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Abstract

Geodetic measurement of deformation in the offshore of southern California.

Geodetic surveys using signals from satellites of the Global Positioning System
(GPS) have allowed for the reoccupation of historical triangulation markers for crustal
deformation studies and the recovery of a long history of geodetic data that date to the late
1800's. From June 1986 to May 1988, six GPS experiments were conducted in
California that incorporated more than 50 first-order triangulation stations on the channel
islands of southern California and the mainland into a precise GPS network. Interstation
vectors were calculated from the GPS observables using the National Geodetic Survey's
(NGS) GPS22 software. The results of these analyses provided baseline component
precisions better than several parts in 107. The vectors from all of the GPS surveys were
combined and used with historic triangulation observations to estimate shear-strain rates
across the Santa Barbara Channel and Oxnard plain, and across the southern California
Continental Borderland. Simultaneous reduction was used to evaluate the shear-strain
rates from the combination of these data. Shear-strain rates across the Santa Barbara
channel are from 0.2 to 0.4 prad/yr with a direction of maximum contraction of from
N23W to N20E, averaged over a hundred years of geodetic data. For networks that cross
the Continental Borderland, the data were insufficient to reliably estimate strain rates.

The direction of shortening implied by the geodetic data agrees with that inferred
from the trends of late Quaternary and Holocene faults and folds in the Santa Barbara
channel. When the shear-strain rates across the channel are modeled as uniaxial
convergence, this indicates shortening from 13+5 mm/yr at N23W+5 across the western
part of the channel to 18+5 mm/yr at N20E+S5 across the eastern part. By adding the
western channel velocity to the geodetic velocity of the Vandenberg VLBI site with
respect to North America, a velocity path across the Pacific-North American plate

boundary can be constructed to the offshore islands of 564 mm/yr at N38Wt4,
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exceeding the NUVEL-1 plate-model velocity for Pacific-North American plate motion in
California by 7 mm/yr.
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Chapter 1

Introduction

Until recently, our knowledge of plate tectonic motions was based primarily on
the analysis of marine magnetic anomalies, the orientations of transform faults in the
ocean basins, paleomagnetic pole positions, and earthquake slip vectors. This
information has lead to the development of global plate velocity models that have been
useful in the quantification of tectonic activity through the predictions from the plate
models of the rates of deformation in these areas. The plate motions predicted from these
models are averages over several millions of years and have been used to interpret
regional geological deformational histories and developments.

While the assumption of rigid plates is generally true for the oceanic plates,
apparently continental crust does not behave rigidly. It is the non-rigid behavior of this
crust that results in some of the more interesting geology. The detailed understanding of
crustal deformation recorded in rocks along plate boundaries is best interpreted with
respect to the rates and style of deformation implied by the plate tectonic environment of
the region as predicted from plate reconstructions. A more complete understanding of the
present day kinematics of the crust along these plate boundaries should create a deeper
understanding of the geological development of a region.

The San Andreas fault is generally recognized as the main boundary between the
Pacific and North American plates in California. This transcurrent boundary, embedded

within the crustal rocks of North America, is the locus of many geological structures that



demonstrate substantial non-rigid behavior of the crustal rocks throughout the history of
Pacific-North American plate interaction [e.g., Atwater, 1970]. The development of
relatively young folds and basins along this boundary is evidence that some of the plate
motion is being transferred to the crust and that slip measured along the San Andreas fault
alone can not account for all of the relative plate motion. Geologic and geodetic
investigations indicate that only about 75% of the relative plate motion can be accounted
for as slip along the San Andreas fault [Minster and Jordan, 1984; DeMets et al., 1987].
Deformation both east and west of the San Andreas fault has been proposed to account
for the remaining motion, the so-called San Andreas discrepancy. In central California,
both extension across a broad region of the North American continent in the Basin and
Ranges and faulting along coastal California have been proposed to account for the
missing motion [Minster and Jordan, 1984; Minster and Jordan., 1978]. The partitioning
of this discrepancy in southern California is more complicated than in central California,
because of the presence of more active structures and faults with various trends both west
and east of the San Andreas fault. Slip rates have been determined for many of the
onshore faults, but they can not account for all of the missing motion. Faults in the
offshore have been recognized as active from marine geophysical studies and seismicity
[Legg, 1985], but the determination of rates of deformation across them has eluded
investigators.

The determination of present day plate motions and the testing of deformation
models of the behavior of the plates and the crust have been aided by the development of
space based geodetic techniques. Satellite Laser Ranging (SLR) and Very Long Baseline
Interferometry (VLBI) have been used since the early to mid 1970's (SLR) and the early
1980’s (VLBI) to investigate and monitor strain around the world on baselines from
several 100 to many 1000's of km long [NASA, 1988]. Baselines can now be measured
to better than the centimeter level allowing for the determination of present day plate

motions. Results from these investigations suggest that present day plate velocities



between sites in the interior of plates agree well with those predicted from global plate
models and that the velocity of sites along plate margins suggests non-rigid plate behavior
[Ryan, 1987; Smith et al., 1989b]. These techniques have been very successful in
characterizing the deformation, on regional to intercontinental baselines, and have been
applied to the onshore region of southern California where they have provided
information on the distribution of the plate motion across the onshore part of the Pacific-
North American plate boundary [Clark et al., 1987; Sauber, 1989]. However, the cost of
deployment makes these techniques impractical for monitoring dense networks covering
scales of 1- 100 km.

The development of Global Positioning System (GPS) based geodetic techniques
has allowed the investigation of crustal strain in areas that had previously been
inaccessible by VLBI and SLR. This is mostly due to the low cost of GPS receivers,
their ease of operation, and portability. GPS techniques are being demonstrated to have
accuracy and precision that are comparable to that of VLBI and SLR [e.g., Blewitt,
1989], but at a much lower cost. The portability of GPS receivers makes them ideally
suited over those other techniques for the densification of geodetic networks in regional
areas to further understand the crustal deformation process.

In this study recently developed GPS based geodetic techniques are used in
combination with terrestrial geodetic data to characterize the kinematics and strain rates of
the deformation in the offshore region of southern California. GPS surveys were
performed to first order triangulation monuments along the coast and to the offshore
islands of southern California. The data collected during these surveys were analyzed to
determine interstation vectors among monuments with historical triangulation
observations. The results of the GPS analyses have been used with the historical data to
model the strain rates across the offshore region of southern California. The data set is
rich enough to delineate the spatial changes in the strain rate field. These changes have

implications for the distribution of strain across the Pacific-North American plate



boundary in California. Chapter 2 discusses the different types of geodetic data used, the
GPS surveys, and the data analyses. Chapter 3 discusses the methods used to model the
strain rates from these data and the relative significances of those estimates. Chapter 4
discusses the the strain rate results for the different geodetic networks in the Santa
Barbara Channel and Continental borderland with respect to long term geological
estimators of strain within those networks. And Chapter 5 discusses the implications of

these strain rates for the relative motion between the Pacific and North American plates.



Chapter 2.
Geodetic Data

In this chapter, both the triangulation and GPS data sets and the processing that
has been applied to each will be described. For the triangulation data, the processing has
been minimal relative to that which has been done with the GPS observables. The
following analyses have removed most of the blunders and systematic errors present in
both sets of data from the final database, so that they do not bias the strain estimates that

have been calculated from these data in Chapter 3.

2.11In ion:

Many types of geodetic observations have been collected in the offshore region of
southern California. The data used to estimate crustal strain in Chapter 3 consisted of
three types of geodetic data representing several years to many decades of observations.
These geodetic observations are of different precisions and have been collected by
different agencies, from the first triangulation surveys in the late 1800's to the most
recent GPS surveys in 1988. The data include triangulation, trilateration, and interstation
vectors determined from the analysis of signals from satellites of the Global Positioning
System (GPS). The geodetic observations were made to horizontal control marks of the
National Geodetic Survey (NGS) and its predecessor agencies. For the strain analyses it
was desirable to reoccupy the original historical geodetic mark with GPS. However, this

was not always possible, since some of the original marks had been destroyed and others



had poor sky visibility for GPS observations. This resulted in some of the GPS
observations being made from eccentric marks that were tied to the historical triangulation
stations via a conventional ground survey. (The ties between the triangulation stations
and their GPS eccentric marks are found in Appendix A.)

Several organizations have been involved in the collection of the data. The GPS
observations were made by a university consortium consisting of Scripps Institute of
Oceanography, Massachusetts Institute of Technology, University of California at Los
Angeles, and the California Institute of Technology with assistance from Federal and
local agencies. The triangulation observations were part of the Project REDEAM data set
[Snay et al., 1987] and were provided by the NGS. The trilateration was collected for
A. G. Sylvester of the University of California at Santa Barbara (UCSB) by Greenwood
and Associates, Santa Barbara, and reduced by Larsen et al. [1988].

2.2 Triangulation il ion surv
22.11In ion:

Triangulation and trilateration collected between 1873 and 1971 are the two types
of historic geodetic measurements with which the results of the GPS analyses will be
compared. These measurements are very different in their collection and distribution in
the study area. Triangulation observations are simple measurements that require little, if
any, corrections. The observations are of horizontal angles between stations in the plane
of the observing instrument, which is tangent to the geoid. The procedures have
remained relatively constant since the first surveys in the late 1800's. The only
corrections that need to be applied are for deviations between the geoid normal and the
normal to the figure of the earth, the ellipsoid [Bomford, 1980; Vanicek and Krakiwsky,
1986]. Trilateration, introduced in the early 1970's, involves the measurement of the
distance between the instrument and the target based on the two way travel time of a light

wave that is emitted from the instrument and reflected by the target back to the



instrument. Corrections are applied to the measurement to account for variations in the
refractive index of the atmosphere along the path of the signal. For long lines, >10's of
km, the proper calculation of this correction requires the collection of meteorological data
along the path of the signal during the measurement [Bomford, 1980; Vanicek and
Krakiwsky, 1986].

Triangulation observations are the oldest, dating back to the late 1800’s.
Triangulation surveys were performed along the coast primarily to aid navigation through
the precise mapping of the coastline [Snay et al., 1987]. Observations from these
surveys comprise the majority of the historic geodetic data used in this study. These
surveys were performed in the early 1870’s, late 1890’s, early 1920's, 1940's, 1950's,
and 1960's.

The survey of a triangulation network took several years to complete. During the
observing campaigns, rigorous field procedures were prescribed in order to ensure that
observations of the highest precision were acquired. At most of the triangulation
stations, horizontal angle observations are made with a theodolite to other stations in the
network. Observations are made in rounds, starting on one station, observing the other
stations in the round and closing on the first station. The number of observations
depends on the precision of the survey, the survey order, and on the instrument used
[Gossett, 1950]. The mean of the observations is reported as the observed direction.

First order surveys are the most precise. Each target station in a first order survey
1s observed 32-48 times. The standard errors of the mean of each direction are 0.6, 0.7,
1.2, and 2.1 arc seconds for first, second, third, and fourth order surveys, respectively
[Gergen, 1975; Snay et al., 1987]. ( 0.6 arc seconds = 15 cm at 50 km). Many stations
along the coast of California were observed during these surveys with precisions varying
from first order to fourth order. However, during some of the surveys, conditions were
such that the observational precision was less than the order of the survey. In these cases

the precision of the observation is greater than that of the associated survey order. Some



of the first, second and third order directions have standard errors as large as 2.1 arc
seconds.

Many stations were surveyed during the last century, but repeat surveys of the
coast usually did not repeat the same stations of the original networks. Between surveys,
stations were destroyed or rendered unusable by obstructions. Because of this and the
low precision of the observations from and to many of the stations, much of the data are
of limited utility for evaluating crustal strain.

Since crustal shear strain rates in California are typically ~0.1-0.2 pradians/yr
[Savage, 1983] and the precision of a first order triangulation measurement is ~3.0
pradians [Gergen, 1975], only the highest precision triangulation data are capable of
providing reliable estimates of crustal strain rates, if collected frequently over several
decades. Some of the stations included here fall into this category. Even though they
were not occupied with GPS, they have a long history of observation using conventional
geodetic techniques and can provide constraints on the other observations within the
networks.

In addition to the horizontal direction observations, a limited number of
astronomical positions and azimuths were observed for some of the stations during the
historical surveys. The astronomical positions have been used to correct the observations
for deflections of the vertical, but the astronomical azimuths have not been used. The
large standard error in these measurements (> 7 pradians) [Snay et al., 1987] and
possible systematic error between the reference frame of these observations and the GPS

reference frame (Appendix A) make these azimuths unsuitable for evaluating crustal

rotations.
2.2.2 Adjustment of the historic geodetic data :

Even when the highest standards are applied during the data collection, blunders

and systematic errors can occur. In order to evaluate the data set for blunders, the



observations were adjusted on a "survey by survey" basis. In this context, "survey"
means a period of time during which the data were collected. The adjustment procedure
involves the determination of the horizontal station positions (latitude and longitude) from
the observables (i.e., horizontal directions and mark-to-mark distances) using a

linearized, weighted least-squares technique. The observation equation is written as

F(x)=b" + V(x) (2-1)

F is a model function relating the vector of station positions, X, to the vector of true
observations, b*, and V(x) is a residual function of misfit between the model and the
observations.

Because the model, F , is non-linear, it is linearized using a first order Taylor
expansion about a priori station positions, Xg,

JF|x

el A e (22)

The vector F(x,) is known and subtracted from the observations, b*, to give the

observation residual vector b
b =b* - F(x,) (2-3)

Letting the design matrix, A, of partial derivatives be

_ dF(x )

A
ox (2-4)

the observation equation can be written as



Ax =b +v (2-5)

where X' is a vector of corrections to x. Letting W be the weight matrix of the inverse of

the observational errors, then the least squares estimate is given by

x'=(ATW-A)T AT W1 b (2-6)

Equations for the partial derivatives relating the observables (horizontal directions and
mark-to-mark distances) to the model can be found in Milbert and Kass [1987].

The triangulation surveys contained only precise horizontal direction
observations. These surveys thus lack an origin, scale, and orientation, and are
insufficient to solve for the station positions. To surmount these deficiencies in the data,
a network scale and orientation are introduced during the adjustment of the triangulation
surveys, with the adjustment being performed with respect to the station coordinates of a
reference station. For trilateration surveys, only a network orientation needs to be
constrained.

The triangulation data were provided in computer readable form by the NGS as
part of its Project REDEAM data set that was generated for the redefinition of the North
American Datum (NAD) in 1983 [Snay et al., 1987]. The REDEAM data set consists of
observations from various Federal, state, and local organizations that are archived by the
NGS [Snay et al., 1987]. The locations of stations used in this study are shown in
Figure 2-1 and tabulated in Table 2-1.

The triangulation data set was divided up into six temporally independent surveys
in order to check that all of the observations during a given time period were consistent
and that none of the observations were unconstrained by the data within the network.

The surveys used are from the 1870's, 1890's, 1920's, 1940's, 1950's, and 1960's.
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Observations to or from stations, for which these observations were insufficient to
constrain the station positions, were eliminated from the data set, thus removing
potentially unchecked sources of systematic error. All of the data are tabulated in
Appendix B and the spatial distributions of each survey are show in Figure 2-2.
Histograms of the frequency distribution of the standardized residuals

i _x;—_{x!-z

1 Gi

of the observations for the survey adjustments are shown in Figure 2-3, where x; is the
observed data , () is the estimated observation, and ; is the standard error of (x).
These distributions are plotted with normalized Gaussian frequency distributions

f(v), [Bevington, 1969],

l
I
f(v) {2_e2

that is implicit in least squares estimation [Press et al., 1987], where v is the standardized
residual and n is the number of observations. The Gaussian distributions suggest that the
adjusted residuals are close to being normally distributed for all of the surveys except the
1960 survey. Four points from this survey had normalized residuals that were >100.
These observations were removed from the data set.

However, for each survey from the 1900's, there are observations with values
>30. These data have probabilities of occurring less than 99.7% of the time [Bevington,
1969; Press et al., 1987] and are, thus, most likely data outliers or observational
blunders. Because their probability of occurrence, in the assumed Gaussian model, is so

small, the inclusion of these observations in the least squares estimation will distort the
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estimated parameters in an effort to bring these outliers in line with the model [Press et
al., 1987].

To counter the effect of these possible blunders on the strain estimation in Chapter
3, a second triangulation data set has been derived. In this set, the surveys were adjusted
as before, except that observations with standardized residuals >30 are rejected after
each adjustment. This procedure is iterated until all of the adjusted observations were
within 30. The data from these surveys are also tabulated in Appendix B and the general
spatial distributions are the same as those shown in Figure 2-2, except that the 1870
observations from the southern islands have been removed.

Quantitatively, the relative fit of the data can be compared using the statistic

n

>

ot = i=l
(n-npar) 2-7)

s

Gj

called the variance of unit weight, where Xi is the observed data , (x;) is the adjusted
observation, oj is the standard error of (x;), n is the number of observations, and npgr is
the number of parameters estimated. This is a commonly used statistic in geodesy for
evaluating the goodness of fit of the data [Snay, 1986] and is equivalent to a %* over
degrees of freedom statistic [Bevington, 1969]. A value of 1 suggests that the residuals
are normally distributed and that their standard errors are good estimates of of the true
errors. For values other than 1, 6, can be used as a weighting factor for scaling the
estimated error [Bevington, 1969]. The variances of unit weight for each survey are
tabulated in Table 2-2 and indicate a good fit for each survey, except for the 1950 survey

which is notably worse than the other surveys.
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2.3 GPS

n ion:

As part of a 5 year study to monitor crustal deformation in the central and
southern California [Agnew et al., 1988] static GPS relative positioning was used to
determine the present positions of many of these historic triangulation markers. The GPS
data were collected in six multi-day campaigns conducted between June 1986 and May
1988. The campaigns were designed to characterize the distribution of strain through the
recovery of the historical data base and the establishment of a GPS monitoring network.
Many historical first order triangulation marks were occupied with GPS receivers, and
several new GPS marks were established. Many of these marks have been occupied
several times since the first survey in 1986.

Efforts were concentrated on the reoccupation of the same GPS stations in each
network during each subsequent occupation. However, expansion of the original
networks, limited receiver availability, poor data quality, receiver malfunctions, and other
miscellaneous logistical concerns made this unfeasible, resulting in the heterogeneous
reoccupation of the GPS networks. Because some of the historical marks were difficult
to reach with GPS receivers or unsuited for GPS observations, these marks were tied to
the GPS networks through: one-time-only occupations during larger campaigns; short
local GPS surveys to the local, primary GPS station; or with conventional geodetic
surveys (Appendix A). Over the course of the observational campaigns, approximately
50 first order triangulation marks and/or their reference/eccentric marks have been
occupied (Fig. 2-4).

The GPS data consist of approximately 283 station days of data that have been
collected over a two year period during six GPS campaigns using Texas Instruments
TI4100 GPS receivers provided by UNAVCO, Ohio State University (OSU), Pacific
Missile Test Center (PMTC), NGS, and USGS. The data collection involved the

cooperation of several different institutions and universities. In addition to these



organizations, numerous volunteers participated in operating receivers in the field. The
US Forest Service, US Park Service, the FAA, and several land owners generously
allowed access to their land.

Before discussing the GPS data and the processing applied to these in this study,
GPS, the observables, and the observable models will be reviewed. This review is based
primarily on the treatment by King et al. [1985], Wells et al. [1986], and R6cken
[1988].

232 1i ing GPS:

The Global Positioning System (GPS) is a passive navigation system that is being
developed and deployed by the United States Department of Defense (DOD) for real time
positioning. The system is designed to provide world-wide point-positioning 24 hours a
day, through the use of timing and orbital information broadcast by the satellites. The
accuracy of the point-positioning depends on the satellite geometry, number of satellites
racked, the accuracy of the satellite ephemerides, and the sophistication of the receiver.
Receivers that can receive both carrier signals and decode the timing and ephemeris
messages on the carriers can provide real time point-positioning with an accuracy of
about 30 m through the acquisition of signals from at least four satellites with which the
receiver can calculate its position and time bias from GPS time [Wells et al., 1986]. Sub-
meter point-positioning can be obtained with post-processing of the observables [Malys
and Jensen, 1989]. Higher accuracy can be attained through relarive positioning when
the signals are received by two or more receivers and the data are post-processed to
account for path delays, orbital errors, and the behavior of the satellite and receiver
clocks.

The system is divided into three parts, consisting of space, control, and user
segments. The space segment is a constellation of satellite transmitters that, when fully

operational, will contain 21 satellites, 18 operational and 3 spares, in six 20,000 km
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15
orbits inclined at 63° to the earth's equatorial plane. Each satellite is identified by a

unique number, called PRN. Three satellites will be evenly spaced in each orbital plane.
This orbital configuration will provide the ability for world-wide, around the clock
positioning from at least four satellites. Over the period of the observations collected for
this thesis, the system has been in a developmental phase. During this phase, only 7 of
the prototype Block I satellites were operating properly. The orbital planes of these
satellites provided long data arcs over North America with limited sky geometry that was
dominated by north-south satellite tracks.

The control segment is responsible for monitoring the accuracy and health of the
satellites, updating the broadcast message, and maneuvering the satellites in their orbits
when necessary. Five control stations spaced evenly around the world track the satellites
and monitor the behavior of their clocks. These data are transmitted to the Master Control
Station in Colorado Springs, Colorado, where they are processed and daily satellite
ephemerides and satellite clock corrections are calculated. This information is transmitted
hourly to the satellites, which in turn transmit them as their broadcast ephemerides. The
satellites passively broadcast on two L-band carriers this orbital information and timing
codes that can be used by the user segment on the ground, with the appropriate GPS
receiver, for navigation, positioning, and surveying.

The two carriers are designated L1 and L2 with frequencies of 1575.42 MHz and
1227.60 MHz, respectively. Two different phase modulations along with the broadcast
ephemerides are transmitted on these carriers. These modulations are streams of
pseudorandom sequences of * 1, called P-code and C/A code. P-code is present on both
the L1 and L2 carriers and C/A code is only on L1. Each satellite is assigned its own
unique C/A and P-codes.

The two observables collected by the TI4100 receiver and used in relative
positioning are the carrier phase and pseudorange at both the L1 and L2 frequencies. The

pseudorange measurement is derived from the time shift required to correlate the



incoming P-code with a replicant generated by the receiver, multiplied by the speed of
light. This range does not represent a true range to the satellite, because it is
contaminated by propagation path delays and clock biases between the clocks in both the
receiver and satellite, and GPS time. The carrier phase is the difference between the
incoming, Dopler-shifted satellite signal, with the codes removed, and the phase of the
nominally constant frequency oscillator in the receiver. This phase difference is
accumulated as the relative positions of the receiver and satellites change.

Precise relative positioning is obtained with GPS through the post-processing of
the observables from a network of receivers. During the processing, relative station
positions are estimated through the modeling of the observables for the geometric path
delay. The models are designed to remove the effects of signal path delays from the
ionosphere and troposphere, clock drifts and biases from GPS time, and orbital errors.
The most common observable model involves the differencing of phase measurements
between satellite and station pairs, called double differencing. Through differencing, the
effects of common-mode clock, atmospheric, and orbit errors are reduced [King et al.,
1985]. There are other processing schemes, such as the use of undifferenced observable
models, which model these "noise" sources rather than reducing them through
differencing

In addition to the observable modeling, post-processing also corrects for data
collection defects, known as cycle slips, resulting from the loss of lock by the receiver on
the Incoming carrier phase. These cycle slips result from the inability of the receiver to
accurately predict the phase changes from one measurement to the next, resulting in the
resetting of the accumulated phase. Loss of phase lock can occur due to loss of satellite
signal from obstructions, erratic receiver or satellite clock behavior, strong ground
reflections of the signal (multipath), and the inability of the receiver’s ionospheric and

tropospheric models to account for unusual ionospheric or tropospheric conditions (e.g.,
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during solar storms and terrestrial storms). The fixing of cycle slips can be a painstaking

and tedious task.

2.3.2 Analysis methods:

Most of the GPS observables were analyzed using a double-difference computer
algorithm under development at the NGS and provided by Dr. Gerry Mader of the NGS.
The NGS GPS processing system will be referred to as GPS22, the observable
processing routine; however, other modules are part of this system. A brief description
of the processing algorithm is provided below. An undifferenced processing system
under development at JPL, called GIPSY, was used to process some of the short GPS
ties. A detailed description of the GIPSY algorithm and the observable models can be
found in Sovers and Border [1987].

Phase observable model

The development of the phase observable model and the partial derivatives
required for inverting the GPS observables for station coordinates can be found in King
et al. [1985], Wells et al. [1986], and Récken [1988]. The phase observable model for

the phase received at receiver i from satellite j at GPS time t;, at receiver i is given by

@ij (tio)= @s; (tio) - Pri (tio) +Nij +Pnoise (2-8)

where 9 sjdenotes the phase transmitted by satellite j, PRi is the phase of the oscillator of
receiver i, and Dij is the initial integer cycle bias between the satellite and receiver
oscillators.

Further simplification is obtained through modeling the transmitted satellite phase



Ps; (tio)= @ (tio -to) -WoTij +@s; (to) (2-9)

where 9s{to) is the initial phase at an arbitrary initial time t,, @, is the nominal carrier
frequency, and Tij is the flight time between satellite j and station i. The flight time
includes the geometric path delay, the tropospheric delay, and the ionospheric delay and
is given by

Iri - s
T = C + Tij trop™ Tij ion (2-10)

where rj and s;j are the earth centered vectors to the receiver and satellite at reception and
transmit time, respectively; Tij rrop and Tij ion are the tropospheric and ionospheric path
delays, respectively.

The phase of the receiver's oscillator is modeled as

@Ri (tio)= PR (to) - 0o (tio - to)

+o|g; "'ri(ti'to)"'%si(ti'to)z) (1)

where the first term is the initial phase offset of the receiver oscillator, the second term is
the accumulated phase since t,, and the last term describes the behavior of the receiver
oscillator with respect to the receiver's time, t;, which is related to the true GPS time, t;,,
by

t; =t +AL (2-12)

where At, the time offset and drift, is modeled as
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At = q; +1; (t; - :°)+%si (ti - to) 2 (2-13)

From these equations the phase observable model for the one-way phase from

satellite j to receiver i can be written as

@ij (tio) = -@oT;j + njj
+ WAL
+ QRi(to) + Ps;(to) + Pnoise (2-14)

The double differenced observable model can be formed for the phase difference
at receivers i and 1 from satellites j and m by differencing the one-way phase observable

model (Eq. 2-14) between satellite and receiver pairs, to get

2
A" Q1 im (tio) = -0 Tim - Tyj + Tij - Tim)

+ (N - M5 + 05 - D) + Proise (2-15)

where the first term contains all the path delays and the second term contains all of the

integer biases.

2321 Analysi

The NGS processing system used consisted primarily of a front end module,
MERGE, and an observable modeling and station position estimation module, GPS22.
In addition to these routines, the raw TI4100 observables were converted from TI4100
binary to machine readable form with a modified version of the original routine
UNPACK written at the USGS. Data editing was done with modified versions of

CYFIX and EDATA (NGS routines) and interactive graphics routines written by myself.
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The NGS modules written for a Hewlitt-Packard HP9000 were modified torunin a

VAX/VMS environment. All the data processing was performed on a MicroVAX 1L

The front end modules convert the raw phase and pseudorange observables,
orbits, and meteorological data to three databases: DT, OR, and HD. The DT database
contains the phase measurements corrected for the TI4100 frequency biases,
pseudorange, a priori tropospheric corrections, and crude cycle slip fixes for all stations
and satellites. The OR database contains the satellite state vectors at each epoch. These
vectors are based on a sixth order polynomial interpolation to either a broadcast
ephemeris point in the middle of the observing session or to precise, 15 min tabular orbits
provided by the Naval Surface Weapons Center (NSWC) through the NGS in the WGS-
84 reference frame. The HD database contains a priori station coordinates, surface
meteorological data, and antennae site vectors (i.e., offsets between the antennae and the
ground marks).

These data bases are used by GPS22 to estimate interstation vectors through a
double difference technique using one reference station and satellite. Prior to estimating
solutions, a single frequency solution is estimated for each frequency. Triple difference
residuals are calculated from these solutions for cycle slip fixing. A sixth order
polynomial is fit to the triple difference residuals and epochal differences greater than 1
cycle at half cycle increments are resolved. This process is iterated at both frequencies
until all of the triple difference cycle slips are fixed. The data are then visually inspected
for any remaining cycle slips, which are corrected. Unresolvable cycle slips can not be
handled by the software through the estimation of another phase bias parameter, as is
done with other GPS processing systems. In these cases, the cycle slip is fixed as best
as it can be visually.

Once all of the cycle slips have been removed, the interstation vectors are
estimated using the ionosphere free linear combination of the phase observables, L3,

(also known as LC)



_— %(m- (% qm)
(IW%#) (2-15)

where @1 and wy are the L1 and L2 frequencies respectively [King et al., 1985]. During

the estimation, receiver clock drift, At, is modeled by the pseudorange as

2
pt‘(p1+—2u)2—2(pl‘92)
(03 - )
C

At= (2-16)

where pq is the theoretical range, p; and p7 are the L1 and L2 pseudoranges,
respectively, and c is the speed of light. A constant tropospheric scale height is estimated
at each station that is applied to the a priori tropospheric correction estimated in the front
end processing. When phase and pseudorange data are available from fiducial tracking
stations, the Keplerian elements of the satellite orbits are adjusted by holding the
coordinates of the tracking stations fixed in the SV3 reference frame of Murray and King
[1988]. All solutions are estimated with the initial phase biases, njj, solved for as real
numbers, known as bias free estimation. The estimation procedure uses a linearized least
squares inversion of the observables through the formation of a design matrix of partial
derivatives and the estimation of corrections to the a priori estimates. (For a detailed
discussion of the least squares inversion of the double differenced phase observable

model see King et al. [1985], Wells et al. [1986], and Récken [1988].)

2.3.2.2 Field Campaigns and ures:
The location of GPS receivers was controlled by several factors: Access,

obstructions, sky visibility, and available historical data. The primary criterion of the
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historical data recovery part of this cooperative project was the direct occupation of

historical triangulation marks with a sufficiently long history of observations. If these
marks had been destroyed or were unsuited for GPS observations because of poor sky
visibility, obstructions, suspected strong ground-reflections of the signal (multi-path), or
lack of easy access to the mark, another near by mark was chosen or established to which
a suitable ground survey existed or could be acquired to the triangulation mark. In
addition to the historical station recovery, the experiments were conducted to establish a
GPS network to monitor crustal strain. For this part of the project, it was not

necessarily desirable to establish GPS stations over the historical monuments that are
usually found on the tops of mountain peaks, with difficult access. Because of this, the
recovery of all of the triangulation stations took six campaigns spread over two years.

The collection of the GPS data for this project involved the mobilization and
coordination of a group of field crews and equipment. The networks occupied consisted
of from a minimum of 3 to as many as 15 field receivers with a crew of from one to five
people for each receiver, depending on site access and safety. Static relative positioning
with GPS requires that the receivers acquire data from the same satellites at the same
time. In order to assess the precision of the results and to allow for redundancy,
observations are usually made over several days for each experiment. Several
experiments were usually conducted over a 2 to 3 week period. This required a high
degree of coordination among the different investigators, field crews, land owners, and
transportation providers to ensure that the receivers were on their stations and tracking the
intended satellites on schedule.

Data were collected under a variety of field conditions. Weather varied widely
including rain, wind, extreme heat, and freezing temperatures. Antennae were set up on
the tops of peaks, along highways, in small clearings and fields, and near chain link
fences and radio communication transmitting towers. In designing the experiments, an

effort was made to avoid sites that were suspect to have "bad" multipath. It was not
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always possible to avoid suspected multipath sites. Sites which had been suspected of

causing severe multipath problems that might interfere with the data, did not result, for
the most part, in significant and/or unusual data loss or data problems.

TI4100 receivers and antennae were used for all of the observations. The
operating software for most of the field TI4100's was GESAR versions 1.0 through 1.5
developed at Applied Research Laboratory, Texas. Some receivers used the Texas
Instruments navigation software, GEOMARK. The receivers recorded the carrier phase,
pseudorange, and the broadcast satellite ephemerides on the two L-band frequencies, L1
and L2, on four dual frequency channels. Phase and pseudorange were usually collected
at 30 sec intervals for approximately 8 hours from satellites 3, 6, 8,9, 11, 12, and 13
(PRN) in 4-satellite observation scenarios. The receivers operated by GEOMARK
recorded data at 3 sec intervals. And the data from the June 1986 experiment provided by
the NGS were collected at 6 sec intervals. Antennae were set on top of tripods ~1 to 1.5
meters above the mark. Slant heights were measured between the base of the antenna
preamplifier and the center of the mark with tape measurers before and after observations.
Phase and pseudorange observables were also used, when available, from a continental
network of fiducial tracking stations. These data were provided by the NGS from
TI4100's of the NGS CIGNET tracking network. These receivers were operated by the

NGS's CORE operating system.

2 PS results:

The data from each experiment have been independently processed by many of
the other investigators involved in the experiments [Dong and Bock, 1989; Larsen et al.,
1988; Larson, 1990] using several different analysis systems and algorithms. The
primary objective of my GPS data analyses was to acquire interstation vectors among
these triangulation marks at an accuracy greater than that of the original triangulation

surveys for use in conjunction with the historical geodetic data for the evaluation of the
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distribution of crustal strain rates in the offshore region of southern California.

Deformation results based on the repeated GPS occupations have been reported
elsewhere [Larson, 1990].

The data from each day of each experiment were analyzed separately. During the
analyses, double differences are formed between one reference station and satellite, and
the clock at the reference station is used as the reference clock. The estimated interstation
vectors in an earth-centered and earth-fixed cartesian system from each day are then
adjusted in a weighted least squares vector adjustment to determine the best fit interstation

vector for the experiment.

2.3.3.1 Precision
The precision of the interstation vectors can be assessed by calculating the
repeatabilities of each interstation vector as determined from several days of GPS

solutions, for each experiment. The daily repeatability of a baseline component, S, is

defined as:

n
Ri{R)|?

§= 1 =

(n-1) g(é)z

(2-17)

where n is the number of days of observations, R; and 6; are the estimate and formal
error of the estimate on the ith day, and (R) is the weighted mean [Blewitt, 1989].

The daily repeatabilities are shown for each experiment in Figure 2-5, for the
north, east, up, and length components as a function of length. The lines on the plots
represent 1 part in 106, 107, and 108 repeatabilities. Each experiment shows low (i.e.,

good) repeatabilities in the north and length components and relatively worse repeatability
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in the east and up components. Directions observed during the triangulation surveys

were typically < 50 km apart with some as much as ~ 150 km apart. The repeatabilities
indicate relative positioning precisions for stations within the historical geodetic network
(< 150 km) of about a centimeter in the north and a few centimeters in the east, well
below the precision of the triangulation of 15 cm for the typical baseline length and 45 cm
for the extreme 150 km baseline.

2.3.3.2 Accuracy:

When combining GPS vectors from different experiments and networks, the
primary concern is ensuring that the vectors that were solved for are in a common
reference frame. In the most general sense, GPS vectors are in the reference frame of
their orbits. During the data processing, the satellite orbits are adjusted into the reference
frame of a set of fiducial tracking stations. The accuracy of the coordinates of these
tracking stations in an earth-fixed and earth-centered reference frame controls the
reference frame of the satellites and thus of the station position solutions. For most of the
experiments, tracking station data were available. During the estimation, the tracking
station coordinates were constrained to their coordinates in the SV3 reference frame.

