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INTRODUCTION

Within two weeks following a major earthquake in December 1988 a team of seismologists and 
engineers from the United States went to Armenia to investigate the cause and effects of that tragic 
event. A modest but sustained cooperative effort between seismologists in Armenia and in the 
U. S. Geological Survey (USGS) has grown from that initial post-earthquake investigation. In 1989 
the USGS began to participate in what is now called the Joint Seismic Program (JSP) between the 
United States and what was then the Union of Soviet Socialist Republics (USSR). This program is 
led on the U. S. side by the Incorporated Research Institutions for Seismology (IRIS) and on the 
Soviet side by the Institute of Physics of the Earth. In 1989 the Soviet side suggested that among 
other things the JSP project should include detailed studies of the seismicity of certain earthquake- 
prone areas of the Soviet Union. Kirgizia and Armenia were offered as places where arrays of 
seismometers could be installed for this purpose. As a participant in theJSP and as the organizer of 
the post-earthquake investigation in Armenia, the USGS was chosen to take up the array work in 
Armenia.

OBJECTIVES

During the 1988 post-earthquake investigation Armenian colleagues suggested that a portable 
seismic station be installed at a geophysical observatory near Garni, about 20 km east of the capital, 
Yerevan (Figure 2-3). A trip to this site revealed a two-story building with a horizontal tunnel, or 
adit, running from the basement about 200 meters into the hill behind the building. This tunnel had 
been constructed for the purpose of obtaining geophysical observations relevant to earthquake 
prediction. The tunnel was lined with concrete and had several small rooms with piers suitable for 
seismic recording (Figure 2-5). The tunnel is described in more detail in the next chapter.

Given this excellent facility and the charge from the Joint Seismic Program, a USGS team went 
to Armenia in June 1990 with the purpose of installing a dense seismometer array in and around this 
tunnel. Other than taking advantage of an exceptional site, the scientific justification for the array 
can be seen in Figure 2-4. The Garni site lies on the northern edge of a long, steep valley that runs 
northeast-southwest opening to the southwest onto the larger and broader valley of the Araks River 
about 10 km south of Yerevan. There is concern that the topography of the narrow valley near Garni 
is controlled by an active fault. A Roman temple at Garni was destroyed by a "great" earthquake in 
1679. If the valley follows the course of an active fault, then this fault represents a considerable 
hazard to Yerevan, a city of 1.2 million people, with construction of the type that was destroyed in 
Spitak and Leninakan in 1988 killing over 25,000 people. The purpose of the array is to detect and 
locate if possible any local seismicity associated with a larger pattern of strain release along this fault. 
Of course a wider microearthquake network would have been more suitable for this task, but was not 
considered possible given the time allowed and the funds provided.

The recording scheme is built around the General Earthquake Observtion Systems (GEOS) 
developed and described by Borcherdt et. al. (1985). A PC-based system developed by W. H. K. 
Lee is also used forrecording-backup and display of the data. The seismometers used are 1 Hz Mark 
Products L-4Cs deployed in three-component sets. The fact that the tunnel is set into a hill provided 
the opportunity to establish sites on the hill above the tunnel and thus provide a three dimensional



array geometry. The GEOS and PC recorders were set up in the observatory building with cable 
connections to the seismometer sites. The total aperture of the array is less than 1 km. More detailed 
descriptions of the array geometry and recording system specifications are given in the next chapter.

(The array deployment was completed within a two-week period during June 1990. Anyone 
who has ever participated in a similar exercise in a foreign country will appreciate the difficulties 
endured and the problems that had to be met and overcome. A full description of the effort will 
probably be wasted on anyone who has not. However, it must be said that the task could not have 
been completed without the help of Armenian colleagues and their families. We slept in an 
abandoned dormitory with no running water or other facilities. Our food was bought, cooked, and 
served by the wives and Mends of the Armenians working with us on the project. Our Armenian 
colleagues carried gear, dug pits, pulled cable, mixed concrete, and generally shared in all of the labor 
intensive activities.)

SUMMARY

Since the installation of the dense array nearly one thousand events have been recorded at one 
or more of the array sites. The array has operated since July 1990 with some gaps in recording caused 
by strains on the infrastructure of Armenia due to the breakup of the Soviet Union and military actions 
resulting from disputes with Azerbaijan over contested territory. This report documents the 
recordings of the array and shows examples of the types of events that are available for study. Data 
from the array has been placed on optical disks and is available on these disks from the USGS and 
also through the IRIS Data Management Center in Seattle, Washington. Data from the array has 
proven amenable to three-dimensional analysis as described in Chapter V. The analysis of the local 
seismicity is not yet complete. It is clear that there is considerable local activity, occurring at times 
of day random enough that it cannot be due to blasting. Accurate location of these events with an 
array this small remains a problem of study.
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SUMMARY

Scientific objectives and logistic constraints were primary considerations in site selection and 
design of the dense three-dimensional array near Garni, Armenia. Principle scientific objectives 
concerned the need for high-frequency discrimination studies and the need to monitor seismicity for 
improved seismic hazard analyses for the capitol city of Yerevan with a population of 1.2 million. 
Principle logistic constraints concerned availability of supplies, fuel, transportation resources and 
site security. Instrumentation selection was based on availability of resources, familiarity, and 
reliability.

SITE SELECTION

The site selected for array installation was developed for geophysical monitoring purposes in 
the 1970s as a cooperative effort involving the USSR and Armenian Academies of Science. The 
facility is known as the Garni Observatory. Logistic difficulties concerned with availability of 
transportation vehicles and fuel were considered sufficient to preclude establishment of isolated 
multiple monitoring stations that might require regular visits for power maintenance.

Garni is located approximately 20 kilometers east of the capitol city of Yerevan in a moderately 
remote region. The location relative to other landmarks is shown at different map scales in Figures 
2-1,2-2,2-3 and 2-4. The observatory site is located at the base of a large hill which in turn forms 
the boundary for a small valley used for minor agricultural farming. The area near the observatory 
is used primarily for the grazing of a small dairy herd.

The site consists of an elaborate two-dimensional horizontal tunnel complex (Figure 2-5) 
leading from the basement of the two-story observatory building (Figure 2-7), and about four 
hectares of property. The site is under the jurisdiction of local cooperating scientific officials and 
is relatively secure from vandalism. The extensive two-dimensional tunnel configuration at the 
observatory provided a unique opportunity to establish an array to serve as both a three-dimensional 
array for high-frequency discrimination studies and as an array to assist in monitoring seismicity for 
improved seismic hazard analyses for Yerevan.

Seismic studies conducted at this site as part of the joint U. S. - U. S. S. R. cooperative studies 
followingthe devastating earthquakes of December 7,1988 (Borcherdt etal., 1989), showed that the 
site is relatively well isolated from local cultural noise sources.

ARRAY DESIGN

The array design was developed to incorporate the two-dimensional configuration of the tunnel 
as shown in Figure 2-5. Using the length of the shortest arm of the tunnel as the minimum dimension 
of the array (-60 m), the array was designed within geometric constraints of the tunnel and available 
cable to resemble a nested tripartite configuration. The array is centered on a tetrahedron, consisting 
of sites G1A, GIB, G2B and G4A, with minimum distances between sensors being roughly 60 
meters. Three-component sensors are located in a nested configuration with spacings of about 60, 
120, 200, and 480 meters. The final vertical and horizontal apertures of the array are 87 and 823



meters, respectively. The final configuration of the array as defined by the locations of the three- 
component sensors is shown in Figure 2-6.

