxn 1.0 5;.5 1.84E-06 nlm
l:v r. 000A Rem Drxn : . 3 53 . 8 l- . 82E-06 nrm
:iv 4.000A Rem Drxn 5.5 59.8 2.318-06 nrm
l:v 5.000A Rem Drxn 5.1 59.2 :.60E-05 nrm
T:e, l4 Oct. i997

)IONPARAMETRIC TESTS EOR UNIFORMITY. :t:a! incruoeo angles = 2I
3eranrs tes! stat.j'st].c : 6.8283
;aEa non-random at l.0t level.
3:ners test staE.lst:-c : 3.3284
)ata non-random at l.0t Level.
Cod)rned test statrstic : 10.1557
laca non-random a!' l.0t level.

> > > FTSHER STAT:STICS < < <
N = I R = 6.995'7
Accordr,ng to Watson's test:
Data non-random at l-.08 Ievel.
lec.l.:.natron = 5.2 IncLinattcn = 59.C Paleolat = 39.8
:rle i-at]-tuoe = 49.9 PoIe icncrauoe = 5.:
:p = l-.8 dm = 2.4 Ova]- azi.muln = i.:
".:,.:. of kappa = \625.6990 kaopa = -:33.a550
nipha 95 = L.62 Ctrcular stanc3rc ce'.,::tion = l.i6

S?HERICAL MEDIAN:
'jumoer of l-teratr-ons taken = I9
Decil'natlon = 5.1 IncL.:.natlcn = 59.1 PaLeoiat = 40.0
?ole ]atltude = {9.8 Poie lcnortude = 5.0
.ingular o:stance, Frsher mean L: meora:. : deq.

> > > NVECTCR" S:;.T]STICS < < <
ii = 7 R = 9.821E-06 Arrthmettc sum cf i.nrensrtles = 9.824E-A6
Decli-natron = .l .0 IncIlnatlon = :9.9 PaLeolat = 39.'t
?cle .Latl-tude = 50.1 PoIe lcng:ruce = 4 .8
cp = i.2 dm : i.6 Oval a::-muth = 5.3
M. L. E. of kappa = 352L.2420 kaopa = :133. 8260
A]pha 95 = 1.08 Circular stancard devta:lon = i.45

VOMENT OF INERTIA:
)i = I Elgenvalues: .JC04 .-J82 6.9914
-i:rrform Eest statrstr-c = 34.87 No.riiairzed = 4.9816
:a-'a non-random at l.0t ievei.
;,ioodcock's parameters: Shape = 2.?6'i6 Strength = 9,7266
L;IJEAR DATA: Drrectron of MAXIMUM erqenvecror.
leclinacron = 5.2 Incl:,natron = 59.0 Paleol,ac = 39,8
Pole l.atr.tude = 49.9 PoIe ionqi-tuoe = 6.2

> > > BINGHAM STATISTICS < < <
l'1.1-.8.'s of Brngnam concentrat::n parai:erers: K1 = -3393.1 K2 = -432.I
Standa.rd devratron angl-es: Sigma 1-3 = . i7 Sigma 1-2 = .'1 1
Approxrmate 95t confldence angies: .ilona 1-3 : .41 Alpna 1-2 = 1.81
Cvai azrmuth = 69.2

Test scatl,strcs for clrcular syrftmetrV caseo on Brngham dlstrrbutron:
Srpoiar = 30.93 Grrdle = i508.67
:nd elgenvector, declrnatron = 113.2 :ncLrnatron = 10.5
Approxrmate 95t confrdence angles: A:Dha 2-l- = i2.61 Al-pha 2-3 = L.81
JvaI azrmuLh (aIong 2-It = 15C.7
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Crl4.pmg

KJgr
KJgr
KJgr
KJgr

KJgr

KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJgr
KJgr

KJgr

KJgr
KJgr
KJgr
KJgr

l i.000A carson range
1.000A .00 95.6
1 .000A . 00 90. 8

1.000A .00 8'7 .'7
1.000A .00 51.4
1.000A .00 45.8
2.000A carson range
2.000A .00 -71 .2
2.000A .00 54.4
2.000A .00 58.4
2.000A .00 49.5
2.000A . 00 49.2
2.000A . 00 34 .'7
3.000A carson range
3.000A .00 l-3.5
3. 000A . 00 26 .0
3.000A .00 40.?
3.000A .00 40.6
3.000A . 00 37 - 8
4.0004 carson range
4 .000A . 00 12.1
4 .000A . 00 22.5
4 . 000A . 00 22.J.
4 .000A .00 24.O
4 .000A . 00 39.4
5.000A carson range
5.000A . 00 35.3
5.000A . 00 23.3
5.000A .00 38.5
5.000A . 00 95.2
5.000A .00 85.7