SV3 has been shown to provide accurate GPS interstation vectors and baseline lengths,
when compared with VLBI results for stations in California [Dong and Bock, 1989].

As a test of the accuracy of the results presented here, results from three of the
experiments (JAN87, SEP87, and MAY88) have been compared against other techniques
at two different length scales. Vectors estimated during the SEP87 experiment between
VNDN and CHUR (at Churchill, Manitoba, Canada) have been compared with the SV3
reference frame vector between these two stations. This provides a test of the accuracy of
the analysis on an extremely long (> 3200 km) baseline, along which errors should be
amplified. A test of the accuracy at short baseline lengths was performed by comparing

baseline lengths from two baselines within the network with EDM measurements
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performed in the 1970's that are present in the REDEAM data set. The baselines are

ROAD-JACK, ~1.6 km (MAY88) and SOLI-CHAF ~1.1 km (OCT87). The lines cross
regions where significant strain is unlikely to have occurred since the EDM measurements
were made.

The VNDN-CHUR comparison is shown in Figure. 2-6. North, east , up, and
length scatter relative to the SV3 position (filled circle) are within the a posteriori 2-sigma
error bars for the GPS estimates and the 2-sigma error of the SV3 relative position. The
scatter is on the order of several parts in 108 to a few in 107, in good agreement with the
precision of the experiment and with the precision and accuracy of bias free GPS
estimates shown by others [Blewitt et al., 1988; Dong and Bock, 1989]. This suggests
an accuracy of the measurements equivalent to the precision of the experiment. For the
short baselines, the lengths compare well with the EDM lengths (Table 2-3). The GPS

estimates are within the precision and accuracy of the EDM measurements of a few

millimeters.
2.3.3.3 Differences associated with different orbit sources:

Usable fiducial data from the same tracking stations for each experiment were not
always available. Many of these tracking stations were being established and developed
during the course of this study. Only a few existed during the earlier experiments and
some have experienced unexpected operational problems. This has resulted in a very
heterogeneous fiducial network for the study as a whole, from June 1986 to May 1988.
A common reference frame for all of the fiducial stations, SV3, has been calculated by
Murray and King [1988] and these fiducial station coordinates have been used in the data
analysis, when possible.

Orbits have been treated in three different ways during the data analysis. The data
from the JUNS86, JAN87, and SEP87 experiments were processed by constraining the

coordinates of the tracking stations to their SV3 coordinates and adjusting the Keplerian



27
elements of NSWC satellite ephemerides during the solution. During the MARSS8

experiment, tracking station data were not available at the time that the data were
processed. In order to bring these orbits into the SV3 system, the best fit coordinates of
local GPS stations, which had been determined during the JAN87 and SEP87
experiments, were constrained and the orbits adjusted during the processing of the
MARSS data. For the short GPS ties of the MAY88 experiments, broadcast orbits were
used. Tracking data from CIGNET tracking stations were obtained, but were unusable,
requiring that the solutions be calculated in the reference frame of the broadcast orbits,
WGS-84. Errors between broadcast orbits and precise NSWC orbits, both of which are
in the WGS-84 reference frame, have been reported to cause no significant differences
greater than the several millimeter level for 5 km long baselines [Davis et al., 1989] and at
worst 1 part in 100 with typical values of 0.1 to 0.2 parts in 109 for continental scale
baselines [Remondi and Hofmann-Wellenhof, 1989]. This would result in negligible
errors in the short ties of the MAY88 experiment.

In order to test the effect of adjusting WGS-84 orbits into the SV3 system on the
orientation of the network vector solutions, daily solutions were calculated for three days
of observations during the SEP87 experiment using both adjusted orbits from fiducial
data in the SV3 system and NSWC orbits. Comparison of the orientations of the
networks indicate a slight clockwise rotation of the network and slight length scale
changes. But these changes are small, on the order of a few parts in 107, and therefore
should not significantly effect the local ties that use the non-adjusted orbits (Table 2-4).

In addition to the direct comparison of individual vectors, an effective
deformation resulting from the different orbit sources was calculated from the solutions

from the three days of observations. This orbit source deformation, D, is modeled as

unswc = usv3 +D(usvs - u,) (2-18)



where u is the vector of the geodetic positions in longitude,A , latitude,@ , and elevation,

A
u=| ¢
h (2-19)

and D is the orbit source deformation matrix

h,

da die O
D=| dpp dgp O
dpa dne 0

(2-20)

the components of D are related to the horizontal deformation matrix Lq via

Ip
L,= d adtpl
T,
e e (2-20)
and to the network tilt, ¢, via
A
T,
T = [T] ] — P
T2 'dh ™
Tm (2-21)

The terms involving the shape of the earth, rp and r, are given by

l'p = '&' Cos (p (2_22)
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L — (2-23)

w =(1-e2sin2 (p)lz_ (2-24)

where a and e are the WGS-84 ellipsoid radius and eccentricity, and ¢ is the latitude of a

reference position, u,. These results are summarized in Table 2-5 in terms of the

clockwise network rotation, o,

10 -

=" (2-25)

the direction of minimum extension,] ,

B = .1_ tan'l [M}

2 (2-26)

the strain parallel, € [ , and perpendicular, € L, to B, and the direction, {, and magnitude,

8, of maximum network tilt

2

c = tan'l E
2
dhe 2-27)
a2 .2
& = [dhq, # dhx]% (2-28)

These results suggest that different orbit sources can have a several part in 107 effect on
these GPS solutions. An effect of this magnitude should not significantly affect the short

local ties that use these orbits.
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2 4 Interstati r adj nt:

After all of the experiments were processed, a set of best fit vectors were obtained
through a weighted least squares adjustment of all of the interstation vectors from all of
the experiments. All of the individual experimental GPS interstation vector solutions are
combined into one set of interstation GPS vectors. This was accomplished by using the
daily GPS interstation vector solution from each experiment to solve for earth-centered
and earth-fixed cartesian coordinates of each station relative to a fixed station using a
weighted least squares algorithm.

The interstation vector model for the station positions of station i and j is

Xj -Xj = Xjj (2-29)

where Xj and xj are the position vectors of stations i and j, and xij is the interstation
GPS vector from station j to station 1 solved for during the processing of the GPS phase
observables.

In matrix form, the equations are

Ax =Db (2-30)

where A is the M X N design matrix, x is the vector of unknown station positions of
length N, and b is the vector of interstation GPS vectors of length M. Explicitly, the

equation has the form
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The first three equations are the reference station coordinates( Xo, Yo, Zo) and the other
equations relate the interstation vector from station i to the reference station, and from
station j to station i to their respective cartesian coordinates.

Weighted least squares is used to estimate the station positions. Each component
of the interstation GPS vector is weighted by the inverse of the formal error for that
component of the solution. Variance factors calculated for the individual experiment
adjustments and the repeatabilities of each experiment suggest that the formal errors of the
GPS22 solutions underestimated the interstation vector component errors. (Appendix B
contains the final interstation vector database for all of the experiments with the formal
errors scaled by the sigma of unit weight for the data set as a whole.) Figure 2-7 shows a
histogram of the standardized residuals of the adjustment.

2.4 Summary:

The historical triangulation data set contains approximately 900 direction
observations collected in the 1870's, 1890's, 1920's, 1940's, 1950's, and 1960's
between the mainland of southern California and the offshore islands. A small number of
trilateration observations were made in the early 1970's across the Santa Barbara

Channel. GPS interstation vectors have been computed from GPS carrier phase and



pseudorange observables. These vectors tie the GPS network to the triangulation and

trilateration networks at a precision greater than the historical triangulation observations.
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Figure 2-1. Station location map showing the locations of all of the triangulation stations
and regional GPS stations used. Numbers refer to stations identified in Table 2-1.
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Table 2-1

Name

ARGUELLO 1875 (destroyed)
SANTA BARBARA 1857 (destroyed)
SANTA BARBARA 21956
SANTA BARBARA ID 2 1940
GAVIOTA 1873

SOLEDAD 1887

DEVILS PEAK 21951

HIGH 1951

HIGH MOUNT 1857

ROAD1951

POINT DUME 18561947

NEW SAN MIGUEL 1873 (destroyed)
SANTA CRUZ WEST 21956
SANTA CRUZ WEST 1874 (destroyed)
CENTER 21934

VICENTE 1951

CATALINA PEAK 1876 (destroyed)
‘WEST PEAK 1875

JACKSON 1951

SANTA CRUZ EAST 1857
SOLEDAD 1872

CASTRO 1898 RM3

CASTRO 1898

NIGUEL 1884 (destroyed)
CHAFFEE 21923

LAGUNA 2 1951

SANTA CLARA 1898

SOLIMAR CADH 1974

SAN PEDRO 1853 (deswoyed)
BLUFF 1862

BOULDER 1862

HARBOR 1860

SAN FERNANDO 1898 RM3
PICOL-9ALACO 1971

SAN FERNANDO 1898 (destroyed)
LAGUNA 1857 (destroyed)
PICOLS-C

NEW SAN MIGUEL RM2

SANTA CRUZWEST 1923 RM2

Temp survey station (destroyed)
SANTA BARBARA 2 1956 RMS
La Cumbre Peak GPS
PYERT7268(5V3)
VNDNRMI1(5V3)
BRUSH(NGS), Catalina Island
ALOORMAXSV3)
AUSTGPS(5V3)
CHURGPS(5SV3)
FTDRM4(5V3)
FTOR726&(5V3)
GOLDUTEX(SV3)
GOLDNCMN1(SV3)
OVROT114(SV3)
PLATT7258(SV3)
RICHGPS(SV3)
YNDNT7880(5V3)
HAYOCP3(5V3)
WESTGPS(SV3)
YELLGPS(SV3)

Lat
34583
34405
34.404
33472
34502
32840
34.029
34.019
34.026
33253
34.002
34.040
34,073
34.073
33.995
33.741
33387
33.460
33.240
34.055
33.951
34.086
34.086
33512
34301
34.109
34326
34298
33.746
32577
32896
32998
34330
34329
34330
34.109
34330
34.040
34073
34405
34.086
33515
33.232
34120
34.086
33514
34404
34.404
34.454
33744
34556
33.407
45763
30.144
58588
30.468
36.486
35.150
35.150
37.047
39.993
25464
34376
42431
42421
62319

Lon
120.561
119.715
119.716
119.041
120.199
117.252
119.784
119.576
119.584
119.514
118.807
120.387
119.918
119.918
119.753
118.411
118.401
118.569
119.508
119.565
120.106
118.786
118.786
117.734
119.331
119.065
119.039
119.343
118.336
118.519
118.468
118.562
118.601
118.601
118.6801
119.065
118.601
120.387
119.918
119.717
118.786
117.730
119.479
119.154
118.786
117.730
119.716
119.716
119.714
118.404
120.616
118.408

78.073
97.756
94,088
103.947
121.7713
116.888
116.891
118.294
104.726
80384
120.616
71488
71.493
114 469

corresponding to the locations marked in Figure 2-1. Stations without a 4-character ID
are not tied to the GPS network. SV3 indicates that the station was used as a fiducial
station during the GPS processing, if the GPS data were available and that the station
coordinates were held fixed in the SV3 reference system of Murray and King [1988].
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Figure 2-2 The maps show the distribution of the geodetic observations with time. A
solid circle indicates that the station is tied to the GPS network. The dotted lines and arcs
indicate the observed directions.

1870’s and 1890’s triangulation - The survey networks were first established during the
mid- to late- 1800's. During this period, stations were established along the coast of
southern California and on the offshore islands. The offshore networks were fairly
sparse with observations in the Santa Barbara channel area and among the islands of the
Continental Borderland. Almost all of the observations from the Santa Barbara channel
have standard errors of 1.2 arc seconds (i.e. mostly third order ). However, some of the
observations are less precise with standard errors of 2.1 arc seconds. Almost all of the
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121.00W
117.00W

1940 Triongulction

observations from the Continental Borderland have standard errors of 2.1 arc seconds;
the other two are third order.

1920’ s triangulation - The surveys of the 1920's observed many of the stations surveyed
during the 1800's in the Santa Barbara Channel, but none in the Continental Borderland.
The observations are almost entirely first and second order with standard errors of 0.6
and 0.7 arc seconds, respectively.

1940’ s triangulation - The survey of the 1940's was a first order reoccupation of the
marks on Santa Catalina and San Clemente islands since the the surveys of the late
1800’s. A new mark was established on Santa Barbara Island that was not tied to th

older network. :
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1960 Trigngulotion

34.75

32.60

1950’ s triangulation - This is the most complete and extensive first order triangulation
survey. The entire offshore area was covered during this survey from Point Arguello to
La Jolla and out to San Nicolas Island. Many stations were reoccupied for the first time
since they were established in the late 1800's. Some of the marks at these stations had
been destroyed or obstructions had been built making the original mark, if it remained,
unusable. At these stations new marks were established. The new marks were not
necessarily tied to the original marks, resulting in a loss of the original data history.
1960’ s triangulation - The survey of the 1960's was a first order reoccupation of the
marks in the Oxnard Plain area
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Figure 2-3 The quality of each of the triangulation surveys was evaluated by performing a
network adjustment on the data from each survey. Because of the limited temporal
overlap and the low precision of the surveys from the 1870’s and 1890’s, observations
from these surveys were adjusted together as two independent networks: 18001 and
1800--2, for the Santa Barbara channel and Continental Borderland networks,
respectively. The results of the adjustments are shown in Table 4. a) Histograms of the
standardized residuals for each of the network adjustments are shown. The x-axes are in

units of the standard error, o, of the adjusted value. The solid line plotted on the
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histograms is a Gaussian distribution. Note that almost every survey has highly
improbable adjusted values >30. (The triangulation of the 1960's contains 4 adjusted

values >100 that are not shown.) These observations are considered to be possible
blunders within the data set. b) Histograms for a sub-set of the triangulation observations

in which only observations with adjustments <3¢ were retained.
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Table 2-2
Summary of triangulation survey adjustments

Period Stations  Directions DOF x2 0'02

1800-1 10 38 (37) 13 (12) 1.0 (0.7) 0.08 (0.06)
1800-2 6 14 (14) 3(3) 1.6 (1.6) 0.54 (0.54)
1920 11 131 (129) 72 (70) 110.9 (66.7) 1.54 (0.93)
1940 5 26 (24) 12 (10) 23.7 (10.5) 1.98 (1.05)
1950 27 659 (580) 363 (307) 1096.7 (474.6) 3.02 (1.55)
1960 6 31 (29) 11(9) 3.8 (5.5) 0.52 (0.61)
(1960 6 34 11 132.2 10.15)

Table 2-2. DOF is the number of degrees of freedom during the adjustments. Go2 is the

reduced xz for the adjustment. 1800-1 is data from the Santa Barbara Channel, 1800-2 is
data from the Continental Borderland. The values for 1960 in parentheses are for the

survey data set that includes four rejected observations with standardized residuals > 100
that are not show in Figure 2-3. The other values in parentheses are for the reduced data

set in which data outliers > 3¢ and unconstrained observations have been removed.
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Figure 2-4. The solid lines connecting stations indicate the baselines estimated from the
six GPS experiments conducted between 1986 and 1988 summarized in Table 2-6.
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Figure 2-6. VNDN-CHUR vectors from SEP87 (open circles) plotted with SV3 VNDN-
CHUR vector (solid circle) plotted against weighted mean in a) vertical and length, and b)
north and east. Error bars are 2-sigma errors. SEP87 vector errors are weighted by the

variance factor for the experiment. Scatter suggests several parts in 108 to a few parts in
107 agreement among data and reference frame, on this long (> 3200 km) baseline.
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Figure 2-7. Histogram of the standardized residuals for the GPS adjustments is shown.

The x-axis is in units of the standard error, o, of the adjusted value. The solid line plotted

on the histogram is a Gaussian distribution. The occurrence of values outside of the
Gaussian distribution suggests that the formal errors of the adjustment under estimate the

true error of the GPS vectors.



Chapter 3

Strain rate modeling

The purpose of this chapter is to quantify the strain rates in the offshore region of
southern California from geodetic observations. In this study geodetic data collected
since the late 1800's are used to calculate average rates of crustal strain across networks
that extend from the offshore islands of southern California to the mainland. The
geodetic data includes triangulation, trilateration, and GPS interstation vectors which
have been combined to estimate strain rates averaged over the time period of the
observations, from 15 to more than 115 years. The data types and their distribution were
discussed in the previous chapter. In this chapter the strain rate modeling will be
discussed, strain rates estimated for networks in the offshore region, and the quality of
those strain estimates assessed. The heterogeneous nature of the data sets used requires
that the estimated parameters be evaluated for reliability by common statistical tests and
other, more qualitative means. By rating the estimates in this manner, the estimated

parameters gain more realistic confidence estimates.

1In ion:
Geodetic data are widely used to measure crustal deformation in California.
Several investigators have presented analyses of triangulation [Savage and Burford,
1973; Snay et al., 1987; Thatcher, 1975], trilateration [Lisowski and Prescott, 1981;

Savage and Burford, 1973; Savage et al., 1987], and space-based geodetic observations
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[Clark et al., 1987; Ryan, 1987; Sauber, 1989; Ward, 1988] that indicate strain rates in
California on the order of 0.1 - 0.8 x 10"6/year . These types of observations can
provide both reliable estimates of strain accumulation in seismically active areas [Savage,
1983] and cnitical information on the earthquake cycle, if the data are collected before and
after fault rupture. Both types of observations can be used to test constitutive models of
the crust that suggest time varying strain rates near faults during the earthquake cycle, if
the data are of sufficient precision and quality.

After the 1906 San Francisco earthquake and the recognition of substantial
ground displacements of survey monuments [Reid, 1910], the United States Coast and
Geodetic Survey (USC&GS) initiated their triangulation campaign of the 1920's. The
adjustment of the data from this campaign was used to evaluate the amount of
deformation that had occurred since the first surveys in coastal California, 30 to 60 years
earlier [Bowie, 1928]. Station displacements between this survey and the first surveys in
the mid- to late- 1800's were interpreted to, possibly, be the result of tectonic motions
along the coast. The results of these adjustments suggested a few meters of displacement
in the coastal region relative to stations in northeastern and southern California. In
northern California, the displacements are consistent with the geological sense of
displacement for slip on the San Andreas fault. In the western part of southern
California, though, these results indicate ~40 mm/yr of /eft lateral slip parallel to the San
Andreas fault.

The direction of station displacements in southern California is opposite to that
which has since been observed geodetically [Clark et al., 1987; Savage and Burford,
1973] and shown geologically [Crowell, 1981] along the San Andreas fault. Itis
unlikely that this contradiction of what is now understood about the sense of
displacement on the San Andreas fault is real. More likely the calculated displacements
are biased by the analysis of the data and the sparseness of the data set. Bowie's analysis

used the adjusted positions of stations from only two observational epochs approximately
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50 years apart, holding a number of stations on both sides of the San Andreas fault fixed
with respect to each other. Bowie [1929, p.3] states that the maximum relative station
displacement in southern California of 3.6 feet "..can easily be accounted for by the
accumulation of accidental errors of triangulation” and [Bowie, 1929, p.20] " that there
seems to be no method of differentiating the effects of [earth movements or accidental
errors of observation] . .. "

Since then, numerous investigators have used geodetic observations to evaluate
the present-day strain rates along geologically and seismically active faults [Savage and
Burford, 1973; Thatcher, 1979a] and in other areas of suspected crustal disturbances
[Snay, 1986; Zoback et al., 1985]. Many of these efforts have used existing geodetic
data such as those collected periodically by the United States Coast and Geodetic Survey
(USC&GS) and the National Geodetic Survey (NGS), while others have relied upon data
collected explicitly for crustal deformation studies, such as those collected by the United
States Geological Survey (USGS).

The crustal strain estimates presented here will be based on combinations of two
types of measurements: Terrestrial and extraterrestrial. Prior to the development of GPS
techniques for precise relative positioning, these geodetic data had never before been
combined to evaluate crustal strain. This is now possible, because high precision
extraterrestrial surveying, with relatively portable GPS receivers, has allowed for the
reoccupation of these historical marks and the recovery of this temporally long data base.
The significance of the relatively large uncertainties in the triangulation observations is
diminished by the high precision of the GPS observations and the time that has passed
since the triangulation surveys were performed.

Because the data used in this study have been collected by several agencies at
irregular time intervals from different networks of stations, there are many temporal,
spatial, and observational heterogeneities in the data set. The various networks have

different numbers of observations spread over different time intervals. In addition to
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this, the data have been collected using techniques with very different precisions. Thus,
the strain rate estimates for each network can not a priori be considered to be of equal

quality, since each network has its own individual peculiarities.

3.2 Strain rate modeling from geodetic data;

The full displacement rate tensor has six components representing the
displacement rate field in three dimensions. For the present study, these dimensions are
in a local north, east, and up coordinate system. Because elevation changes have not
been observed during the historical surveys, only the horizontal displacement rates can be
estimated. Indoing so, it is assumed that the vertical changes do not significantly affect
the horizontal position of the stations. (Geologically rapid rates of uplift have been
determined in the coastal region of Santa Barbara and Ventura [Lajoie et al., 1979], but
leveling along this coastline suggests that these rates are low [Yerkes et al., 1980] and
may be affected by oil withdrawal in the Ventura region [Buchanan-Banks et al., 1975].)

Let u;(t) be the geodetic position in latitude, @, and longitude, A, of station i at

time t.

A(t)
ui(t) = { ]
oi(t) (3-1)

In the horizontal displacement rate model, the position of a station at time t, relative to an

arbitrary reference time, t,, is described by
ui(t) = wifto) +L{ui(t) - upft-to) (3-2)

where the displacement rate matrix L is decomposed into symmetric and anti-symmetric

matrices
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L=E+W (3‘3)

E is the symmetric strain rate tensor

el e
E=[ 11 €12 ]
€12 €22

(3-4)
in a north-east coordinate system with east directed along the 1-axis and north along the
2-axis and W is the rotation matrix

rs 0 le}
" [-Wm 0

(3-5)

Several deficiencies in the data set from the lack of accurate distance and
azimuthal observations throughout the observational history prevent the unique
determination of L. Even though azimuthal data have been collected at some of the
triangulation stations, the accuracy of these data, >7 pradians [Snay et al., 1987], is too
low to allow for the reliable estimation of network rotations. W is therefore

indeterminable. Also, in most cases accurate length observations were not collected with

the triangulation observations. In this case, all of the components of the strain rate tensor

E can not be solved for explicitly. The data provide only enough information to solve for

angular changes and, therefore, only the shear strains.
In order to account for these deficiencies when using triangulation data, it is

common to use the parameterization

11 =(e11 - €22) (3-6)

63



Y2 = 2e12 (3-7)

called engineering shear strains. In this representation the maximum shear strain rate, Y,

and its direction, ¥, are given by

1
v=0}+v3): (3-8)

S P ( )
= (3-9)

and the direction of minimum extension, B, by

A
B=Ltan 1(—)=\uiﬂ
2 M1 (3-10)

This parameterization can be thought of as representing pure or simple shear. The
preferred representation is a matter of interpretation dependent on the individual
geological setting, since these parameters are independent of the network rotation, W.
Decreases in the right angle between lines oriented north and east are measured by Y2 and
increases in the right angle between lines oriented N45E and N45W are measured by Y1.
Right lateral shear across a vertical plane striking N45W is measured by Y1 (or left lateral
across a vertical plane striking N45E), and right lateral shear across a vertical plane
striking N9OE (or left lateral across a plane striking NOOE) is measured by Y2. Even
though, the strain mechanism in a given area may not be by shear along vertical shear
faults, these parameters provide quantitative estimates of the horizontal strain rate and

direction for relative comparisons between different regions.
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In these analyses two statistics will be reported: The standard deviations (formal

errors) associated with the estimated parameters which are measures of the data strength

of the estimated parameters, and the sigma of unit weight,

i (xi-_{xﬁ 2
=i, | G

(n-npar) (3-11)

where x;, (x;), and o; are the i th observation, the estimate for the i th observation, and
standard error of the estimate, n is the number of observations, and Npar is the number of
estimated parameters. This latter statistic is a measure of the normality of the post fit
variance distribution. o2 is equivalent to a chi-squared over degrees of freedom statistic
[Bevington, 1969; Snay, 1986; Vanicek and Krakiwsky, 1986]. Values of 1 suggest that
the model variance distribution is normally distributed and that the a priori weights are a
realistic estimation of the true error. Other values significantly different from 1 suggest
that the model variance distribution is not normally distributed and/or the a priori weights

are poor estimates of the the data uncertainty.

3.3 Methods:

The method used for the determination of strain rates from geodetic data depends
on the type of geodetic data available. When estimating these strain rate parameters from
data that are of one type, there are standard methods that are usually employed. For
example, Frank's method [Frank, 1966] has been used widely for the analysis of strain
rates from triangulation data. [Sauber, 1989; Thatcher, 1979a; Zoback et al., 1985].
With this method, angles, that have been repeatedly measured, are used to calculate the
engineering shear strains Y1 and Y2. The change in the horizontal azimuth of an observed

direction is modeled as
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Aaij = At ]y, (sin 26 - sin 26;) + 1, (cos 26, - cos 26 (3-12)

where the 0's are the azimuths to stations i and j, and AQij is the observed angular
change during some period, At. This technique could be employed in the analysis of the
present data set that consists mostly of angles and interstation earth-centered and earth-
fixed GPS vectors by reducing both to a common reference surface and calculating the
angular changes. However, since there are other observations within the networks, than
just those to the stations that have been repeated in time, this algorithm would not exploit
all of the information in the data set.

Rather than reducing the GPS vectors to angles on an ellipsoid and comparing
angles, the method of simultaneous reduction [Bibby, 1982] has been used. With this
method, the data are used to solve for both station coordinates on a reference ellipsoid at
each epoch and displacement rate parameters. Changes in station positions from one
epoch to another are modeled by estimating both an average, network displacement-rate
tensor and the station positions at each epoch. In doing this, stations, which are
repeatedly occupied, provide information on the temporal changes in station positions.
Other stations, which are occupied during only one epoch, provide strength to the
positions at that epoch. This is preferable to Frank's method, because stations whose
observations have not necessarily been repeated in time (and would be ignored by
Frank's method) add strengthen to the positions of the other stations which may have
been observed at other epochs. In these analyses, only triangulation observations from
the primary triangulation stations within the GPS network are used.

A recent analysis of strain accumulation in the New York area using Frank’s
method suggested large amounts of right lateral shear strain [Zoback et al., 1985].
Subsequent analysis of a larger data set in the same region [Snay, 1986] using the

method of simultaneous reduction found no statistically significant strain. It was shown
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that the analysis of strain using Frank’s method does not allow one to evaluate the data

for reliability and blunders, and may result in misinterpretation of data weaknesses and

survey blunders as tectonic strain.

3.3.1 Implementation of simultaneous reduction technique:
Drew and Snay [1988; 1989] have developed a computer algorithm that

implements simultaneous reduction for estimating the displacement-rate tensor from a set
of geodetic data through a weighted least squares algorithm. Their program called
DYNAP (DYNamic Adjustment Program) is a modification of the geodetic adjustment
program ADJUST, authored by Milbert and Kass [1987]. The observational equations
for the data can be found in Milbert and Kass [1987] and a matrix representation can be
found in Drew and Snay [1989] and Feigl et al. [1990].

The displacement rate model of DYNAP is

u(t) = u(to) +Clu(t) - uo)(t-to) (3-13)
where u is the vector of station coordinates in latitude, @, longitude, ), and elevation, h,

C is the displacement rate matrix,

Coo Con
C=| G ©Cn

Che  hd (3-14)

to is a reference time, and u, is the origin. The components of C are related to the

horizontal displacement rate matrix L via
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L= Tp =E+W
r—pC Cu
o 6k (3-15)

and to the network tilt rate, T, via

“Che
: [tz] Cha
Tm (3-16)
Ip = -{%—COS ® (3-17)
8 =a(1-e2)
T w3 (3-18)
, 1
w =(1-e2sin? 9)2 (3-19)

where a and e are the radius and eccentricity, respectively, of the WGS-84 ellipsoid, and
¢ is a reference latitude. In this model, crustal motion is assumed to be linear in both
time and geodetic position, and homogeneous over the area of the network.

Inputs are initial preliminary positions, elevations, data, and constraints. Because
the data sets lack sufficient information to determine all of the components of C, certain
constraints had to be applied. For all of the networks, elevation observations at epochs
other than the GPS epoch are unavailable, requiring that elevations be constrained to their
GPS derived values and preventing the determination of the height dependent
components of C. Azimuthal constraints were also applied to all of the networks,

because no common, reliable observations, other than the GPS solutions, provide



information on the orientation of the networks. One orientation between two stations was
constrained to the GPS derived value for each network throughout the period of the
observations. For the data sets with precision trilateration, this and the elevations were
the only constraints necessary. For networks using only triangulation or triangulation
and GPS vectors, in addition to the azimuthal and elevation constraints, a common scale
needed to be defined throughout the period of the observations. This was accomplished
by constraining a GPS vector between two stations over the time period of all the
observations, thus introducing a constant scale and orientation to these data sets. The
azimuth constraint precludes the determination of the network rotation rate, W, and the
scale constraint results in an indeterminable dilatational strain rate, (€11 + €22). These
constraints do not bias the crustal motion parameter estimates, since no other information

in the data set affects these free network parameters [Drew and Snay, 1989].

D mbinations:

Various station and data combinations have been used to estimate the strain rates
over the networks: Triangulation -triangulation (TT), triangulation-GPS (TG),
triangulation-trilateration (TL), trilateration-GPS (LG), and triangulation-trilateration-
GPS (TLG). The combination used depends on the availability of that data. In Chapter
2, it was shown that some of the surveys have a few spurious points, outliers. Least
squares techniques weight large outliers heavily [Menke, 1984; Press et al., 1987]. This
can result in the erroneous estimation of the model parameters [Menke, 1984; Press et al.,
1987]. The results discussed below are from the data set that excludes these outliers.
Strain rates were calculated using both data sets (see Table 3-1) and the differences
between the two were small. By estimating strain rates using these different data
combinations, the strength and weakness of the estimates and data can be evaluated.

Estimated parameters, that are independent of the data set used, are the most reliable
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averaged rates over those time periods, while estimates that depend strongly on the data

combination used are the least reliable.

3.4 Network results:

Three regional networks have been defined based on the geological deformational
style of each of these regions. These networks are subdivided into smaller networks, if
the amount of data available will permit this and if the strain is thought to be
heterogeneously distributed across the larger network. The sub-dividing allows the
determination of strain over a smaller spatial and possibly more homogeneous region,
however, with fewer observations. Table 3-1 summarizes the strain analyses for all of
the networks and all of the data combinations.

The stations occupied span the offshore region from the Santa Barbara coast line
to the Northern Channel Islands, and from the coast of Orange and San Diego counties
west and north to the Northern Channel Islands. The three major networks are the Santa
Barbara Channel and Oxnard Plain, the Northern Borderland between the northern
channel islands and San Nicolas and Santa Barbara islands, and the Southern Borderland
between San Nicolas island and the coast line of San Diego and Orange counties (Fig. 3-
1).

From hundreds to tens of triangulation observations have been used, depending
on the network. The channel network and the borderland networks differ in the quality
of the data and the time span of the data available to each. The Santa Barbara
Channel/Oxnard Plain networks have the largest number of observations, spread over the
longest time period, while the northern and southern networks have triangulation data

mostly from only one epoch in the mid 1900’s.
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4.1 hannel and Oxn lain

The geodetic networks in the western Transverse Ranges cover the Santa Barbara
Channel and Oxnard Plain (Fig.3-2). The data set includes triangulation dating to the
1870’s, precision trilateration, and GPS interstation vectors. There are over 475
directions in this network. The directions represent five epochs of observations with as
many as 60-90 years between the first and last triangulation observations. Each sub-
network has at least 3 epochs of observations with at least 50 years between the first and
last triangulation observations. Of the observations, 60% are from the 1950's, 22% from
the 1920's, and the rest are split between the 1870's, 1890's, and 1960's. In 1971,
precision trilateration was performed across the channel to stations on the northern
channel islands. These stations were occupied with GPS during the mid-1980's along
with the GPS occupations of the triangulation stations.

The strain rate solution for the overall network from triangulation and GPS
observations is consistent with generally north-south directed shortening. The rate of
maximum shear strain ,y, is 0.10 £ 0.01 pradians/year and the direction of minimum
extension, [, is NOSW * 4 with 6 = 1.18. Subdivision of the network into a Santa
Barbara Channel network (SBC) and an Oxnard Plain network (OP) (Figures 3-2a and 3-

2b) suggests two different strain regimes. The SBC network is characterized by y= 0.24
1 0.02 pradians/year and B = NOIW = 2 with 6 = 1.07 and the Oxnard Plain network

by Y=0.04 £ 0.04 pradians/year and B = N43W * 29 with 65 = 1.21.

41.1 B hannel Triangulation-GP
The SBC network has been further subdivided into three smaller networks and
the strain rates estimated using various combinations of the geodetic data to test the
reliability of these estimates across the channel. The channel has been divided up into
eastern Santa Barbara Channel (ESBC), central Santa Barbara Channel (CSBC), and
western Santa Barbara Channel (WSBC) networks (Figures 3-2c, 3-2d, and 3-2¢ ). The

strain rate estimates from these networks show that the generally north-south directed
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shortening of the overall network solution is also present in these smaller regions, but

that the direction varies from N23W * 7 in WSBC network to N10E * 4 in the CSBC
network and N19E £ 4 in the ESBC. The shear strain rates also changes from relatively
low in the WSBC, 0.17 £ 0.04 pradians/year , intermediate in the CSBC, 0.26+ 0.04
pradians/year, and high in the ESBC, 0.30 £ 0.05 pradians/year o, for these estimates
are 0.81, 1.00, and 0.55 for ESBC, CSBC, and WSBC, respectively.

The triangulation only solutions for the channel are substantially different from
these triangulation-GPS solutions and have generally larger 6 's (Table 3-1). This is
most likely attributed to the generally shorter time period over which the triangulation
only estimates are averaged combined with the larger uncertainties in the triangulation
data.

Feigl et al. [1990] have reported that in 1942 ARGU was reset in a new location
and that there exists no tie between the old location and the new location. Observations
from ARGU were both included and excluded in the strain analyses, and were found to
have no effect on the strain rates (see values in Table 3-1 for the WSBC). The good
agreement between the analyses that include ARGU and those that exclude seems to
suggest that the post 1942 position of ARGU is "close” to the pre-1942 position. A
similar situation occurs at CHAF. The USC&GS site description for Chaffee states that
in 1923 a new mark was set, Chaffee 2 1923, in "approximately the same position" as
Chaffee 1867, the "old" survey mark. Bowie [1928] reports that the new mark at
Chaffee "..was established as near as possible to the old one, and it is believed to be not
more than 4 inches away from the old one. " The additional effect that this data has on
the strain analysis is negligible. Unlike, with ARGU where the observations both before
and after the movement of the mark were of the highest precision (first order), the late
1800's observations at Chaffee were third order. This, combined with the + 4 inch
uncertainty in its inferred position relative to the new mark, gives the data !/g the weight

of the post movement observations, and thus little effect on the solution.
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Precision trilateration collected in 1971 covers most of the ESBC and CSBC
networks with a few lines in the WSBC network (Fig. 3-3). In general the trilateration
stations are co-located with the triangulation stations except for LACU on La Cumbre
Peak and HIMT on Santa Cruz Island. The differences in network geometry between
triangulation-GPS networks and trilateration-GPS networks are small. Therefore, the
strain rate estimates from the two data types should be comparable, if strain rates are
constant over the 15 and 100 year time scales.