To increase the aperture of the array the initial design included an additional three sites located 
at distances of about 1.5 km from the center of the array. The lack of appropriate housing in the area 
and scarcity of available resources led to the establishment of sites G6A and G7A. The first 
subsequent revisit of the site a few months later showed that continued maintenance of sites G6A and 
G7 A was also an extreme imposition on local resources. As a result these stations were withdrawn 
from the array.

INSTRUMENTATION

Sensors -- Three single-component velocity transducers (1 Hz, Mark Products L-4C) oriented 
vertical, north-south, and east-west (refer to Table 2-1 for actual sensor orientations and positions) 
were emplaced at each of the array nodes indicated in Figure 2-6. Each of the sensors was emplaced 
on a concrete pad (~ 0.5 x 0.8 x 0.1 m) prepared at each site with leveling platforms and housings 
(Figures 2-9 and 2-10) according to specifications used for emplacement of sensors in the Central 
California Network. Sensor signals were transmitted over cables to a central recording area located 
in a secure room (Figure 2-8) on the second floor of the observatory building (Figure 2-7). It was 
necessary to use locally available unshielded cable for location G4B, because one large reel of 
shielded U. S. supplied cable was lost in shipping.

Recording Instrumentation - Array recording capabilities were designed to permit on-site data 
playback and analysis capability by local scientists and technicians. They were designed to provide 
redundancy in recording, playback, and event-timing capabilities. IBM compatible personal 
computers (PCs) were selected because of their wide availability and the local inaccessibility to other 
types of computer hardware. Subsequent array operation confirmed this conclusion and showed that 
even the replacement of common components such as hard disks was beyond the capacity of local 
resources.

The array was designed so that seismic-event signals are recorded simultaneously at 200 
samples per second (sps) both in 16-bit digital format using GEOS and in 12-bit digital format using 
a PC. Two sets of three-component signals are recorded on each six-channel GEOS recorder. In 
addition, each set of six analog sensor signals upon being amplified and filtered for anti-aliasing by 
GEOS is multiplexed and recorded on the PC. Detailed performance specifications of the GEOS and 
the personal computer system are provided by Borcherdt et al. (1985), and Lee et al. (1988), 
respectively.

Timing   Timing for the array was also designed to include redundancy. A master Omega 
receiver was used to establish absolute time for a master clock. In order to optimize relative timing 
each GEOS in the Garni Observatory was linked so as to synchronize and determine clock skew 
measurements with respect to the time pulse of the same master clock. The GEOS permits the clock 
skew measurements to be written to tape at operator selected time intervals. As an additional 
constraint to improve relative accuracy, the array was designed such that all signals for each event 
were digitized by a single analog-to-digital converter and recorded on the PC. In addition, special 
Omega receiver boards were designed that would have permited each GEOS to independently 
synchronize to Omega. Nominal GEOS clock drift rates are less than 80 milliseconds per day.



Power   To accommodate frequent power outages and variations in voltage levels, power was 
supplied through an uninterrupted power supply to the PC and through batteries for the GEOS. 
Ungrounded power lines in the Observatory required that special provisions be implemented to 
minimize electronic noise pick-up on signal cables. Electronic noise was a special problem for 
location G4B connected via unshielded cable and was most apparent at night, when electrical lights 
were being used. Power outages proved to be sufficiently severe so as to eventually damage PC hard 
disks and reduce on-site playback capabilities.

Data Playback -To facilitate on-site data playback, GEOS hardware and software capabilities 
were augmented to permit data playback via PC. Capabilities were developed for the simultaneous 
archival of both GEOS and PC data using two PCs networked via LANtastic. One PC is used as a 
data acquisition system and the other as a data playback, archival, and analysis system. Software was 
developed for automatic data archival using a simple multi-tasking environment. PC-compatible 
optical disks were selected as the medium for data archival.

Previously developed GEOS playback software (RDGEOS) used on Digital Electronic 
Corporation mini-computers was converted for operation on PCs (PCGEOS). GEOS software was 
developed to permit each GEOS unit to serve as a field playback unit via RS-232 into the portable 
field PCs.



Table 2-1. Sensor Locations and Orientations

Station

G1A

GIB

G2A

G2B

G3A

G3B

G4A

G4B

G5A

G5B

G6A

G7A

Relative Position 
(meters from tunnel door) 

North East Down

185.3

180.0

56.6

125.1

4.8

100.4

185.3

384.5

-37.0

-63.7

-332.7

-159.5

8.1

53.0

3.9

-2.1

0.9

1.4

8.1

16.7

-189.8

167.0

-386.6

344.7

-0.7

-0.7

-0.1

-0.7

0.0

-39.4

-60.5

-87.8

13.5

-0.8

31.0

12.1

Component Orientation 
(degrees clockwise from north) 

5 ("N") 6 ("E")

2

2

2

2

2

5

5

5

5

5

5

5

92

92

92

92

92

95

95

95

95

95

95

95

Positions were determined assuming the tunnel is aligned 2.5 degrees east of north. Tunnel 
sensors were aligned with the tunnel axis. Surface sensors were aligned with magnetic north. 
Component4 ("Vertical") is oriented with positive up. Location and orientation information was 
not recorded for preliminary stations GAA, GAB, GBA, GCA, GCB, GDA or GDB.



Figure 2-1. World view centered on Garni, Armenia.



Figure 2-2. Armenia and surrounding countries with bodies of water, political boundaries, 
major highways, selected cities, and the locations of the Spitak and Georgia Earthquakes

on a half-degree latitude - longitude grid.
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Figure 2-3. Northern Armenia with bodies of water, political boundaries, major highways, 
selected cities, Mt. Ararat, and the epicenter of the 1988 Spitak Earthquake.
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Figure 2-4. Map of the Garni - Yerevan region of Armenia. Circle marks Garni Observatory.
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Figure 2-7. Two-story building at Garni Observatory.

Figure 2-8. Playback room at Garni Observatory.



Figure 2-9. Three components of sensor deployment.



CHAPTER III

Digital GEOS Data from Garni, Armenia 

as Archived on Optical Disk

G. Glassmoyer 

(U. S. Geological Survey)
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PROCESSING

As of this writing 245 GEOS tape cartridges from the Garni Array, representing the time period 
26 June 1990 through 10 August 1992, have been played back at the National Strong Motion Data 
Center.

The playback procedure involves demultiplexing of the data on tape cartridge using the 
computer programs RDGEOS on a DEC VAX computer or PCGEOS on an IBM-compatible PC. 
These programs write separate time-series files to disk for each channel recorded on GEOS, plus a 
time-stamp file that contains the start times of each (0.42 second) block of datarecordedon the GEOS.

Format

The format used for the digital data is a block-binary file consisting of two header blocks (512 
bytes each), one 2-byte integer, the other 4-byte real, followed by the data as 2-byte integers. Integer 
and real values are stored in the format used by DEC PDP and VAX computers. 2-byte integer values 
are stored as low-byte-first, high-byte-second signed integers in two's-complement form. 4-byte real 
values are stored as high-word-first, low-word-second. The integers are in the same format as used 
by PCs, however the real values are not the same format as PC real values. Programs RECSEC or 
VECTOR, written by E. Cranswick and R. Banfill, can be used to read the data on a PC.