.co .00 16.5
r.6.5 95.6 i6.5 -5.5
"q ? an R ?q 1 -.8
3't.2 81 .'1 31 .2 2.2
59.9 5?.4 59.9 24.1
6L.2 45.8 6L.2 31.0

.00 .00 16.5

44.,1 54.4 .l 4.7 31.4
42.6 58.4 12.6 28.5
41.8 49.5 r1.8 36.3
51.7 49.2 51,,7 33.5
49.9 34.7 19.9 45.0

.00 .J0 16.5
49.4 13.5 49.4 57. I
50.5 :5.0 50.5 50.2
55. 1 4 0.7 55. 1 38. 1

48.3 40.5 48.3 41.4
62.2 37.8 62.2 35.0

. 00 . 00 16.5
52 -r L2.r 52.I 55.3
52.3 22.5 52.3 50.8
47.9 22.L .r7.9 54.2
39.3 24.O -?9.3 5''.7
21 .3 39.4 2'1 .3 48.4

. 00 . 00 16.5
4'7.5 35.3 47.5 45.8
57.5 23.3 s7.5 46.2
49.2 38.5 49.2 42.6
63. 4 95.2 63. 4 -3.6

.0 .O 26.0 2'76.5 32.0 .00 cr1401a
81.5 1.678-04 l.60 nrm 08/L4/97 11:54t12 JlJo
67.8 2.538-05 2.7o IOOoe Og/24/9't 09:5?:42 ,15
69.2 f.38E-O5 16.1 2O0oe Og/24/91 I0:02:15 'Og
44.3 g.36E-06 7.98 3OOoe Og/24/97 lO:06t20.Ob
38.3 4.10E-06 8.79 4Oooe og/24/g'7 10:09:59'oZ

.0 .O 21.6 298.5 29.O .00 cr!4O2a
59.4 1.538-04 3.51 nrrn 08/28/97 fO:08:33 J lJo
58.? 3.?5E-05 6.79 I0Ooe 09/24/97 10:14:L2,Zs
61.6 3.66E-05 5.01 2OOoe 09/24/91 10:17:38,1O
59.5 1.57E-05 4.'71 zo}oe 09/24/97 1O:T,225.o$
50.1 1.13E-05 7.12 30Ooe 09/24/97 10:25:OO 'o?
43.8 8.038-06 13.0 4OOoe Og/24/97 1O:28: B .Os

.O .O 28.4 336.5 40.0 .00 cr140.3a
2L.7 I.398-04 1.93 nrm 08/L4/91 11:59:OO J lJo
35.8 2.?5E-05 5.57 lOooe 09/24/91 lO:34:42 ,Zo
42.3 L.43E-05 9.71 20ooe 09/24/97 l0:38:11.1o
49.2 8.498-05 9.56 30Ooe 09/24/97 10:41:10 .oG
32.9 8.16E-06 15.4 40ooe 09/24/9'7 10:43:55 .o("

.0 .O 28.4 282.5 31.0 .00 cr1404a
18.1 1.178-04 2.34 nrrn 08/L4/g'l L2:OLz59 J lJo
30.'l 2.318-05 3.53 l0Ooe 09/29/97 15:12:36 . Zo
34.2 L.268-05 2.!O 2OOoe 09/29/9-t 15:15:08 ' I I
44.8 9.OBE-06 4.81 3OOoe 09/29/9'l 15:18:55 'Og
67.9 6.81E-05 10.1 4OOoe 09/29/97 LSz2L:49 , olo

. O .O 2'7 .4 50.5 32.0 .00 cr1405a
46.'7 L.2'tE-O4 1.56 nrm 08/14/91 L2:03:43 J lJ6
26.8 3.OBE-05 3.41 100oe 09/29/97 15:26:48 .21
4?.0 1.138-05 9.32 2OOoe 09/29/91 15229:48 .Ot
44.9 5.98E-05 8.91 300oe 09/29/97 15:33:42 .OS
20.3 9.37E-O6 10.9 4OOoe 09/29/91 15:35:25 .97
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Sample i Data Type Dec/Azllong Inc/PI/Lat Intensrty Demag Renark
KJgr 1.000A Rem Drxn 95.6 16.5 1,.57E-04 nrm
KJgr 2. 000A Rem Drxn 't'1 .2 36.3 l-.53E-04 nrm
KJgr 3.000A Rem Drxn 13.5 49.4 i.39E-04 nrm
KJgr 4,000A Rem Drxn I2.L 52.L 1.17E-04 nrm
KJgr 5.000A Rem Drxn 35.3 47.5 L.2'IE-OA nrm
Tue, l4 Oct. :99?