Strain rates were estimated using three sub-sets of the trilateration-GPS data set.
The networks are geometrically similar to the SBC, CSBC, and ESBC networks.
Separate estimates were not calculated for the equivalent WSBC network, because the
number of EDM lines was small and those lines did not cover the network evenly. The
overall SBC network solution estimates Y= 0.10 + 0.06 pradians/year and 3 = N43E £
15 with 65 = 0.41. The magnitude of the strain rate is indistinguishable from the
triangulation-GPS only solution, but, with a 500 difference in the direction of minimum
extension. The ESBC network which had the highest shear strain rate at 0.37
pradians/year with = N20E has a very low shear strain rate, Y= 0.07 £ 0.08
pradians/year with B = N31E * 35 and 6 = 0.44. The CSBC network has a shear

strain rate comparable to the triangulation-GPS solution of y= 0.24 + 0.14 pradians/year
with B = N41E * 13 and 6 = 0.36.

Strain rates were estimated using the triangulation-trilateration data combination
for the ESBC network. Since few of the triangulation stations are common to the
trilateration stations, the triangulation observations were tied to the trilateration
observations by connecting these sets of stations through the use of GPS vectors between
the local triangulation and trilateration stations. These vectors were constrained to be

invariant with time. These vector ties and the network are shown in Figure 3-4. The
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solution for this network has shear strain rates comparable to those of the ESBC

network, Y= 0.32 £ 0.10 pradians/year with B =N22E * 10 and o = 1.07.

The source of these differences between both the triangulation-GPS and
triangulation-trilateration solutions and the trilateration-GPS solutions has not yet been
determined. The differences may represent real strain rate variation between the ~100
year average of the triangulation-GPS/trilateration observations and the 17 year average
of the trilateration-GPS observations. Alternatively, systematic error in the reduction of
the trilateration data and/or local monument instability may be causing the large difference
in the direction of minimum extension between the triangulation-GPS and triangulation-
trilateration and the trilateration-GPS estimates. Comparisons of trilateration derived
strain rates with GPS derived strain rates have shown no appreciable difference between
the two techniques in California [Prescott et al., 1988]. However, in those analyses, the
agreement is based on frequent GPS and trilateration observations of 10-40 km baselines
that had been collected over several years to months and not observation by each
technique. With only the one epoch of trilateration, the low strain rate, and the short time
period between the trilateration and GPS observations, small monument instabilities and
observational blunders between the two surveys could have significant affects on the
strain estimates.

All of the lines in the trilateration network were not observed with GPS and this
may be the cause of the differences between the triangulation-GPS and the trilateration-
GPS strain analyses. In particular, the line from DEVL to HIMT was estimated under
less than ideal circumstances. HIMT was tied to the overall GPS network through a 2.5
day GPS experiment in May of 1988. During this experiment, data from continental
fiducial stations were unusable, requiring that the baselines be estimated using broadcast
orbits. This should not have resulted in large errors in the positions of the estimated
stations (Chapter 2). However, an examination of the mark-to-mark distances among the

trilateration stations suggests that the position of HIMT may be in error in its eastern
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component. All of the lines generally are consistent with a NNE contraction across the

channel, except for the DEVL-HIMT line. The inferred GPS length for this line is
0.0739 m shorter than the 1971 EDM length, inconsistent with the NNE shortening
implied by both the triangulation-trilateration and triangulation-GPS analyses. At this
time it can not be determined if this inconsistency is real or the result of the data
modeling, orbits, and/or set up error. Set up error may be unlikely. Independent
estimates of these baselines by Larsen [1990] indicate large differences in the GPS
estimates of the baselines that include HIMT (Table 3-2). The good agreement among the
other GPS baselines suggest that the two different analyses, in general, provide
consistent solutions, but that the analysis of the data from HIMT is spurious. This
question can best be answered by a direct measurement of the DEVL-HIMT line.

The low G, values for the trilateration-GPS estimates relative to ¢, for the
estimates that use triangulation data should not necessarily be interpreted as an indication
that the trilateration-GPS estimates are more reliable. The data in these two data
combinations are of different flavors for estimating the strain rates. The triangulation
observations, while having greater uncertainty in each observation, have several epochs
of observations with between 30 and 115 years between the GPS observations and the
triangulation. Alternatively, the trilateration observations are few with only 15 years
between them and the GPS observations, and, most importantly, only one epoch of
trilateration. This lack of several observational epochs may be the cause of the much
smaller o's for the trilateration-GPS, than for the triangulation combinations. This is
because there is less variance when fitting two epochs of observations to a time
dependent model than when fitting several epochs.

In order to average over the influence of this limited sampling, all of the data
types have been combined to estimate the 3 components of the horizontal strain rate
tensor, E, for the ESBC and CSBS networks. This combination for the two networks

gives strain rate estimates consistent with the triangulation-GPS estimates in both
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direction of minimum extension 3 and magnitude of maximum shear strain y (Table 3-1).

The rates are slightly lower than those estimated with the triangulation-GPS data set
alone. Since the trilateration provides a scale, the estimates of the three components of
the strain tensor can provide information on the type of strain across the channel. For
both of these networks, the strain components suggest approximately uniaxial strain
across the channel. The maximum shortening strain rate is -0.20 pstrain/year directed
N20E % 4 for the ESBC network and -0.15 pstrain/year directed N15E * 4 for the CSBC
network. G for these two solutions are 0.76 and 0.85, respectively.

This reasonable agreement in the directions of minimum extension among the
trilateration-triangulation, triangulation-GPS and trilateration-triangulation-GPS estimates
suggests that these geodetically determined strain rates are reliable for both the 30-100
year and the 15 year averages. The disagreement in the magnitudes of the strain rates

seem to suggest that the strain rates have decreased over the last 15 years.

4 rderl
The borderland networks include stations on Santa Rosa, Santa Cruz, San

Nicolas, Santa Barbara, Catalina, and San Clemente islands and stations along the coast
of Los Angeles, San Diego, and Orange counties. The data set consists of only
riangulation observations and GPS vectors; no reliable trilateration data are available.
The major triangulation stations that were occupied were established in the early 1940's
and 1950's. Many stations were established in the late 1800’s and early 1900’s, but
station destruction and lack of GPS observations to these stations makes them unusable
for this study. The borderland has been divided up into two large networks: The
Northern Borderland (NBL) and the Southern Borderland (SBL) networks. Almost all
of the triangulation data in the borderland was collected during the surveys of the 1950's,
with a few observations in the 1940's. These observations are too sparse and too closely

spaced in time to allow for the determination of strain rates based only on the
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triangulation data set. The strain rate estimates are based on the combined

triangulation-GPS data set. The lack of observations widely spaced in time and the
apparently low data quality from closure problems during the collection of the 1950's

data in the borderland (Chapter 2) limit the reliability of the estimates.

3.4.2.1 Northern Borderland

The extent of the NBL network is shown in Figure 3-5. Only the stations on
Santa Rosa, Santa Cruz, San Nicolas, and Santa Barbara islands and Castro Peak are
"co-located" triangulation-GPS stations. GPS observations were made to the
triangulation stations Point Dume 1800 and Vicente 1951, but these observations were
insufficient to test the repeatability of the GPS estimates and were not used to estimate
their station positions. At each of these two sites, less than half a day of useful GPS data
were obtained on days without tracking network data. Solutions can be obtained with
this little data, but there are no ways, in the absence of more GPS data to determine if the
solution is biased by the satellite geometry and/or field blunders. Field blunders have
occurred during some of these experiments and were only noted, and recovered from,
during the post-processing of the GPS observables, because of anomalously large daily
repeatabilities.

Because there is only one epoch of triangulation observations, strain rates can not
be estimated based on triangulation data alone and the strain rates have been estimated for
three sub-sets of the triangulation-GPS data. These sub-sets compose three overlapping
networks consisting of the overall network of triangulation-GPS stations and other
triangulation stations (NBL), and two triangulation-GPS station networks (NBL-1,
NBL-1a) (Fig. 3-5a, 3-5b, and 3-5c).

The solution for the overall NBL network is y=0.04 £ 0.03 pradians/year and
B =N53W £ 36 with 65 =0.97. This solution suggest that the strain rate averaged over

the entire network is indistinguishable from zero. A similar result is obtained when the



triangulation stations without GPS observations are eliminated and only data from the
triangulation-GPS stations are used, NBL-1 network (Fig. 3-5b), with y=0.06 £ 0.05
uradians/year B = N8OE £ 15 with 65 = 0.94. Network NBL-1A contains only
triangulation-GPS stations that form a closed polygon (fig. 3-5¢). The results for this

solution are different from the previous two. While B = N36W * 7 is indistinguishable
from the NBL network estimate with its low shear strain rate, the shear strain rate of
NBL-1A of y=0.17 £ 0.06 pradians/year with 65 = 0.69 suggests significant shear
strain across the network.

The inconsistencies among these three solutions would seem to indicate that the
strain is either not homogeneously distributed across the network or the strain is
unresolvable with this limited data set. The only difference among the data sets is the

presence of observations from triangulation stations at which there are no GPS

observations. This would seem to suggest that, with this limited data set, the inclusion of

these other observations is having a significant impact on the strain rate estimates. Since
these observations should add strength to the station positions at the 1950 data epoch and
the overall strain rate estimates, the estimates based on the overall network including all
of the data should be the most reliable and representative of the strain rate across the
northern Borderland.

But, a comparison of the residuals associated with each of these solutions
suggests that these additional observations may be detracting from the solution. The
NBL and NBL-1 solutions both have large (>30) standardized GPS residuals associated
with station CTR3, and NBL has large (>30) standardized direction residuals associated
with station CTR3. Data set NBL-1A represents the elimination of these data and data
from LAG?2 for which the ground survey tie between the GPS and triangulation stations

is long (~8 km) and is considered to have the least suspect triangulation observations.
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3.4.2.2 Southern Borderland

The SBL network is shown in Figure 3-6. The overall network has 163
triangulation observations from the 1940's and 1950's. Twenty-four observations from
the 1940's are from among Santa Barbara, Santa Catalina, and San Clemente islands and
139 from the 1950's are from all of the other stations. Except for triangulation
observations from stations Catalina Peak and San Pedro 1800, both of which have been
destroyed and were not recovered with GPS, the data are from "co-ocated" triangulation-
GPS observations. Station Niguel 1884 has also been destroyed, but GPS observations
from its reference marks and ground surveys have allowed for recovery of this site with a
somewhat large uncertainty (see Appendix A for discussion of the site tie). Since the two
epochs of triangulation data are temporally close and the majority of triangulation data are
from one epoch, the strain rate estimates are based solely on triangulation-GPS data sets
with different combinations of data being used to test suspect strain rate estimates.

The estimates based on the entire data set, SBL, are y=0.20 £ 0.03

microradians/year and B = N16W % 4 with 6y = 1.11. This estimate includes data from
stations Catalina Peak and San Pedro at which no GPS observations were made. When
these stations are eliminated from the solution, the estimates change significantly. For
this smaller data set, SBL-1, of 76 directions, Y = 0.07 £+ 0.04 microradians/year and B
= NI5W % 15 with oy =0.95. To check for non-homogenous strain distribution, the
region has been divided up into three sub-networks: inner (ISBL), intermediate (MSBL),
and outer (OSBL) (Fig. 3-6b, 3-6¢, and 3-6d). The ISBL network lacked sufficient data
to solve for the strain rate parameters, so a fourth network I[/MSBL that overlaps some of
the area of the MSBL network was defined (Fig. 3-6e).

The OSBL network forms a triangle among San Nicolas, Santa Barbara, and San
Clemente islands. Shear strain estimates for this network use 51 directions to

triangulation-GPS sites. The estimates suggest strain indistinguishable from zero: y=

0.10 = 0.10 pradians/year and B = N64W * 19 with 65 =0.96. During the collection



of the triangulation surveys in the 1950's, the observers apparently had problems with
these data. The observations from Jackson 1951 on San Nicolas Island to stations on
Santa Barbara and San Clemente islands were repeated many times on the same night and
over several days. This type of observing is indicative of closure problems during the
observations [Gossett, 1950]. The inability to close these figures may have been to due
to a number of factors, such as horizontal refraction, and indicates that the observational
accuracies are suspect (Chapter 2).

The MSBL network includes two nearly complete triangulation resurveys of the
stations among Santa Barbara, Catalina, and San Clemente islands in the 1940's and
1950's. Catalina Peak is the only station for which there are not GPS observations in
this network. Strain rate parameters were estimated both with and without directions
from Catalina Peak. These estimates differ substantially from each other in the magnitude

of the maximum shear strain rate. When Catalina Peak directions are included, y= 0.08

* 0.10 microradians/year and = NOSW * 15 with oy = 1.30, and, when those
directions are excluded, y=0.17 + 0.13 microradians/year and § = NO1E * 11 with o

= 1.11. For the former solution, 66 directions were used as opposed to 23 for the later.
Again, the additional information provided by the Catalina Peak observations would
justify the preference of those solutions over the solutions without that additional data,
however, large (> 30) standardized direction residuals associated with observations to
Catalina Peak suggests that these data may not be reliable.

For the ISBL network, there are too few triangulation observations to determine
the strain rate parameters based only on triangulation-GPS sites. Only two sets of
directions exist among these three stations, WEST, NIGL, and SDAD, and all of these
observations are from NIGL. Additionally, NIGL is tied through a ground survey to the
GPS mark. The large uncertainty in this tie adds decimeters of uncertainty to 1980's
position of NIGL. Strain rates were estimated, though, in a similar manner as the

previous networks by including data from Catalina Peak and San Pedro. Figure 3-6d
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shows the triangulation data and GPS sites used. The estimates are y=0.48 £ 0.21
microradians/year and = NO9E + 6 with oy = 1.40. In order to get some data
redundancy on strain rate estimates for this network, a fourth network, I/MSBL, is
defined that includes the ISBL network and angles from stations within ISBL network

and to stations within ISBL and MSBL networks. Both the shear strain rate estimate, Y=
0.40 £ 0.05 pradians/year, and the direction of maximum shortening, p = N17W + 3,
are close to the values for the ISBL network. Standardized direction residuals for
directions to and from NIGL are large (>30). These observations represent 50% of the
total directions and are dominating the strain rate estimates. The reliance of the strain rate
estimates on directions from this one station and the poor fit of these observations to the
model suggest that the estimated parameters are not representative of the average strain

field across the network.

- " in -
To test if these strain-rate estimates are significantly different from zero strain, the
data were modeled under the assumption of no strain (i.e., C = 0 in Eq. 3-13). The F-
test is used to test whether the two sample variances from these two models, one
assuming deformation and the other assuming no deformation, are consistent. If the

statistic F

-n
I
=15

(3-21)

is <<1 or >>1, the two hypotheses are significantly different. The probability
distribution of F is given by the incomplete beta function, I, [Bevington, 1969; Press et

al., 1987] with the probability that the two variances, n; and n; , are the same, P, given

by
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Thus, the probability that the two distributions are different is given by 1-P. Low
probabilities of significant differences implies a zero strain rate for that network, while
high probabilities implies significant strain.

In order to reflect in the strain rate estimates variations in the data sets, a quality
ranking for the estimated strain rate parameters is defined. This quality is a qualitative
estimate of the relative reliabilities of the modeled parameters. Strain rate qualities are
defined on a relative scale of A, B, C, D, and E. "A" qualities are the highest and “E”
qualities the lowest. Several factors are considered necessary to accept the strain rate
estimates for a region as reliable. Most important of these is whether or not the solutions
pass the F-test for significance or insignificance of strain rates (Fig. 3-7). This statistic
controls the initial ranking. Estimates are then degraded one category in quality for each
of the following criteria that the solution fails: 1) At least two epochs of historical

observations with greater than T years between them, where T is given by

T = average historical observational uncertainty
estimated strain rate

and 2) Reliable ground ties between GPS marks and the local triangulation station.
The results from the Santa Barbara Channel and Oxnard Plain networks are the

most reliable and self consistent. The OP solution is consistent with zero strain and has a
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2% probability of being different from the zero strain-rate solution. There are more than

60 years between the first and last triangulation surveys and reliable ground ties. But the
network includes one ground tie of 8 km (COTR to LAG?2) therefore, the OP network is
ranked as B quality with zero strain rate. In the Santa Barbara Channel, the WSBC,
CSBC, and ESBC networks all have strain rates that are significantly different from zero
at the 90% confidence level, with reliable ground ties and 4 epochs of triangulation.
These network strain estimates are, therefore, ranked as A quality.

For the borderland networks, the strain rate estimates are all of low quality
consisting of only one epoch of observations (or two closely spaced epochs). Both the
Northern Borderland and Southern Borderland regions have networks with zero strain
and with indeterminable strain rates. NBL, and OSBL have model strain rates that are
indistinguishable from zero with reliable ground ties. At the 90% confidence level, these
solutions are indistinguishable from the zero strain solutions. However, because they
have only one epoch of triangulation, they are ranked as B-quality estimates for zero
strain rates. The MSBL network solutions for each of the data combinations are
indistinguishable from zero at the 85% confidence level. Since this network only has one
epoch of observations, it is ranked as a B-quality zero strain-rate estimate.

The ISBL and I/MSBL networks have only one epoch of observations and an
unreliable ground tie at NIGL which is included in the majority of the observations. The
triangulation station Niguel 1884, NIGL, was destroyed in 1986 leaving only two of its
reference marks, NIGU and NIGB,that are both within 25 m of each other and ~400m
from NIGL. Angles between NIGL and its reference marks were observed before the
station was destroyed, but the distances were not. Because of this and the geometry of
these marks, the data are insufficient to confidently recover the position of the
triangulation station NIGL with respect to the GPS marks, NIGU and NIGB. This is an
important station with respect to the strain-rate analysis. Without data from this station,

the solution is singular. The strain rate estimates for these networks are ranked as D and
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E qualities for indeterminant strain rates, because of P, the questionable ground tie, and

the one epoch of triangulation data.

3.6 Summary

The strain rates in the offshore of southern California were determined by
combining historical geodetic observations with GPS interstation vectors using a
simultaneous reduction technique that averaged the strain over the area of several
networks. Only triangulation observations and GPS interstation vectors were common to
all of the networks. A limited set of trilateration observations spanned two networks in
the Santa Barbara Channel. Strain rate estimates are based on combinations of all of the
available data types for the networks and on subsets of available data when fewer than
two reasonably spaced historical geodetic data epochs were available. The results
indicate significant rates of strain in the Santa Barbara channel (SBC). Strain rates across
the Oxnard Plain (OP), the Northern Continental Borderland (NBL), and the Outer

Southern Continental Borderland (OSBL) are consistent with near zero strain.



Table 3-1. Shear strain rate estimates

Network Data 7] ) T B 002 1-P Quality
types
TSBCIOP
a TG 011+002 002+002 010+001  -5.+4 1.18 051 E
(0.10£001  002+002 011+001 -6.t4 1.18 046 E)
b TT  0.01+005 010%006 010+006 46.+17 1.57 0.04 B
(0.08 £005  012:006 014006 -62.t11 242 006 B)
2 SBC
a TG 023+002 001+002 024+002 -1.:2 1.07 0.80 B
(022+002 001002 022%002 2.2 1.40 092 A
b LG  -0.01£005 010%005 010+006 43.+15 019 087 C
c TG 020+002 001+002 020%£002 -1.+2 1.3 093 A
(020 +002 001002 020%002 -2.+3 1.45 0.87 B)
d TT  022£011 027+010 035+010 -65.:10 1.78 024 C
(033 £0.11  033:009 046009 -68.+6 276 028 C)
e TG* 019 +003 006+002 020+0035  9.+3 0.69 092 A
(021 £ 003 007:002 022:003 9.+3 094 089 B)
30P
a TG 0004004 004+004 004+004 43.£29 1.21 0.02 B
(0.01 £ 004  006+004 006+004 41.+17 1.77 0.02 B)
b TT  002+008 -001+009 002+008 18 +114 0.96 000 B
(-001 007 -004+009 004%009 49.+56 172 0.00 B)
c TG*  0.00+004  003%005 003+005 48.:+35 1.29 001 B
(0.00 £ 0.04  005%005 005+005 44.£25 1.52 0.02 B)
4 ESBC
a TG  028+005 023+004 037£005 20.£3 076 0.99 A
(024 + 004 019:004 030%005 19.+4 081 0.89 B)
b IG  003+009 -006+007 007008 31.+£35 0.16 097 B
c TLG 020+004 0.16+004 026%004 20.:4 0.83 097 A
019+ 004 014004 024+004 19.+4 086 083 B)
d TL  023+010 022£012 032£010 22.+10 1.28 059 E
(019£009 -021:0.11 029+010 24.+10 1.37 021 B)
e TT  011£023  024+025 026£025 -58.:25 1.60 003 NR
(0.10 £ 021  005+020 012+023 -77.+45 1.92 0.03 NR)
f TG* 040+ 006 -029+005 049+006 18.+3 065 1.00 A
032+ 005 -022+005 039+006 17.+3 075 0.94 A
5 CSBC
a TG  026+004 010£003 027004 10.+4 067 098 A
(024 £+ 004 -011+003 026:004 12.24 1.00 093 A
b IG  004:010 024014 024+014 41.£13 0.3 087 C
c TG 018003 -011+003 021+003 16.+4 073 095 A
(0.18 003  013+003 022:003 18.+4 1.02 0.90 A)
d TT  046+021 -006+017 046%021  4.+10 1.39 0.18 B
027+018 003016 027+018  3.+17 276 0.04 A)
e TG*  0.16+005 0.15+004 022+004 22.%6 030 1.00 A
(0.16 £ 005 016003 023+004 2286 066 095 A)
6 WSBC
a TG 012+004 012:004 017£004 -23.£7 055 095 A
b TT  -010£023 020+015 022+017 58.+27 063 020 C
¢ TG*  011+005 012:004 016+004 -23.+8 0.15 1.00 A
7 NBL
a 001+004 004003 004%003 -53.:+36 096 004 B
(0.02+£004  001£003 002+004 -13.£36 1.53 001 B)
b TT  0.16+034 043+028 046%031 -35.+9 1.12 0.10 B
(0.16 £ 034 043 +028 046+031 -35.+9 1.12 0.10 B)
8 NBL-1
TG -0.06+005 -002+004 006+005 80.+15 0.90 0.04 B



Table 3-1. Shear strain rate estimates

Network Dama 7] ) Tersak B 002 1-P Quality
types
(-0.02 + 0.04 -0.04 £ 0.04  0.05 + 0.04 59.+21 1.19 0.03 B)
9 NBL-la
TG 0.05 + 0.05 0.17 +0.05 0.17 £ 0.06  -36. +7 0.48 0.64 E
(0.06 + 0.05 0.11 +005 0.12+006 -30.+8 1.03 0.16 O
10 SBL
a TG 0.17 + 0.03 0.11 £ 0.03  0.20 £ 0.03 -16.+4  1.24  0.65 E
(0.20 + 0.03 0.11 £+ 0.03 022 + 0.03 -14.+3 159 0.70 B
b TG*  0.06 + 0.04 0.04 + 0.04  0.07 + 0.04 -15.+15 0.92  0.11 E
(0.12 £ 0.03 005 +004 0.3 +0.04 -11.+ 8 1.12 E)
11 OSBL
yiel -0.06 + 0.06 -0.08 £ 0.11 0.10 £0.10 64.+19 0.95 0.09 B
(-0.06 + 0.06 -0.04 £0.10  0.07 £ 0.08 73.+32 098 0.06 B)
12 MSBL
a TG 0.08 + 0.10 0.01 £ 0.05 0.08 £ 0.10 5.:15 1.69 0.15 C
(0.18 + 0.10 0.02 + 005 0.20 + 0.10 3.+7 212 012 ©
b TG* 0.17 £ 0.13 0.00 £ 006 0.17 £ 0.13 1.+11 1.24 0.13 c
(0.18 + 0.12 0.00 + 0.06 0.18 + 0.12 1.+10 1.21 0.17 ©)
13 ISBL
TG 0.45 + 0.18 0.15+0.15 048 + 0.21 9.+6 1.95 0.25 E
14 IMSBL
a TG 0.34 + 0.05 022 +0.05  0.40 + 0.05 -17.+3 1.54  0.89 D
(0.33 + 0.04 020+ 004 039+004 -16.+3 2.18 0.85 D)
b TG* 0.25 + 0.06 026 + 0.09 0.36 + 0.09 23.+5  1.02 0.59 E
(0.26 + 0.05 0.22 £ 0.07 033 + 0.07 20.+5 1.44 0.64 B

Table 3-1. Shear strain rate estimates for the various networks, subnetworks, and data
types: triangulation (T), trilateration (L), and GPS (G). An asterisk (*) indicates that the
analysis used contains a subset of the triangulation observations used in the previous
analysis and contains data only from stations at which GPS measurements were made. P
is the F-test probability of significantly different variances for the data fit to a strain model
and a zero strain model. Quality is a relative ranking of the strain rate estimate with A
being the highest and E the lowest.
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Figure 3-1. Map of the three regional networks. The regional networks are further sub-
divided into smaller networks for which strain rate parameters have been estimated.
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Figure 3-4. Maps of ESBC triangulation-trilateration network (TL) showing the
trilateration lines and the GPS vectors. Because the same stations were not observed
during the trilateration survey in 1971 as during the triangulation survey of the 1950's,
the triangulation stations need to be tied to the trilateration stations in order to recover the
data for the strain analysis. This is done with the GPS vectors shown on the lower map.
These GPS vectors are time invariant vector ties between the triangulation stations and the
local trilateration stations.
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Figure 3-7. Strain estimate quality is based on the F-test for significantly different
variances between the strain solution and the no strain solution. 1.0 indicates that
variances are different and suggests that the strain-rate estimate is reliable; 0.0 indicates
that variances are indistinguishable and the data fits a "no strain" solution equally well as
the "strain" solution. High probabilities suggest significant strain rates and low
probabilities suggest near zero strain rates. The qualities are ranked from "A" to "E" at
increments of 0.1. "A" being the highest and "E" the lowest. "E" qualities indicate that
no determination about the strain rate can be made.



Baseline  IgpM liarsencral Iwebh lwebb =1L arsen et al:

CHAF-HIMT: 38350.273 -8.2 -2.1 6.1
LACU-HIMT: 53282.202 1.2 -6.6 0.6
LACU-DEVL: 52030.224 -10.5 9.7 0.8
CHAF-DEVL: 51533.879 -8.3 -7.1 1:2
GAVI-SOLE: 61720.369 6.8 7.6 0.8
GAVI-DEVL: 64859.053 7.4 7.6 0.2
DEVL-HIMT: 18494.944 -0.8 -7.4 -6.6
DEVL-SOLE: 30930.512 -0.6 0.6 1.2
LACU-SOLE: 70287.175 -7.3 -5.6 By
LACU-GAVI: 44550.542 0.7 0.4 -0.3
LACU-CHAF: 41268.926 1.3 2.4 1.1

Table 3-2. Showing differences between the observed Santa Barbara channel
trilateration, lepM, and GPS estimates of those lengths by Larsen et al. [1990], I arsen et
al- » and the GPS estimates presented here, lwebb. IEDM 18 in meters, and I arsen et al-»
Iwebb and the GPS-GPS difference lwebb - lLarsen et al- are in centimeters. If the lines
including HIMT are excluded, the mean GPS-GPS difference is § £ 6 mm.



Chapter 4.

Geodetic results and their relationship to the geologic environment

4.1 Introduction:

The geodetic analyses of the previous chapter indicate regions of both significant
strain and near zero strain for several networks in the offshore of southern California and
provide quantitative estimates of the direction of maximum contraction and the strain rates
averaged over several decades to more than a hundred years. In order to assess the long-
term importance of these measurements for understanding the tectonics and kinematics of
southern California, these strain rates will be evaluated against the style and rate of
deformation recorded in the geological record. The geological direction of shortening can
be inferred from the trends of mapped faults and fold axes for the geological time scale,
and from focal mechanism studies for the geodetic and seismologic time scale. However,
because both the most recent geological history of deformation in this region is
incompletely known and the seismological record is limited, these data sets together can
only be used to place constraints on the strain field for interpreting the significance of the
geodetic strain rates as estimators of the long-term strain rate.

In this chapter, the evidence for the style and rate of deformation across the Santa
Barbara Channel, Oxnard Plain, and Northern Borderland regions will be discussed and
the geodetic estimates will be evaluated against this evidence. Strain estimates from the
other networks are less reliably determinable and will not be discussed. Consistency

between these long- and short-term indicators and the geodetic estimates would indicate

105



that the geodetic strain rates are reliable estimates of the geologic strain field.
Inconsistencies, though, may indicate that the strain fields are not necessarily constant in
time or that the data, geologic and/or geodetic, are not strong enough to properly resolve

the strain fields.

4.2 1 in- resentation:

The strain-rate estimates based on the triangulation-GPS data set are used for the
comparisons, because this is the only data set that is entirely common in observation type
among all of the networks and spans the longest time period of observations with the
most epoches (see Chapter 3). Because each network is a different size, shear-strain rate
comparisons between the different networks are biased by the scale of the network. This
scaling is removed by converting the strain-rates to length-dependent deformation rates.
Since the primary mode of geological deformation in this part of the western Transverse
Ranges is through crustal shortening [Dibblee, 1982d], the shear-strain rates have been
reduced to equivalent uniaxial convergence rates across the networks, providing a useful
quantity for comparison with geological slip rates.

Studies to the northeast [Eberhart-Phillips et al., 1990] and northwest [Feigl et
al., 1990] of the Santa Barbara channel suggest non-uniaxial geodetic strain. However,
these are in areas where both significant strike-slip faulting and north-northeast directed
shortening are recorded in the geological record. Strike-slip faulting near and within the
Santa Barbara channel networks has been recognized, but late Quaternary horizontal slip
rates on these faults are considered to be low [Yerkes and Lee, 1987]. The highest rate is
north of the channel networks on the east trending Santa Ynez fault, <10mm/yr. On the
faults within the networks, the horizontal slip rates are on the order of lmm/yr or less.
This is an order of magnitude smaller than the geological contraction rates of 10-20
mm/yr [Davis and Namson, written communication, 1989] across the same areas. Other

geodetic studies in the Santa Barbara channel [Larsen, 1990] indicate near uniaxial strain

106



rates across the eastern channel and a combination of northwest-southeast extension and

northeast-southwest contraction across the central channel, averaged over 17 years.
Uniaxial convergence is modeled by finding the uniaxial strain-rate, €, in the

direction of maximum contraction, |3, derived from the shear-strain analyses. Let U be

the uniaxial strain-rate tensor

U ___[ e 0 ]
00 (4-1)
that is related to the strain-rate tensor E
E =[ €11 €12 ]
€12 €22 (4'2)

in a north-east coordinate system, with east directed along the 1-axis and north along the

2-axis. U isrelated to E through a rotation R by

E =R URT. (4-3)

R is a rotation from the the uniaxial strain system in the direction of maximum contraction

B, to the north-east system and has the form

[ cos B -sinﬁ}

sinB cosf

(4-4)
The strain-rate tensor E can then be represented as
- gcos2  esinPcos P
esinBcosp  esin?P (4-4)

Using the following relationships between the estimated shear-strain rates, Y1 and Y2, and

the components of E:
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Y1 =(e11 - €22) (4-5)
Y2 =2e12 (4-6)

gl
. (4-7)

the uniaxial strain-rate, €, is given by

_ Y1
E=
(cos2p - sin?B) (4-8)
or
e B
2 sinf cosp (4-9)

The relative convergence rate, v, for the motion of the average network-crossing length

scale, 1, in the direction of maximum contraction is given by

v=el (4-10)

and tabulated in Table 4-1.

The geodetic data provide no information on network rotation. Therefore, in this
model, network rotation is assumed to be zero. Regional geologic rotation rates in the
Transverse Ranges over the last 15 Ma have been inferred from paleomagnetic data to be
on the order of 5-10° / Ma [Hornafius et al., 1986]. These investigations indicate that
the western Transverse Ranges has rotated clockwise as a block beginning in the Middle
Miocene. The data show a decrease in the rotation rate in the western Transverse ranges
from 10 Ma b.p. to the present. The average rotation rate over the last 5 Ma is 5° / Ma

(0.09 prad/yr). If this rotation is continuing at present at this rate, then the contribution
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to the network displacement rates would be on the order of a few mm/yr of block rotation

of the networks spanning the Santa Barbara channel.

4.3 Tectoni ing:

The Santa Barbara Channel and Oxnard Plain are part of the western Transverse
Ranges geomorphic province. The topography and structures of the Transverse Ranges
cut across the general northwest-southeast structural grain of California by forming the
only east trending mountain range in the state [Dibblee, 1982d]. Situated in the Big Bend
region of of the San Andreas fault, the Transverse Ranges extend from east of the San
Andreas to the coastline as a broad elevated mountains range. The Santa Ynez Mountains
uplift and the Channel Islands uplift form the northern and southern boundaries,
respectively, to the western Transverse Ranges. Between these two uplifts, the Santa
Barbara Channel and Ventura basin form a deep sediment filled tectonic trough.

East of Ventura, the onshore extension of this depression narrows and is bounded
to the south by the Oak Ridge uplift. The Oxnard Plain lies between the Oak Ridge uplift
and the Santa Monica Mountains uplift to the south. North of the western Transverse
Ranges, the structures include folds, faults, and sedimentary basins that trend west-
northwest. This is intermediate in trend between the dominant northwest trend of the
Coast Ranges and the west trend of the Transverse Ranges. To the south, deep
northwest trending submerged fault bounded basins and ridges of the Continental
Borderland abut abruptly against this west trend along the Santa Monica Mountains and
Channel Islands uplifts [Dibblee, 1982d].

Several balanced cross sections constructed across the western Transverse
Ranges by Davis and Namson [1988; 1989, written communication] represent the most
complete synthesis of the available data on the subsurface structures and the
deformational style. These sections, based on surface geological maps, seismic reflection

profiles, and well data, suggest that the western Transverse Ranges are part of a fold and



thrust belt that has experienced significant rates of shortening in the last 2-4 Ma. The
shortening has been interpreted as the result of fault bend folding and blind thrusting
along a 10-15 km deep decollemént, of a north over south thrust system. Most of the
shortening has been interpreted as being consumed in folds and thrusts from the near
shore northern channel platform, where the thrust system wedges back along south
dipping back thrusts, to north of the Santa Ynez mountains. Some of the convergence is
consumed in structures further offshore. From the restored sections, calculated average
slip rates over the last 2-4 Ma indicate ~10-25 mm/yr of convergence across the western
Transverse ranges [Davis and Namson, 1989, written communication ] (Table 4-2; Fig.
4-1). Itis not possible to determine from the reconstructions which faults have been

more active than others during the last 2-4 Ma.