Filenames on the VAX are constructed from the station name and the start-of-record time. 
Characters 1-3 are the day-of-year (001-366), characters 4-5 the hour (00-23), characters 6-7 the 
minute (00-59), and character 8 represents the second (A-T, where A=0-2, B=3-5,..., T=57-59). 
Character 9 is the component (4 is vertical, 5 and 6 are horizontal). The suffix is the station name. 
On the PC and the optical disk one less character is available for the filename so the hour is represented 
by a letter from A to X.

Fixes

Normally the GEOS can be relied upon to write to tape cartridge the complete recording 
sufficiently well to be read and accurately interpreted by the demultiplexing programs. It has been 
a recognized phenomenon that the GEOS instruments may occasionally fail in part or whole to write 
an accurate tape. These types of failures occurred in several forms in this study. In the case of data 
that can still be read by the programs, these failures can be grouped into two types: bit errors and 
block errors.

An exact correction can usually be made for bit errors. These are what are often referred to as 
"glitches." The symptom is an occasional data value that is a large power of two different from the 
preceding and subsequent data values. The cause typically is memory board failures, but can also 
be in the analog-to-digital circuit. The computer program BITFIX is used to find and correct bit errors 
whenever the bit errors are sufficiently large compared to the true rate of change between data values.

Block errors usually cannot be fully corrected. These are instances where the data block to be 
written to GEOS tape cartridge either is not written, or that which is written is corrupt. During 
playback the demultiplexing program (RDGEOS or PCGEOS) attempts to identify missing data 
blocks by examining the data-block time stamps. When these are identified, the null data value 
(integer header offset 3 of Table 3-la) is written to the data file in place of the missing data. The 
G5 recordings have several instances of these data gaps.
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If the first data block of an event is corrupt, then the files created for that event will initially be 
given a name that does not indicate the true time of that event. Such files may also contain initial 
meaningless data. Such files are easily recognized by the program CHKITME which compares the 
start-of-block time stamps, as written to the time-stamp files, to their expected time values. Start- 
of-record times have been corrected for these files using the program CHGTTME.

In addition to allowing files to be given the correct start times, the program CHKTIME, reading 
the time-stamp files, also verifies the integrity of timing within the recordings. By this means several 
recordings have been found to have faulty internal timing. The cause of these failings is not always 
certain, but often is the result of reading a corrupt data block in the midst of an event. Recordings 
that contain internal timing errors have been corrected to the degree possible by using null values 
to mark those samples where no data are available, or by removing extra null values that the 
demultiplexing programs may have mistakenly added. These corrections are made using the editing 
capability of the programs RAWRI2 and RAWWI2.

Recording parameters are stored in the two header blocks described in Table 3-1. The most 
critical values are shown in boldface. Many of these such as amplifier gain (see log-files in Figure 
3-1) are derived from the GEOS cartridge. Other parameters such as station location or sensor 
orientation are added from the parameter list file GARNI. AHC. While usually accurate, there are 
instances where the polarity may be opposite from that which is indicated for vertical components. 
A careful evaluation of each clock correction in the manner described in the log-file section later 
should be made if these are important to a study.

PLOTS OF SELECTED EVENTS

Plots are included for those seismic events that were recorded at five or more three-component 
stations. These events are listed in Table 3-2, where the second-code of the filename is used to 
indicate those stations that recorded an event. The plots have been prepared using E. Cranswick's 
RECSEC program. They show each trace at equal amplitude, bundled by three-component station, 
for a duration proportional to the number of stations recording the event (5 seconds per station). The 
time (nominally UTC) of the first sample in each plot is indicated in large numbers on the right-hand 
side of the plot page. This is given as year (less 1900), day-of-year, hour, minute, second, and 
millisecond. The time scale at the top of the plot page is in seconds. Indicators on the right-hand 
side identify the individual trace. For example, G5B.V2 is station G5B's 2nd velocity channel - the 
first channel is up, the second is nominally north, and the third is nominally east. See Table 2-1 for 
actual horizontal orientations indicated for components 5 (=. V2) and 6 (=. V3). Numbers on the left- 
hand side of each trace indicate the maximum absolute value in digital counts through the end of the 
plotted portion of each trace (32767 is full-scale).

ORGANIZATION OF OPTICAL DISK

Two IBM-3363 write-once-read-many (WORM) optical disks have been prepared containing 
calibration records and seismic triggers as listed in Table 3-3. One disk contains the 1990 data and 
the other contains the datafrom 1991 through 10 August 1992. Data are organized into subdirectories 
by day-of-year of event. These subdirectories are within parent directories by year. Log-files created
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by the demultiplexing programs from each tape are included in the LOG directory on the 1991-1992 
disk. Also included are ORDARR files for use by the Cranswick and Banfill (WFPS) processing 
programs for each year. The WHERE list of Table 3-3 is also provided as text files for each year. 
Seismic triggers were selected by visual inspection and may still include such events as aircraft 
triggers or other signals that appear as possibly of seismic origin.

LOG-FILES

Four examples of log-files are provided in Figures 3-1 a through 3- Id. These show most of the 
useful types of information that can be read from a log-file.

LOG28.G3 (Figure 3-la) is a typical log-file from the program RDGEOS. The first line 
indicates the date and time the program was run and the program name and version. The log-file 
number (28) is added after the RDGEOS program has completed its operation, so it does not appear 
on this line which shows simply LOG.G3. Following is the channel/component naming description. 
The default refers to the log file itself as well as to the time-stamp files. Channel 1 data is component 
4 of data for G3A, etc. The next lines indicate the tape/experiment number, location number, GEOS 
unit serial number, and the year. If any of these parameters change during the tape, such as the year, 
a new indication is made.

In the next line file numbers include all files be they data or clock files as counted by the 
demultiplexing program (RDGEOS). The event numbers (Evt) are data files as counted by the 
GEOS. The type can be a trigger, continuous record, manual record, sensor calibration, amplifier 
calibration, or a clock file. Clock files can be master-clock synchronization (synch), manual synch, 
WWVB synch, WWVB synch failures (VB Synch TMO), or WWVB corrections. The time indicated 
for data files is of the first sample, as measured by the internal GEOS clock and is shown as day-of- 
year, hour, minute, second, and millisecond. The time standard can be none, manual, WWVB, or 
external. For the Garni data the time standard shown in this column is probably not reliable. An 
indication of none means that the clock has not been set and shows the elapsed time since the GEOS 
was turned on (starting day 001). Manual (MAN.) would indicate an operator set the clock by hand, 
such as by reading the time off of a watch. WWVB would indicate the clock was set by interpreting 
a WWVB time code. External (EXT.) is the only time standard that properly should have been used 
in this data set, and indicates that the internal GEOS clock was set by an external clock. The clock 
correction (Corr) as it is stored in the data files is shown in seconds that should be subtracted from 
the internal GEOS time to get the corrected time. See the later clock-correction example for a more 
complete discussion. DR100 name is a generic representation of the the names of the data files as 
they would be stored on a VAX. Duration is an estimate of the length of the recording in minutes 
and seconds. Srate is the sampling rate in samples per second. Pre-event is the length of time in 
seconds of GEOS blocks that were filled before the active block of the tape turn-on decision. Volts 
is the recorder battery voltage at the time of a trigger.