NoNPARAMETRIC TEsTs FoR UNIFORMITY. Total included anqles = 10
Beran's test statr,strc - 3.2696
Data non-random at 1.0t leveI.

^+.^+l^ - 1 n?l^

Data non-random at 5.0t leve].
Conbrned test stati-sti.c = 4.3006
Data non-random at l.Ot level.

> > > FISHER STATISTICS < < <

N= 5R= 4.3939
Acco!ding to Watsonrs test:
Data non-random at l.Ot level.
Decllnation = 52.2 Inclinatlon = 46.0 Pa]eolat = 2'1.4
Pole latrtude = 33.0 PoIe long]-cude = 55.8
op = 25.3 dm = 41.2 ovaL aztmuth = ;4.4
M.L.E. of kappa: 8.2493 kappa = 6.5994
Alpha 95 = 32.20 Cj-rcuLar standard devratron = 3f.86

SPHERICAL MEDIAN:
Number of iteratlons taken = 14
Decllnation = 38.4 Inc],inatron = 45.4 Paleolat = 26.9
Pole latltude : 44.3 Pole longitude = 50.8
Angular dlstance, Fisher mean to median : 9.5 deg.

> > >'VECTOR{ STATISTICS < < <

N = 5 R = 6.1288-04 Arrthmeti.c sum of intensitles - 7.030E-04
Decli,nation = 56.7 Inclrnation : 44.5 PaLeol.at : 26.2
Pole latitude = 29.5 PoIe longitude = 59.6
dp = 26.4 dm = 41.9 Oval azimuth = 73.8
M.L.E. of kappa = '7.7950 kappa = 5.2350
Alpha 95 : 33.29 Circular standard deviation = 32.80

MOMENT OF INERTIA:
N = 5 Eigenvalues = .0038 1.0764 3.9197
Uniform test statistic = 12.28 Normali.zed = 2.4569
Data non-random at l.0t level.
woodcockrs palameters: Shape = .2294 Strength = 6.9266
LINEAR DATA: Dlrectron of MAXIMUM eigenvector.
Declrnation : 48.0 Inclrnat.i-on = 47.2 Pal-eolat = 28.4
Pole latrtude : 36.1 Pole longrtude : 54.0

> > > BINGHAM STATISTICS < < <

M.L.E.'s of Brngham concentratron parameters: KI = -666.4 K2 = -2.8
Standard devratlon angles: Sj.gma 1-3 = .79 Sigma 1-2 = 14.38
Approxlmate 95t confidence anqles: Alpha 1-3 = 1.94 Alpha l-2 = 35.20
oval azlmuth = 110.6

Test statistlcs for circular slmmetly based on Bingharn distrrbutj.on:
Bipolar = 355.89 Grrdle = 3.9'l
Test. l'ndicates synmeEric grrdle. Mean Bingham alpha = 18.5?

> > > DIMROTH-WATSON STATISTICS < < <

Dimroth-watson concentratron parameter = 649.94
Crrcular standard devration = ,77 deg. (Parametrl'c estimate.)
PARAMETRIC 95t confadence cone : 5.69 deqrees.
Maxrmum = 8.69 mrnrmum = 4.54

43



NONPARAMETRIC TESTS FOR UNIFORMITY' TotaL
Beran's tesc slatrsErc: 4'2855
Data non-random at l'0t level'
Grnets test statrst:'c: 1'?995
Data non-random a! l.0t level'
Com.lclned test statistic = 6.0850
Data non-random at 1.0t level'

CRI4FITS.PRT

included angles : 10

4.8700

T14pe DeclAz/Long Inc/PIlLat Intensity Demag

S"em 57.8 59.8 9 ' 36E-06 300oe ORIGN

Segm 57.4 43.0 J'758-05 lOooe ORIGN

selm 4O.1 54.6 :'43E-O5 2Oooe oRIGN

Setm 22.3 53.0 :.31E-05 l00oe ORIGN

Seern 22.0 58.0 3'088-05 100oe ORIGN

Remark

KJgr
KJgr
KJgr

KJgr

Sample i 3ata
i..000A ;:'n
:. 000A ;-f n
3.000A Lin
4.0C0A :rn
5.000A i-:'n

14 Oct. L991

> > > FISHER STATISTICS < < <

N - 5 R = 4.9085
Acco!dj.ng to Watsonrs test:
Data non-random at l.0t level'
Declinatton = 40.? Inclination = 54'7 Paleolat - 35'3
Pole latitude - 38.3 PoIe longitude = 42"7
dp : ll.7 dm = 16.5 Oval azrmuth = 56'1
M.L.E. of kaPpa = 54.6728 kappa = 43'?383
Alpha 95 = 11.?O c1!cula! standard devlation = 12'24