4 ntura Basin Tectonics:

Most of the information on the style, timing and rates of deformation during the
last 2 Ma come from geologic investigations of structures in the Ventura Basin. Many of
the structures there extend into the offshore along the north channel platform and in the
coastal region between Santa Barbara and Ventura. The Ventura basin in the late Tertiary
formed a broad west trending asymmetrical syncline. During the late Quaternary, in the
eastern part of this structure, uplift of the Oak Ridge and southward thrusting of the north
flank of the syncline over the basin severely narrowed this depositional trough [Dibblee,
1982c; Dibblee, 1982d]. This thick sequence (>10 km) of Pliocene to Pleistocene aged
strata is bounded to the north and south by opposed reverse fault systems and is
separated from the San Fernando basin to the east by the young Oak Ridge-Santa
Susanna Mountains and Simi Hills uplifts.

Many of the structural trends of the Ventura Basin continue into the offshore west
of Ventura. These include the Ventura-Rincon anticline, Pitas Point -Ventura fault, Javon

Canyon fault, Oak Ridge fault, the Montalvo anticline and the Red Mountain fault
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[Luyendyk et al., 1982; Yeats, 1983; Yerkes et al., 1980; Yerkes and Lee, 1979; Yerkes

and Lee, 1987]. In addition to these structures, several east trending near shore folds and
thrust faults occur between the Red mountain and Oak Ridge faults west of Ventura
[Luyendyk et al., 1982]. Holocene vertical slip rates estimated on some of these faults
indicate relatively low rates of vertical slip (< 1mm/yr) [Yerkes and Lee, 1987] in contrast
to the relatively high uplift rates estimated from investigations of uplifted marine and
stream terraces in the Ventura area ( ~10 mm/yr) [Lajoie et al., 1979]. This may suggest
that folding and faulting along blind thrusts, and not slip on faults that break the surface,
are the primary mode of vertical deformation, and crustal shortening.

Yeats [1983] concluded that decollemént tectonics began in the Ventura basin as
recently as 2 Ma ago at relatively high rates. The convergence associated with this region
has occurred through a combination of folding and thrust faulting. Across Ventura,
north-south convergence has occurred during the last 0.2 Ma at a rate of 23 mm/yr based
on stratigraphy and fold geometry. 20 mm/yr of this rate is consumed across the Ventura
Anticline and Canada Larga Syncline. Prior to this, the thrust faults under the Ventura
Anticline were active between the last 1.3 Ma and 0.65 Ma, reaching a maximum slip rate
of 2.8 mm/yr at 0.65 Ma b.p. [Yeats, 1983]. The spatial distribution of the deformation
rate to the east is not well constrained. At least 12 mm/yr of convergence has been
documented further to the east near Filmore [Yeats et al., 1988].

The Yeats [1983] estimate of 23 mm/yr of late Quaternary convergence across a
40 km section through Ventura agrees well with the average rate over the last 2-4 Ma of
Namson and Davis [1988] of 17.6-26.5 mm/yr for their regional, 123 km-long cross-
section, from the southern San Joaquin Basin to Ventura and with the 17 mm/yr estimate
of Rockwell [1984], from Ojai to Ventura. But, 23 mm/yr exceeds the minimum slip rate
solution of 8.8-15.9 mm/yr for the section from the Big Pine Fault to Ventura (Section 5
of Fig. 4-1). This, together with the change in the deformation rate on the Ventura

Anticline, may imply that during the last 0.2 Ma the regional shortening was almost
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entirely being consumed in the folding of the Ventura Anticline and Caflada Larga

Syncline and that prior to 0.2 Ma, the ~23 mm/yr of slip was being consumed along
other structures. This would seem to indicate that the location of the active structures
along which the regional shortening is being consumed can change on a time scale of <
0.5 Ma.

However, the cross-sections of Yeats [Yeats, 1983; Yeats et al., 1988] and of
Namson and Davis [1988] interpret the deformation differently and the admissibility of
each other's sections has been questioned [Namson and Davis, 1989a; Namson and
Davis, 1989b; Weldon and Humphreys, 1989; Yeats and Huftile, 1989]. Because the
cross-sections of Namson and Davis [1988] are demonstrably restorable and represent a
minimum slip solution over a longer section than the sections of Yeats [Yeats, 1983;
Yeats et al., 1988], the 2-4 Ma average minimum slip rate across this part of the western
Transverse Ranges is probably best constrained to be between 8.8-15.9 mm/yr. The 23
mm/yr of Yeats [1983] across the Ventura Anticline for the last 0.2 Ma may represent an
increase in the deformation rate in the Ventura region during the latest Quaternary,

through a concentration of the regional shortening there.

44 logi in indi within ic n ks :
4.4.1 Oxnard Plain;

The geodetic strain-rate estimate of zero significant strain across the OP network
(0 £ 4 mm/yr) agrees well with the observed geological structures and inferred geological
history of this area for the last 2-4 Ma [Dibblee, 1982b; Namson, 1987; Yeats, 1983].
This network which crosses relatively undeformed strata is bounded to the north by the
Oak Ridge fault and to the south by the Malibu Coast fault (Fig. 4-2). Each of these
trends has been active in the last 2-4 Ma [Dibblee, 1982b]. On the basis of stratigraphic
well data, Yeats [1983] concluded that nearly all of the late Quaternary shortening across
the Ventura basin occurs north of Oak Ridge, and thus north of the OP network.
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Restored balanced cross-section across this part of the western Transverse ranges

[Namson, 1987] interpret the Oxnard Plain to contain relatively undeformed strata and no
active faults. The active structures wrap around the uplifted Oak Ridge-Simi Hills uplift,
north of the network. Thrust faults and fold axes bend from a generally east west trend
south of Ventura to northeast near Santa Paula, back to east-west north of the Oak
Ridge-Simi Hills uplift. Some of these structures pass between station CHAF in the
northwest corner of the network and the other stations, but the majority of the network

lies in a geologically stable area.

4.4 hann W

The strain direction and deformation rate indicators for each of the three networks
that cross the Santa Barbara channel are mainly derived from maps [Junger, 1979; Yerkes
et al., 1980], seismic reflection profiles [Junger, 1979; Luyendyk et al., 1982], restored
balanced cross sections [Davis and Namson, 1989, written communication], fault slip
studies [Sarna-Wojcicki, et al., 1987; Keller et al., 1980; Yerkes et al., 1987], and
marine terrace studies [Lajoie et al., 1979]. Two general structural trends that are
contained within each of these networks are a zone of folding and thrust faulting along
the northern channel platform and an antiformal uplift along the northern channel islands.
Another major structural zone, the Mid-channel fault zone extends from Hueneme
submarine canyon, near Oxnard, westward to Gaviota at a N70W trend with apparently
north side up Quaternary slip [Junger, 1979]. In addition to the folds and faults, marine
terraces record regional variations in the deformation rate.

The folds and faults along the northern channel platform [Vedder, et al., 1980;
Luyendyk et al., 1982] indicate generally north directed shortening that has been active
during the late Quaternary and Holocene. From seismic reflection profiles, several near
shore east trending thrust faults and folds have been mapped [Vedder, et al., 1980;
Luyendyk et al., 1982; Dibblee, 1982c]. Active thrust faulting has been suggested for
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some of these faults between Santa Barbara and Ventura on the basis of bathymetric

breaks. Up to 10 m of south side up thrust faulting has been interpreted to break the sea
floor and Holocene deposits along the Goleta-Rincon fault [Luyendyk et al., 1982],
implying a vertical slip rate of >1 mm/yr. Further to the west, possible Holocene sea
floor breaks less than 1 m were also recognized on the offshore extension of the south
branch of the Santa Ynez Fault [Luyendyk et al., 1982], with minor amounts of left slip
suggested on some of these faults [Dibblee, 1982c].

Discontinuous uplifted marine terraces from Ventura to Point Conception record
large variations in rates of vertical deformation which may be indicative of spatial
variation in convergence rates across the channel. Typical uplift rates along the southern
California coast, south of the Transverse Ranges, are low, from ~0.1- 0.6 mm/yr, while
along the east trending structures between Goleta and Ventura, uplift rates range from 4-
10 mm/yr [Lajoie et al., 1979]. The most rapid uplift rates on the west coast of the
conterminous United States are near Ventura (~10 mm/yr) on the foot wall of the Red
Mountain Thrust . The uplift rate of marine terraces decreases to the west where at Point
Conception it is within the range of typical values for southern California. If uplift is the
result of crustal shortening due to folding or thrust faulting, as has been suggested for the
Ventura area [Lajoie et al., 1979], this decrease would seem to suggest decreasing active
convergence to the west. However, the sampling of marine terraces is discontinuous and
limited to only three localities. Only a few, different onshore structures are overlain by
terraces that have been studied and the along strike variation of deformation on a single
structure has not been determined.

Less active, but more complex, deformation is indicated from marine terrace
elevations and the trend and style of faulting along the generally west-northwest trending
anticlinal Channel Islands uplift. The uplift extends from the mainland as part of the
Santa Monica Mountains anticlinorium to the southwestern part of the Santa Barbara

basin, where it terminates in a northwest plunge. It has an overall structural and



physiographic trend that is intermediate between the trend of the Transverse Ranges and
the Peninsular Ranges [Junger, 1979]. The lack of Pliocene deposits on the northern
channel islands and in the Santa Monica Mountains has been interpreted as an indication
that uplift of this west-northwest to west trending antiform began during the Pliocene
[Dibblee, 1982a; Junger, 1979]. Little Pliocene or Quaternary activity has occurred on
the north side of the antiform with the majority of the deformation occurring on the south
side of the antiform in response to convergence between the east trending antiform and
the northwest trending ridges of the Continental Borderland [Junger, 1979].

The preservation of several emergent marine terraces on the northern channel
islands [Orr, 1960; Orr, 1968; Weaver, 1969] significantly above the height of the latest
sea level high stand indicates that uplift of the islands has continued during Pleistocene
time. Because the ages of the terraces and, thus, their correlation with the sea level
record are not known, the uplift rates can not be calculated. It has been suggested
[Patterson, 1979], based on geographic position and elevation, that the lowest terrace on
Santa Cruz Island may be correlative with the Point Dumé terrace, to the east. The Point
Dumé terrace has been correlated, on the basis of faunal assemblages in the terrace
deposit [Lajoie et al., 1979] with the 120 ka sea level high stand. On this basis, the uplift
rate of the northern channel islands may be quite low (< 0.6 mm/yr). This rate is within
the typical range for uplifted marine terraces along the southern California coast, implying
substantially less active deformation than to the north along the northern channel platform
during the last 100 ka.

In addition to this young relatively slow uplift, two Pleistocene left-lateral strike-
slip faults, the Santa Cruz Island fault and Santa Rosa Island fault, cut Santa Cruz and
Santa Rosa islands roughly in half. Cumulative post-Miocene slip on these faults is
considered to be low from the lack of offset on the channel islands platform [Junger,
1979). Correlation of a seismically imaged fold axis with the Christi Anticline on Santa

Cruz Island argues for 10 km of post Miocene slip on the Santa Cruz Island fault
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[Luyendyk et al., 1982] implying an average maximum slip rate of ~2 mm/yr. Deflected

stream channels across the Santa Cruz Island fault indicate late Quaternary left-lateral
motion, however, no evidence of Holocene activity has been reported [Patterson, 1979].
The concentration of young folds, the offset of Pleistocene and Holocene
deposits, the high 2-4 Ma convergence rates (10-25 mm/yr), and the high late-Pleistocene
uplift rates (4-10 mm/yr) along the northern part of the channel indicate that the most
active structures within the networks lie along the northern channel platform. Along the
Channel Islands uplift, the lack of active late-Pleistocene and Holocene structures and the
geologically low uplift (< 0.6 mm/yr) and slip rates (< 2 mm/yr) indicate substantially
less active deformation than to the north. These later geological deformation rates are at
the limit of the triangulation uncertainty (3 pradians/observation) given the ~100 years
since the first triangulation surveys and the size of the networks (> 50 km). This
suggests that the low deformation rate along the Channel Islands uplift is probably

geodetically unresolvable.

4421 m Santa B hann

The eastern Santa Barbara Channel network (ESBC) extends from Santa Cruz
Island north across the channel to Ventura and Santa Barbara. The network spans the
zone of deformation in the mid-channel, obliquely crossing the near shore folding and
faulting between Ventura and Santa Barbara (Fig. 4-3a). The stations on Santa Cruz
island pin the southern end of the network to the Channel Islands uplift north of the left
slip faults along this trend. The geodetic convergence rate estimates across this network
indicate 18 + 5 mm/yr of N20E * 3 directed convergence over the last ~110 years.

Some of the geological shortening recorded in the trends of late Quaternary and
Holocene faults and fold axes within the network agree well with the geodetic direction of
convergence. The offshore faults and folds within the ESBC network have two similar,

but different trends, though. Most of the near shore faults and folds between the



coastline and the Pitas Point fault are concave northward with trends that vary from N70E
(B = N20W) near Pitas Point to N90-80W (B = N0O-10E) near Santa Barbara. These
faults include the south Rincon, Pitas Point, and Goleta-Rincon faults [Luyendyk et al.,
1982], and the Rincon Anticline. Some faults and folds within this region have trends
similar to those of faults and fold axes south of the Pitas Point fault with a N70-80W
trend (B = N10-20E). South of Pitas Point these include the Pitas Point fault, Oak Ridge
fault, Montalvo Anticline, and Mid-Channel fault. The Mesa and Lavigia faults and the
Montecito anticline which are north of the Goleta - Rincon fault have trends from N8OW
to N60OW. These later trends imply a N10-30E direction of shortening, B, that is in good
agreement with the geodetically estimated direction of N20E.

Active convergence is apparently taking place with a N20E direction of shortening
along the Oak Ridge trend. The Oak Ridge structural-trend strikes N17E within the
ESBC network. Paleontologic data from a well along the Oak Ridge trend indicate a
mid-Holocene age for a reflector involved in the folding [Yeats, 1982]. In addition,
active deformation is suggested by earthquake swarms that have occurred along the Oak
Ridge trend several imes during the instrumental record: June-August, 1968 [Hamilton et
al., 1969], October-September 1983 [Henyey and Teng, 1985]. Focal mechanisms for
only a few of these events [Henyey and Teng, 1985] have been published and indicate a
N30E direction of maximum contraction .

The rates of convergence across these structures are difficult to assess, and must
be inferred from deformation rates in the nearby onshore. As stated previously,
convergence across this part of the western Transverse Ranges for the last 2-4 Ma has
averaged 9-16mm/yr [Davis and Namson, 1989, written communication] and may be as
high as 20 mm/yr during the last 0.2 Ma in the Ventura Basin [Yeats, 1983]. The
westward continuation of these structures into the eastern Santa Barbara Channel and the

presence of Holocene deformation in the channel seem to suggest that deformation within
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the ESBC network may be occurring at rates from 9-20 mm/yr, in good agreement with
the geodetically determined rate of 18 £ 5 mm/yr.

The sum of the horizontal slip rates on faults within the network is significantly
less than the geodetic convergence rate. The vertical and dip slip rate components have
been determined for the onshore portions of the Javon Canyon, Red Mountain, and Pitas
Point faults and are summarized in Morton and Yerkes [1987]. All of these slip rates are
low (< 2 mm/yr) and are Holocene averages. When these slip rate components are
converted into horizontal components, the horizontal rates sum to 1.5-3.0 mm/yr. In
additon to these fault slip rates, the shortening across the onshore Oak Ridge structural
trend has been estimated to be 12 mm/yr averaged over the last 100 ka [Yeats, et al.,
1988].

Within the ESBC network, the sum of the horizontal slip on the faults and this
part of the Oak Ridge trend is 13.5-16 mm/yr. This rate agrees with the geodetic
convergence rate of 18 + 5 mm/yr and is close to the 20 mm/yr of late Pleistocene
convergence in the Ventura Basin. However, this sum does not include shortening due
to folding on other structures nor does it include slip rates on all of the offshore faults.
This would seem to suggest that slip on other faults and structures within the network
may total to ~2-4 = 5 mm/yr. This could be consumed through shortening on other faults
and folds within the network which are consistent with a N20E direction of maximum
shortening (e.g., the Mid-Channel fault, and the Montalvo Anticline), and/or through
shortening and minor left slip along ~N90-70E trending structures (e.g., the Goleta-

Rincon and Pitas Point faults).

44.2.2 Central Santa Barbara Channel:
Many of the same stations and geological structures in the ESBC network
continue westward into the CSBC network (Fig. 4-3b). The stations on the southern

edge of the Santa Barbara channel on Santa Cruz Island are common to both networks
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and sit along the Channel Islands uplift. On the northern edge of the channel only the

station in Santa Barbara (SBAQO) is common to both. GAVI of the CSBC network sits
on a high peak in the Santa Ynez Mountains south of the Santa Ynez fault, and CHAF of
the ESBC network sits on folded Pleistocene strata along the northern edge of the
Ventura basin, near Ventura. The area over which these structures are spread in the
ESBC network narrows westward into the CSBC network where they are confined to the
northern channel platform. The geodetic convergence rate estimates across this network
indicate 16 = 2 mm/yr of N10E * 4 directed convergence over the last ~100 years.

Fold and fault trends mapped along the northern channel platform in the CSBC
network have trends that agree well with the geodetic direction of convergence, B, of
NI10E. These faults with late Pleistocene to Holocene offsets [Luyendyk et al., 1982;
Yerkes and Lee, 1987] are south dipping with reverse slip and recognized sea floor
offsets on the eastern edge of the network and in the ESBC network [Luyendyk et al.,
1982]. Fault trends change from N70W (B = N20E ) on the eastern edge of the network
to N80-90W (P = NOO-10E ) in the central and western parts of the network. Only the
late Pleistocene and younger faults along the northern channel platform have trends that
agree with the geodetic direction of shortening. South of the Mid-Channel fault zone
early to late Pleistocene faults trend N80-90E (B = N0O-10W ). Fold axis trends in the
Pliocene Sisquoc offshore of Goleta [Dibblee, 1982c] are mostly N80-90W with a few
N70W trends. These fold trends imply a NOO-10E direction of maximum contraction, 3,
that is in good agreement with both the late Quaternary to Holocene direction of
shortening indicated by the fault trends and the geodetically estimated direction of
shortening of N10E.

Convergence rates from restored balanced cross sections [Davis and Namson,
1989, written communication] suggest 55.8 km of shortening in the last 2-4 Ma (14.0-
25.4 mm/yr) from the San Andreas fault south to the Santa Barbara channel. Atleast 7.8
km (2-4 mm/yr) of this shortening is consumed in the offshore, south of the end of the
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section (Fig. 4-1). To agree with the geodetic data, 50-100% of the average shortening

rate along the section would have to currently be occurring in the Santa Barbara Channel.

4.4.2.3 Western Santa Barbara Channel:

The WSBC network extends from San Miguel and Santa Rosa islands of the
Channel Islands uplift to the western end of the Santa Ynez mountains uplift (Fig. 4-3c).
Late Quaternary folds and faults within the area of the network are concentrated along the
near shore platform of the north channel coastline and are the westward continuation of
the zone of deformation along northern channel platform present in the ESBC and CSBC
networks. The structures near and within this network suggests more complex
deformation than in the other networks. The trends of fold axes and faults change from
east to west across the network from generally N70W to N8OE back to N70W along the
northern channel platform, with some additional N35-55E trending faults. The mid-
channel is devoid of faults with younger than early to late Pleistocene activity [Yerkes and
Lee, 1987]. The geodetically modeled convergence rate across this network indicates 13
* 4 mm/yr of convergence directed N23W £ 7.

The geodetically determined direction of maximum contraction differs
significantly from most of the geological indicators within network. The westward
continuation of the N80OW trending structures of the CSBC network change trend at the
offshore extension of the south branch of the Santa Ynez fault. There, structural trends
of faults and folds along the north channel platform change from N8OW to N70-90E.
This implies a change in the direction of maximum contraction for the thrust faults and
folds from N20E to NOO-20W which agrees with the geodetically determined direction of
maximum contraction of N23W + 7. But, the extent of structures with this trend is
limited to the region between Point Conception and Gaviota. The trends of onshore fold

axes in the Pliocene Sisquoc formation north of Point Conception and the trends of
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offshore thrust faults between Point Conception and Point Arguello indicate a N00O-35E

direction of shortening.

The structures with trends consistent with the geodetically determined shortening
direction occur near the offshore south branch of the Santa Ynez fault. This fault in the
offshore has been interpreted from seismic sections and sea floor profiles as an oblique
left slip thrust fault with 550 m of left slip and 950 m of reverse slip and a 60° N dip
[Yerkes et al., 1980]. The fault trends N30E, implying a direction of maximum
contraction of N15W for pure strike slip faulting and of N60W for pure thrust faulting.
The mean direction of maximum contraction, weighted by the relative amounts of strike-
slip and dip slip motion on the fault, is N44W, significantly different from the
geodetically determined direction that agrees with the direction of maximum contraction
implied by pure strike-slip motion on the fault. In addition to these trends, several
relatively short thrust faults with N35-55E trends cut across some of the approximately
east-west trending folds suggesting a superposition of shortening in a N35-55W direction
on the Pliocene to Pleistocene structures.

Convergence rates from restored balanced cross sections [Davis and Namson,
1989, written communication] suggest 10.5-19.0 mm/yr (41.8 km of shortening in the
last 2-4 Ma) from the San Andreas fault southwest to the Santa Barbara channel (Fig. 4-
1) along a section line oriented normal to the major structures at N20E across this part of
the western Transverse Ranges. This section suggests that little of the deformation is

consumed in the folds within the WSBC network.

L4584 Reeritics o _
There is agreement between the direction of maximum contraction from the

geodetic data with the direction of compression indicated by seismicity studies.

Seismicity in the western Transverse Ranges is consistent with active north-south

convergence with several moderate to large historical earthquakes having occurred in and
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around the Santa Barbara Channel in 1812 ( magnitude 7+), 1925 (ML 6.3), 1941 (ML

6.0), 1973 ( ML 5.1) and 1978 (Mj_ 5.1) [Yerkes and Lee, 1987]. Active north-south

thrust and decollemént tectonics are indicated by low angle compressive earthquake focal
mechanisms along a 12-15 km seismicity floor which has been interpreted to be a mid-
crustal, sub-horizontal detachment [Hadley and Kanamori, 1977; Webb and Kanamori,
1985]. From the analysis of focal mechanisms from 200 events within the ESBC
network with magnitudes from M( 2 to 6 from the period 1970 to 1975, it was concluded
that the stress regime has near horizontal pressure axes directed N24E, approximately
normal to the strike of the Big Bend segment of the San Andreas fault [Yerkes and Lee,
1987]. This compressive stress direction was inferred to be primarily the result of
reverse displacement along the east-west trending Red Mountain-San Cayentano, Pitas
Point-Ventura, Mid-Channel, and Anacapa-Santa Monica reverse faults [ Yerkes and Lee,
1987]. This direction of compressive stress and the direction of minimum compressive
stress from bore hole break outs of N24E in the Santa Barbara channel [Mount, 1989]
agree well with the geodetic direction of shortening of N20E * 3 for the ESBC network.

44 m rland:

The Northern Borderland network extends across the southern boundary between
the western Transverse Ranges and the continental borderland. The geodetic strain-rate
estimates are indistinguishable from a zero strain-rate solution (0 + 2 mm/yr). The area
covered by the network is structurally complex including northwest trending strike-slip
faults of the Continental borderland, east trending thrust faults of the Channel islands
uplift, and left lateral strike-slip faults of the northern channel islands [Junger, 1976;
Junger and Wagner, 1977]. Seismicity studies suggest that the area just east of the
network, offshore of Santa Monica, forms an active transition zone between the strike-
slip faulting of the Borderland and the compressional tectonics of the Transverse Ranges

[Hauksson and Saldivar, 1989]. Within the network, though, only a few Holocene and



Pleistocene fault offsets have been identified. These have been mapped along NW-SE
striking faults between the Northern Channel islands and Santa Barbara and San Nicolas
islands and along the eastern extension of the Santa Cruz Island fault [Greene and
Kennedy, 1986]. The lack of young folds within the network argues for zero shortening

between San Nicolas and Northern Channel islands, since the Pliocene [Junger, 1976].

The elastic strain released by two moderate earthquakes within the networks was
insufficient to affect the strain-rate estimates. The 1978 My 5.1 Santa Barbara and the
1981 Mp_ 5.1 Santa Barbara island earthquakes [Corbett, 1984] occurred between the last
historical observations and the first GPS observations near stations SBAO, of the SBC
network, and SBIS, of the NBL network. The coseismic strain release was modeled as
an elastic dislocation using the formulation of Okada [1985]. Fault plane orientation,
width, depth, and coseismic slip were obtained from the analysis of Corbett [1984] and
are summarized in Table 4-3. The parameters that would give the maximum surface
displacements were chosen for the models. The elastic strain released by each of these
events was < 5 cm of relative station displacement of the monuments. This is less than

0.6 pstrain which is five times smaller than the triangulation uncertainty and thus

unresolvable by the strain analysis.

4.5 Summary:

The three networks that span the Santa Barbara Channel (ESBC, CSBC, and
WSBC) indicate generally north-south convergence across the channel with the direction
of maximum contraction changing from east to west along the channel from ~N20E to
~N20W. When scaled by the average network crossing length scale in this direction, a
slight decrease in the convergence rate is indicated, from 18 mm/yr in the east to 13

mm/yr in the west. The geodetic direction of maximum contraction is agrees with at least
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some of the Holocene-Pleistocene structures in the channel. These structures are mainly
thrust faults and fold axes that indicate generally NOOE to N10E directions of shortening,
B, with the highest concentration of structures in the eastern channel. The geologically
youngest deformation seems to be concentrated along the northern channel platform. In
the CSBC and ESBC networks, the agreement is with the majority of the Pleistocene and
younger deformation. In the WSBC network, most of the structures agree better with the
direction of maximum contraction implied by the geodesy and geology of the CSBC and
ESBC network than with the direction of maximum contraction of the WSBC network.
Some young structures, though, do agree with the N24W direction of maximum
contraction of the WSBC network. These structures offset the older NOO-10E structures,
implying that the direction of shortening in this part of the channel may have changed
during the most recent Quaternary to a more westerly direction than to the east. The
geological record of deformation since the Pliocene in the Oxnard Plain and Northern
Borderland networks are consistent with these strain-rate estimates of zero significant

geodetic (0 £ 4 mm/yr).
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Table 4-1
Uniaxial convergence rates
Network B € len V“m Va\,-e
SBC -1+ 2 -0.23 £ 0.02 T2 1742 132
ESBC 203 - 037+ 0.07 1543 21+4 185
CSBC 100+4 -0.28 = 0.04 11 %2 213 162
WSBC 237 -0.17 £ 0.06 9+3 1716 13+4

Table 4-1. Convergence rate estimates across the triangulation-GPS networks in the
Santa Barbara Channel. B is the azimuth of maximum shortening; € is the modeled
uniaxial strain rate in pstrain/yr; Vmin, Vmax. and Vaye are the minimum, maximum,

and average network convergence rates, respectively, in mm/yr. These rates are
calculated from the minimum, maximum, and average channel crossing length scale of

the network in the direction of maximum contraction, 3 .
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Figure 4-1 Map of southern and central California showing location of regional balanced
cross sections of Davis and Namson [ 1989, written communication]. GF- Garlock fault,
LA- Los Angeles, SAF- San Andreas fault, SB- Santa Barbara, SGF- San Gabriel fault.

Table 4-2

Cross section Total shortening (km) slip rate (mm/yr)
1 San Luis Obisbo 26.8 6.7-17.2

2 Santa Maria Basin 9.2 2.3-4.2

3 Point Conception 41.8 10.5-19.0

4 Santa Barbara 55.8 (7.8) 14.0-25.4

5 Ventura Basin 35 8.8-15.9

6 Santa Paula 31 7.8-14.1

7 San Dizgo Fwy. 12 5.5-3.0

8 Los Angeles 21.4-29.7 5.4-13.5

Table 4-2. Average convergence rates for the last 2-4 Ma across balanced cross-sections
in the western Transverse Ranges [Davis and Namson, 1989, written cornmunication].
Numbers refer to cross scctions in Figure 4-1.
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Figure 4-2. The strain rate for the Oxnard Plain network suggests zero st-ain across this
region (0 + 4 mnv/yr). The structures shown are complied from published maps [Yerkes
et al., 1980; Junger, 1979; Luyendyk et al., 1982; Dibblee, 1982b] Thrust faults are
shown with barbs on the hanging wall. Long dashed lines indicate that the faultis
approximately located. Short dashes are for approximately located faults with early to late
Pleistocene slip. The locations of the geodetic stations are indicated by the filled circles.
VA- Ventura Anticline, RM- Red Mounta:n Thrust. ‘
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Figure 4-3. Maps of the three networks that span the Santa Barbara Channel (ESBC,
CSBC, and WSBC) The geodetic direction of convergence is shown as the thick, shaded
arrows on each map. The structures shown are compiled from published maps [ Yerkes et
al., 1980; Junger, 1979; Luyendyk et al., 1982; Dibblee, 1982b]. Thrust faults are
shown with barbs on the hanging wall. Long dashed lines indicate that the fault is
approximately located. Short dashes are for approximately located faults with early to late
Pleistocene slip. The locations of the geodetic stations are indicated by the filled circles.
a. Eastern Santa Barbara Channel network
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Figure 4-3b. Central Santa Barbara Channel network



Santa Ynez fault

Figure 4-3c. Western Santa Barbara Channel network

130



Table 4-3
Event ¢ A 1 w d (v4 d slip (m)
a 33.0 11975 40 5 15 318 90.0 1
b 340 12050 12 6 15 285 15.0 1

Table 4-3. Parameters used to calculate coseismic elastic-strain release from the Santa
Barbara Island earthquake (a), and the Santa Barbara earthquake (b). Parameters are
derived from Corbett [1984] to give the maximum possible slip using the formulations of

Okada [1985]. ¢ and A are the latitude and longitude of the corner of the fault plane; I, w,
and d are the length, width, and depth of the fault plane in kilometers; o and 8 are the
strike and dip of the fault plane. The Santa Barbara Island earthquake was modeled as

pure strike-slip and the Santa Barbara earthquake as pure thrust, both with 1 meter of
slip.
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Chapter 5.
Pacific-North American Plate motion from geodetic estimates of strain rates in the

offshore of southern California.

1In ]

In this chapter, the distribution of the motion between the Pacific and North
American plates is addressed using space geodetic station velocities, and the geodetic
strain rates estimated for the offshore of southern California in Chapter 3. These
determinations of the offshore strain-rates suggest that the distribution and the magnitude
of the Pacific-North American relative motion be re-evaluated. Specifically, previous
models of the plate motion distribution across central and southern California [Bird and
Rosenstock, 1984; DeMets et al., 1987; Minster and Jordan, 1984; Minster and Jordan,
1987; Weldon and Humphreys, 1986] which lacked specific knowledge of offshore
deformation rates have made several assumptions and predictions of the deformation
offshore that are inconsistent with the current data.

Rigid-plate models that have been developed over the last 15 years reasonably
describe the motions of the plates from global inversions of marine magnetic anomaly
patterns, transform fault trends, and seismicity [e.g., Chase, 1978; Minster and Jordan,
1978; DeMets et al., 1990]. These models form the framework on which other studies of
plate interactions and geological investigations are based. However, substantial non-rigid
plate behavior has been recognized where these plate boundaries lie within the continents

or along their margins [e.g., Atwater, 1970]. Quaternary and older deformations in the
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western United States have been attributed to non-rigid plate interaction between the
pacific and North American plates resulting from the intra-continental nature of the plate
boundary there [e.g., Minster and Jordan, 1984]. Estimates of plate motions from
observations along this plate boundary must, therefore, be biased by this non-rigid

behavior.

5.2 San Andreas Discrepancy

In California the San Andreas fault is generally recognized as the primary
boundary between the Pacific and North American plates forming a 1000 km long intra-
continental transform fault [e.g., Atwater, 1970; Minster and Jordan, 1984]. Geological
and geodetical estimates of the slip rate on the San Andreas fault indicate that most of the
relative plate motion can be accounted for by deformation along it [Savage and Burford,
1973; Weldon and Humphreys, 1986]. However, these observations can only account
for ~65-7 5% of the average plate velocity for the last 2-4 Ma. Extension in the Basin and
Ranges and faulting along the continental margin west of the San Andreas fault have been
proposed to account for this missing motion, called the San Andreas "discrepancy”
[Minster and Jordan, 1984]. But, the rate and direction of extension in the Basin and
Ranges are insufficient to account for all of the missing motion, and the slip rates on the
faults west of the San Andreas are poorly constrained [e.g., Minster and Jordan, 1984,
Bird and Rosenstock, 1984; Weldon and Humphreys, 1986].

The discrepancy is defined as the difference between the observed deformation
velocity, as indicated from geological and/or geodetical analyses, and the velocity
predicted by global plate models. Attempts at resolving the discrepancy have focused on
the comparison of the total vclocity of the incomplete set of geodetically and/or
geologically determined fault slip and deformation rates in the western United States with
a global plate model vector. The discrepancy is then resolved by partitioning the

discrepancy vector along faults of known Quaternary activity, but for which the slip rates
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are poorly constrained and/or unconstrained [e.g., Minster and Jordan, 1984; Bird and

Rosenstock, 1984; Weldon and Humphreys, 1986; Minster and Jordan, 1987]. In these
analyses, deformation rates that are averaged over time periods of from a few hundred to
millions of years, geologically, and/or a few tens of years, geodetically, are compared
with the global rate averaged over the last 2-4 Ma.

Since the discrepancy was first pointed out based on the RM-2 global plate model
of Minster and Jordan [1978], a new global plate model, NUVEL-1, has been developed
[DeMets et al., 1990]. The NUVEL-1 model uses a larger data set than RM-2 and
contains more direct data on the relative Pacific-North American plate velocity than RM-
2. In the NUVEL-1 model, 5 spreading rates determined from marine magnetic
anomalies in the Gulf of California are used as direct measurements of Pacific-North
American relative velocity. In contrast, only 1 was available and used in the RM-2
model, and that rate has since been found to be in error [Minster, public communication].

At the 95% confidence level, these models have essentially the same location for
the Pacific-North American relative motion Euler pole. Thus, they give essentially the
same direction of relative plate motion. The main difference is the magnitude of the
relative motion. The NUVEL-1 model is slower than RM-2 by 0.07 £ 0.03 deg/m.y.
(8% slower). When mapped to the linear plate velocity in California, this corresponds to
a 15% decrease in the relative plate motion in California and implies that the magnitude
and orientation of the San Andreas discrepancy is smaller than previously believed (Fig.

5-1) [DeMets, et al., 1987].

Previ i i
On a global scale, space-based geodetically determined rates agree well with rates
averaged over a few millions of years, as estimated from global plate models. Satellite
Laser Ranging (SLR) has been used to monitor plate motions since 1976. The results

from these observations indicate good agreement between the SLR modeled station



velocities, SL7.1, and the station velocities predicted by AM0-2 and NUVEL-1 [Smith et
al., 1989a]. (AMO-2 is an absolute motion model based on the relative motion model
RM-2). The linear correlation for the geodesic velocities of sites within the plate interiors
between the SL7.1 and the AM0-2 and NUVEL-1 models are 0.999 and 1.031,
respectively, indicating good agreement with both plate models [Smith et al., 1989a].
Previous preliminary analyses had a somewhat lower linear correlation of 0.61 with the
RM-2 model [Christodoulidis et al., 1985]. These results yielded high relative plate rates
[NASA, 1988] that were geologically unreasonable. The better agreement of the latest
results is probably due to a combination of improved modeling, analysis techniques, and
an increased number of observations spread over a longer time period.