The last four columns refer to parameters of the trigger algorithm. Trg ch is the trigger channel. 
STA is the short-term-average interval in seconds. LTA is the effective length of the long-term- 
average interval in seconds. Ratio is the threshold triggering level by which the short-term-average 
must exceed the long-term-average in order to trigger. Ratio is expressed in Fortran notation of 2 
raised to a power. Motion type, amplifier gain, and anti-aliasing filter frequency are shown for each 
channel.
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Examples
File 1 of G3 tape number 28 is a sensor calibration. It was recorded on GEOS unit number 5 

beginning in the year 1991, day-of-year 121, hour 14, minute 47, second 27.382 according to the 
internal GEOS clock that was set by a master-clock. The clock correction stored for this record is 
0.000 seconds. Channel 1 is ground-motion velocity recorded with 54 "decibels" (more accurately 
2**(54/6) = 512 x) gain using a 7-pole, 50-hertz anti-aliasing filter, and given the filename 
1211447J4.G3 A (121O47 J4.G3 A on the PC optical disk). It was sampled at 1200 samples per second 
and is a little less than 37 seconds long. Battery voltage is not reported for calibrations.

File 2 is an amplifier calibration. The notation about 506 null values refers to this file; in 
ampliflier calibrations, however, it is due to a minor bug in the GEOS, and the data is complete 
without the nulls which have since been removed. In other data files each 506 null values represent 
a lost data block with the data value of -32768 being used in the place of the lost samples.

File 7 is a triggered event. The GEOS was set to trigger by comparing for channel 1 the short- 
term-average of 0.4 seconds data to 8 (= 2**3) times the long-term-average representing 20 seconds 
of data. The batteries providing power to the GEOS were at 26.66 volts. Optimum battery voltage 
is about 24 to 28 volts.

File 3 is a failure to read a WWVB time code. It should not have been set to try since no WWVB- 
encoded time-code was available.

File 4 is the all-important clock correction! Eight attempts are made by the GEOS to read the 
one-secondpulse of an external signal. This need not be a WWVB signal. As measured by the internal 
GEOS clock these pulses were detected 1,0,0,0,1,0,0, and 0 milliseconds after the second so the 
internal and external clocks are in near-perfect agreement.

File 13 is also a clock correction. At its time the internal GEOS clock is 4 milliseconds fast 
relative to the external clock. For data files that follow the clock correction is recorded in the header 
as 0.004 seconds.

Clock-Correction Example
File 9 is a triggered recording of a magnitude 5.1 aftershock of the Ratchi, Georgia Earthquake. 

To get the best estimate of a clock correction for this event it is necessary to interpolate between two 
clock corrections. Using 0.25 milliseconds (the mean of the eight clock-correction measurements) 
from file 4(121:14:56:44) and 4.00 milliseconds from file 13 (122:02:57:52) one can get by linear 
interpolation 3.5 milliseconds as a clock correction at 122:01:26:00. This 3.5 milliseconds would 
be subtracted from the 122:01:26:00.618 start-of-record time to get the external clock referenced 
time of 122:01:26:00.6145.

When similar calculations are made for units Gl, G2 and G4 their clock corrections are found 
to be -0.7, -7.0, and 16.2 milliseconds, respectively, and their externally referenced start-of-record 
times are ...:01.8837, ...:01.0980, and ...:01.5068. All units are using the same external clock signal, 
a master clock, so relative times have thus been determined.

The absolute time could then also be determined since there is data in Table 3-4 indicating when 
the master clock was set to Omega-time. The master clock appears to have been synched to Omega 
sometime between 116:09:13 and 116:21:14. Later it was found to need adjusting by -5 milliseconds 
sometime between 125:23:47 and 126:08:05. The minimum estimate of drift for the master clock 
may be made by assuming the master clock was synched at 116:21:14 and was found to need an
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adjustment of -4.5 milliseconds at 126:08:05. The maximum estimate of drift for the master clock 
may be made by assuming the master clock was synched at 116:09:13 and was found to need an 
adjustment of -5.5 milliseconds at 125:23:47. This yields a range of -2.5 to -3.2 milliseconds, 
averaging to -2.8 milliseconds. This master-clock correction should be added to the previously 
calculated relative clock corrections to get absolute clock corrections. Thus respectively for G1, G2, 
G3 and G4 the best absolute clock corrections would be -0.0035, -0.0098,0.0007 and 0.0134 seconds 
to be subtracted from GEOS start-of-record times. These are different from the values -0.002, -0.006, 
0.000 and 0.011 seconds that are stored by default in the headers. All clock corrections stored on 
the optical disks are the inaccurate default values. The destinctions are small in this case but may 
approach one full second during intervals when clock synchs are infrequent.

Under ideal circumstances, such as in this example, relative clock corrections could at best be 
accurate to 1 to 2 milliseconds and absolute clock corrections to 2 to 4 milliseconds. During the 
Spring of 1991 clock corrections were usually well recorded on all GEOSs. At other times, however, 
at least one recorder may have been misprogrammed, permitting only partial recovery of relative 
times. Also, the recording of master-clock resynchs (Table 3-4) was inconsistant, thus limiting the 
opportunities for the recovery of absolute time.

Other Examples
Following file 14 is a page break.
At the end of the log-file is the line indicating the number of files processed.
LOG03.G1 (Figure 3-lb) is a short example from the PCGEOS program, version 04.07.
The first 2 files on this tape are corrupted clock files. The first 6 words (cells) stored in each 

block are the start time for that block. PCGEOS attempted to search ahead in the files for intact time 
information, but found none, so these files were skipped.

The first file from this tape was corrupted. PCGEOS used default header information from file 
Gl.GHD in the "grand-parent" directory for the file(s) it encountered before finding the readable 
header information in file 4 of this tape. The default header information uses serial number 99 and 
voltage equal to 20.00 as flags that the header information did not come from the tape.

File 5 is a master-clock synch. At 183:08:26 the GEOS internal clock was set to match the 
external clock. The remaining information on this line is not reliable.

LOG22.G1 (Figure 3-lc) begins with a master-clock synch, shows a faulty serial number and 
indicates an operator-initiated (continuous) recording.

LOG06.G2 (Figure 3- Id) begins with clock information extracted from the header of the first 
trigger. PCGEOS will use this information, which is from the last clock correction on the previous 
tape, as a starting point for the default value of the clock correction. There is a risk that this value 
can be very out-of-date and inaccurate (as it may be here). The other examples did not have this either 
because they were from RDGEOS, had a corrupted header, or began with a clock file.

Not shown is an example which ends with Physical End of Tape indicating that the tape was 
read all the way through instead of just to the end-of-tape mark. This would be the case for 100% 
full tapes.

22



KNOWN EVENTS

153 of the included events have been identified in the National Earthquake Information Center 
(NEIC) catalog. These are listed in Table 3-5 by date, Table 3-6 by distance, and Table 3-7 by 
magnitude. Body-wave magnitudes are used unless otherwise indicated. A travel-time plot of the 
larger events is shown in Figure 3-2.
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Table 3-la. GEOS Header Descriptions (2-Byte Integer).