SPHERICAL MEDIAN:
Number of iteratrons taken = 4

Decllnatlon = 40-6 Inclination = 54'? Pal-eolat = 35'2
PoIe latrtude = 38.4 PoIe longitude = 42'7
Angular drstance, Frsher mean to medlan I deg'

> > > "VECTOR" STATISTICS < < <

N = 5 R = i.125E-04 Ari'thmet1c sum of intensrtles = 1'151E-04
Declinatron = 40-4 Inclrnatron = 53'O Paleolat = 33'6
Pole ]ati.tude - 39.4 Pole longitude = 44'3
dp = 12.3 dm = l?.8 OvaI azinuth = 57'0
M.L.E. of kappa = 45.5605 kappa = 36'4484
efpn" SS = V.Al Cilcular standard deviation = 13'4f

MOMENT OF INERTIA:
N = 5 Eigenvalues = '0370 '1435 4'8195
Uniform tesE sEaEl.strc = 22.3? NormaLvzed - 4.4'l5O
Data non-random at l.0t level'
woodcock's parameters: Shape = 2'5918 Strength =
LINEAR DATA: Direct].on of MAXIMUM el-genvector'
Decli,natron = 40.6 Incllnation = 54'8 Paleolat =

PoIe Iatitude = 38.3 PoIe longitude = 42'6

> > > BINGHAM STATISTICS < < <

M.L,E.'s of Bingham concentratlon parameters: Kl = -69'I K2 = -18'0
Standard dev].atl.on angles: Sigma 1-3 = 2'23 Sigrna I-2 = 4'4L

Approxrmate 951 confiJence angles: Alpha 1-3 = 5'45 Alpha 1-2 = 10'80

oval azlmuth = f09-9

Test statistics for circular symmetry based on Bingham distribution:
Bipolar = 2.?2 Girdle = 42'L7
Test tndicates syrnmetric bipolar distribution' Mean Bingham alpha = 8'13

> > > DIMROTH-WATSON STATISTICS < < <

Dl.mroth-watson concentratton parameter = -28'25
Crrcular sEanciard devratl'on = 1O' 92 deg' ( Parametr:'c estimate' )
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APPENDD( B

TABLES FROM REGIONAL STUDIES
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I2T2TIIoMPsoNANDSA}IDBERG-GRAVITYSIJ'RVEYS,NEVAD.{.{]iDCAI,IFoRNIA

Trar,s l.-Seecruc Grlnn' or Rocrs

Thespcoic8rant}-oi*.ater.satuiatedrocLsiscomputed*W\P_DlP*l,rbcrcPistlcpowder
socciic gravrtv, Z is Lbe lump speo6c gravrty' and ff is the speonc gravrty of Found weter' l'0'

)iumbcror, -:if*trH|$Rck samplcs
mcasurcd

I

Rrogc Avcrege

Truclcc foroauoo
Volcanic rocls of Cenozorc age tguantitativeiy most irDPortaat 

'

gloups itelicitcd)
Lousctosn iormetion
Ku Pok iowtioa, futs
Kalc Pak iorttutba, tuf'brucu
Katc Peal, foroedon. tntrurions
Ketc Peak fornarion. ntroPhYre
Alu Jottnuor
.{,lta formauon. Sutro memoer

Haniord Hill rhYolite tud
Davidson granociioritc (Tertiar-v t

Prc-TcrtiarY genitic rocls
Mctamorpiric rocls

Altered graoidc rocls
Altcred volcanic rocls

tl

6
J

I

+
)

t.7+

2.{9-2.EO
2.53-2.69
1.E4-2.18
2.,11-2.55
2.LF.2.42
2.*2.70
2.50-
I .9S-2 .56
2.*2.67
2.62-2.6
2.*2.75

2.6
2.6r
2.U
2.50
2.31
2.63

t.r<
2.65
2.&
2.71

6 l' 2.&2.62
2r ' iz.ot-z.tz

Z. JJ
2.50

KRANK AND WATTERS- WEATHERED GRANODIORITE

Table 3. Range oi pht,ncal pTopenes of Srcrra heyacia gfanoa,onles iaboratorv resuits.

t79

Gntn
Speqic
Gravtt-v

BulL
Specr6c
Gnnr-'"