Recent geodetic estimates of the velocity of stations in California based on the
analysis of VLBI observations collected over the last 7 years suggest that the western
most of these stations are moving at velocities that are within a few millimeters of the full
NUVEL-1 velocity [Clark et al., 1987; Kroger et al., 1987; Sauber, 1989; Ward, 1988].
The velocity of the station at Vandenberg (VNDN) deviates insignificantly from the
NUVEL-1 velocity for the Pacific plate. The VLBI station at Monument Peak (MONP),
east of San Diego, is also close to the NUVEL-1 Pacific plate velocity. The velocity
distribution across southern California from these VLBI analyses along with velocities
derived from other geodetic stations has been interpreted to be consistent with distributed
right lateral shear across southern California [Sauber, 1989; Ward, 1989].

VLBI observations have been used in global studies of plate motions. In these
studies, the observed baseline evolution from stations around the world are used to invert
for station velocities, in contrast to the regional studies mentioned above that only use
data from baselines that span the San Andreas fault. Initially these global studies
achieved results that were in good agreement with the RM-2 global plate model for
Pacific-North American relative motion [NASA, 1988; Ryan, 1987]. With the
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availability of a few more years of data, inversion of these data have converged on
agreement with the NUVEL-1 plate model. [Argus and Gordon, in prep; Ward, in press].

These analyses and the regional ones would seem to suggest: 1) that the Pacific-
North American plate motion is distributed entirely onshore across southern California
between Vandenberg and the San Andreas fault with additional motion being
accommodated through Basin and Range extension [DeMets et al., 1990]; 2) that in
California the crustal velocity field is most sensitive to the regional right-lateral shear of
the plate motion rather than to the convergent deformation implied by structures that have
formed over the last 0-4 Ma in parts of southern California; 3) that VNDN is part of the
Pacific plate; and 4) that offshore of California, deformation rates are negligible.

But, these global VLBI analyses that agree well with the NUVEL-1 plate model
[Argus and Gordon, in prep; Ward, in press] rely on the assumption that the VLBI
station at VNDN is on the Pacific plate and that little or no deformation is occurring in the
offshore of California, outboard of VNDN. In contrast, the geology of the offshore of
southern California suggest active deformation during the last 2-4 Ma, and the
triangulation-GPS strain-rate estimates suggest that deformation is occurring at a
significant rate (Chapters 3 and 4). If the onshore and offshore geodetic deformation
rates are added, then the geodetically determined velocity distribution across southern

California exceeds the relative plate motion velocity predicted by the NUVEL-1 model.

4 Veloci h approach:

The distribution of strain across the Pacific-North American plate boundary can
be evaluated by constructing velocity paths along which the known deformation rates are
summed. Paths that start on the North American plate and end on the Pacific plate should
sum to the relative plate velocity. This is true if all of the deformation is accurately
accounted for along the path, the path actually begins and ends on these plates, and the

plate model is applicable.
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The velocity path approach has been employed by several investigators [Bird and
Rosenstock, 1984; Minster and Jordan, 1984; Weldon and Humphreys, 1986; Minster
and Jordan, 1987; Sauber, 1989; Humphreys and Weldon, in prep] to evaluate the
Pacific-North American plate boundary strain distribution. Minster and Jordan [1984],
Bird and Rosenstock [1984], and Weldon and Humphreys [1986] used existing
geological data to estimate the misfit between the geological deformation observed
onshore and the relative Pacific-North American motion predicted by RM-2. Similarly,
Minster and Jordan [1987] and Sauber [1989] determined the discrepancy from the RM-2
and NUVEL-1 models, respectively, using ground based and space based geodetic data.

Both the geological and geodetic studies recognized four tectonic regions which
their velocity paths must contain. Stable North America extends from the east coast of
the United States to the Basin and Ranges. There, crustal extension of the non-rigid
continental crust is occurring at significant rates through normal faulting from Arizona
northward and from the Colorado Plateau west to the Sierra Nevada. The extension rate
across the Basin and Ranges has been estimated to be 10.1 + 0.7 at N63W * 5, geologic,
and 9.7 = 2 at N56W = 10, space-based geodetic [Minster and Jordan, 1987]. Extension
across the southern Basin and Ranges between the Rio Grande Rift and San Andreas
fault in southern California is considered to be 1-2 orders of magnitude less active than
the northern Basin and Ranges, implying a negligible rate of 0.1-1.0 mm/yr [Humphreys
and Weldon, in prep.]. West of the Basin and Ranges, the San Andreas fault is the
primary plate boundary structure accommodating most of the relative plate motion
through right lateral strike-slip faulting at a geologic and geodetic rate of 34 + 3 mm/yr
directed N41W £ 2 in central California [Minster and Jordan, 1984]. In southern
California, south of the Transverse Ranges, right lateral strike-slip faulting is distributed
on the San Andreas, San Jacinto, and Elsinore faults. The geologic velocity across each
of these faults has been estimated to be 30 = 7 mm/yr at N48W % 5, 12 + 4 mm/yr at
N53W =7, and 5 = 3 mm/yr at NA9W %14, respectively, [Humphreys and Weldon, in

137



prep]. Strain estimates from geodetic networks that cross these faults [Savage, 1983;
Thatcher, 1979b] are consistent with these rates.

Finally, west of these faults active deformation in the offshore region along
several faults has been recognized, but the strain rates across these structures are poorly
constrained or unconstrained by geologic data. In central California, on the San
Gregorio-Hosgri system, Hall [1975] has proposed 80-95 km of right lateral strike-slip
displacement since the Pliocene, implying an average rate of 16-19 mm/yr directed
~N40W. Near San Simeon where part of this fault system comes ashore, late Quaternary
slip rates have been estimated to be from 8-10 mm/yr [Weber, 1979] to 4 +6/-2 mm/yr
[Hanson et al., 1987] on the San Simeon strand of the Hosgri system with an orientation
of N4OW % 15. Pleistocene slip rates may be as high as 19 mm/yr [Weber, 1979]. In
southern California, several active right lateral strike slip faults have been recognized in
the continental borderland (e.g., Newport-Inglewood, Coronado Bank, and San
Clemente Island faults) [Legg, 1985], however, no slip rates have been determined for

these fault zones.

I have constructed a velocity path from stable North America to the Pacific plate
by using VLBI station velocities of Sauber [1989] to connect the offshore networks to
stable North America. (Other analyses such as Clark et al., [1987], Kroger et al., [1987],
and Ward [1988] have results that are, within error, identical to those of Sauber [1989]
for velocity VNDN and MONP with respect to North America). The networks that are
connected to the mainland with determinable strain-rate estimates are limited to the Santa
Barbara Channel and Northern Borderland regions. Three networks with different strain
rates cross the channel. Two of these networks, the WSBC and ESBC, are "pinned” to
the mainland near the VLBI stations VNDN and SANP, respectively, which can be used

to connect the deformation path from North America out to San Nicolas Island through
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the Santa Barbara Channel and Northern Borderland networks. The strain estimates for

the Northern Borderland suggest 0 + 4 mm/yr of shortening across this network.
Triangulation-GPS based strain-rate estimates in the southern Borderland are not
considered reliable enough to connect a similar VLBI-triangulation-GPS path from
MONTP through the borderland to San Nicolas Island.

Both SANP and VNDN lie roughly along strike of an active zone of north-south
crustal convergence in the western Transverse Ranges. SANP sits within this zone in the
Ventura Basin and VNDN sits north of it in the Santa Maria Basin. Across this zone 10-
15 mm/yr of crustal convergence has occurred during the last 2-4 Ma [Davis and
Namson, written com., 1989] and as much as 20 mm/yr has occurred within the Ventura
Basin [Yeats, 1983], with most of this convergence being interpreted to have occurred on
structures that straddle the SANP VLBI site.

Sixty-three VLBI observations have been performed at VNDN over a 4 year
period between 1983 and 1987. Baseline evolution between VNDN and the other VLBI
stations observed [Ma et al., 1989] lie along well defined trends, indicating consistent
and constant relative motions. On the other hand, only 4 experiments include SANP with
observations between 1983 and 1987, and with the second experiment containing a large
(~4 cm) outlier from the baseline evolution trend of the MOJAVE12 - SANP baseline.
The large 2-sigma uncertainties on the SANP velocity suggest that the velocity of SANP
is poorly determined and within error of the VNDN VLBI velocity.

Because of this, the limited set of VLBI observations at SANP, and the uncertain
relationship of the SANP VLBI site to the active tectonics of the area, the mainland
velocity path is chosen to end at VNDN. In doing so, the velocity path from North
America includes Basin and Range extension, shear along the San Andreas fault, and
Transverse range deformation north of VNDN, ending at the western part of the Santa
Barbara Channel. There are four different networks solutions with which to cross the

channel: SBC, WSBC, CSBC, and ESBC. The WSBC network would make the most



sense, since this network contains stations in the area of VNDN. The velocity path then
passes from stable North America, through VNDN, the western Santa Barbara Channel
(WSBC), and the Northern Borderland (NBL) to San Nicolas island (Fig. 5-2). Figure
5-3 shows the velocity path plotted with the RM-2 and NUVEL-1 velocity models for
central California Pacific-North American relative plate motion. Error ellipses are
cumulative 1-sigma errors. This velocity path yields an end path velocity of 59+ 8
mm/yr at N37W * 7 which exceeds that predicted by NUVEL-1 by 23% and is

coincidentally within error of the RM-2 velocity (Table 5-1).

her velocity paths:

Other geodetically derived velocity paths can be estimated for the relative motion
between these plates using results from VLBI and SLR solutions. The previously
mentioned VLBI analyses are based on regional studies of VLBI baseline evolutions for
stations in North America. VLBI analyses [e.g., Ma et al. 1989] and SLR analyses
[e.g., Smith et al., 1989a] for stations within the plate interiors and along the plate
boundaries can be used to estimate deformation across these boundary zones.

The SLR global solutions can be used to infer a velocity path from North America
to Hawaii. As before, VLBI solutions are used to get from North America to the coast at
Monument Peak, MONP. SLR velocities are then used to get from the coast to Hawaii,
crossing the southern Borderland. SLR velocities are chosen to estimate the motion
across this part of the path instead of VLBI, because there are no VLBI observations
from MONP to stations on the Pacific plate, but there are SLR observations.

Smith et al. [1989b] and Robbins et al. [1989] present station geodesic velocities
for several SLR stations on the North American and Pacific plates with respect to the
absolute motion model AMO-2 of Minster and Jordan [1978]. The SLR geodesic
velocities are with respect to stations Greenbelt, in Maryland, and Hawaii. Since

Greenbelt and Hawaii are in the interiors of the North American and Pacific plates,
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respectively, they are not affected by plate boundary deformation. Velocities relative to
them are equivalent to velocities relative to the North American (NOAM) and Pacific
(PAC) plates, respectively.

In the SL7.1 solution, the station velocities of Mazatlan, Mexico, (MAZ) which
was assumed to be on the NOAM plate, and Monument Peak (MONP), which was
assumed to be on the PAC plate should not be moving with respect to the NOAM (i.e.,
Greenbelt) and PAC (i.e., Hawaii) plates, respectively. However, there is some residual
motion between these two stations and the NOAM and PAC plates. MAZ moves at 7+ 3
mm/yr directed N4OW * 16 with respect to NOAM, and MONP moves at 15 + 2 mm/yr
directed N23W * 10. These deviations suggest non-rigid plate behavior between
Greenbelt and Mazatlan and between Hawaii and Monument Peak.

By calling the former deviation continental deformation between Mazatlan and
Greenbelt and adding it to the NUVEL-1 velocity at the mouth of the Gulf of California
(23N 108W), the relative Pacific-North American velocity that includes the SLR derived
deformation across North America is 57 = 3 mm/yr at N52W £ 3. Similarly, by adding
the SLR discrepancy at Monument Peak (MONP) to the VLBI velocity for MONP with
respect to North America, the end velocity of 54 £ 7 mm/yr at N39W = 6 is the Pacific-
North American geodetic velocity at Monument Peak that includes deformation between
Monument Peak and Hawaii. Both of these velocities exceed the magnitudes of their
respective NUVEL-1 horizontal velocities by about 10%, but in the same direction as
predicted by NUVEL-1 estimate. This is in good agreement with the previously
determined VLBI-triangulation-GPS estimate for Pacific-North American relative plate
motion in southern California at San Nicolas Island, which exceeds the NUVEL-1
estimate by about 20%.

VLBI has been used to estimate the motion between these plates by constructing a
relative motion Euler pole from VLBI baseline evolution transverse and length rates for

baselines that span the plate boundary [Argus and Gordon, in prep]. Argus and Gordon
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[in prep] used baselines from two stations on the North American plate, one at Fairbanks,
Alaska, and the other at Fort Davis, Texas, and three stations on the Pacific plate, at
Hawaii, Kwajalein in the western Pacific, and Vandenberg.

The time evolution of a VLBI baseline from station 1 to station 2 is defined in a

length, L, transverse, T, and vertical, V, coordinate system, where

L=X;-X, (5-1)
T=L x X3 (5-2)
V=TxL (5_3)

and X; and X are the geocentric vectors to the two stations.

Assuming that the two stations are on separate plates, the station velocities in the
direction of the length and transverse components should be a measure of the relative
plate motion. Argus and Gordon [in press] calculated a rotation pole, @, describing the
Pacific-North American relative motion. In the calculation, w is related to v; , the
component of the velocity in the direction v; (length or transverse) and the station

position, X, by

vi=(0x X,), v (5-4)

This analysis assumed that there is no deformation occurring in the offshore region of
California (i.e., Vandenberg is assumed to be on the Pacific plate). However, the
triangulation-GPS strain rates seem to suggests significant rates of deformation VLBI

observations from VNDN to Hawaii and Kwajalein, on the Pacific Plate, indicate relative
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motion between VINDN and these stations. The error in their analysis could allow for 5

7 mm/yr of motion along the plate boundary [Argus and Gordon, in prep].

Di ion:

Previous path integral formulations across the Pacific-North American plate
boundary have relied upon unknown deformation rates in the offshore of southern and
central California and have been constructed to close on an assumed relative plate-motion
vector, resulting in the so called San Andreas discrepancy vector. This discrepancy
vector is then distributed as deformation along tectonic boundaries. Some of these
previous models recognized offshore faulting as a possible source of the discrepancy
[Bird and Rosenstock, 1984; Minster and Jordan, 1984; Weldon and Humphreys, 1986]
while others have explicitly or implicitly rejecied this possibility [Argus and Gordon, in
prep; DeMets et al., 1987; Ward, 1988].

The mean of the VLBI-triangulation-GPS and SLR-VLBI velocity paths indicate
active deformation in the offshore and gives an estimate of the relative Pacific-North
American motion of 56 + 4 mm/yr at N38W * 4. Slip rates on the offshore faults can be
estimated as the difference between this rate and the onshore VLBI velocity. For the
faults outboard of VNDN, such as along the San Gregorio-Hosgri system, this would
amount to 13 mm/yr of motion directed N23W. If this is projected onto the strike of this
fault zone, N4OW = 15, it would amount to 12 mm/yr of strike-slip motion with 4 mm/yr
of convergent motion. The strike-slip rate agrees within error with the late Quaternary
estimates of the slip rate on the San Simeon strand of the Hosgri system of 4-13 mm/yr
[Hall, 1981; Hanson et al., 1987].

The deformation rate in the Continental Borderland between Monument Peak and
San Nicolas Island would be 17 mm/yr at N22W. This segment of the path crosses
several active right lateral strike slip fault zones [Legg, 1985] for which good fault

orientation information exists, but no reliable rate information is available. Humphreys
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and Weldon [in prep] estimate the velocity across this part of southern California from the

Elsinore fault, just east of Monument Peak to the San Clemente Island fault zone, to be
15 £ 13 mm/yr at N23W +9/-25, values that agree with the geodetic estimate. If the
geodetic velocity is projected onto the mean strike of these faults, N37W. This implies
16 mm/yr of strike slip motion and 4 mm/yr of convergent motion.

The difference between the velocity paths presented here for southern California
and the Gulf of California, and the NUVEL-1 global plate model velocity suggests that
the 2-4 Ma average velocity of NUVEL-1 may underestimate the magnitude of the relative
motion between the Pacific and North American plates as derived from the 10-110 year
average of the geodetic model. The geodetic rate coincidentally agrees well with the
RM-2 model rate. This agreement with the RM-2 rate is not an indication that the RM-2
model is preferable, but an indication that the NUVEL-1 model underestimates the
geodetic rate of relative motion between the Pacific and North American plates by an
amount equivalent to the difference between the RM-2 and NUVEL-1 rotation rates,

~15%.

5.8 Summary:

The offshore deformation vector implies relatively high rates of motion on the
offshore fault systems of ~12-16 mm/yr. The combination of this estimates from
geodetic data with VLBI and SLR velocities from stations on the mainland of southern
California and Hawaii suggest that the integrated geodetic velocity from the North
American plate to the Pacific plate exceeds the NUVEL-1 velocity by 8 mm/yr. A similar
discrepancy is also present at mouth of the Gulf of California when the NUVEL-1
Pacific-North American relative velocity there is added to the geodetic SLR velocity of
Mazatlan. These differences between the geodetic velocity and the NUVEL-1 plate model
seem to suggest that the global plate model under estimates the geodetic rate of relative

motion between the Pacific and North American plates by ~15%.
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Figure 5-1. Linear velocity vectors for Pacific-North American relative plate motion at
360N 120.6°W [after DeMets et al., 1990]. The NUVEL-1 and RM-2 models are shown
as the solid and dashed lines, respectively. SAF and B&R are slip rates for the San
Andreas fault and Basin and Range, respectively.The dash-dotted lines are the
discrepancy vectors for Pacific-North American relative plate motion The RM-2
discrepancy is 14 mm/yr directed NO8W and the NUVEL-1 discrepancy is 8 mm/yr
directed N18E.
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Pacific Plate

Figure 5-2. Velocity paths from stable North America with VLBI to the coastline at
VNDN, across the Santa Barbara Channel through the WSBC network and out to San
Nicolas Island (SNI) through the NBL network. Also shown is another path from North
America to SNI through MONP VLBI to the Pacific Plate with SLR. '
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Figure 5-3. Velocity path from stable North America to the California Continental
borderland using offshore strain rate estimates from Chapter 4. Also plotted is the VLBI-
SLR Pacific-North American relative motion vector at MONP (see text for discussion).
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Table 5-1
Path Velocity Azimuth Ca b Cb
NOAM-PACYNDN.SNI  58.6 -37.0 8.1 7.1  26.0
NOAM-PACMONP 54.1 -38.8 7.1 6.5 33.9
NOAM-PACrean 56.4 -37.9 45 3.8 162
NOAM-PACMmAZ 57.1 St 8 2.6 2.0 23.0

Table 5-1. Geodetic velocities (in mm/yr) for Pacific-North American motion in southern
California. NOAM- North American Plate, PAC- Pacific plate, VNDN- Vandenberg,

SNI- San Nicolas Island, MONP- Monument Peak, MAZ- Mazatlan, Mexico. G5 and Gp,
are the lengths of the semi-major and semi-minor axis of the error ellipse and {p, is the

azimuth of the semi-minor axis.
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Appendix A

Local ties between GPS stations and Triangulation marks

Several of the triangulation stations were unrecoverable with GPS. The stations
had either been destroyed or were unsuitable for GPS observations. This required that
the GPS observations be made from eccentric marks and that the triangulation marks be
tied into the larger GPS network through a local tie. The eccentric marks were original
reference marks, other horizontal control marks, or newly established GPS marks. The
local ties were made using GPS, local ground surveys conducted by the author, and/or
local ground survey data proided by the NGS in the station descriptions (also known as
the USC&GS/NGS Horizontal Control Data recovery notes, available from the NGS).
The azimuths, distances and angles were then adjusted to obtain the best position offsets
between the GPS mark and the triangulation station(s). During the adjustment, station
elevations are held to their a priori values, unless vertical angle observations are available
and the elevations can be solved for. The local geodetic coordinates, g, were then
ransformed from the WGS-84 ellipsoid into earth-centered and earth-fixed (ECEF)

coordinates, v, at the latitude, @, and longitude, A, of the station using

A g=v | singsinA  cosA cosdsinA

-sinpcosA.  -sin A cos GcosA dn dx
cosd 0 sing

du dz



[Milbert and Kass, 1987]. The ties were treated in the later data adjustment as ECEF
vectors with a priori sigmas as calculated from the adjustment of the tie observations. If a
limited amount of ground survey data was available, the a priori sigmas of the tie were
conservatively assumed to be 0.05 m. In cases with only horizontal observations, the
vertical differences between markers are assumed to be zero.

Differences in the orientation of the local surveys with respect to the overall GPS
network and its geodetic reference frame are a potential source of error in the positions of
the tied bench marks. The orientations in the local geodetic reference frame were
calculated from astronomical azimuths in the REDEAM data base and/or from observed
and adjusted azimuths in the site descriptions. Laplace corrections were applied to the
observed azimuths. Comparisons of observed Laplace azimuths with azimuths derived
from GPS coordinates suggest that the GPS reference frame is locally rotated counter-
clockwise 2.2 + 3.7 arc seconds from the geodetic reference frame of the Laplace
azimuths (Table A-1). This amount of angular difference corresponds to < .001 m for tie
networks up to 100 m in dimensions.

The data available for the ties varied from site to site. Some sites had many
angles, horizontal distances, and azimuths, while others only had one horizontal distance
and azimuth. Each tie will be discussed below. The ECEEF offsets are reported in units

of meters.

A.1 San Miguel Island:
The triangulation mark New San Miguel 1873 and its reference marks were
searched for. Only the reference mark New San Miguel RM2 1934 was found and was
used for GPS observations during the MAR88 experiment. This mark is tied to the
triangulation station through an observed azimuth, 370 21' 57.58" S, and a taped
horizontal distance of 7.3455 m from the NGS recovery note of 1934. The ECEF vector
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assuming that both marks are at the same elevation and nominal 0.05 m measurement

uncertainties, is :

To - From X s 4 Z
SMIG-NSMI -5.4986 (0.0573) -0.5640 (0.0011) -4.8377 (0.0414)

A.2 Santa Cruz Island:

The primary GPS mark on Santa Cruz Island is CENT. This is a USC&GS mark
setin 1923. It is not part of the primary triangulation network, but is easily accessed on
the island for GPS observations. The triangulation stations DEVL, SCRW, and SCRE
have been tied into the GPS network during the JAN87 and SEP87 campaigns. Two
other stations were tied to the GPS network via GPS observations in MAY88. The

primary triangulation marks and the GPS marks are listed below:

Designation Name Type of tie Occupation
SCRW Santa Cruz West RM1 1924 GPS SEP87
SCW1 Santa Cruz West 1874 Ground Destroyed

SCwW2 Santa Cruz West 2 1951 Ground (exists, not occupied)

HIGH High 1951 GPS MAYS88
HIMT High Mount 1951 GPS MAY88
DEVL Devils Peak 1951 GPS JANS7
SCRE Santa Cruz East 1898 GPS SEP87

CENT has been occupied during several campaigns and is confidently tied to the
regional GPS network. During the SEP87 campaign, SCRW, Santa Cruz West RM1
1924, was occupied for two days during a large campaign in Central California that also
included the occupation of CENT. These data have allowed SCRW to be tied into the
GPS network. SCRW is a reference mark set in 1924 with ties to both SCW1 and



SCW2. The tie to each of these stations consisted of one horizontal distance and one
local astronomical azimuth. The local ground ties used are reported in the USC&GS
Horizontal Control Data recovery notes of 1861, 1934, and 1956. SCRW is 9.446 m in
azimuth 1999 23 'S from SCW1 and 9.296 m in azimuth 199° 55' 1.5" from SCW2
The vectors, assuming all the marks are at the elevation of SCRW and nominal 0.05 m

north and east measurement uncertainties, are:

To - From X ) 4 7
SCRW-SCR2 5.1811 (0.0573) 2.6700 (0.0011) 7.2420 (0.0414)
SCRW-SCR1 5.2072 (0.0573) 2.7635 (0.0011) 7.3812 (0.0414)

Stations HIGH and HIMT were tied to the GPS network during a three station
GPS campaign in MAYS88. These data were analyzed using GIPSY with broadcast
orbits. The orientation of the baselines in the GPS reference frame was checked for
biases by adjusting 359 direction measurements from 54 triangulation stations on Santa
Cruz Island that included HIGH and HIMT. In this adjustment, the azimuth and distance
between SCW2, CENT, and DEVL were constrained to their GPS values. The adjusted
values for the azimuth between HIGH and HIMT were found to be within 0.1 arc second
of the MAY88 GPS tie solutions, suggesting no significant orientation bias in the

MAY88 solution.

A3L i

The triangulation station at Niguel 1884 (NIGL), was destroyed shortly before
the JUN86 experiment. Two reference marks, Niguel 1884 A (NIGU), and Niguel
1884 B (NIGB), still exist. NIGU, the primary GPS mark, is tied into the GPS network
by many days of observations during several campaigns. NIGB and NIGU were

simultaneously occupied for one day in OCT87. The tie between NIGL and NIGU uses

161



data from the NGS recovery note for 1981. These data include several angles between all
three of these stations and one other, 18 LSB69. Mark-to-mark distances were only
available between NIGU, NIGB, and 18 LSB69. The tie was acquired using the GPS
vector and the local ground tie distances and angles, constraining the station elevations to
be their a priori values (Fig. A-1). The ECEF vectors with a posteriori scaled sigmas,

assuming all the marks are at the elevation of NIGU, are:

To - From X Y Z
NIGU-NIGL  377.5454 (0.3768) -56.5097 (0.0505) 189.7310 (0.3341)
NIGB-NIGL  364.9135 (0.3799) -78.2278 (0.0524) 151.3927 (0.3345)

Ad P

Castro Peak has been used for triangulation observations since the late 1800's.
Since then, two stations on the peak have been used for triangulation: Castro Peak 1898
(CTRO), and Castro Peak RM3 (CTR3). CTRO is unsuitable for GPS observations and
CTR3 has been destroyed. The GPS mark, CATO, is a Los Angeles City survey control
mark stamped SOSTICE CYN B2 AUX 1 LAC. This mark is tied to the triangulation
stations using local ground survey information from the NGS site recovery notes of
1898, 1923, 1951, 1963, and 1975, and a survey performed by A. Donnellan and
myself. The surveys included two azimuths, several taped and EDM horizontal
distances. These data were adjusted and the adjusted positions were used to compute

ECEF vector offsets from the GPS mark.

To - From X Y Z

CTR1-CATO 13.7223 (0.0108)  -15.4697 (0.0013)  -10.2711 (0.0080)
CTR3-CATO -12.1343 (0.0108) 4.2322 (0.0013) -3.1535 (0.0080)
CTRO-CATO 2.0084 (0.0108) -9.1950 (0.0013)  -10.4798 (0.0080)
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CTR4-CATO 20.0525 (0.0108) -7.0117 (0.0013) 5.1881 (0.0080)
CTAZ-CATO -1135.7302 (0.0577) 1554.2145 (0.0033) 1204.0544 (0.04369)

A.S Santa Barbara 2 1956:

Poor sky visibility at the triangulation station Santa Barbara 2 1956 (SBAO), and
its reference marks required that GPS observations be made from a temporary GPS set
up in a field west of the triangulation station. This temporary station, SBA2, was
surveyed to the triangulation stations by N. King and myself using a TOPCON GTS-38
total station. These observations and observations from the NGS recovery notes of
1956, 1959, 1972, and directions in the REDEAM data set from Santa Barbara 2 1956 to
Santa Barbara 2 1956 RMS5 (SBAS), Santa Barbara 2 1956 RM6 (SBAG6), and Santa
Barbara 2 AZ MK were used to calculate the north, east, and up offsets from the GPS
antenna to the triangulation marks. The adjusted offsets were used to calculate ECEF
vectors among the stations. The ECEF interstation vectors including elevation

differences between the stations with 1-sigma a posteriori uncertainties are :

To - From X Y Z

SBAO-SBA2  45.6240 (0.0140) -60.5497 (0.0117) -30.5065 (0.0249)
SBAS-SBA2 31.8990 (0.0140) -52.2874 (0.0117) -29.5580 (0.0249)
SBA6-SBA2 54.6334 (0.0175) -61.5388 (0.0177) -25.2432 (0.0350)

A.6 San Fernando 1898:

San Fernando 1898 (SAFO) was not recovered and a nearby Los Angeles County
survey control marker, Pico L-9C (SAFE),was occupied with GPS. Horizontal angles,
mark-to-mark distances, and elevations from the NGS recovery notes of 1952, 1956,

1959, 1963, and 1971, and adjusted azimuths from the Los Angeles County Survey
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Control notes for Pico L-9 were used to calculate the north and east offsets between the
GPS mark SAFE, and the triangulation marks. The ECEF vectors with a posteriori 1-

sigma uncertainties are:

To - From X 4 Z

SAF3-L_9A -13.7781 (0.0091) 39.7420 (0.0022) 50.3369 (0.0055)
SAFO-L_9A -16.6325 (0.0094) 31.4151 (0.0017) 28.4103 (0.0064)
L_92-L_9A -4.9359 (0.0172) 72.9992 (0.0040) 90.3892 (0.0089)
SAF2-L_9%A -3.0562 (0.0108)  9.1229 (0.0013) 18.4879 (0.0080)
SAFE-L_SA -23.6467 (0.0076) 86.2845 (0.0014) 84.1930 (0.0088)

A 21

Laguna 2 1951 (LAG?2) is on Pacific Missile Test Center property and is unsuited
for GPS observations. Station Mugu Cotar (COTR) on the PMTC was occupied with
GPS during the JAN87 experiment. The tie between COTAR and LAG?2 is a first order
survey adjustment of the PMTC network [Rich Dixon of the PMTC, written com.] in the

WGS-84 system. The WGS-84 latitude, longitude and elevations (m) are

COTR 34 07 12.63528 119 09 14.32436 -34.561
LAG2 34 06 30.76108 119 03 54.49855 404.657

The PMTC station coordinates were converted into an ECEF vector. First order surveys
have a precision of several ppm [Gosset, 1951]. A conservative 10 ppm positional error

was assigned to each component of the vector.
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To - From X X Z
COTR-LAG2 -6632.3524 (0.0830)-4937.4258 (0.0830)-821.8911 (0.0830)
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Figure A-1. North-east position scatter of separate solutions based on triangulation from

NIGU, NIGB, and NIGL plotted about the best fit position.
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Stations

M (arc sec) OLaplace OGPS OLaplace - OGPS Year
CTRO-SCLA 4.7E 138 47 54.8 13847 57.8 -3.0 1923.83
CHAF-LAG2 7.5E 310 56 15.5 31056194 -39 1970.83
GAVI-SBAO 8.9E 238 3504.8 2383508.5 -3.7 1971.00
HARB-BOUL 4.8E 32223229 32223241 -1.2 1878.
LAG2-CHAF 12.6E 131 05 08.0 13105173 -9.3 1960.17
LAG2-CHAF 12.6E 131 05 09.2 13105173 -8.1 1970.92
ROAD-SBIS 4.9E 240 56 38.0 24056395 -1.5 1971.00
SAFO-SCLA 4.6E 089 28 28.4 089 28 30.1 -2.7 1923.75
SBIS-LAG2 2.7E 178 12 43.3 17312437 -04 1971.00
SBAO-CHAF 6.6E 287 51 13.2 287 51 16.1 -2.9 1970.92
SCRE-GAVI 1.7W 130 31 20.9 13031 17.7 3.2 1924.92
SCRE-GAVI 1.7W 130 31 20.6 13031177 29 1874.17
HARB-WEST 4.8E 17917 37.2 179 17 33.9 33 1908.17

Table A-1. Geodetic azimuths from the south for several stations in the triangulation-GPS
network. 7 is the deflection of the vertical used to calculate the Laplace azimuth from the

observed astronomical azimuth from the first station to the second. 1 is calculated from
the difference between the astronomical position and the GPS position at the observing

station. Differences are reported in arc seconds. Mean difference is -2.2 £ 3.7 arc

seconds.
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Observation from to date observation s.e. source
type
HD 1 3 198187 0 0 0.00 0.70 NGS
HD 1 2 303 33 58.80 0.70 NGS
HD 1 4 328 8 48.50 0.70 NGS
HD 2 3 198187 0 0 0.00 0.70 NGS
HD 2 4 17 75 23.20 0.70 NGS
HD 2 1 118 80 37.00 0.70 NGS
HD 3 1 198187 0 0 0.00 0.70 NGS
HD 3 4 4 42 7.70 0.70 NGS
HD 3 2 5 52 6.00 0.70 NGS
SD 1 4 1981 8 7 54.8670 3.0 NGS
SD 2 4 198187 23.1180 3.0 NGS
SD 2 1 198187 45.7901 3.0 NGS
D 1 nigu Niguel A 33 30 5.232926 117 43 4.908335 233.69
D 2 nigb Niguel_B 3330 5.084147 117 43 4.912492 233.69
ID 3 nigl Niguel_1884 33 30 4.493877 117 44 0.307559 233.71
ID 4 mk18 Mark 18 I1sb69 33 30 5.072576 117 43 5.000833 233.69

Table A-2. Observations used in the determination of the NIGU ground tie. HD =
horizontal direction, SD = mark-to-mark distance in meters, ID = station name and a

priori latitude, longitude and elevation. Standard errors (s.e.) are in arc seconds (HD) and

millimeters (SD). All data are from NGS Horizontal Control site description recovery

notes of 1981.
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Observation from to date observation s.e.
tvpe

HD 401 46 19714 27 82 21 190 1.20

HD 401 43 92 25 5590 1.20

HD 401 201 182 25 19.00 1.20

HD 47 406 19633 15 0 0 0.00 1.20

HD 47 407 2 25 27.00 1.20

HD 47 43 234 44 25.00 1.20

HD 43 406 1963 3 15 43 34 22.20 1.20

HD 43 407 66 65 18.00 1.20

HD 43 47 95 51 36.40 1.20

HD 43 401 1971317 0 0 0.00 1.20

HD 43 46 160 3 53.80 1.20

SD 46 201 123.1177 200

SD 401 201 23.6340 20.0

SD 401 43 52.6370 20.0

SD 401 46 116.4740 20.0

SD 46 43 65.5170 10.0

SD 46 47 45.4230 10.0

SD 43 47 23.2210 10.0

SD 43 407 458010 10.0

SD 47 407 27.6360 10.0

GA 201 46 197411 320 93 460 1.50 LACO

GA 47 406 197411 301 13 35.50 1.50 LACO

GA 43 406 197411 304 44 57.70 1.50 LACO

ID 43 saf3 3 34 19 4.799976 118 36 0.362230 113.80
ID 46 19 a 34 194.612187 118 36 0.240385 108.78
ID 47 safo 34 19 4.725005 118 36 0.353275 108.60
ID 201 safe 34 19 4956141 118 36 0.483515 103.05
ID 401 19 2 34 19 4967087 118 36 0.391385 108.78
ID 406 azimuth mark 34 19 4.166400 118 35 5.264400 108.78
ID 407 saf2 34 194671462 118 36 0.270015 113.80

Table A-3. Observations used in the determination of the SAFE ground tie. HD =

horizontal direction, GA = geodetic azimuth, SD = mark-to-mark distance in meters, ID =

station name and a priori latitude, longitude and elevation. Standard errors (s.e.) are in
arc seconds (HD and GA) and millimeters (SD). Data are from NGS Horizontal Control
site description recovery notes of 1981. Mark: 19_2 = PICO L-9 aux 2 ecc 1 LAC 1971,
saf2 = SAN FERNANDO 1898 RM 2, azimuth mark = azimuth mark of the NGS
Horizontal Control site description recovery notes of 1981.
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Observation from to date observation 5.8, source

tvpe

HD 4 8 1987 10 1 0 0 0.00 0.60 CIT
HD 4 1 126 65 45.25 0.60 &4 i
HD 4 8 1987 10 1 0 O 0.00 0.60 CIT
HD 4 1 126 65 51.00 0.60 CIT
HD 4 8 1987 10 1 0 0 0.00 0.60 CIT
HD 4 2 10 1 34.00 0.60 CIT
HD 4 1 1987 10 1 0 0 0.00 0.60 CIT
HD 4 8 233 30 15.00 0.60 CIT
HD 4 2 198710 1 0 0 0.00 0.60 CIT
HD 4 8 349 94 14.00 0.60 CIT
HD 4 3 1987 10 1 0 0 0.00 0.60 CIT
HD 4 8 243 32 53.00 0.60 CIE
HD 1 2 1969 3 1 0 0 0.00 0.60 GIT
HD 1 3 138 85 17.00 0.60 CIT
HD 1 2 1969 3 1 0 0 0.00 0.60 CIT
HD 1 3 138 85 55.00 0.60 CIT
HD 4 8 1987 10 1 0 0 0.00 0.60 CIT
HD 4 3 116 63 23.00 0.60 CIT
HD 1 3 1969 3 1 0 0 0.00 0.60 CIT
HD 1 2 221 10 3.00 0.60 CIT
VA 4 8 1987 10 1 95 54 14.00 1.00 CIi
VA 4 1 1987 10 1 89 94 29.00 3.00 B
VA 4 8 1987 10 1 95 54 18.00 1.00 CIT
VA 4 8 1987 10 1 95 54 17.00 1.00 CIT
VA 4 1 1987 10 1 89 04 18.50 3.00 CIT
VA 4 8 1987 10 1 95 54 20.00 1.00 CIT
VA 4 2 1987 10 1 86 65 56.00 1.00 CIT
VA 4 2 1987 10 1 86 65 32.00 1.00 CIT
VA 4 3 1987 10 1 89 94 53.50 1.00 CIT
VA 4 3 1987 10 1 89 94 57.50 1.00 CIT
VA 4 3 1987 10 1 89 94 58.50 1.00 CIT
SD 4 8 73.1650 3.0 T
SD 4 1 12.7590 3.0 CIT
SD 4 8 73.1650 3.0 CIT
SD 4 1 12.7600 3.0 CIT
SD 4 8 73.1650 3.0 CIT
SD 4 2 5.5510 3.0 CIT
SD 4 3 22.7840 3.0 CIT
SD 4 2 5.5590 3.0 CIT
SD 4 3 22.7840 3.0 CIT
SD 1 2 16.0170 3.0 CIT
SD 1 3 10.4830 3.0 CIT
SD 1 2 16.0410 3.0 CIT
SD 1 3 10.4900 3.0 CIT
SD 1 2 16.0500 3.0 CIT
SD 1 3 10.4850 3.0 CIT
GA 1 3 1956 10 0 52 23 14.20 0.70 NGS
GA 1 3 19561010 52 23 52.50 0.70 NGS
GA 1 2 19561010 273 33 54.20 0.70 NGS
GA 1 2 19561010 273 33 32.50 0.70 NGS
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Observation from to date observation s.C. source
type
ID 1 sbao 34 24 1.658695 119 42 5.924460
ID 2 sba$ 3424 1.661866 119 42 5987134
ID 3 sba6 34 24 1.679406 119 42 5.891928
ID 4 Temp inst 34 24 1.648308 119 42 5.972818
ID 8 SBA2 34 24 1.795381 119 43 0.195833

Table A-4. Observations used in the determination of the SBA2 ground tie. HD =
horizontal direction, VA = vertical angle, GA = geodetic azimuth, SD = mark-to-mark
distance in meters, ID = station name and a priori latitude, longitude and elevation.
Standard errors (s.e.) are in arc seconds (HD, VA, and GA) and millimeters (SD). Data
are from NGS Horizontal Control site description recovery notes of 1981. sba6 =
SANTA BARBARA 2 1956 RM6, sba5 = SANTA BARBARA 2 1956 RMS5, sbao =
SANTA BARBARA 2 1956
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Appendix B

The triangulation observations for both of the data sets derived in Chapter 2 are
listed in the following tables in the NGS Blue Book format. Figure B-1 describes the

Blue-Book format for horizontal observations. Station serial numbers correspond to

those listed in Table 2-1. Table B-1 contains all of the horizontal direction observations.