Offset

1
2
3
4
5

10
11
12
13
14
15
16
17
18
19
20
21

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43-49
50
51
52
53
54
55
56
57
58

101

208
209

210-216
217-219

252
253
254
255
256

Description (Units)

Number of extra integer header records (record size=512 bytes)
Number of ASCII header records
 Undefined' integer value [INULL]
Data type (positive=real, negative=integer, absolute value=number of bytes per sample)
If =1 then (*) parameters are defined

Event year
Event day of year
Hour of event
Minute of event
Second of event
Millisecond of event
Microsecond of event
Sample number of first tickmark
Detection amplitude of tickmark
Number of tickmarks detected
Serial number of recording unit
Event sequence number

First active channel number recorded on unit
Actual channel number as recorded on unit
Total number of channels recorded on unit
Total number of components recorded for station I.D.
Number of data records that follow
Index of last sample in last record
Record size (bytes)
Playback program (l=RDGeos, 2=AfTape, 3=ANZA, 4=PCGEOS, 5=CrTape)
Playback program version number
Playback program 'sub-version* number
Recorder type (1=GEOS, 2=DR100, 3=Reftek 72-04, 4=Tustin A/D, 5=Synthetic)
Recorder version number
Recorder 'sub-version' number (GEOS software number)
Sensor unit serial number
(*) Vertical orientation (degrees from up)
(*) Horizontal orientation (degrees clockwise from north)
[ASCII] Sensor model (7A2)
Location number
Experiment number (tape number)
Trigger algorithm type (1=STA/LTA)
Trigger STA (tenths of seconds)
Trigger LTA (seconds)
Trigger ratio STA/LTA (power of two)
Trigger component number
Pre-event memory size (tenths of seconds)
Post-trigger duration (seconds)

(*) Bugger processing history

Directory number (study I.D. number)
Sub-directory number (tape-set number)
[ASCII] Filename (7A2)
[ASCII] Study name (3A2)

GEOS clock type (0=None, 1=WWVB, 2=Extemal(master), 3=Manual)

Value as Used in this Report

0
0

-32768
-2

1

0
unused
unused
unused

3

512

1
1

uncertain
unreported

unused

unreported

unused

unused
unused

unused

GEOS event type (0=Continuous, l=Trigger, 2=Preset, 3=Calibration, 4=Amplifier calibration, 5=Sensor calibration)
Motion unit (l=Accderation in cm/s2, 2=Vdocity in cm/s, 3=Displacement in cm, 50=Volumetric micro-strain) 2
Component number (l-3:acceleration, 4-6:velocity, 7-9:displacement; l,4,7:vertical)
Number of samples in event (only valid when 103 1 < 128)
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Table 3-lb. GEOS Header Descriptions (4-Byte Real).

Offset

1
2

5
6

39
40
41
42
43
44
45
46
47
48
49
50
51
52

60
61
62
63
64
65
66

Description (Units)

Number of extra real header records
'Undefined1 real value [RNULL]

Sample rate (samples per second)
(*) Component sample lag (seconds)

(*) [ASCII] Transducer type (1A4)
(*) Latitude (degrees north)
Local coordinate x (meters north)
(*) Longitude (degrees east)
Local coordinate y (meters east)
(*) Elevation (meters above sea-level)
Local coordinate z (meters down)
(*) Digitizing constant (counts/volt)
(*) Anti-alias filter corner frequency (hertz)
(*) Poles of anti-alias filter (roll-ofr=6dB/pole)
(*) Transducer natural frequency (hertz)
(*) Transducer damping coefficient
(*) Coil constant (volts/motion-unit)
(*) Amplifier gain (dB)

(*) Clock correction (seconds; subtract from event time to get true time)
Elapsed time since last update of clock correction (seconds)
Recorder battery voltage (volts)
Desired trigger ratio STA/LTA
Actual value of STA at trigger
Actual value of LTA at trigger
Maximum value of STA/LTA during event

Value as Used in this Report

0.
1.7E38

200.

VEL
40.134

44.724

1460.

3276.8
50.

7.
1.

0.8
1.

uncertain
uncertain

unused
unused
unused
unused
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Table 3-2a. Listing of events recorded at 5 or more stations.
EVENT 61

1811602 R
1821226 K
1841647 G
1850235 G
1850700 N
1850817 G
1851021 K
1851206 K
1871129 E
1871224
1871936 C
1880740 T
1890310 R
1891450 H
1900855 D
1910900 G
1911254 G
1930900 N
1930917 S
1931442 N
1931516 D
1940828 F
1941043 S
1941425 D
1941516 E
1950605 K
1950735 Q
1951541
1951627 N
1970737 P
1970937 K
1971155
1971159 T
1971245 R
1980403 0
1980958 0
1981146 M
1981656 N
1990827
2010321 H
2040815 P
2041224 A
2041445 M
2041527 H
2042055 0
2051003 A
2060741 N
2061111 R
2070658 P
2070900 G
2080532 J
2081256 P
2090058 H
2110845 C
2110920 P
2111303 A

62

Jul
R
K
G
G
0

K
E

N
S
N
D

P
K
E
T
R
0
0

H

A
M
I

R
P
G

P

C

63

1990

k

G

H
K

E
G
G
T
R
I
D
G
H
N
T
N
D
F
S
D
E
K
Q
S
N

Q
K
E
A
R
0

M
N
H

A
M
I
P

J
P
I
C
N
A

64

G
G
N
H
K
K
E
G
G
T
R
I
D
G
I
N
S
N
D
F
S
D
E
K
Q
S
0
Q
K
E
A
R

P
L
N
H
H
Q
A
M
I
Q
A
N
A
P
G
J
P

C
N
B

65 67

R
K
G
G
N
G

E
G

T

H

N m
S s
N n
D d
F

D
E
K
Q
S

Q

540
A

P
L
0
H
H
P
A
M
I
0
A
N
S
P
G
J
P
H
C

B

EVENT 61

2130726 A
2130820 E
2132218 M
2140718 B
2140734 A
2140911 P
2141214 R
2150742 N
2150856 P
2151131
2201500 H
2220908 T
2221157 N
2221246 D
2221555 L
2240029 L
2242144 E
2250620 A
2250702 R
2252211 K
2271313 P
2280209 I
2280506 M
2280717 M
2281147 F
2302317 F
2311829
2312043 L
2312140
2320915 P
2321127 H
2321221 N
2321236 E
2330348 T
2330728
2331234 C
2331507 F
2351124
2351827 P
2352152 B
2370705 P
2371600 H
2390142 K
2390856 P
2391048 B
2391108 L
2391229 M
2400335 M
2400557 M
2411109 N
2411253 G

62

Aug

E

B

N

J
H

L

R
L

N

M

I

P
B
P
H
K
P
B
L
M

63 64 65 67

1990
B
E
M
B

P
Q
N
P

H
A
N
D
L
L
F
B
R
L
P
I
M
M
F
F
P
L
E
P
I
0
E
A
N
D
F
P
Q
B
P
H
K
P
B
L

M
M
0
G

B
E
M
C
A
P

15H
N
Q
I
H
A
0
D
L
L

B
R
L

I
N
M
F
F
Q
M
E
P
I
P
E

N
D
G
P
Q
B
P
H
K
Q
B
L

N
M
0
G

A
E
M
C
A
P
R

P
J
H g

L 1

F

R r
L
P
I

F
Q
L
E
P
I
N

S
N

P
Q P
B
P
H
K
P
B
L
M
M
M

EVENT 61 62 63 64

Sap 1990
2472255 P P P P
2510854 0000
2511938 D E D
2531053 G G
2540703 E E E
2601137 S T S S
2601347 R R R R

Oct 1990
2831211 P P P
2831217 S S S
2880749 1ST
2881842 0 0 P P
2911121 R R R R
2921401 E E E E
3000549 C B B C
3021252 N NO
3030913 P P P
3030932 R R

Nov 1990
3121935 I I I J
3200659 S S S
3201500 L L L L
3251224 E E E E
3261136 M M M M
3310805 III
3330518 F F F

Doc 1990
3450823 J I J J
3460809 K K K
3461153 J I J
3490939 B B B C
3491038 J J J J
3491541 D D D D
3501546 A A A A
3510116 T T T T
3541304 B B B B
3572129 E E E
3591320 T T T
3601029 J J J
3611328 I I
3620405 H H