Porosrry
(pctEentl

Angle of
Fricrron
(detreesI

Cohcston
pst

Compresstve
Sttln$h
x lot psr

ComDresstve
Wave Vclocttr"

fuscc x l0'

Shcer Wave
Vclocrty

x lot fuscc
Grade

I
II

ru
lv

VI

2.69-2.1;
7.7r2.72

2.66
7-62-2.19
7.6r-2.66

2.56

2.62-2.75
2.52-2.65
2.5f-2.62
:.3'l-2.56

2.OZ
1.50

2.H.4
3.3-5.9
r.5-2.3
5.2{.1
24.0
44.0

28-32
4f-4,6.5
3t.6

l&36
0-2.t
O-4.9

t6.0/-.23.97
t.77-14.04
4.194.49
1.2'l-3.4t

0-1.50
U

l2.3rr6.30
5.7r7.t0
5.07{.04
1.6u.75

N
N

E.27-9.46
3.5,1-5.03
3.55-3.74

N
N
N

N - Could nor bc caiculated.
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From Hendricks (1992)

Trbfr l. Magrltr rru,glpaillltJzl of ontpla ftwn thc Sdrrroor.t Saagc (&rtfi, 19661
arl orilhartml abn of tt* Reto 7'by 2'ql.tdmngL, l{a!& ond Qilfonto.
lc.qrlphic cstiirrtrr fa t rrr;ilr fiurr th. Fh,mboldt.n rn nc anilrlle (NAl.

Srrc-9t|inF m EMtl (aaomryrocuni!}l

lfdol&logoft.!d r,l&nr

W&dr.df I
C.bbo 5

Saedidrd gabbo I
Dlrbc I

Abtb.dg.bro I
furorthorite I
P.r#d. I

AlEc glbbo 1 370o
l'lrdrrr-r irsalt 7 4m

T.r6rrv Sdlmrr nan*
Jrlr dc lhntddbpolitt
Jwc tirddtloeolllt
Jurrir: lflSddloeoeh
&rdc Fis5d&lopdlh
Jrrdc Fltlrtdtlopoeh
Juturi: tiu5ddloro&h
Jr.rx FinSddloedilt
Jr.rrsrc Ffur$dd lopo&h

NA
NA
NA
NA
NA
NA
NA
NA
NA

Rod typc Nrrn$r Avcqr rr-.9dhlry Ag. Lototl Cooldinatrr
o{ rnCc X fOE g{U - I-erb bngbd.

930
l5&l
3:80
3570
mt*n$

Sclf,otrrl ...rn6

Glrrr
D|6tt
Br-lt 3 l9l7
Buit 3 1449

Grrsrnonc 3 l{o2
Gruuiroritc 2 1316

Bult 1 f3l5
Bcltclrdcdt 3 lllt

1(n5

Mardclnic 3 49

3 3014 Cr:trc n Scihrm vitgitdr Rr€t
3 El9 Jqrr Drrrrt Mamtr

T.rd.ry Drst Mctnof
T.tdlw Dcrrt Mcnair
Trlsrc l,lu r VdLry
Jurc Lag VdLy
T.rdry Dct Mqnffi
Trrdrry Dclt Mcrntrnr
Jure Dst Manninr

39'19.50':ll92E 3(I
3915.4{Ir ll9l5.l0
3916.'(I: f19tf5(I
39l3.tt{I: 11911l!)55'
39.011.8{I; 1rt06.95'
39.04.t0(I: UF{7.85'
3tr3.50r ll9lllt20
3912.95': lttG.ts'
39125O; 119104.15'
39135O; llg'Ottp
391955'; lltl?.l0
3916.'(I: 119U.95'
3917.t0; 11916.70
39Fol2O: l1F.l8.7O
3916.'15': 1ftl4.O5'
3915.3O: llF0525'
3916.35'; ll9.llil30
39"1155'; lft04.70

Gnociiqdc 3
Bnlt a !d.dt 3

Grmitr 3
D.dt 2
D..it 3

Gnrubqitc 2
D.de 3

Rhyrditc 3
Rhtrditc 3

991 Tcu.rit
954 Cr*rcrqlr
939 T.rdry
905 T.t6.w
El5 Junr
3St T.rdrygI T.rurrv
At T.rtryv

Drrrt Mqrtrlrl
Chrdrlll &rlr

Dct Monnil
Fdt Chrclr{l
Lag VdlG/

Dst Mqnahr
Da.ct Mdlntrinr
Dcct Mqntamr

Trludc ltlro VdL4,
Grcarronc 3 40 Trirrlc Pldrr &ft 39q07.t15': f lt0350'
Ahardcipritc 3 26 J@ 39'14.8{fr ll9f6.60
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