Table B-2 contains the subset set of the horizontal directions that has been edited for
possible data blunders, as explained in Chapter 2. The trilateration observations are
contained in Table B-3. Table B-4 lists the components, and the uncertainties, of the
interstation GPS vectors estimated for each experiment day. The SV3 fiducial

coordinates are listed in Table B-5.
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Number of
directions
Observed Observed
Record type: direction
20 = first observation in a set of
directions
22 = subsequent observations Standard error of
in a set of directions observation in arc
seconds*100
*20*001 4 3 18760100 019 024225586 0180
*22*001 4 017 055524226 0180
*22*001 4 008 355530280 0180
A
Serial number of Date of observation Senal number of
observing station YYYYMMDD station observed
Standard error of
obscrvauon in ppm
*52*031 710105 012 38350&730)( 0380
*52*500 710105 012 532822020X 0510
*52*500 710105 010 520302240X 0520
*52*031 710105 010 515338790X 0510
*52*008 710105 026 617203690X 0610
*52*008 710105 010 648590530X 0640
*52*010 710105 012 184949440X 0180
*52*010 710105 026 309305120X 0300
*52*500 710105 026 702871750X 0700
*52*500 710105 008 445505420X 0440
*52*500 710105 031 412689260X 0410
Mark-to-mark distance

Observed distance in 0.1 mm

Figure. B-1. Description of NGS Blue Book format



*22*%022
*22*022
*22%022
*22*022
*20*042
*22*042
x22*042
*x22*042
*20*039
*22*039
*20*005
*22*005
*22*005
*20*001
*22*001
*22*001
*20*008
*22*008
*22*008
*22*008
*22*008
*20*017
x22*017
*22*017
*20*019
x22*019
xX22%019
*22*019
*22%019
*20*029
*22*029
*20*051
*22*051
*22*051
x22*051
*20*050
*22*050
*22*050
*22*050
*22*050
*20*002
*22*002
*22*002
*22*002
*22*002
*20*034
*22*034
*22*034
*22*034
*20*025
X22%025
*22%025
*22%025
*22*025
*22*025
*20*001
*22*001
*22*001
*20%001

(o o B B e e B N e B T |

004

002
003

003

005

003

005

002
004

005

005

004

006

Table B-1

18770100

18780100

18780100

18760100

18750100

18730100

18740100

18980100

18980100

18980100

18980100

18980100

18980100

19240930

15240930

041

177594140
190385009
270362117
288530408
160490952
200215417
220135125
343274324
234515608
265522417
026442444
033563345
074342629
024225586
055524226
355530280
033445062
060243890
081382020
128562273
215264732
042582659
303052946
336352894
000000000
048372232
066190531
121373598
188142720
000000000
316541632
007172850
094453351
164333164
320231000
000000000
167125362
203220325
215305210
270042478
013311926
197423901
208174678
250014601
296431693
000000000
052414348
078320847
313011526
000000000
036505946
066414176
124343916
144215258
168483978
061430872
090125991
121424468
061430982

0209
0209
0209
0209
0209
0209
0209
0209
0209
0180
0209
0209
0209
0180
0180
0180
0180
0180
0180
0180
0180
0209
0209
0209
0209
0209
0209
0209
0209
0180
0180
0209
0209
0209
0209
0209
0209
0209
0209
0180
0180
0180
0180
0180
0180
0180
0180
0180
0180
0209
0209
0209
0209
0209
0209
0060
0060
0060
0080

174



*22*001
*22*001
*20*001
*22*001
*20*001
*22*001
*22*001
*20*001
*22*001
*22*001
*20*029
*x22*029
*22*029
*22*029
*20*029
*22%029
*22*029
*20*008
*22*008
*22*008
*20*008
*22*008
*22*%008
*22*008
*22*008
*20*%008
*22*008
*22*008
*22*008
*20*008
*22*008
*22*008
*20*008
*22*008
*20*008
*22*008
*20*008
*22*008
*22*008
*22*008
*22*008
*20*050
*22*050
*22%050
*22*050
*20*050
*22%050
*22*050
*22*050
*20*017
*22*017
*22*017
X20%017
*22*017
*20*017
*22*017
*22*017
*20*017
*22*017
*22*017
*20%017

YW OOl b DWW RN RN BB WWwWwWw

15240930
19241102

19241102

19230301

19230302

19251113

19241105

19241106

19241107

19241119
19241119

19241120

19231105

19231106

15241108

19241108

19241108

19241113

19241113

019
017
008
019
008
019
017
oos
019
0x7
047
038
050
034
038
050
034
002
025
019
002
025
019
017
001
002
025
019
001
002
017
001
002
001
002
co1
002
025
019
017
001
029
038
025
002
029
038
025
002
008

001
oos
019
cos
019
001

019
001
008

090130000
121424373
061430880
090130029
061430534
090125727
121424415
061430798
090125936
121424462
000000000
099560896
243355632
286413841
099560860
243355583
286413796
178180366
204575108
226113179
000000000
026394481
047532531
095112722
181415550
000000000
026394355
047532573
181415410
000000000
095112652
181415411
000000000
181415610
000000000
181415590
000000000
026394419
047532556
095112687
181415528
089553295
114592435
257082812
293173764
089553321
114592444
257082822
293173658
000000000
066225650
326295907
000000000
066225855
000000000
066225844
326300064
000000000
066225716
326295930
000000000
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*22*017
*22*017
*20*047
*22*047
*22*047
*20*047
*22*047
*22*047
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*002
*22*002
*22*002
*20*002
*22*002
*22*002
*20*002
*22*002
*22*002
*20*034
*22%034
*22*034
*22*034
*20*034
*22%*034
*20*025
*22*025
*22*025
*20*025
*Z2X025
“22*025
*20*025
*22%025
*22%025
*22%025
*22*025
*20*025
*22*025
*22*025
*20*025
*22*025
*22%025
*22*025
*22%025
*20*019
*22*019
*22%019
*20*019
*22*019
*22*019
*22*019
*20*019
*22*019
*22*019
*22%019
*22*019
*20*019

YU N On s s s b

19231027

19231027

19231018
19231019
19231017

19251110

19241111

19241110

19231107

19231108

19241112

19241112

19241113

19241114

19241114

19251115

19241115

19241115

19241115

019
001
038
029
034
038
029
034
029
047
029
047
029
047
019

066225789
326295965
056024798
109021728
166181619
056024814
109021716
166181645
241020121
268062939
241020202
268062877
000000000
027042761
099003664
175483886
175484095
000000000
041435825
088252864
000000000
041435871
088252862
000000000
049254224
096242823
149061219
049254196
096242782
019471183
044135914
302070108
000000000
024264528
282194861
019471296
044135997
235251861
272161768
302070042
019471232
272161828
235251792
019471247
044135918
235251826
272161798
302070075
017414254
073001458
139370535
000000000
238043744
293230664
220225503
000000000
171453232
220225431
238043759
293230752
000000000
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*22*019
*22*019
*22*019
*20%002
*22*002
*20*002
*22*002
*20*%041
*22%041
*22*041
*20*041
*22*041
*20*041
*22*041
*20*022
*22*022
*x22*022
*20*042
*22*042
*20*042
*22*042
*22*042
*22*042
*20*004
*22*004
*22*004
*22*004
*20*023
*22%023
*20*023
*22*023
*22*023
*22*023
*20*001
*22*001
*20*041
*22*041
*20*041
*22*041
*22*041
*22*041
*20*041
*22*041
*22*041
*20*041
*22*041
*20*041
*22%*041
*20*041
*22*041
*20*041
*22*041
*22*041
*20*041
*22*041
*22*041
*20*041
*22*041
*20*029
*22*%029
*20*029

6
6
6
29
29
30
30

VOOV UNNNNNNNFEHBEREHEFOLOLODLWWNDNNDEHERERELOBWWNDNDN

003

002
002
003

002

004

004

002

004

19241119
19241119

19401106

19401105
19401105

19401023

19401105

19401027

19401030

19400319

19401022

19511202
19511018

19511022

19511022

19511208
19511210
19511210

19511210

19511202

19511207
19521117
19560604

042
004
oos
026
042
022
004
042
022
024
004
042
024
022
030
022
009
022
009
022
030
009
042
022
030
042
030
034
047
034

220225482
238043745
293230693
000000000
175484119
000000000
175484050
000000000
313415770
315530881
000000000
315530338
000000000
315530608
249063586
261454646
341425364
000000000
236460391
000000000
039323641
059243073
182382845
210020172
217142359
257525274
258201015
061535450
154303466
000000000
054035738
061535632
154303508
000000000
043574213
000000000
044065606
000000000
002111030
046180399
331314679
000000000
002111004
331314743
000000000
038154570
000000000
086140953
000000000
086140610
000000000
038154853
086140562
000000000
044065341
082224091
000000000
082224423
000000000
073182184
043062255
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*22*029
*20*029
*22*029
*22*029
*20*029
*22*029
*22*029
*22*029
*20*029
*22*029
*22*029
*20*029
*22*029
*20*029
*22%029
*x22*%029
*20*028
*22*028
*22*028
*20*028
*22*028
*20*028
*22*028
*20*028
*22%028
*22*028
*20*028
*22*028
*x22*028
*20*028
*22*028
*20*028
*22*028
*22%028
*20%028
*22*028
*22*028
*20*028
*22*028
*22*028
*20*028
*22%028
*20*022
*22*022
*20%022
*22*022
*22%022
*20*022
*22*022
*22*022
*20*022
K22%022
*20*022
*22%022
*22*022
*20*022
*22*022
*20*022
*22*022
*x22*022
*20*022
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19560605

19560605

19560607

19560607

19560606

19510814

19510816
19510816
19510820

19511023

19511023
19511025

19511025

19591109

19591109
19511010

19511010

19511013

19511013
19511014

19511018

19511019

19511022

038
033
047
038
033
034
047
038
033
034
047
033
034
033
034
047
016
033
034
033
016
033
016
016
033
038
038
021
016
038
029
038
021
004
038
021
004
004
033
029
033
004
038
030
038
030
041
023
038
041
023
038
041
023
038
023
004
004
023
038
042

216205318
000000000
116244263
216205010
000000000
043062020
116244197
216205005
000000000
043062087
116244248
000000000
043062076
000000000
043061929
116244103
059343922
143383504
186464086
000000000
275560346
000000000
275560238
000000000
084035663
300252158
000000000
005392063
059344092
000000000
343053460
000000000
005392033
067115054
000000000
005392052
067114988
000000000
076264301
275535910
013274202
297005791
000000000
068324985
000000000
068325318
177594094
000000000
071065612
249063563
000000000
071065592
000000000
110532176
182001705
000000000
341425324
000000000
018170619
089240148
000000000

0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0100
0060
0060
0060
0060
0080
0080
0060
0060
0060
0060
0060
0060
0120
0140
0060
0060
0060
0060
0060
0060
0060
0060
0140
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
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*22*022
*22*022
*20*022
*22%022
*22*022
*20*%022
*22*022
*22*022
*20*022
*22*022
*22*022
*20*022
*22*022
*22*022
*20*031
*22*031
*22*031
*20*031
*22*%031
*20*031
*22*031
*20*031
x22*%031
*20*031
*22*031
*20*031
*22%031
*20*031
*22*031
*20*031
*22*031
*20*031
*22*031
*20*031
*22%031.
*20*031
*22*031
*22*031
*20*031
*22*031
*22*031
*20*031
*22%031
*20*031
*22*031
*20*031
*22*031
*20*031
*22*031
*22%031
*20*031
*22*031
*20%031
*22%031
*20*031
*¥22%031
x22%031
*20*031
*22%031
*22*031
*20*031

19511026

19511027

19511028

19511028

19510808

19510813
19510813
19511025
19511107
19511107
19511113
19511113
19510100
19560612

19560613

19560613

19560613
19560614
19560614

19560620

19591030
19591030
19591109

19591109

19591109

004
023
023
030

023
024
004
024

023
024

023
034
033
011
034
033
034
033
034
033
011
010
011
010
010
002
010
002
034
025
034
003
034
033
025
034
018
003
034
003
033
018
033
018
033
025
003
033
003
033
003
033
011
010
033
011
010
011

079570724
098141340
000000000
139394620
181422904
000000000
323484627
341425340
000000000
017540720
036111190
000000000
017540708
036111304
000000000
046555101
131552165
000000000
046555113
00Cu00000
046555375
000000000
046555135
020174609
038434264
020174605
038434018
038434126
092324757
038434136
092324566
000000000
134222517
000000000
204035081
000000000
046555100
134222384
000000000
161092268
204035174
000000000
204034925
000000000
114132910
000000000
114132920
000000000
087263202
157075966
000000000
157075900
000000000
157075752
000000000
084593176
103252498
000000000
084593127
103252346
020174457

0060
0060
0060
0060
0060
0120
0140
0120
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0070
0060
0070
0060
0060
0060
0060
0080
0060
0060
0060
0060
0060
009%0
0090
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
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*22*031 24
*20*031 25
*22*031 25
*20*031 26
*22*031 26
*20*010
*22%*010
*22*010
*22*010
*22*010
*20*010
*22*010
*22*010
*22*010
*20*010
*22%010
*22*010
*22*010
*20*010
*22*010
*20*010
*22*010
*20*010
*22%*010
*22%*010
*20*010
*22*010
*20*010
*22*010
*22*010
*22*010
*22*010
*22*010
*20*010
*22*010
*22*010
*20*010
*22*010
*22*010
*20*010
*22*010
*22*010
*20*008
*22*008
*20*008
*22*008
*20*008
*22*008
*20*008
*22*008
*22*008
*20*008
*22*008
*22*008
*20*008
*22*008
*20*008
*22*008
*20*008 10
*22*008 10
*20*008 13
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19591110
19591110

19511106

19511106

19511211

18511117
19511117

19591104

15591104
19591105

19591106

19591106

19591105

19511115
19511115
1951111€

19511126

19560612

19560612
19560619
19560619
19560620

010
010
003
010
033
002
031
011
004
024
002
031
011
004
011
004
024
026
026
oos
026
008
026
003
011
026
011
026
003
031
011
004
024
031
011
024
031
011
024
026
011
024
002
026
002

002
001
002
010
001
003
018
001

018
025
018
025
018
003

038433755
103252091
157075636
038434046
295181666
000000000
045263114
084441619
123014756
154465162
000000000
045263073
084441742
123014732
000000000
038172994
070023303
160230406
004442481
075011088
004442442
075010978
000000000
114484013
199365296
000000000
199365078
000000000
114484104
160190490
199365272
237542553
269392896
000000000
039174590
109202163
000000000
039174497
109202304
000000000
199365542
269392983
000000000
068285277
000000000
068285152
000000000
181420132
000000000
040200141
181415595
000000000
047482560
181365100
000000000
047482727
128454319
1438592454
128454263
149592463
000000000

0070
0060
0060
0060
0060
0060
0060
0080
0060
0070
0060
0060
0060
0060
0060
0070
0070
0060
0060
0060
00860
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
00860
0060
00860
0060
0060
0090
0060
0060
0060
0060
0060
0060
0060
0060
00860
0060
0060
0060
0060
0060
0060
0070
0060
0060
0060
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*22%008 13
*20*042
*22*%042
*20*042
*22*042
*20*042
*22*042
*22*042
*22*042
*20*042
*22*042
*22*042
*20*011
*22%011
*22%011
*20%011%
*22*011
*22*011
*22%011
*22*011
*20*011
*22%011
*22*%011
*22*011
*22*011
*22*%011
*20*011
*22*011
*22*011
*20*024
*22*024
*20*024
*22*024
*20*024
*22*024
*22*024
*20*024
*x22*024
*22%024
*20*024
*22*024
*22*024
*20*024
*22*%024
*22%024
*22*024
*20*024
*22%024
*22%024
*22%024
*20*024
*22%024
*22%024
*20*024
*22*%024
*22%024
*22*024
*20*024 10
*22*024 10
*22*024 10
*20%024 11
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19511006
19511006

19511007

19511008

19511102

19511103

19591107

19591107

19510829
19510829

19511102

19511103

19511106

19511111

19511115

19511115

19511117

19511117

19591105

018
004
022
004
041
022
030
041

024
004
022
031
033
010
002
004
024

010
010
003
031
033
004
024
010
003
024
013
004
013
004
013
004
041
013
011
004
013
010
004
013
010
011
004
013
011
004
026
013
004
026
013
004
022
042
013
004
042
026

047482258
000000000
059243216
000000000
182382536
000000000
034082829
123135303
268005198
000000000
032343667
091590692
052254622
094331448
290092663
000000000
157131396
192160536
094331578
290092730
000000000
069450675
122161942
164234695
227034479
262063503
000000000
069450702
262063542
028073687
115152575
028073758
115152664
000000000
087075008
139170099
000000000
023440782
087074850
000000000
011400252
087074782
000000000
011395897
023440474
087074862
000000000
023440571
087074982
352591299
000000000
087074909
352591430
000000000
087074933
108451587
134432061
000000000
087074820
134432016
000000000
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*22*024
*22*024
*22*024
*22%024
*20*024
*22*024
*22*024
*22*024
*20*024
*22*024
*22*024
*22*024
*20*033
*22*033
*20*033
*22*033
*22*033
*20*033
¥22%033
*20%033
*22*033
*22%033
*20*033
*22*033
*20*033
*22*033
*20*033
*22%033
*20*033
*22*033
*20*033
*22*033
*20*033
*22%033
*x22*033
*20*033
*22*033
*22%033
*20*033
*22%033
*22*033
*20*033
*22*033
*22*033
*20*033
*22*033
*22*033
*22*033
*20%033
*22*033
*20*033
*22*033
*20*033
*22*033
*22*033
*22%*033
*22*033
*20*033
*22%033
*22%*033
*20*033

19591106

19591106

19510808

13510813

19510813
19511022

19511022
19511105
19560605
19560605
19560606

19560612

19560612

19560612

19560613

19560613

19560615

19560615

19591107

19591107

19591110

013
010
011
004
026
010
011
004
010
033
004
026
028
031
034
028
031
034
028
031
028
004
028
004
011
031
034
029
034
029
034
029
034
038
031
034

031
034
025
031
025
003
031
034
025
003
031
034
025
034
025
004
024
011
003
031
011
003
031
011

007004846
018405003
030445336
094083610
000000000
018404684
030445312
094083514
000000000
039141201
075274814
341191039
089512896
305252775
000000000
089512807
305252602
000000000
089512938
022324866
166585049
249393085
000000000
082404086
000000000
052530428
000000000
089522493
000000000
089522303
000000000
089522505
000000000
114562294
305252879
000000000
257060177
305252681
000000000
257060173
305252884
257055974
293114708
305252595
000000000
257055905
293114798
305252769
000000000
257060038
000000000
257060145
082403856
107334091
162405228
203202020
215335701
005594532
046391261
058525007
005594566
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*22*033 21
*20*030
*22*030
*22*030
*22*030
*22*030
*20*030
*22*030
*22*030
*20%030
*22%030
*22*030
*22*030
*22%030
*20*030
*22*030
*20*016
*22*016
*22*016
*20*016
*22*016
*20*016
*22*016
*22*016
*20*016
*22*016
*20*016
*22*016
*20*016
*x22%016
*20*016
*22*016
*20*016
x22%016
*20*047
*22*047
*20*047
*22*047
*20*047
*22*047
*20*047
*22*047
*20*047
*22*047
*22*047
*20*038
*22*038
*20*038
*22*038
*22*038
*20*038
*22*038
*22*038
*22*038
*20*038
*22*038
*20*038
*22*038
*22*038
*20*038
*22*038
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19511007

19511009

19511202

19511206

19510829

19510830

19511018

19511018
19511022
19511024
19511024
19511127
19521116
19560605
19560607
19560628
19560628

19511013

19511018

19511019

19511019

19511022

19511023

031
009
042
022
023
038
042
022
038
009
041
022
023
038
009
041
004
028
038
004
028
028
038
004
028
038
004
028
021
004
021
004
028
038
029
034
029
034
029
034
038
029

029
034
023
028
022
023
016
022
023
ole
028
022
023
022
004
0l6
022
028

058524807
000000000
084563366
108421064
117064622
146150510
000000000
023453952
061183307
000000000
076244130
108421098
117064562
146150301
000000000
076244120
000000000
171132523
282323298
000000000
171132692
000000000
111190848
188463357
000000000
111190824
000000000
171132350
000000000
072125060
000000000
072125155
000000000
111190746
000000000
057155928
109021895
166181859
109021883
166181737
056024891
109021837
000000000
052592795
110152870
025391983
123385928
000000000
025392045
114324794
000000000
025392241
114324700
123385866
000000000
025392160
000000000
056391503
114324703
000000000
123390226

0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0080
0060
0060
0060
0060
0080
0110
0060
0100
0070
0070
0070
0080
0080
0070
0070
0060
0060
0060
0060
0070
0070
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0240
0060
0170
0170
0070
0090
0070
0060
0060

183



*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*22*038
*22*038
*20*038
*22*038
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*20*004
*22*004
*22*004
*22*004
*20*004
*22*004
*22*004
*22*004
*20*002
*22*002
*20*002
*22*002
*22*002
*20*002
*22*002
*22*002
*20*002
*22*002
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19511025
19511025
19511103
19560531

19560531

19560605

19511018

19511019

19511022

19511025

19511025

19511027

19511027

19511028

19511028

19511103

19591108

19511113

19511114

19511114

19511115

030
028
030
028
023
004
030
029
030
029
047
047
047
029
016
038
023
023
022
024
033
023
022
041
024
028
016
038
028
0le
038
016
041
024
022
041
024
022
042
041
022
042
041
024
010
011
033
024
010
011
033

010
031
011
010
031
011
010
010
026

000000000
197332437
000000000
197332423
000000000
030595110
089142878
286481542
089142864
286481554
313524380
313524391
000000000
332553345
000000000
044390676
071233316
000000000
007122191
147405019
000000000
093253405
100375925
141434189
241062829
000000000
001092489
045482871
000000000
001092181
045483045
000000000
119414077
215042685
000000000
041054523
140282880
000000000
040382708
041054545
000000000
040382752
041054678
000000000
072471941
081333478
118532939
000000000
072471916
081333548
118533016
000000000
080443103
000000000
055191688
080442766
000000000
055191836
080442964
000000000
026575291

0060
0060
0060
0060
0120
0120
0060
0060
0060
0140
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0080
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0070
0070
0070
0070
0060
0060
0060
0060
0070
0140
0060
0060
0060
0060
0060
0060
0060
0060
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*22*002
*20*002
*22*002
*22*002
*20*003
*22*003
*20*003
*22*003
*22*003
*20*003
*22*003
*22*003
*20*003
*22*003
*22*003
*20*003
*22*003
*22*003
*20*003
*22*003
*22*003
*22%003
*20*003
*22*003
*22*003
*20*003
*22*003
*20*003 10
*22*003 10
*22*003 10
*20*003 11
*22*003 11
x22%003 11
*20*003 12
*22*003 12
*22*003 12
x20*003 13
*22*003 13
*22*003 13
*20*003 14
*22*003 14
*20*003 15
%*22%003 15
*22*003 15
x22*003 15
*20*003 16
*22*003 16
*22*003 16
*22*003 16
*20*034

*22*034

*20*034

*22*034

*22*034

*20*034

*22*034

*20*034

*22*034

*20*034

*22*034

*20*034 1
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19511115

19560612
19560612

19560613

19560613

19560614

19560620

19560620

19560702

19591022

19591022

19591023

19591023

19591030

19591123

19591123

19510808

19510813

19510917
19511112
19521117

19560510

008
010
026
oo}
025
018
031
025

095041238
000000000
026575410
095041229
052193798
099050057
000000000
052193479
099050003
000000000
052193754
099050074
000000000
010382360
052193633
000000000
052193656
099045918
000000000
052193618
099050171
176001586
000000000
099050204
176001512
000000000
076551514
000000000
080470379
107480581
000000000
080470324
107480423
000000000
055202165
080470330
000000000
055201970
080470025
000000000
010382395
000000000
010382377
055202035
080470153
000000000
025264153
304393586
315180158
000000000
078293958
000000000
047002696
125300590
001094434
079392026
000000000
078293691
028233054
077491266
000000000

185



*22*034
*20*034
*22*034
*20*034
*22*034
*22*034
*20*034
*22*034
*20*034
*22*034
*20*034
*22*034
*20*034
*22*034
*22%034
*20*034
*22*%034
*22%034
*22%034
*22*034
*20*034
*22*034
*22*034
*20*034
*22*034
*20*034
*22*034
*22*034
*20*034
*22*034
*22*034
*20*034
*22*034
*22*034
*20*034
*22*034
*20*025
*22%025
x22*025
*22*025
X22X025
*20*025
*x22*025
*20*025
X22%025
*x22*025
*20*025
*22*025
*20*025
*22*025
*20*025
x22*025
X22%025
*22*025
*22*025
*20*018
*22*018
*20%018
*22*018
*20*018
*x22*018

WWhNhNHFHFOODODODOOANGORU UMb B B WWNRNDRNDRNDR

19560510

19560510

19560510
19560604
19560604

19560604

19560605

19560607

19560612

19560613

19560614

19560614

19590428
19560614

19560612

19560615

19560619
19560619

19560620

19560612
19560613

19560614

033
031
033
031
029
033
031
029
029
033
029
033
029
033
047
047
029
033
029
033
047
029
033
033
031
033
025
031
033
025
031
033
025
031
031
047
018
003
031
034
033
o1is
033
01is
031
033
018
008
018
008
018
003
031
034
033
003
025
003
031
003
031

281302179
000000000
281302169
000000000
234250456
281302040
000000000
234290584
000000000
047011914
000000000
047011782
000000000
047011548
310341789
000000000
049254337
096265829
049254527
096270093
000000000
049253993
096265633
000000000
078293740
000000000
052391475
078293710
000000000
052391252
078293815
000000000
052391401
078293744
079392304
264424522
000000000
066353703
124344074
144215312
168484860
000000000
168484415
000000000
124343770
168484310
000000000
036505455
000000000
036505585
000000000
066353538
124343680
144214888
168484079
1542100918
221000916
000000000
038003171
000000000
038003414

0060
0060
0060
0060
0060
0100
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
00860
0060
0060
00860
0060
0060
0060
0060
0060
0070
00860
0060
0070
0060
0060
0060
0060
0070
0070
0060
0060
0060
0070
0240
0070
0070
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0070
0060
0060
0060
0030
0090
0060
0060
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*22*018
*20*018
*22*018
*22*018
*20*018
*22*018
*22*018
*20*026
*22*026
*20*026
*22*026
*20*026
*22*026
*20*026
*22*026
*20*026
*22*026
*20*026
*22*026
*20*026
*22*026
*20*026
*22*026
*20*009
*22*009
*20*009
*22*009
*20*009
*22*009
*20*009
*22*009
*20*021
*x22*021
*20*021
224021
*20*023
*22*023
*22*023
*20*023
*22*023
*22*023
*20*023
w22%023
*22*023
*20*023
*22*023
*22*023
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
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19560614

19560620

19513115
19511115
19511202
19511202
19591022
19591022
19591022
19591023
19511007
19511207
19511207
19511207
19511025
19511025

19511102

19511102

19511202

19511205

19511018
19511019
19511025
19511025
19511106
19511106

19511126

025
003
031
025
oos8
003
025
010
024
008
002
001
008
001
008
003
010

010
010
024
010
024
022
030
022
030
041
030
041
030
016
028
016
028
038
022
004
038
022
004
038
030
022

030
022
022
021
022
021
030
021
030
021
021
023
021
023
021
028

066390146
000000000
038003477
066390118
000000000
055162415
121552632
000000000
070584847
000000000
043245585
038154069
061045573
038153887
061045541
000000000
038101754
000000000
038101751
000000000
070584953
000000000
070584779
000000000
029151729
000000000
029151833
000000000
055371887
000000000
055371800
000000000
009305929
000000000
009305957
000000000
083133978
237441360
000000000
083133845
237441230
000000000
051180280
083133985
000000000
051175978
083133848
000000000
077020363
000000000
077020670
000000000
150562980
000000000
150562991
000000000
308371704
000000000
308371620
000000000
046365528
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*20*038
*22*038
*20*021
*22*021
*20*021
*22*021
*20*031
*22*031
*20%*031
*22%031
*20*031
%*22%031
*20*008
*22*008
*20*033
*22*033
*20*018
*22*018
*20*018
*22*018
*20*018
*22*018
*20*028
*22*028
*20*028
*22*028
*20*028
*22*028
*20*028
*22*028
*20*033
*22*033
*20*033
*22*033
*20*033
x22*033
*20*043
*22*043
*20*043
*22*043
*20*034
*22*034
*20*034
*22*034
*20*034
*22*034
*20*034
*22*034
*20*034
*22*034
*20*034
*22*034

NN

002
002
002
002
002
002
002
002
002
002
002
002
002
002

002

19511126
19511025
19511025
19560612
19560612
19560614
19560612
19560604
19560619
19560619
19560620
19630628
19630628
19640518
19640518
19600100
19640521
19640521
19630627
19630627
19601103
19630628
19630628
19630717
19640520

19640520

021
028
016
038
016
038
034
033
034
003
033
025
003
001
034
029
008
025
008
025
008
031
034
043
034
043
033
034
033
034
031
034
034
028
034
028
028
034
028
034
033
031
043
028
043
028
043
028
028
033
028
033

000000000
046365782
000000000
137144468
000000000
137144442
000000000
046555505
000000000
204035508
000000000
087263475
000000000
181364970
000000000
089521932
000000000
121552087
000000000
121552161
000000000
093165508
000000000
073181887
000000000
073181706
000000000
043080526
000000000
043080411
021350903
076094243
000000000
089512839
000000000
089512791
131094468
188230036
131094473
188225968
000000000
078293856
028213059
077495925
028213128
077500019
028213146
077500097
000000000
047002696
000000000
047002751

0060
0060
0060
0060
0060
0060
0060
0060
0070
0070
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0110
0060
0060
0060
0060
0070
0070
0070
0070
0120
0070
0070
0070
0070
0070
0060
0060
0060
0060
0070
0120
0060
0060
0060
0060
0060
0060
0070
0070
0070
0070
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*20*029
*22*029
*22*029
*20*050
*22*050
*22*050
*22*050
*20*047
*22*047
*20*002
*22*002
*22*002
*22%002
*20*034
*22%034
*22*034
*22%034
*20*025
*22*025
*22*%025
*22*025
*22*025
*20*001
*22*001
*22%001
*20*008
*22*008
*22*008
*22*008
*22*008
*20*017
k22%017
*22%017
*20*019
*22%019
x22*019
*22*019
*20*001
*22*001
*22%001
*20*001
*22*001
*22*001
*20*001
*22*001
*20*%001
*22*001
*22*001
*20*001
*22*001
*22*001
*20*029
*22*029
*22*029
*22*029
*20%029
*22*029
*22*029
*20*008