65 67

P
0
D
G
E
T

P
S
T
0
R
E
B
N
P
Q

R
L
E
M
I
F

I

J

J
D
A
T
B
E

J
H
H

Capital letter indicates both stations A & B. Lower case letter indicates station A only. 
In 1971154O.G5 the event signal arrived during a sensor calibration.
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Table 3-2b. Listing of events recorded at 5 or more stations.
EVENT Gl

0011919
0070103
0070435
0070615
0070937
0110604 K
0312308 C

0321241 R

0801040 N
0841345
0841353 N
0851132 T
0851150 K
0861351 R
0862217 Q

0930131 K
0940453 T
0950912 F
1010949
1011023 E
1040819 N
1050813 R
1051053 K
1061256 A
1071050 L
1081030 0
1091355 T
1170332 B
1190913 G
1191105
1191110
1191151

G2 G3

Jan 1991
P 0
I I
M M
T T
N N
K K
C C

Fab 1991
R R

Mar 1991
N N

T
N N

K K
R R
Q

Apr 1991
K
T
G F
T T
E E
N N
R
K
A A
L L
0 0
T T
B
G
A
P
0

G4 G5

0
I
M M
T
N
K
C

t T
n N
t T
k K
r

q

k
t
g
t
e
n
r
k
a
1
o
a
b
g G
a A
P P
o 0

EVENT

1211146
1211246
1211357
1212319
1220126
1220218
1220229
1220343
1220431
1220754
1220901
1220945
1221158
1221206
1230609
1230613
1230927
1232020
1232341
1240454
1241330
1241533
1251146
1260755
1261243
1270902
1270914
1271324
1280845
1281213
1300125
1302052
1310558
1310633
1330829
1340937
1341238
1350839
1351242
1351429
1361148
1501038
1510919
1511228

Gl

J
L
A

A
K

C
M
B
C
F
D

Q

G

E

I
K
N
B
K
F
A
K

T
C
P
R
A
C
B
0
I
G
E
M
H

G2

May
J
L
A
0
A
K
L
C
L
B
C
G
D
R
E
L

28A
F
N
F
E
Q
J
K
0
B
K
F
B
K
S
A
C
P
R
A
C
B
0
I
G
E

H

G3

1991

0
A
K
L
C
L
B
C
G
D

E
L
0
F
N
G
E
Q

K
N
B
K
F
B
L
S
T
C
P
R
A
C
B
0
J

E
M

G4 G5

J
1
a
0

a
k
1
c
m
b
c

g
d
q
E
L
0
G
N
F
E
Q
I
K
N
A
K
F
B
L
S
T

0
I
G G
E
M
H

EVENT

1541022
1541031
1541046
1541144
1550055
1550114
1550642
1550708
1571348
1590112
1592107
1621053
1631518
1640433
1640603
1641137
1660059
1660250
1660258
1670453
1681239
1681349
1700640
1721154
1721202
1721443
1730543
1760754
1781409

1841301
1850627
1851449
1870748
1950913
1961300
2021851

3052110
3121119
3160812
3162036
3321721

3420103
3471910
3501949

Gl

R
0
F
E
K
F
C
L
P
E
L
0
N
G
R
L
R
J
Q
T
C
H
Q
L
S
A
E
H
D

E
D
0
R
0
S
I

C
P
G
I
J

C
M
R

G2 G3

Jun 1991
R S
0 P
F F
E
K K
F F
C C
L L
P P
E E
L M
0 0
0 0
G G
R
L L
R R
J I
Q Q
T T
D
H H
R R
L L
S S
A A
E E
H
D D

Jul 1991
E F
D D
0 0

R
0
S
I

Nov 1991
C C
P P
G G
J I
K K

Dec 1991
C C
M M
R R

G4 G5

S
0
F
E
K
F
C
L
P
E
M
0
0
G
R
L
R
J

C
H
R

S
A
E
H
D

E
D
0
R
0
S
I

Capital letter indicates both stations A & B. Lower case letter indicates station A only.
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Table 3-2c Listing of events recorded at 5 or more stations.
 VENT 61 62 63 64 65

Fob 1992
0340623 M M M
0411512 III 
0501109 T T T 
0562202 J J J

Mar 1992
0621241 A A A 
0871921 P P P

	Apr 1992
0950217 H G H
0961014 000
0971048 K L K
0992221 ODD
0992252 R Q Q
1061504 000
1150712 G G H
1171316 P P P
1190844 J J J

Nay 1992
1260622 ODD 
1261953 G F F 
1281916 F F F 
1331659 C C C 
1360812 Q P P 

L L L1411225

Capital letter indicates both stations A & B. Lower case letter indicates station A only.
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Table 3-3a. Listing of all induded records (events, calibrations, and noise tests).
BVBK

1780731
1780732
1781338
1781356
1790322
1791622
1792335
1800007
1800147
1801230
1810343
1810815
1810816
1810906
1811034
1811035
1811214
1811602
1811636
1821138
1821139
1821219
1821219
1821226
1821238
1821239
1821301
1821302
1821721
1822118
1830616
1830616
1830808
1830808
1830847
1830957
1831221
1831225
1840721
1840722
1841207
1841208
1841647
1850133
1850235
1850700
1850817
1851021
1851108
1851109
1851206
1860508
1860508
1860833
1860918
1860918
1861011
1861057
1870512
1870725
1870726
1871129
1871224
1871234
1871234
1871936
1872240
1880147
1880740

61 02 O3

T
P

G
C

C
R R
B
P
L
B
R
K K k

P
K
F
B

E
F G

B
R

N
K
F
I

G G
C

G G G
N 0
G H
K K

K K
A
Q
S

B
R
E

I L
Q
R
N
E E E

G

C   G
A
E
T T

O4 65 O7 O& OB OC OO

G
C
S
A a
D d

N
A
K
S
S
N

L 07G

R

K

C
S

R
N
E
A
G G

C
G G
N N
H G
K

J
F

K

E E
G G

C
S

G

T T

XVBR 61

1881350 N
1890310 R
1891450 H
1900743
1900855 D
1901518 J
1910900 G
1911254 G
1920437 0
1920712
1920713
1920805 A
1920805 Q
1920854
1920854
1920904
1920905
1922359 T
1930900 N
1930917 S
1930923
1931442 N
1931516 D
1931638 0
1932058 T
1932155 B
1940343
1940522
1940523
1940828 F
1940836
1941043 S
1941251 Q
1941425 D
1941433 G
1941516 E
1950605 K
1950735 Q
1951021 S
1951541
1951627 N
1970538
1970539
1970545
1970546
1970549
1970549
1970552
1970553
1970627 N
1970628 J
1970633 C
1970633 S
1970649
1970650
1970737 P
1970835 E
1970937 K
1971047
1971154
1971155
1971155
1971159 T
1971245 R
1971342 G
1971956 J
1980403 0
1980958 0
1981134 K