003

003

002
003

003

004

003

003

Table B-2
18980100

18980100

18980100

18980100

18980100

18980100

18760100

18750100

18730100

18740100

19240930

19240930

19240930
19241102

19241102

19230301

19230302

19251113

034
047
050
029
025
002
034
029
034
oos
050
025
019
050

000000000
073182096
316541632
000000000
167125362
203220325
270042478
000000000
057155927
013311926
208174678
250014601
296431693
000000000
052414348
263353253
313011526
000000000
036505946
066414176
144215258
168483978
024225586
055524226
355530280
033445062
060243890
081382020
128562273
215264732
042582659
303052946
336352894
000000000
048372232
066190531
188142720
061430872
090125991
121424468
061430982
090130000
121424373
061430880
090130029
061430534
090125727
121424415
061430798
090125936
121424462
000000000
099560896
243355632
286413841
099560860
243355583
286413796
178180366
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*22*008
*22*008
*20*008
*22*008
*22*008
*22*008
*22*008
*20*008
*22*008
*22*008
*22*008
*20*008
*22*008
*22*008
*20*008
*22*008
*20*008
*22*008
*20*008
*22*008
*22*008
*22*008
*22*008
*20*050
*22*050
*22*050
*22*050
*20*050
*22*050
*22*050
*22*050
*20*017
*22*017
225017
*20*017
*x22*017
*20%017
*22*017
*22%017
*20*017
*k22%017
*22%017
*20*017
*22*017
*22%*017
*20*047
*22*047
*22*047
*20*047
*22*047
*22*047
*20*038
*22*038
*20*038
*22*038
*20*038
*22%038
*20*002
*22*002
*22%002
*20*002

005

004

003

002
002

005

004

004

003

002

003

003

003

003

003

002

002

003

003

19241105

19241106

19241107

19241119
19241119
19241120

19231105

19231106

19241108

19241108

19241108

19241113

19241113

19231027

19231027

19231018
19231019
19231017

19241111

19241110

025
019
002
025
019
017
001
002
025
019
001
002
017
001
002

002
001
002
025
019
017
001
029
038
025
002
029
038
025
002

019
001
oos
019

019
001
008
019
001
o008
019
001
038
029
034

029
034

047
029
047
029
047
050
025
019
050

204575108
226113179
000000000
026394481
047532531
095112722
181415550
000000000
026394355
047532573
181415410
000000000
095112652
181415411
000000000
181415610
000000000
181415590
000000000
026394419
047532556
095112687
181415528
089553295
114592435
257082812
293173764
089553321
114592444
257082822
293173658
000000000
066225650
326295907
000000000
066225855
000000000
066225844
326300064
000000000
066225716
326295930
000000000
066225789
326295965
056024798
109021728
166181619
056024814
109021716
166181645
241020121
268062939
241020202
268062877
000000000
027042761
000000000
041435825
088252864
000000000
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*22*002
*22*002
*20*034
*22*034
*22*034
*22*034
*20*034
*22*034
*20*025
*22%025
*22*025
*20*025
*22%025
*22*025
*20*025
*22*025
=22*025
*22*025
*22*025
*20*025
*22*025
*22*025
*20*025
*22*025
*22*025
*22*025
*22%025
*20*019
*22*019
*22*019
*20*019
*22*019
*22*019
*22*019
*20*019
*22*019
*22*019
*22*019
x22%019
*20*019
*22*019
*22*019
*22*019
*20*041
*22*041
*22*041
*20*041
*22*041
*20*022
*22*022
*22*022
*20*042
*22*042
*20*042
*22*042
*22%042
*x22%042
*20*004
*22*004
*22*004
*22*004
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004

002
003

003

005

003

005

003

004

005

004

003

002
003

002
004

004

19231107

19231108

19241112

19241112

19241113

19241114

19241114

19251115

19241115

19241115

19241115

19401106

19401105

19401023

19401105

19401027

19401030

025
019
047
029
050
025
029
050
034
050
002
034
050
002
034
050
019
008
002
034
oos
019
034
050

008
002
oos
002
025
025
oos
coz
001
025
017
001
oos8
002
025
001
oos
002
022
004
042
022
042
041
042
004
041
022
004
023
022
041
023
022
042
041

041435871
088252862
000000000
049254224
096242823
149061219
049254196
096242782
019471183
044135914
302070109
000000000
024264528
282194861
019471296
044135997
235251861
272161768
302070042
019471232
272161828
235251792
019471247
044135918
235251826
272161798
302070075
017414254
073001458
139370535
000000000
238043744
293230664
220225503
000000000
171453232
220225431
238043759
293230752
000000000
220225482
238043745
293230693
000000000
313415770
315530881
000000000
315530608
249063586
261454646
341425364
000000000
236460391
000000000
039323641
059243073
182382845
210020172
217142359
257525274

258201015
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*20*023
*22*023
*20*023
*22*023
*22*023
*22*023
*20*001
*22*001
*20*041
*22%041
*20*041
*22*041
*22*041
*22*041
*20*041
*22*041
*22*041
*20*041
*22*%041
*20*041
*22*041
*20%041
*22*041
*20*041
*22*041
*20*029
*22*%029
*20%029
*22*029
*20*029
*22*029
*22%029
*20%029
*22*029
x22%029
*22%029
*20*029
*22*029
*22%029
*20%029
*22%029
*20*029
*22%029
*22*029
*20*028
*22*028
*22*028
*20*028
*22*028
*20*028
*22*028
*20*028
*22*028
*22*028
*20*028
*22*028
*22*028
*20*028
*22*028
*22*028
*20*028
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002
004

19400319

19401022

19511202
19511018

19511022

19511022

19511210
19511210
19511202
19511207
19521117
19560604

19560605

19560605

19560607

19560607

19560606

19510814

19510816
19510816
19510820

19511023

19511025

19511025

042
004
022
041
042
004
oos
026
042
022
004
042
022
024
004
042
024
022
009
022
030
022
030
042
030
034
047
034
038
033
047
038
033
034
047
038
033
034
047
033
034

034
047
016
033
034
033
016
033
016
0le
033
038
038
021
016
038
021
004
038

061535450
154303466
000000000
054035738
061535632
154303508
000000000
043574213
000000000
044065606
000000000
002111030
046180399
331314679
000000000
002111004
331314743
000000000
086140953
000000000
038154853
044065341
082224091
000000000
082224423
000000000
073182184
043062255
216205318
000000000
116244263
216205010
000000000
043062020
116244197
216205005
000000000
043062087
116244248
000000000
043062076
000000000
043061929
116244103
059343922
143383504
186464086
000000000
275560346
000000000
275560238
000000000
084035663
300252158
000000000
005392063
059344092
000000000
005392033
067115054
000000000

0070
0070
0070
0070
0070
0070
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0100
0060
0060
0060
0060
0080
0080
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
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*22*028
*22%028
*20*028
*22*028
*20*028
*22*028
*20*022
*22*022
*20*022
*22%*022
*22*022
*20*022
*22*022
*20*022
*22*022
*20*022
*22*022
x22%x022
*20*022
*22*022
*22*022
*20*022
*22*022
*20*022
*22*022
*22*022
*20*022
*22%*022
*22*022
*20*022
*22*022
*22*022
*20*031
RP2%QIL
x22%031
*20*031
*22*031
*20*031
*22*031
*20*031
*x22%031
*20*031
*22%*031
*20*031
*x22*031
*20*031
*22*031
*20*031
*Q2*031
*20*031
*22*031
*20*031
*22%031
*22*031
*20*031
*22*031
*22*%031
*20*031
*22*031
*20*031
*22%031

19591109
19591109
19511010

19511013

19511013
19511018

19511019

19511022

19511026

19511027

19511028

19511028

19510808

19510813
19511025
19511107
19511107
19511313
19511113
19510100
19560612

19560613

19560613

19560613

19560614

021
004
004
033
033
004
038
030
023
038
041
023
038
023
004
004
023
038
042
004
023
023
030
023
024
004
024
004
023
024
004
023
034
033
011
034
033
034
033
011
010
011
010
010
002
010
002
034
025
034
003
034
033
025
034
018
003
034
003
033
018

005392052
067114988
000000000
076264301
013274202
297005791
000000000
068324985
000000000
071065612
249063563
000000000
071065592
000000000
341425324
000000000
018170619
089240148
000000000
079570724
098141340
000000000
139394620
000000000
323484627
341425340
000000000
017540720
036111190
000000000
017540708
036111304
000000000
046555101
131552165
000000000
046555113
000000000
046555135
020174609
038434264
020174605
038434018
038434126
092324757
038434136
092324566
000000000
134222517
000000000
204035081
000000000
046555100
134222384
000000000
161092268
204035174
000000000
204034925
000000000
114132910
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*20*031
*22*031
*20*031
*22*031
*22%031
*20*031
*22%031
*20*031
*22*031
*20*031
*22*031
*22*031
*20*031
*22*031
*22*031
*20*031
*22*031
*20*031
*22*031
*20*031
*22%031
*20*010
*22*010
*20*010
*22*010
*22*010
*20*010
*22*010
*22*010
*20*010
*22*010
*20*010
*22*010
*20*010
*22*010
*22*010
*20*010
*22*010
*22*010
*22*010
*22*010
*22*010
*20*010
*22*010
*22*010
*20*010
*22*010
*20*010
*22*010
*22*010
*20*008
*22*008
*20*008
*22*008
*20*008
*22*008
*22*008
*20*008
*22*008
*22*008
*20*008

10
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19560614

19560620

19591030
19591030

19591109

19591109

19591109
19591110
19591110
19511106

19511106

19511111

19511117
19511117

19591104

19591105

19591106

19591106
19591105

19511115
19511115

19511126

19560612

19560619

033
01is
033
025
003
033
003
033
003
033
011
010
033
011
010
011
010
010
003
010
033
002
024
002
031
011
004
024
026

000000000
114132920
000000000
087263202
157075966
000000000
157075900
000000000
157075752
000000000
084593176
103252498
000000000
084593127
103252346
020174457
038433755
103252091
157075636
038434046
295181666
000000000
154465162
000000000
045263073
084441742
038172994
070023303
160230406
004442481
075011088
004442442
075010978
000000000
114484013
199365296
000000000
114484104
160190490
199365272
237542553
269392896
000000000
039174590
109202163
000000000
109202304
000000000
199365542
269392983
000000000
068285277
000000000
068285152
000000000
040200141
181415595
000000000
047482560
181365100
128454319
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*22*008
*20*008
*22*008
*20*042
*22*042
*20*042
*22*042
*20*042
*22*042
*22*042
*20*042
*22*042
*22*042
*20*011
*22*011
*22%011
*20*011
*22*011
*22*011
*22*011
*22*011
*20*011
*22*011
*22*011
*22%011
*22*%011
*22*011
*20*011
*22*011
¥22%011
*20*024
*22*024
*20*024
*22*024
*20*024
*22*024
*22*024
*20*024
*22*024
*20*024
*22*024
*20*024
*22*024
*22*024
x22%024
*20%024
*22%024
*22%024
*22*024
*20*024
*22*024
*20%024
*22%024
*22*%024
*22*024
*20*024
*22*024
*22*024
*20*024
*22*024
*22*024
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19560619
19511006
19511006

19511007

19511008

19511102

19511103

19591107

19591107

19510829
19510829

19511102

19511103
19511106

19511111

19511115

19511115
19511117

19511117

19591105

o1is
025
018
004
022
004
041
022
030
024
024
004
022
031
033
010
002
004
024
033
010
010
003
031

004
024
010
003
024
013
004
013
004
013
004
041
013
004
013
004
013
010
011
004
013
011
004

013
004
013
004

042
013
004
042
026
013
010

149592454
128454263
149592463
000000000
059243216
000000000
182382536
000000000
034082829
268005198
000000000
032343667
091590692
052254622
094331448
290092663
000000000
157131396
192160536
094331578
290092730
000000000
069450675
122161942
164234695
227034479
262063503
000000000
069450702
262063542
028073687
115152575
028073758
115152664
000000000
087075008
139170099
000000000
087074850
000000000
087074782
000000000
011395897
023440474
087074862
000000000
023440571
087074982
352591299
000000000
087074909
000000000
087074933
108451587
134432061
000000000
087074820
134432016
000000000
007004846
018405003

0070
0060
0060
0060
0060
0060
00860
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0060
0070
0060
0070
0060
0070
0060
0060
0070
0060
0080
0070
0070
0090
0070
0060
0070
0060
0060
0060
0070
0060
0070
0060
0060
0060
0070
0060
0060
0060
0070
0070
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*22*024
*22*024
*20*024
*22%024
*22*024
*22*024
*20*024
*22*024
*22*024
*22*024
*20*033
*22*033
*20*033
*22*033
*22*033
*20*033
*22*033
*20*033
*22*033
*22*033
*20*033
*22*033
*20*033
*22*033
*20*033
*22*033
*20*033
*22*033
*20*033
*22*033
*20*033
*22%033
*22*033
%£20*033
*22*033
*22%033
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19510813
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19560612
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19591107

19591107

19591110

19511007

029
034
029
034

031
034
025
031
034
025
031
025
031
034
025
003
031

025
034
025
004
024
011
003
031
011
003
031

031
009
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030445336
094083610
000000000
018404684
030445312
094083514
000000000
039141201
075274814
341191039
089512896
305252775
000000000
089512807
305252602
000000000
089512938
022324866
166585049
249393085
000000000
082404086
000000000
052530428
000000000
089522493
000000000
089522303
000000000
089522505
000000000
114562294
305252879
000000000
257060177
305252681
000000000
257060173
305252884
257055974
305252595
000000000
257055905
293114798
305252769
000000000
257060038
000000000
257060145
082403856
107334091
162405228
203202020
215335701
005594532
046391261
058525007
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058524807
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084563366
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009
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023453952
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000000000
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108421098
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000000000
076244120
000000000
171132523
282323298
000000000
171132692
000000000
111190848
188463357
000000000
111190824
000000000
171132350
000000000
072125060
000000000
072125155
000000000
111190746
000000000
057155928
109021895
166181859
109021883
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056024891
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000000000
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025391983
123385928
000000000
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000000000
025392241
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000000000
025392160
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000000000
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000000000
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000000000
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000000000
119414077
219042685
000000000
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000000000
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000000000
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000000000
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029
033
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033
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047
018
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018
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008
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010
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008
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010
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024

047011782
000000000
047011548
310341789
049254337
096265829
000000000
078293740
000000000
052391475
078293710
000000000
052391252
078293815
000000000
052391401
078293744
079392304
264424522
000000000
124344074
144215312
000000000
168484415
000000000
124343770
000000000
036505585
066353538
124343680
144214888
168484079
154210918
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000000000
038003171
000000000
038003414
066390146
000000000
038003477
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000000000
055162415
121552632
000000000
070584847
000000000
043245585
038154069
061045573
038153887
061045541
000000000
038101754
000000000
038101751
000000000
070584953
000000000
070584779
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*22*009
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*x22*023
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*22*023
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*22*023
*20*038
*22*038
*20*038
*22*038
*20*038
*22*038
*20*%038
*22*038
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*20*028
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*22*028
*20*028
*22*028
*20*028
*22*028
*20*033
*22*033
*20*033
X22%033
*20*033
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*20*034
*22%034
*20%034
*22%034
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19511007
19511207
19511207
19511207
19511025
19511025
19511102

19511102
19511202

19511205
19511019
19511025
19511025
19511106
19511126
19511025
19511025
19560614
19630628
19630628
19640518
19640518
19600100
19640521
19640521
19630627
19630627
19601103
19630628

19630628

022
030
022
030
041
030
041
030
016
028
016
028
038
022
004

004
038
030
022
030
022
022
021
030
021
030
021
021
023
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028
0le6
038
016
038
033
025
034
043
034
043
033
034
033
029
031
034
034
028
034
028
028
034
028
034
033
031
043
028
043

000000000
029151729
000000000
029151833
000000000
055371887
000000000
055371800
000000000
009305929
000000000
009305957
000000000
083133978
237441360
000000000
237441230
000000000
051180280
083133985
051175978
083133848
000000000
077020670
000000000
150562980
000000000
150562991
000000000
308371704
000000000
046365528
000000000
137144468
000000000
137144442
000000000
087263475
000000000
073181887
000000000
073181706
000000000
043080526
000000000
199265590
021350903
076094243
000000000
089512839
000000000
089512791
131094468
188230036
131094473
188225968
000000000
078293856
028213059
077495925
028213128
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*20*034
*22*034
*20*%034
*22*034
*20*034
*22*034
*20*029
*22*029

19630717
19640520
19640520

19630314

028
043
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033
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077500019
028213146
077500097
000000000
047002696
000000000
047002751
087500480
345002380

0060
0060
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0070
0070
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*52%031
*52*500
*52*500
*52*031
*52*008
*52*008
*52*010
*52*010
*52*500
*52*500
*52*500

710105
710105
710105
710105
710105
710105
710105
710105
710105
710105
710105

Table B-3
012
012
010
010
026
010
012
026
026
008
031

383502730X
532822020X
520302240x
515338790X
617203690X
648590530X
184949440X
309305120X
702871750X
445505420X
412689260X

0380
0510
0520
0510
0610
0640
0ls0
0300
0700
0440
0410

203



204

zzsdb  69TF 0000°0 TSTP bLEOSE  0000°0 98E8°PEOTL- 000070 OST8 TITIZT  0000°0 89LT LPITZE-  TfOW-Upua BT 90 98
zzsdb  69TF 9Zb1°0 ZELO'G6ES9Z  S6S0°0 608P°0ZTOST 9€60°0 BIZB°9ZYEBT  G060°0 6FLB GBEGETI-  INTG-UPUA BT 90 98
zzsdd 69TF 0000°0 O09SE'TSETI6E 000070 SGPT'Z98958 000070 LTBS 9098FIT 0000°0 8500 06E6E9E-~ UOTI-Upua BT 90 98
zzsdb  69TF 0000°0 6¥0S'PSOEZZ  0000°0 HLI9 OBSHL  0000°0 LbZ6'€BSPPT  0000°0 ZL6L'BT9ZST-  I9ad-upua BT 90 98
zzsdb 6913 0000°0 b60G°8926ZZF 000070 2Zb6S T6E669- 000070 BLIS TIT8I- 000070 P069°TBFOLIy- OAey-upua BT 90 98
zzsdd 6913 00000 888T'6LLLIIT 0000°0 0Z80°PBESIE 000070 6066°L09908  0000°0 EOBL 6LBESET- APIJ-UPUA BT 90 98
zzsdb 6913 0860°0 686E°T82ZTF  VEVO'O 9069°G9208T €€50°0 96L0°80YPLZ  TOLO'O 0850 09€6vZ-  Aejo-upua BT 90 98
zzsdb  69TF ZVOT'0 BBSE‘98908T 06070 TZPS TEBTZT 9S0°0 PSSS'SELEZT  GZLO°O TSPY Ty66h—  UTMI-UPUA 8T 90 98
zzsdb  69TF 6b60°0 ESL6°SOZOEy  2Zb0°0 BPSE'EVSZST LZSO'0 LZB6 ¥6BILZ  €990°0 98EZ°ZBLTI6GZ-  NuUOwW-upua 8T 90 98
zzsdb 6913 LTOT'0 609L°TZ6EIE  65P0°0 ET6L°9965ST 6E€S0°0 TP60°Z86TPZ  2ZELO'0 €BZP°919Z22-  TfeT-upua 8T 90 98
zzsdb 6913 S060°0 O0BVS°8S8KZZ  60FO°0 LES8 9ZS00T ¥BKO'O TPIL'LI6ZST  S¥90°0 99bb 6S90E€T-  3Isom-Upua T 90 98
zzsdb  69TF BEKT'0 ETOLSO9LIE  6850°0 9286 86PTIT T090°0 9ESB°YP6TEZ  99TI'0 bLBL' b6bZ9Z-  ONOQ-Upua BT 90 98
zzsdb 6913 S060°0 E€LSE'b6BYSTZ E€OPO'0 GGSZ°0B0L6E LLSO'0 9258°T6TSE6  BISO'0 6005 L6ZVEET- 3ISNe-upua gL 90 98
zzsdb 891D 9000°0 bSTP PLE0SE  9000°0 SBES FEOTL- 9000°0 SST8'TITTZT  9000°0 OLLT Lk9TZE-  TPow-upua LT 90 98
zzsdb  891b 69FT°0 €OPZ'OLTTLZ  €8S0°0 66LL°9LBZST L960°0 OVLE'ZBYLBT  9€60°0 €BIT°BESZZTI-  TNOg-Upua LT 90 98
zzsdb 891D 9£60°0 ZOSE°98908T  GTFO'0 GSTSTESTZT LZSO'O L6VS'SELEZT  TS90°0 ZE6H Th66Y-  UTMI-Upua LT 90 98
zzsdb 891D 9000°0 65S0S°PSOEZZ  9000°0 BT ObSPL  9000°0 €SZ6°E€BSKYT  9000°0 SLEL BTIZGT-  I2ad-upua LT 90 98
zzsdb  g9TH 9000°0 69SE'TSETT6E 900070 6SKT 298958 9000°0 bZ8S'9098YTT 9000°0 900 06E6EIE- UOFI-UpUA LT 90 98
zzsdb  §9TD 9000°0 9605°89262ZF 9000°0 OF6S T6E669- 9000°0 OBIS TITBI-  9000°0 LO69 T8YOLTP- OAPY-upua LT 90 98
zzsdb  g9Tb 9000°0 B888T'6PLLIOT 900070 9Z80°PBESIE 9000°0 8066°L09908  9000°0 TOBL 6LBESET- APIF-UPUA LT 90 98
zzsdb  g91b 0860°0 PTTE 68ZS9E€  22v0°0 9LPS'6528ST 8S50°0 9T99°ZOVEKZ  ZB890°0 08P LBITZZ-  PePS-upua LT 90 98
zzsdb  §91b 1960°0 GZOL'99LL6E  8Zv0°0 GLLI'TIE98  P9ISO°0 2TTZ'ELBSEZ  1590°0 0GS9°SEPBOE-  3jud-upun LT 90 98
zzsdb  g91b 8660°0 ZLOE 1BZZIV  8260°0 OFPI'GIZOBT O0LS0°0 OLSOBOVKLZ  ¥690°0 0596°'65€6bZ-  Aejo-upua LT 90 98
zzsddb 891D 8160°0 LOS9'6EP06Z  €0PO'0 2ZTIL'BTIS6  LZSO'0 2ZZBL'TZS98T  2E90°0 65L6°0S0T0Z-  mbYu-upua LT 90 98
zzsdb 91D 0860°0 9LE6°SOZOEF  22v0°0 ETPE'EPSZST  9S0°0 9T96°¥6BILZ  9L90°0 6602 Z8LTI6Z-  NUOW-UPUA LT 90 98
zzsddb 891D 8160°0 8965°858rZZ  €0V0°0 SHIL™9ZS00T STSO'0 TE6B°LTI6ZST  6€90°0 €BZK 6S90ET-  ISOM-UPUA LT 90 98
zzsdb  89TD £680°0 TE6E°P6BYBIZ T6E0°0 69SZ°080L6E 8S50°0 €898 T6TSE6  €850°0 SEES L6ZVEGT- Isne-upua LT 90 98
zzsdb (9T TPTII'0 O0ZTO'TS6KTT  LZS0°0 €096°06ZLy  OL90'0 LLZS'8YBOZ-  9SLO°O GPSE'LL9ZOT ~ ufMI-Iaad 9T 90 98
zzsdb  L9T® 9000°0 GZOE'LZBITLE 900070 T8ZS°TZEZBL 9000°0 LIS9°ZTOPOOT 9000°0 LLOZ TLLIBKE- USFI-13ad 9T 90 98
zzsdb (912 620T°0 2ZVIL'ZL60BT  G9b0O'O 26F9°OLLIT  OLSO'0 8PPI'68216  6TL0°0 bZEB 918GST-  3jud-19ad 9T 90 98
zesdd  19T® 1960°0 POEO"ShPLI pEPO'0 B8YT SLOTZ  6ES0°0 6598°BE6TF  0L90°0 0ZLI'ZEWBY-  nbyu-13ad 9T 90 98
zzsdb  [9T@ 9000°0 6TE0°ZOEPZZ  9000°0 655K SLGSPT- 9000°0 660T°ZZhEZ-  9000°0 T6LE82069T-  Tfow-1aad 9T 90 98
zzsdb (9T 9bZT°0 6T06°09ZL0Z 855070 PBLL ZOOBL  €990°0 LSS6°OTEZET  €680°0 SSZW €9T6ET-  nuow-1aad 9T 90 98
zzsdb  [9T® 9000°0 9KSS 6FZL60F 9000°0 9TTZ'ZEGELL- 900070 BZ¥h'SPLZTZ- 900070 €268°Z98LIOF- oKey-1aad 9T 90 98
zzsdb  [9T@ 9000°0 PKZE'E0TZOPT 9000°0 9¥IP €¥BO6Z 9000°0 6S90°¥Z0Z99  9000°0 €286 0921021~ Ap3IF-12ad 9T 90 98
zzsdb (9T LTLT'O LLV9'ZPZh6  £€990°0 TPIT'9EEBL  9¥Z1'0 BZLE'B68ZF  EL6O'0 TZSL 0BOOE Tnog-zead 9T 90 98
zzsdb (919 0bZT'0 TZbB°'LZOSE  25S0°0 €6Z1°9865Z  1590°0 bhZ6 EEES 6680°0 L8ZV 6S6TZ 3sam-zaad 9T 90 98
zzsdb  [9T@ GBOT'0 POES 0ZLSLET ¥BFO'0 2Z60L°6EGZZE 889070 TLEL'LO9O6L  2890°0 LObL BLITBLI- 3sne-zoad 9T 90 98

MS ar To T Zp Z Ao % %o X autTased a3eq

72 S CLA P



205

zzsdb

zzsdb

Zzsdb
zzsdb

To0P
S9EP
G9EP
G9¢ep
G9tP
S9EP
G9EP
GoEP
S9EP
S9EP
S9tEP
poEP
roEP
roEP

OLTP
oLtP
oLTIP

900070
9000°0
900070
8Z¥0°0
9000°0
ZzZro°o
65070
9Fr0°0
PEVO"O
£SP0°0
9000°0
9000°0
900070
256070
0LsS0°0
9000°0
¥950°0
8090°0
$6S0°0
€850°0
¥190°0
900070
9000°0
9000°0
82r0°0
VEFO"O
900070
PEVOTO0
TLFOTO
657070
9¥k0°0
TLVO"O
900070
900070
900070
€L60°0
6680°0
900070
088070
900070
816070
908070

€p95°929LZLE
0S29°0EEEEST
0266 "ZLVESE
9ZLT IPIES
ETL6 TKBIST
TOPO " LVSSHT
FO0S ELBZRT
2679986001
bSZZ PLT16
EETT6TELET
£r95°929L2LE
6729 0ELEEEST
LT66°ZLVESE
STLL ESKLE
T19T°TP1ES
60L6 " TkBIGZ
TLEO'LPSSPT
GIBY"EL6CHT
6609986001
EBTZ PLTITE
2660°6TCLEL
Zp95°929L2ZLE
6729 0EEEEST
0266 CTLVESE
EPPLTSPOL
TELL ESPLE
€0L6°TKBISZ
06F0° LPSSPT
TLOV EL6EPT
92197986001
TIZZ FLIT6
900T 6TZLET
6€95°929LZLE
09GE"TSETT6E
8881 6FLLTIOT
0192Z°LZE029
CEET E9E66L
8506 bS0ECE
6TE€Z798908T
TSTP " PLEOSE
LO9T LOTZTE
6LS 858V IT

900070
9000°0
900070
B6T0°0
9000°0
861070
LT20°0
502070
§020°0
LTZ0°0
9000°0
9000°0
900070
092070
L920°0
9000°0
L920°0
582070
€L20°0
€L20°0
162070
900070
900070
900070
§020°0
5020°0
9000°0
T120°0
LTZ20°0
LT120°0
LT20°0
€220°0
900070
900070
9000°0
9rp0°0
ST¥O°0
9000°0
£€0F0°0
900070
STr0°0
99€0°0

LS89 °955F96~
bPFTZ PSOLEY—
L9SE"6SZThZ-
Z910°LB6F
006T° 059061~
9LZT"B6S9L~
9F6E"G566€
ELTP™LEZTS
TESLTE90EL-
9L6L"SLSO0T-
GGB9"955F96—
6ETZ ¥SOLEY-
£9GE°652ThC-
VEIL TROTE-
£566°986F
0681°05906T~
TLZT 865S9L~
009€°SG566€
€S0F " LETTS
OLEL E90EL-
SLSL™SLS00T-
0689 7955F96~-
6ETZ FSOLEY-
G9GE"6S5TThZ-
6886 °858LY-
TGSL THOTE-
06817059061~
POET 86S9L-
68EE"GS66E
0BTP"LEZTS
PLEL E90EL-
6TSL SLSO0T-
9¥89 955196~
GGPT1°298968
0280 ¥BESIE
822 200671
PF9E"6699L
VLTS ObSPL
p969°TEBTZT
98E£8" PEOTL-
6860 TIELYT
LT68°92500T

9000°0
9000°0
9000°0
¥S20°0
9000°0
BrZ0°0
L920°0
0920°0
¥520°0
092070
9000°0
9000°0
900070
ZzZe0’ o
GEE0"O
900070
62€0°0
09€0°0
LYEO"O
GEE0"0
LYED"O
900070
900070
900070
v520°0
¥520°0
900070
p520°0
€L20°0
ELZO°0
092070
€L20°0
900070
900070
900070
¥9S0°0
255070
900070
LLYO'O
900070
805070
PEROTO

PoFB8 6BEGLT—
62k57 200561
96k T 6FILY-
ZPES T TEBSE
BTI6F " 8SOTLI-
S9v0°ZLYE
2206°9L906
p680°ELSOL
8586 "6LLES-
B88SL"LB6T6-
69FB8 68BE6LT-
62bS 20056 T
96PT 6FILY-
BZSETSSLT-
PbpS TEBSY
bZ6F B8SOTLT-
OLVO"ZLYE
£626°9L906
0T80"ELSOL
LZ66°6LLES—
T68L°LB6TE-
OLPB 68E6LT-
6ZkS 200561
Z6PT 6VILY-
8STI 922~
T89E " 28SLT~
S16F"BSOTLI-
£SS0°CLVE
EbPp6 9L906
£890°€LSOL
F966 "6LLES—
T66L°LB6T6-
PLYB 6BE6LT-
LT8S79098FTT
6066 °L09908
£LEG " PBBTOE
TOPE"0BEGBT
TGZ6"EBSPPT
0802 SELEZT
ZST8 191121
L6F0"ZEE99Z
26967 LT62ST

9000°0
9000°0
9000°0
6L20°0
900070
6L20°0
vO0EO"O
162070
S820°0
FOEO"O
900070
900070
900070
99€0°0
BLED™O
9000°0
ZLED"O
£0¥0°0
T6€0°0
¥BED"O
60%¥0°0
900070
900070
900070
5820°0
5820°0
9000°0
582070
0TE0" 0
F0EOQ"0
862070
9T€0°0
9000°0
9000°0
900070
LS90°0
LLSO"0
9000°0
029070
9000°0
S¥90°0
0LS0°0

ZITE 66T96GE~
STES EIELERT-
9650Z°6k9L92Z-
BFPS 88169
06607565681
S02S°L6EEZT—
9EZF "990£0T~
9852791606~
06ET €906-
8E€99°698S5T
ZITE 66T965E-
9TES " E9ELERT-
9502°6¥9L92~
99LZ 0SKTI-
L5257 8BT69-
LF60"5S68T
ZLTSL6EEZT-
F06€E "990E0T~
ZrkZ°9T1605-
BSST E906-
T029°698ST
ETTE 66T96GE~
9TEG"E9ELEVT-
650Z2°6F9L92-
06LZ ELS6S—
6082 0SPTT-
B8P60°5S68T
BFZS " L6EEZT—
0Z29€°990E0T~
EVPST 91605~
26ST° €906~
FOT97698ST
OTTE 66TI65E-
8500°06€6€9€E-
€0BL 6LBESET-
pS09 "£6Z18F-
66SL°261222~
186L°8T1925T~
SOLY " Th66F—
LOLT LPITZE-
S6pS 0Z8LLZ-
0ZEV "6S90ET-

obre-upua
jerd-upua
OIAO-UpUA
noeT-UpUA
I1033-upua
IqrI-upua
1300-UpuA
JU80-UpuA
TYTq-upua
UeTq-upua
obTe-upua
jetd-upua
0IAO-UPUA
dsoT-upua
noeT-upuA
1033-Upua
IqTI-upua
1300-UpuA
JUD-UPUA
TYTq-upua
ueTq-upua
obre-upua
jerd-upua
OIAO-UpUA
OpeRu-UpuA
dsoT-upua
I033-Upua
IqrI-upua
1300-Upua
Juad-upuA
TYTq-upua
ueTq-upua
obTe-upua
YO FI-UpuA
Ap33-upua
euni-upua
Jues-upua
zaad-upua
UTM}-UpUA
[ ow-upua
eAno-upua
JSOM-UpPUA



206

zzsdb
zzsdb
zzsdb

zzsdb
zzsdb

zzsdb

zzsdb
zzsdb

r002
v00°
v00°
002
r00°
v002
7002
v00°
F00o
£00°
£00°
£00°
€002
€002
£00°
£00°
£00°
£002
€002
€002
2002
2002
2002
2002
2002
Z00°
2002
2002
2002
2002
2002
To0P
TooP
T00P
TooP
TooP
TooP
T00P
TooP
T00P
TooP
TooP

000070
0000°0
I8L0°0
€9L0°0
000070
T8L0°0
Z180°0
086070
0000°0
000070
000070
0000°0
£€850°0
LLSO"0
000070
€850°0
6€90°0
19070
€TLO"0
000070
9000°0
900070
F8F0°0
967070
900070
r8F0°0
L2S0°0
S1S0°0
2050°0
€ESOT0
9000°0
900070
9000°0
STr0"0
STFO 0
Zevo o
9000°0
2eroto
£SP0°0
0rp0°0
PEFOT0
65p0°0

9r29° 0EEEEST
0266 " 2ZLFEIE
1602°Tr1EB
8LS0O"E088E
BTL6 " TFBIGE
82607 LPSSPT
BLTT 65€96
L6SL G280V
0F9G5°929LZLE
0505 "FS0EZZ
9p 29" 0EEEEST
LT66 " CLVESE
6TST TPTIES
LEVO"E0BBE
TIL6"TPBISE
0ZTO"LFSSPT
ELVO 65896
F6EB E6FTZT
LOE9"5Z80OFC
0r9G9°929LZLE
16297 0€EEEST
0266 °ZLPESE
LbbLTGPIL
6LBT TPTEB
60L6"TFBIGZ
LEFO T LPSSPT
GO0S"EL6ZRT
€279 7986001
SZIZ°PLTT6
60PT 6TCLET
EP9G"929LZLE
16297 0€EEEST
0266 CLVEIE
LZhL TSPOL
SPILTESPLE
PEBT TH1ES
TIL6 " T¥89SE
0SEO0"LFSSPT
P6BE " EL6ZYT
66297986001
0STZ PLTIT6
EEVT 6TILET

000070
0000°0
99€0°0
09€0°0
0000°0
2LEO™O
8BLEO'O
9¥r0°0
0000°0
000070
000070
0000°0
€L20°0
€L20°0
000070
6L20°0
v0EO0 0
1620°0
62E0°0
0000°0
900070
90000
£€220°0
£220°0
90000
€220°0
9€20°0
6220°0
622070
Zreo-o
900070
900070
900070
86T0°0
86T0°0
8610°0
900070
861070
TT20°0
502070
§020°0
LT20°0

EVTZ PSOLEP-
ELSE6GZTRE-
9€20°LB6Y
9€T16 "G9Sk
00617059061~
6TZT°8659L-
BE09"606LY
GSTO"TSPSOT
PS89"965196-
08T9°0kSFL
EPTZ FSOLER-
L9GE"6SZThE-
6TL6"986F
T926 "S9SF
681 059061~
T8TIT"8659L-
26257 606LY
ZrT9°112ET
2968°05pS0T
¥5B89 955796
9rTZ PSOLEY-
69S€°652ThZ-
¥Z200°6S8LY-
219679861
L6BT 0S906T-
TTILT 86S9L-
9r62°GS66€E
ZV9E" LEZTIS
SerL E90EL-
ETIL"SLSO0T-
LS89°9GSk96-
9pTZ pPSOLER-
696€°662TVe-
£666 " 8SBLY-
TE98° TKOTE-
TS86°986F
T06T° 059061~
8SPT°86S9L-
CLZE"SG66E
GGLE" LEZTS
T69L €90€EL-
88LL SLSO0T-

0000°0
0000°0
6SF0°0
9pF0°0
000070
65F0°0
LLKOTO
¥950°0
000070
0000°0
0000°0
0000°0
TPEO"O
TvE0°0
0000°0
TvE0°0
¥8E0"0
09€0°0
ST¥0°0
0000°0
9000°0
9000°0
L920°0
L920°0
9000°0
L920°0
5820°0
6L20°0
€L20°0
G8Z0°0
900070
9000°0
900070
Zreoo
Zreoto
8r20°0
900070
8¥20°0
L920°0
0920°0
8¥Z0°0
0920°0

9¢ZkS " 200661
S6rT 6P9LY-
F09G " TEBSE
LTPE 59822
926k "BSOTLT-
TOEQ"2LV6
BBEY"60SL9
£202°FL629T
ZLF8 6BEGLT-
8¥26 " EBSKIT
92ZvS 200561
66V T 6VILY-
698G " 1EBSE
S9Z€° 59822
2267 "8SOTLT-
¥920°2ZLP6
SLI9F"60GL9
609" LETEL
6ETZ PL6ZOT
CLVB 6BEGLT-
SERFS"200S6T
06FT 6FILY—
L6L0"92ZEC-
8029 "TEBSE
S16¥"8SOTLT-
92ZTT1°2Lk6
LFEO" LLI0G
PBIT ELSOL
GEL6"6LLES-
9Ek8  LBET6-
FP9r8 6BEGLT-
SEFS 200561
06F T 6FILE-
BZ80 92EC-
FS0Z°2S9SLT-
FPILS " TEBSE
P16F 8S0TLT-
TrLO"ZLY6
BELE 9L906
BIET ELSOL
86F6°6LLEG-
81Z8° LB6TE6-

000070
000070
STS0°0
205070
0000°0
SIS0°0
6€£50°0
€990°0
0000°0
000070
000070
000070
PBEOTO
8LEO'O
000070
PBEO"O
STRO°0
L6E0"O
LLFO"O
000070
900070
900070
TFEO'O
€5€0°0
900070
TFEOTO
CLED'O
99€0°0
£GE0T0
8LEO"O
9000°0
90000
9000°0
€L20°0
€L20°0
6L20°0
900070
£ELZ0°0
8620°0
1620°0
G820°0
FOED"O

CIES E9ELEYT-
1S02°6¥9L92~
LOLS"BBT69-
961Z°9T0TE-
8S60°G568T
E0FS " LEEETT-
EP6S LTEGY—
0860 °9€SZHT-
60TE"66T96SE~
696L BT9ZST-
CTEG E9ELEVT-
2502°6v9L92-
188F"88169-
BBTIZ 9T0TE-
TS60°GS68T
Bh6V " LEEECT-
6687 LTE6Y—
P188 S6TV6-
2556 "GESCRT-
60TE " 66T965E~
GTESE9ELEVT-
9602 6¥9L92~
Z0LZ ELS6G-
L60G 88169~
6660766681
LZ6F " L6EEZT-
6GVE"990E0T~
SBZZ° 91605~
0891 €906~
90F97°698ST
ZITE 66T965E~
STES E9ELERT-
9602°6¥9L9C~
6692 €LS6G-
E60Z°0SPTT-
0ZES"B8BT69-
B8¥60°G568T
TT0S"L6EEZT-
GTLE"990E0T~-
PEPZ IT606-
T6TT €906~
SLLY"698ST

jerd-upua
0IAQ-UpUA
noBRT-UPUA
TARD-UpUA
1033F-upua
IQTI-Upua
TASp-upuA
SNIq-UpuA
obTe-upua
Tand-upua
jetd-upua
0IA0-UpUA
noeT-upuA
TaRD-UpUA
1033-upua
IqTI-upua
TASpP-UpUA
Jeyd-upua
snaq-upua
obTe-upua
jetd-upua
0IAO-UPUA
OpRW-UpuA
noeT-uUpuA
1033-upua
AqTF-upua
I1300-UpuA
JUSD-UpUA
TYTg-upua
ueTq-upua
obTe-upua
jerd-upua
0IAO-UpUA
opew-upuAa
dsoT-upua
noe{-upuA
1033-upua
IqTF-upua
I300-UpUA
Juad-upua
TYTq-upua
ueTq-upua



207

zzsdb
zzsdb
zzsdb

zzsdb

992°
992°
992°
Loop
Loop
LooP
LoOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LoopP
LOOP
goopP
900P
9oor
9oor
a00P
900P
900P
900pP
200P
900P
900pP
900P
Soop
soop
SooP
So0P
SooP
soop
SooP
SooP
S0oP
S00P
SoopP
soop
r002
v00°
v002

9000°0
9901°0
8090°0
6850°0
S6S0°0
0000°0
000070
0000°0
LLSO"0
LLSO"0
0000°0
0LS0°0
S650°0
Feb1°0
000070
000070
000070
LLSO™0
109070
000070
0000°0
€850°0
000070
809070
£850°0
0LS0"0
000070
E€TLO"0
€TLO"0
000070
000070
000070
¥690°0
9GL0"0
000070
889070
T8LO"0
62800
000070
9080°0
9080°0
0000°0

ZTIL6 " TKBIGZ
0T09 986001
TEZZ PLTIT6
F62S5 " €£0S02T
Z8T8°G8618
8P0S " FSOEZE
BFZ9"0EEEEST
1266 ZLVESE
0FSZ"2S9BSE
T6ET TPTES
PT1L6 TPBISE
LZHO" LPSSET
§2G0°659€E96
91T19°65280FC
TP9S 929LEZLE
L6ZT°190E22
670G FS0ECZ
096G LEEIOT
LZLL LETHST
ZTE6°FS0LORT
9808°8BTLSE
SOrE"0089PT
OTPE"SESOPY
6606 " 1Z8F0C
L9¥9°BOITET
GE68 ESELE
2SS 66V TT9E
6EES "E0S0ZT
6818758618
GG0S"FSOEZZ
8¥29°0EEEEST
1266 " ZLVESE
B6ELT TRTIES
€610 €088E
TIL6"TPBISE
6F90° LPSSPT
6TE0 65896
£0T9°5¢280¥Z
TP9S°929LZLE
S08S"E£0S02T
0ELB"SB618
9r0S " FS0EZZ

900070
8LEO'OD
1620°0
6L20°0
6L20°0
0000°0
0000°0
0000°0
ELZ0°0
€L20°0
000070
£€L207°0
6L20°0
STIS0°0
000070
0000°0
000070
€L20°0
682070
000070
0000°0
6L20°0
0000°0
162070
€L2070
L920°0
000070
SEEO"0
GEE0"O
000070
000070
000070
62€0°0
£€SE0°0
0000°0
62E£0°0
8LEOO
BLEO"O
000070
BLEO"O
BLEO™O
000070

G681°059061-
98FF"LETTS
TS569°€90EL-
6TZT°009€2
TOLP"€S26S
LLT9"0bSKL
SPTIZ vSOL6Y-
GLSE"652ThE-
PSSP0 EITH
8996 "986¢
Z206T° 059061~
Z921°8659L-
9GES 606LY
BZ06"0SFSOT
9689°955F96~-
€0L0" 2TSkL-
ZLT9°ObSkL-
LLYS OF60S—
G9ZT1"LBZ6T-
LTEB  PESTLS-
LbL6"66LSTE-
E€G€9°€£5569~
L9087 061592~
GZ9L"BETTIST-
LEIOD"TE99Z-
T08BZ"0T60E
BZ0E"L606E0T-
8GZ1°009€2
Ov6Pr " €525S
PLTI9 OFSPHL
SPIZ PSOLEY-
SLSE"6GZThE-
6STOLB6Y
6687 595F
86817059061~
SBTIT 8659L-
EEPST606LY
8956 "0GPSOT
9689 "966F96-
6€9T1°009€2
TPSGES2ZGS
08197 0FSPL

900070
2e90°0
99€0°0
LFPEOD"O
LFEOTO
0000°0
000070
000070
TrEO0"O
SEE0"0
000070
SEE0°0
L¥EOTO
LOLO™O
000070
000070
000070
TPEOQTO
€£GE0°0
0000°0
0000°0
TPEQ" 0
000070
£GE0°0
TFEO"O
TPEO"O
000070
GIvO°0
ZeZro-o
000070
000070
000070
60r0°0
FEPOT0
000070
€0r0°0
6S¥0°0
P8r0°0
000070
TLFOT0
LLVO'O
000070

€26k BS0TLT-
LPEOTELSOL
T1S0"0BLES—
LEZT E0SZL
L988°80L9S
PvZ6° EBSPRT
TEPS 200561
06PT 6V9LE~
LOLE"OFSOZ
PPBS " TEBSE
816F " B8SOTLT~
00v0°2LV6
6197 "60SL9
9TLT PL6ZIT
B9VB 6BE6LT-
6968 8LSPRT-
6026 EBSPPT-
0669°080ZL-
0900°SLBLB-
Z8T19°81F0S
6ELO EETCOT-
B0OTE " 25L86~
TLIP ZFOSTE-
6928 TTTSET-
88T PLOLL-
682€°06€E8T
9TLL ELGEZE-
6LET E0SZL
GE987BOLIS
1626 "EBSPPT
TEPS 200561
06T 6VILP-
2285 1EBSE
ZEVETG9BZT
LT6F"8SOTLT-
ErPPOTZLYE
OLFF 60SL9
6LYT FL6ZIT
B89FB 68BE6LT-
6LZT"€0S2L
06€8°80L9S
6EZ6 "EBSKPT

900070
SLLO"O
T6E0°0
16€0°0
T6€0°0
0000°0
0000°0
0000°0
BLEO"O
BLEO"O
0000°0
8LEO"O
T6€0°0
STZT°0
0000°0
0000°0
000070
BLEO'D
L6EOO
000070
000070
¥8E0"0
0000°0
L6E00
¥8EOTO
ZLEO"O
0000°0
S9v0°0
TLRO"0
000070
0000°0
0000°0
£SP0°0
8050°0
000070
£SFO°0
STS0°0
9¥S0°0
0000°0
£ESO°0
£€S0°0
0000°0

606055681
ZLKZ 91605~
1961 €906~
1129 ETEE6-
L9TB 6LZTZ~
ZL6L BTIZST-
ETES EIELERT-
2502°6¥9L92-
LV6S 88062~
BVLV 88169~
1660755681
6025 L6EETT~
STOS LIEGY-
€996 "GESCRT-
OTTIE 66T965E~
86LT LKPIZST
TL6L"8TIZST
0922°S0E6S
ZhS6 "BEETET
CPEL PRLYBZT-
T80F "0E€0STTI~
ZB86Z°0EVES
8268 ELSTLT
0S8Z° 12262
STBZ TOEEOT
£rb8 Z800T
6ETS " 08SEVVE-
OST9"ETEE6-
2618°6L212-
SL6L"8T9EST~
ETES"E9ELERT-
2502°6¥9L92~
STPS " 88T69-
PZLT 9TO0TE-
9560765681
966G " L6EEZT~
ObLP"LTEGY-
€156 "SESCI-
OTTE 66T965E-
EELIETEEG~
B9E6 6LZTZ-
TL6L BT92ST-

I033-Upua
Jua0-upuA
TUTq-upua
TTOS-upua
aT0s-upua
Taad-upua
jerd-upua
OIAO-UPUA
TTTw-upua
noeT-upua
1033-upua
IqTI-upua
TASp-upuA
SnIQ-UpuA
obre-upua
asta-zaad
upua-xaad
TTOS-I9nd
aT0s-1aad
jerd-aaad
oxao-1aad
noeT-aaad
1033-33ad
aqr3-3aad
Tasp-19ad
snag-aaad
obre-xaad
TTOS-upuA
aT0S-upuA
aaad-upua
jerd-upua
0IAO-UPUA
noeT-upuA
TaRb-upua
I033-UpuAa
IqFF-upua
TaSp-upua
SNIg-UpuA
obTe-upua
TTOS-upua
aT0S-upuA
aaad-upua



208

zzsdb

zzsdb

zzsdb
zzsdb

6LZ®
6LZ®
6LZ®e
6LZ®
gLZ®
8LZ®
gLee
veeq
pLeq
vLeq
breq
vLeq

oLee
oLee
oLee
oLze
692®
69¢e
69¢2e
69¢Z%
69Z®
69¢®e
69¢e
Laze
Loce
L9ze
Lozce
Loce
Laze
Laze
Loce
Lozge
99¢°
9922
9922
9922
9922

S1S0°0
0290°0
8890°0
£ESO°0
SEOT"0
E£E¥B80°0
6¥60°0
0000°0
000070
000070
855070
60F0°0
ZPET'0
£65T°0
£82T°0
81Z1°0
9L0T"0
900070
9000°0
9L90°0
9000°0
900070
6EET™0
9000°0
900070
9000°0
9000°0
P190°0
9000°0
vrLO"O
9000°0
900070
9000°0
9000°0
9000°0
0LS0°0
¥950°0
900070
818070
9000°0
9000°0
9000°0

9691°F09LY
8062 °000LY
LSZ2°€6698
9p8L"2981S
LOBT"FO9LY
9Z1Z°£6698
9928729815
ELTZ" LCBZYTY
T8ES "E0502T
A TR FAYATA
P10 Zhk60T
Z0ZT bSTT
SOER " LETOLT
PBEQ"6LVELT
6TPO"E2ERS
P916 " TEOOT
98BT " THTEB
05F9°8GLSSTE
6E£T0"ESEBBLY
£200° 21981
096G "9pPSTOE
GBOE"ES6BZZE
S6587LEITLT
LFOS " pS0EZE
ZvZ9 0EELEST
5888°LOZTSE
€1L6°TFBI9GE
092Z2°kLTI6
060E°"€5682ZF
9808 FLIES
8506 " ¥S0€Ee
SPZ9 0EELEEST
G266 ZLVEIE
0688 LOZTSE
OTL6 " TFBIGZ
8L09°986001
2922 vL116
p60E " €£S682CF
6928 ¥LIEB
2506 " pS0EZE
2E66°ZLVEIE
b688°LOZTSE

Zreo o
8r20°0
9TE0"0
8v20°0
r8r0°0
L6EOTO
65070
0000°0
000070
0000°0
8¥20°0
9810°0
LT90°0
L¥LOTO
919070
Zro0°0
655070
900070
900070
6L20°0
900070
9000°0
685070
900070
900070
9000°0
9000°0
86¢0°0
900070
G820°0
900070
9000°0
900070
9000°0
900070
L920°0
L920°0
9000°0
SEEO0"OD
900070
900070
900070

GEOB 60SPS-
0F99°6TLEZ-
EZSE"08F69-
1269 °606T€E-
0G8L"60SkS-
£9VE" 0BF69-
£Z8E°606TE-
66%F°8TZ22L
96117009t~
6TCT EEIW6-
0ZPT EOLGE-
€165°88¢~
L9BT 920TET~
9298 ¢SB6ET-
LZOL ETBET-
65L9°9288-
8920° LBEV-
TLGF " 2h2LBOZ-
TOEL"SS86FL-
96LB" Z2ES-
T20p"0LZZZT-
90€E"BT9869~
ZLTIS b16SE
9LT9 0bSPL
OFT1Z  ¥SOLEY-
92Z00°EE0TL-
L68BT" 059061~
06£9 "£90€L-
662E£°8T9869-
PLE6 TSTRE
P8T9°0bSPhL
EETZ PSOLEY-
69GE 66521k~
6100 EEOTL-
£68T° 059061~
GEEP LEZTS
960L"€90EL-
90EE"BT98B69-
6LT6 TISThP
OLT9"0OPSPL
9LSE"6G2ThE-
9200°EEOTL-

POED"0
62€0°0
P8ED"0
9TE0"0
€ESO70
06v0°0
205070
000070
000070
000070
0TE0"0
9€20°0
9€60°0
T0TT°0
£680°0
258070
SELOTO
900070
9000°0
¥BEOTO
9000°0
900070
6€£S0°0
900070
9000°0
9200°0
9000°0
Z22e0’0
9000°0
£0F0°0
900070
900070
9000°0
9000°0
9000°0
SEE0"0
SEEQTO
9000°0
LLPO"O
900070
9000°0
900070

9GE6°9L66E-
0ZTE"€88TE-
6881 PPEZS—
666Gk GSE6RE-
96L6°9L66E~
LSLT bPEZS-
0LSB"SS6FE-

£06Z°€986L T~

bk E0SZL-
L6LO"6LLBY
6900°0Z€ZL~
629G VE9

S0LB"EBYBOT-
2SE6°BBPCTT-

ET6G 9E8B6Y -
L¥907S00F-
9926 1EBSY-

906L°T6T906T-
9ZGZ EL6LET-

STk6"CETS
PLIT 60L0S
SBPT 09EL9-
0TS6"S0LSL
ShZ6 EBSHIT
8ZKS 200561
N CAANA TAN AN

TZ6F " BSOTLT-

9821 08LES-
£BFT 09€EL9-
888L 61985

0626 "EBSKPT
TEPS"20056T
LBPT 6PILY—
LT2Z7 282121

226k 8SOTLT-

22907 €ELSOL

66€£0°08LES—
PBFT 09ELY-
TS6E° 61985

9KZ6 " EBSHYT
8BFT 6VILY—
91227 28Z1ZT

GEEOTO
Sor0°0
LLFO O
TPE0"O
BELO'O
255070
LS90°0
0000°0
0000°0
0000°0
16€0°0
£L20°0
BELO"O
LLBOO
6290°0
6850°0
685070
9000°0
900070
LLPO"O
900070
9000°0
6L0T"0
9000°0
900070
900070
900070
8ZK0°0
9000°0
85S0°0
9000°0
9000°0
900070
900070
900070
8LEO™O
09£0°0
900070
0LS0"0
9000°0
9000°0
900070

TI6L" 126~
LL66"960S2Z
69LL" 229~
PLTI9"¥OZTZ
ZLBL TZ6-
SLTL 229~
LIES"FOCTE
¥290°T669L0F~
SBT9°ETEEL
PEQE EVSBZZ-
¥Z88°606TL

(A ARA: ]
TOP9"€8TE
T80F " L6S
Z9€€° 20999
0Z€Z°9852-
2896588169
F6T10" T60E0FT-
PLEV BBEGTIV-
0F00"0BOLT-
PBEL OF60LZ-
0089 °FOEOLTR~
6651796619~
696L°8T192ST-
BOEG E9ELERT-
0186 "958BTZE-
8560765681
ZLTZ E906-
9089 " FOEOLTE-
62097 L6TOV-
9L6L"8T92ST~
PTES EIELERT~
£902°6K9L92~
9186 "9S81ZE~
Sk60°GS68T
9LEZ 9T60S-
99LT €906~
6089 °FOEOLTPK-
ZES9°L6TOF—
BL6L BTIZST-
990Z°6¥9L92-
6186 °958TZE~

ajes-aaad
npid-aaad
anoT-1aad
o3ed-1aad
ajes-zaad
anoT-Iaad
ojed-aand
PISM-TTOS
UpuA-TTOS
elfow-yTOS
seab-t10S
Jeyo-110s
13s0-noet
T13s0-Zeqs
upua-zeqs
noet-geqs
UpUA-NOeT
JuyA-juao
PISM-3uU20
9108-3uU80
el ow-3uado
PFsSM-upua
8I0S-UpuA
Jaad-upua
je1d-upua
el ow-upua
1033-Upua
TYTg-upua
pPJsSm-upua
MIDS-UpUA
Tand-upua
Jetd-upua
0IAO-UPUA
el ow-upua
1033-upua
JUa0-uUpuA
TYTg-upua
PFsm-upua
MIDS-UpUA
aaad-upua
0IAO-UPUA
e[ ow-upua



209

zzsdb
zzsdb
zzsdb
zzsdb
zzsdb
zzsdb
zzsdb
zzsdb
Z2Zsdb

zzsdb
zzsdb

zgsdb

zzsdb

zzsdb
zzsdb

zzsdb
zzsdb
Zzsdb
zzsdb

8LO®
8LO®
BLO®
gLO®
LLO9
LLOq
LLoq
LLog
LLogq
LLOq
LLo9q
LLOq
LLO]
LL0gq
oLoe
oLo®
oLoe
oLo®
oLo®e
oLoe
oLoe
690®
690®
690®
690®
690®
690®
690®
890®
890®
890®
890®
gaoe
890®
gaoe
reeq
182e
18¢e
18¢e
ogee
ogze
ogece

0000°0
r9S0°0
L6ED"O
L6E0"0
S6S0°0
000070
109070
0000°0
Z€90°0
109070
000070
9L90°0
96v0°0
06¥0°0
0000°0
vrLOT0
9L90°0
pSOT"0
0000°0
0000°0
000070
0000°0
06v0°0
80G0°0
9L90°0
0000°0
000070
000070
000070
8F0OT"0
LBLO"O
SkPT°0
0000°0
0000°0
00000
LLYO O
LYEO™O
LVEO™O
€GE070
L6EQ"O
EEET"0
0€60°0

20L6 " ThBIST
82007 LPSSPT
ELT9798600T
CEEZTRLITE
SE€62°98908T
9505 "pS0LEE
6TB0°6TZLET
LZ66 " CLVESE
02TL TSPIL
ErP60° TP 1ESR
60L6 " TkBISZ
€686 9PSSPhT
99867986001
PIEZ VLTITG
1562 °68Z99¢€
PEBT EBOTY
VEIZ BELBST
ST159°6£K062
Zr297 986001
SEF9°"GZBOKT
B8T90°S6£592
9TTE 68299¢
0SLT"€B80T9
18927 8ELB8T
LLBI"6EV06TZ
¥129°98600T
96¥9°5280V2
BZLO"G6ES9Z
TZTE"68259¢
9r8T €80TY
8GTE " BELBST
80ZL 6EF06Z
11297986001
68F9°528002
0ELO"S6EG9Z
£068° G
LEBY"ESTLB
LBO6 ST6T6
89Sk Zk96L
BBGO "EGELE
8FLBST6T6
Zehb Zro6L

000070
v0€0"0
861070
S020°0
582070
0000°0
2ze0’0
0000 <
Z¢Zen’o
9TE0°0
000070
99€0°0
8F20°0
8¥20°0
0000°0
99€0°0
GEEO"0
96¥0°0
0000°0
0000°0
0000°0
000070
Zreoto
0920°0
6ZE0°0
0000°0
000070
000070
0000°0
EESO°0
607070
PrLO"O
000070
000070
0000°0
£220°0
L9T00
L9T0°0
L9T0°0
981070
LLVO"O
ESE0"0

68817059061~
9TS6 " L6SIL-
OTTP"LEZTS
E9EL"E90EL-
1896 °T€8TCT
BLTI9 0OFSHL
p0Z9°"GLS00T~
0Lz &seive-
€806 "8S8LY-
Z2080° LB6Y
68817059061~
0STO"86S9L-
6G6€7LEZTS
TZLL E90EL-
FOPS " 6528ST
TIES BTZLY
EFLE 06566
LSOL"BT9G6
ZL6E T LETTS
r626°0SFSOT
69LF"0ZTO0ST
BLPS"6GZBST
SLBSBTIZLY
66206566
£659°41956
EEOF " LEZTS
ZLZ6°0SPkSOT
808K "0ZTOST
£8FS 652861
0€09°8TZLY
FSEV 06566
0189781956
0E0F " LEZTS
€L26°05K50T
18 021061
629€°BE
G196 " TZBES-
GBE9 62189~
68ZE " LBLIS-
69LG " 1ZBES—
LZVL 62189~
6GLE"LBLIG-

000070
682070
9€20°0
6220°0
99€0°0
000070
9TE0"0
200070
ESEO0"0
0TEQ"0
000070
SEE0T0
1620°0
G820°0
0000°0
9%¥0°0
£0v0°0
6€90°0
0000°0
000070
00000
0000°0
162070
0TEO0"O
L6EEDTO
000070
000070
000070
000070
96K0°0
T6€£0°0
0L9070
000070
000070
000070
1620°0
G020°0
G0zZ0 0
502070
6220°0
L60T°0
¢5850°0

9167 "8S0TLT-
F6T8 TLV6
£060°ELSOL
80207 08LES-
ELEV"GELECT
BFZ6 EBSPIT
05€6°LB6T6~
BoPT 6VILY—
0TLZ"9ZEZ-
GEBE"TEBSE
G2Z6F"8SOTLI-
ST TLYV6
ZSLOTELSOL
6TL6 "6LLES-
LFS9°20FERT
T9LS TTILBE
9¥69 " ZEBOET
5G06 725981
0LOT ELSOL
TT0Z L6291
ZhI8"9ZHEBT
0299 °Z0oFERE
G96F " TILBE
S6F9"ZE80ET
62€6° 225981
9860°ELSOL
B66T FLEZIT
L1287 92ZFESBT
B8T199°20VEDRC
TO6% " TTLBE
GLB9 ZEBOET
6EE6 7225981
£860°ELSOL
1661 FLEZIT
LTZ8 92ZrEBT
LSoL 12
PSSY " LIF6S-
0rkS"BLS6S-
086Z2°90825-
E6TR ™ LIV6S-
€ZLE BLSES—
9922°90826-

00000
ZLED" 0
¥S20°0
8¥20°0
8LEO"O
00000
£00° 0
0000°0
60¥0° 0
600" 0
0000°0
$9%0°0
9T€0°0
0TE0"0
0000°0
1Lb0"0
8250°0
9L90°0
0000°0
000070
00000
00000
9T€0°0
0T€0°0
0¥b0°0
00000
0000°0
00000
00000
05L0°0
25500
Zv0T" 0
0000°0
0000°0
0000°0
0T£0°0
622070
6220°0
6220°0
L9207 0
6850°0
L590°0

BY60°SS68T
TE09 " L6EECT~
E0FZ 91605~
SGPT €906
T8EV " Th66F—
6L6L°8T92ST-
TVeF 698ST
Z90Z°6k9L92~
£96C°ELS6G-
6575 88169~
0560°5568T
STPS " L6EETT~
€GTZ2°91606-
T6Z1° €906~
LOLY " LBITZZ-
L6TT92ZLT~-
6ECY 19926
1688°050T0Z~
9FkZ°9T605-
L996 "GESZHT-
£€998°GBE6TT~
9¥8F " LBITZZ-
1890°92LT~-
ELEV"P9926~-
F256°050T02-
SPrZ 91605~
£086 "SESCHT-
PPLB GBEGTT-
bGBY " LBITZZ-
PEZT 92LT-
BYLP PO926-
9kL6° 050102~
SvPZ"9160S6-
B6L6°SESTYT-
bFLB " SBEGTT-
£929° 2T
EL60ZSEVE
£990°0¥09T
TSOE"SSTIBT
PZLO"ZSERE
9L90°0k09T
TTIOE"SST8T

1033-upua
IqTI-upua
Jus0-upuA
TYTq-upua
UTMI-UpuA
Jand-upua
Tqrd-upua
OIAO-UPUA
apruI-UpUA
noeT-UpUA
1033-upua
IqrI-upua
JuUad-UpuA
TUTq-upua
peps-upua
brws-upua
STQS-upua
nbTu-upua
JUaD-UpUA
STIQ-UpUA
JuTq-upua
peps-upuA
brus-upua
§TQS-upua
nbru-upua
JUSD-UpUA
STIg-UpuA
Jnrq-upua
PEpS-upuA
brws-upua
STQS-upua
nbru-upua
JuS0-upuA
SNIg-UpuA
FNIq-upua
qbtu-nbTu
eros-aand
ddoy-zaad
Adey-zaad
eTos-1aad
ddoy-zaad
Adey-zaad



210

Ksd1b
Asdtb
Ksdtb
Asd1b
Asdtb
Asdth
Asd1b
Asd1b
Asdtb
Asd1b
Asdtb
Ksd1b
Asd1b
Asd1b
Asdtb
Asdt1b
Ksd1b
Asdtb
Asd1b
Ksd1b
gezsdb
zzsdb
Zzsdb
Zzsdb
zezsdb
zzsdb
zzsdb

8Loe
BLO®
BLO®
8LO®
BLO®
BLO®
BLO®

218570
0TePT 0
S9rS° 0
TTET 0
TSPT°0
6TIT°0
185170
090170
POOT" 0
T00T 0
902T°0
91T11"0
SEOT"0
TZET"0
20600
ZETT'0
L260°0
0E60°0
Zetio
L260°0
S9¥0°0
000070
80" 0
000070
vero°0
BLEO'O
96v0°0

66F6 " TBZES
GT190°T62FS
90T TFIT
BT0Z"ZBZES
0L9Z" T62FkS
P6r0 THTT
TG9T"Z8ZES
676879168
FoLB 9168
LPSZ 6285
BGBI"6GERT
258879168
029276285
TTOL 6SEPRT
6FPS ES9T
6805 ¥00F
F860°6192
E9FS"ES9T
LBTS"F00F
6LOT 6192
pLOE 989081
2505 "vs0Eze
TI60°6TZLET
5266°TLVEIE
6L69 TSKIL
GILLESPLE
6LTT TFTES

98ET°0
v00T 0
282170
BTI80°0
£680°0
LT9070
6STT"°0
6290°0
£LS0°0
0ES0°0
£L90°0
6€90°0
2585070
£SLO°0
06¥0°0
0ESO"0
9¥v0°0
S0S0°0
£ES0°0
0S%¥0°0
6¢20°0
0000°0
0920°0
0000°0
0920°0
Z6T0°0
092070

9TIE " ITEEY-
6916 166EF-

pS09°SL9-
cheb OTEED-
6EPT Z66EY—
96F9°GLI-
6GTS"9TEER-
018 8859
911878859
990%"9sLZ-
¢8I ShEG~
<Z18°8859
STOV 9SLZ-
LETZ SkE6-
950L°202T
L6LO"FLET
TPL6 TLL-
BZOL"20ZT
29L9°pLeT
PELE " TLL-
ZLBSTTEBTIZT
SBI9°0FSKL

G919°GLS00T~
695€°6G2ThC-
ST98°8S8LY-
Z8bL TPOTE-

€660 LBER

€260
T1€80°0
Lo6ey 0
068070
266070
218070
898070
99L0°0
BELOO
09L0°0
206070
128070
SLLO™O
L960°0
£€L90°0
506070
GZLO"0
169070
€680°0
ZZLoo
E€LZ0"0
000070
vG20°0
000070
¥520°0
£220°0
FS20°0

E6FT " S6LOE-
09€8°2E9TE~
L989° LEB-
VBEE"S6L0E-
18887 2E9TE-
L6PSLEB-
FOEZ S6LOE-
9pST EE8S
9¢91°tEBS
LBZE SS0F-
p16b "8886—
6GLT EEBS
beheE SSOb-
P81S 8886~
8881 20T1
8L60°ETLEZ
68060191~
P61 2011
EOTT ETLE
651670191~
ZGZh GELETT
LbZ6 EBSHET
GZ56° LB6TE-
MIANMIEIR A
S80E"9ZEZ-
GLBE ESSLTI-
EG6E"TEBSE

B8S0Z°0
9€S0°0
§602°0
T150°0
L950°0
96v0°0
SE90°0
ZLEOTO
69€0°0
LBEO"O
PEFO" 0
90¥0°0
Z1vo’0
€670°0
0SE0°0
6T¥0°0
99€0°0
€9€0°0
61K0°0
69€0°0
862070
000070
ZZe0°0
0000°0
22e0°0
9€20°0
SEE0"0

LLSk bBLE-
96€0°S0FE-
T8TF 6LE
9bLE PBLE-
0668° bOVE-
9GLY "6LE
v8BY " ¥BLE-
L9919 6ERT-
9€09 " 6EVT-
86627 2STE
SE98° 166k
£209°6ERT-
2092 2ST1¢E
¥Z98° 165k
p186°692-
LL9E"SBTZ-
F9BE"ST6T
S6L6°692~
CELE"GBIZ-
LEGE"GT6T
LTLY Th66F—
TL6L"8BT92ST~
296" 698ST
T90Z2°6K9L92~
EPTE ELSES-
TI82°0SPTIT-
£696°88169-

noeT-3Wry
noeT-ybyy
urry-yb 1Y
noeT-3wry
noeT-ybTy
Ty-ybTY
noeT-3WTyY
Jng-qaey
jnrq-gqaey
InTq-Tnoq
qaey-Tnoq
jnTq-qaey
FnIg-Tnoq
qIey-Tnoeq
yoel-peox
UTM3-peOoX
yoel[-utma
yoel[-peox
UTM3-peROI
yoel-utmy
UTM3-UpUA
Jaad-upua
Tqrd-upua
OIAO-UPUA
aprW-UpUA
dsoT-upua
noeT-UpuA



Table B-5

SV3 Fiducial Station Coordinates (meters)

ID X k' 7

algo 918127.7167 -4346061.8756 4561984.2549
aust -743774.1273 -5460643.7270 3200347.4262
chur -236416.9523 -5430055.7677 3307612.1244
ftdv -1324191.8149 -5332059.7133 3232043.4878
ftor -2697026.6896 -4354393.2306 3788077.7592
hayo 1492410.0956 -4457290.2044 4296819.1641
mojl -2356424.4176 -4646613.5373 3668462.4083
moja -2356214.6131 -4646733.9445 3668460.5720
ovro -2410422.3887 -4477802.5734 3838686.9267
plat -1240708.0633 -4720454.2657 4094481.7835
pver -2525452.7972 -4670035.6471 3522886.9520
rich 961318.4115 -5674058.3042 2740565.4244
visr -2678099.9767 -4525456.7503 3597399.0227
vndn -2678071.5945 -4525451.7224 3597427.5698
wsfd 1492233.0859 -4458091.5739 4296045.8999

yknf

-1224064.3320

-2689833.0360

5633432.6270