02

N
S

N
D

F
B
P

K

E

T
R
G

O
O
N

03

R
I
L
D
K
G
H

H
D

N
T
D
N
D

H

F

S

D

E
K
Q

S
N
R
N

Q

K

E

A
R

O

04 05 07

R
I H
L
D

G
I

s
0

A

Q

N N m
S S s

N N n
D D d

I
E
F F

C
S

D D

E E
K K
Q Q

S S
O

J
E

A
Q
S
O

Q Q
E
K

C

O
E

K
A A
R

P P

BVBVt

1981146
1981149
1981204
1981656
1982125
1990003
1990811
1990827
1991007
1991132
1991306
2000237
2000540
2000541
2000549
2000550
2000843
2000844
2010321
2011731
2022233
2022305
2030242
2030947
2031131
2040815
2041113
2041114
2041224
2041445
2041527
2042055
2051003
2051040
2051041
2060638
2060741
2060916
2060917
2061015
2061016
2061108
2061111
2061451
2070558
2070559
2070658
2070900
2070917
2071030
2080532
2080656
2081149
2081150
2081256
2081325
2082307
2090058
2091131
2091132
2091922
2100329
2100634
2100635
2102138
2110845
2110920
2111303

01 02

M
B

N
R
M
H

K

H H
I
P
H
L
J
F
P

K
G

A A
M M
H I
O
A

N

H
D

09B
R R
P

K
G

P P
G G
F

J
B

P P
Q
I
H

M
G
C
E
C C
P
A

03 04

M L

Q
N N

H
H H
C

K
K K
S
O

H

Q

A A
M M
I I
P Q

A

O
N

Q
A

P
G

H
J J
C

P P
Q

I

C C
N N
A B

05

L

O

H

N
J

H
I
P
H

P

A
M
I
O
A
H
D

N

S
O

P
G
E

J

P

I
H
N
I
F

E
C

B

07

q
m

t
P

r
n

Capital letter indicates both stations A & 6. Lower case letter indicates station A only.
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Table 3-3b. Listing of all induded records (events, calibrations, and noise tests).
BVDR Gl O2 G3 64 OS 67

2120625 R R
2121143 T T
2130555 M
2130556 I
2130726 A B B A
2130820 E E E E E
2131835 G
2132218 M M M M
2132304 B
2140317 G F
2140718 B B B C C
2140734 A A A
2140911 P P P P
2140920 G
2141214 R Q 15H R
2141653 J
2141713 0 P
2142118 E F
2142125 F
2150742 N N N N
2150856 P PQP
2150921 D
2151126 L
2151131 J I J
2151133 I
2152129 N
2170753 H
2170754 D
2170811 F
2170812 B
2170819 B
2170819 Q
2170936 d
2170936 t
2180205 Q Q
2180716 F F
2180846 H H
2181126 G
2190033 J J
2191020 A A
2201000 F
2201001 B
2201500 H H H H H g
2211305 C C
2220237 B B
2220814 J
2220908 T A A
2221044 F
2221157 N NO
2221246 D D D 
2221555 L L L L L 1

2221556 S
2222118 5
2240029 L L L
2242144 E F F
2250547 B
2250547 R
2250620 A B B
2250702 R R R R R r
2251056 K K
2252211 K L L L L
2260055 L 0
2260949 C
2260949 S
2261055 G
2261523 S
2262035 S
2271036 H
2271313 P P P

XVKVT Cl O2 63 64 85 67

2272319 P
2280058 K
2280209 I III
2280506 M N M N
2280717 M MM
2280751 0 0
2280752 E
2280938 P P
2281047 T
2281147 F F F
2301902 E
2302317 F F F F
2310730 D
2310730 T
2310858 P
2310859 L
2310950 k
2310951 g
2311829 P Q Q
2312043 L M L M L
2312140 E E E
2312315 E E
2320014 E F
2320915 P P P P
2321127 H I I I I
2321221 N 0 P N
2321236 E E E
2330117 B B
2330348 T A S
2330728 N N N
2331234 C D D
2331507 F F G
2332135 T
2340051 E
2340705 C C
2340718 F F
2340753 H H
2340909 P
2350851 C
2350851 S
2350917 0
2350918 K
2350922 D
2350922 T
2350925 A
2350929 H H
2350929 0 0
2350935 C
2350935 S
2350952 f 
2350953 b

2351124 P P P
2351827 P P Q Q Q p
2352141 S
2352152 B B B B B
2360156 G
2370705 P P P P P
2371349 T
2371600 H H H H H
2381234 G
2390142 K K K K K
2390737 B
2390737 Q
2390856 P P P Q P
2391048 B B B B B
2391108 L L L L L
2391229 MM M
2392130 T T
2400335 M M N M

XVHR d 02 63 84 85

2400557 M M M M
2401235 Q
2410717 K K
2411109 N 00
2411253 G G G
2412053 M
2421110 N
2421111 J
2421116 A
2421116 P
2421159 I
2421200 E
2421206 Q
2421207 M
2440743 Q Q Q
2460245 I
2460814 I
2461013 F
2461159 Q Q Q
2462203 L
2470031 J
2470731 H H H
2470900 T
2470901 P
2471225 B
2471225 Q
2472255 P P P P P
2481201 B
2481201 R
2481302 L
2491050 S S
2491126 I
2491155 M
2491212 B S
2491225 E E
2500019 L L
2500903 D
2510854 00000
2511938 D E D D
2520224 B
2530705 G G
2531053 G G G
2540703 E E E E
2540849 Q
2540850 M
2560641 S S
2561113 J
2561113 K
2561113 Q
2561114 F 
2561114 G

2561114 M
2561119 C
2561119 S
2572046 C
2600518 A
2600518 G
2600518 Q
2600519 B
2600533 T
2600534 0
2600536 C
2600536 R
2600537 A
2600537 Q
2600806 L L
2601137 S T S S T
2601208 M M
2601347 R R R R

XVBR 81 82 83 84 65

2610818 Q Q Q Q Q
2610825 Q Q Q P P
2610832 Q Q P P P
2621235 H
2641000 G
2641101 A A
2641708 H
2650246 L L
2651531 E
2651531 T
2651910 I
2651911 E
2761059 T
2761100 P
2780757 B B
2810456 M L
2810924 M
2810925 I
2821046 C
2831051 R
2831211 P P P P
2831217 S S S S
2831909 J J
2851232 K K
2861637 N
2861638 J
2871808 A
2871808 P
2871917 N
2871918 I
2880749 T S T T
2881842 O 0 P P 0
2911121 R R R R R
2921052 I
2921401 E E E E E
2980458 M N
2991049 M
3000549 C B B C B
3021252 N N 0 N
3030913 P P P P
3030932 R R Q
3041220 B
3091218 T T
3100712 T
3121935 I I I J
3161234 G G
3180629 M
3180630 I
3200659 S S S R
3200709 Q Q

3210756 S
3210757 0
3240804 K
3240805 G
3242020 S
3242021 0
3251224 E E E E E
3261136 M M M M M
3301221 0
3310805 III I
3330518 F F F F
3331036 B B
3341206 S S
3370827 L L
3421143 J
3440947 L
3450823 J I J J I
3450948 M

Capital letter indicates both stations A & B. Lower case letter indicates station A only.
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Table 3-3c. Listin
EVENT 61 62 63 64 G5

3460809 K K K
3461153 J I J J
3490939 B B B C
3491038 J J J J J
3491541 D D D D D
3501546 A A A A A
3502105 0
3510116 T T T T T
3511742 R
3520626 T
3520627 P
3520636 O
3520637 K
3541304 B B B B B
3541940 Q
3551143 B
3572129 E E E E
3590826 A
3591107 M
3591320 T T T
3600628 I
3600629 E
3601029 J J J J
3611328 II H
3620405 H H H
3620945 K
3621212 S
3631154 C C
3632200 B B
0010817 K
0011919 P O O
0040823 S
0040824 O
0070103 III
0070435 M M M M
0070615 T T T
0070817 A
0070937 N N N
0081055 Q Q
0090811 T
0090812 P
0090817 Q
0090818 M
0090825 I
0090826 E
0101528 S
0110604 K K K K
0112102 S S
0131532 H
0131533 D
0140850 T
0211126 F
0261701 B
0280632 K
0280633 G
0291120 E
0291139 R
0291744 A
0292000 F
0300435 J
0311207 H H
0312308 C C C C
0320535 P Q
0321024 O O
0321241 R R R
0360438 J
0370210 A
0370707 M
0370708 I

g of all induded records (events, calibrations, and noise tests).
EVENT 61 62 63 64 65

0370714 H
0370715 D
0421318 I
0511321 N
0520814 Q
0520815 M
0550631 M
0550743 T
0570730 F
0591144 K
0591230 N
0611027 I
0731053 H
0731110 Q Q N
0800747 L
0800748 H
0800934 P P
0801040 N N N
0811404 N N
0821025 E
0841345 T T T
0841353 N N N N N
0851132 T T T
0851150 K K K K K
0851424 M M
0860910 M
0860911 I
0861351 R R R R
0862217 Q Q Q
0871139 R
0881328 A B
0881423 0 0
0900730 G
0910906 B
0910913 Q
0910914 M
0910916 J
0910917 F
0910923 H
0910924 C
0930131 K K k
0940453 T T t
0940902 M m
0941339 M
0950912 F G F g
0950922 N
1010949 T T t
1011023 E E E e
1020312 B
1040819 N N N n
1050813 R R r
1051053 K K k
1061256 A A A a
1071050 L L L I
1081030 O O O o
1091355 T T T a
1122309 B
1130933 D
1160851 K
1160852 F
1160857 I
1160858 E
1160902 J
1160903 F
1160914 K
1160915 G
1170332 B B b
1181402 A
1190857 K

 VENT 61 62 63 64 65

1190913 G G g G
1191053 F f
1191105 A a A
1191110 P P P
1191151 0 o 0
1191200 J
1191443 N
1191823 Q
1191831 F
1210905 A
1210905 P
1210914 J
1210915 F
1210918 I
1210919 E
1211146 J J j
1211246 L L 1
1211357 A A a
1211447 J
1211448 F
1212319 0 0 o
1220126 A A A a
1220208 F
1220218 K K K k
1220229 L L 1
1220343 C C C c
1220431 M L L m
1220754 B B B b
1220901 C C C c
1220945 F G G g
1220948 F
1221042 Q q
1221124 O
1221125 K
1221131 I
1221132 E
1221134 M
1221137 J
1221138 F
1221158 D D D d
1221206 Q R q
1221242 K
1221243 F
1230609 E E E
1230613 L L L
1230927 O O
1230928 A
1231140 H
1232020 G F F G
1232341 N N N
1240454 F G F
1241330 E E E E
1241509 P
1241510 L
1241520 0
1241521 K
1241533 Q Q Q
1250515 I I
1250708 L
1250709 C
1250750 I
1250751 E
1250908 Q R
1251146 I J I
1252007 R R
1260755 K K K K
1260806 N
1260807 J

 VENT 61 62 63 64 65

1261241 G
1261243 N 0 N N
1270857 A A
1270902 B B B A
1270914 K K K K
1271017 J
1271324 F F F F
1280845 A B B B
1281057 M
1281110 G G
1281213 K K L L
1300125 S S S
1302031 H H
1302052 T A T T
1302055 C
1310457 0 0
1310458 G
1310558 C C C
1310633 P P P
1330829 R R R
1340937 A A A
1340939 G
1341155 F G
1341238 C C C
1350839 B B B
1350852 J
1350853 F
1350859 B
1350907 H
1350908 D
1351242 0000
1351429 I I J I
1361148 G G G G
1380322 P
1400802 E
1411738 J J
1412019 G G
1412345 E
1420151 N N
1420822 F
1440800 B
1440843 I
1441104 O
1461429 M
1470341 D
1470649 D
1500725 M
1500726 I
1500734 D
1500734 T
1500744 N
1500745 J
1500750 D
1500750 T
1500758 O
1500759 K
1501038 E E E E
1510919 M MM
1511228 H H H
1541022 R R S S
1541031 O O P O
1541046 F F F F
1541144 E E E
1550055 K K K K
1550114 F F F F
1550642 C C C C
1550708 L L L L
1550851 S
1550852 0

Capital letter indicates both stations A & B. Lower case letter indicates station A only.
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Table 3-3d. Listing of all induded records (events, calibrations, and noise tests).
EVZHT Gl 62 63 G4 G5

1550855 N
1550856 J
1550857 J
1550858 F
1561113 A
1570855 M M
1571348 P P P P
1590112 E E E E
1590113 0
1592107 L L M M
1592110 F
1621053 0000
1621322 K
1630635 M
1630636 I
1630816 I I
1631518 N 0 0 0
1640433 G G G G
1640603 R R R
1641137 L L L L
1650837 H H
1660059 R R R R
1660250 J J I J
1660258 Q Q Q
1660626 I I
1660720 K
1661200 K
1661556 J J
1670453 T T T
1671107 I
1671356 0
1680305 F
1681038 M
1681039 I
1681043 I
1681044 E
1681048 J
1681049 F
1681053 I
1681054 E
1681239 CD C
1681349 H H H H
1700640 Q R R R
1701242 L
1701308 K
1710750 N N
1711219 Q Q
1711336 N N
1721154 L L L
1721202 S S S S
1721443 A A A A
1730543 E E E E
1750728 I
1750729 E
1760754 H H H
1761250 A
1781409 D D D D
1790710 K
1790711 G
1812010 B B
1820716 M
1820717 I
1831052 A
1841301 E E F E
1850627 D D D D
1850851 L
1851449 0000
1870748 R R R

EVZHT 61 62 63 64 65

1890623 L
1890624 H
1890629 J
1890630 F
1891036 J
1891037 F
1940553 Q R
1941406 0
1941407 K
1950913 0 00
1951547 F F
1961021 I
1961022 E
1961300 S S S
1962046 B B
1970404 M
1970453 T T
1991102 L
1991102 T
1991103 H
1991103 P
1991311 C
2021851 I II
2041954 K K
2050324 F F
2051156 S S
2060452 S S
2061130 0 0
2150927 C C
2180920 Q
2181553 S
2220858 M N
2221046 F
2221048 P Q
2221054 P
2221109 A A
2221123 K K
2261255 K
2270330 K
2320851 H
2331202 K
2371023 S
2371024 0
2371032 M
2371033 I
2371039 M
2371040 I
2371045 M
2371046 H
2381228 R R
2401047 M N
2401148 R
2411238 H
2420838 N
2430933 0
2442049 H
2451040 M M
2470914 F
2481213 F F
2481923 R R
2502346 N
2502347 J
2511019 N
2532203 H I
2671737 A
2680311 K
2680312 G
2710527 B
2710602 H

EVZHT 61 62 63 64 65

2730540 H
2740812 K
2761424 T T
2761504 Q Q
2790140 K
2790147 D D
2790150 E
2790326 L
2790415 C
2800746 L
2800747 H
2800750 I
2800751 E
2800915 L
2810342 H
2821019 D
2821019 T
2830245 D
2830929 M
2830930 H
2840959 J
2841000 F
2900841 L
2900842 H
2900900 K
2900901 F
2900919 I
2900920 D
2961003 I
2961004 D
2981151 Q
2981152 M
3021201 B
3021201 R
3021238 T
3021239 P
3051350 F F
3051431 E
3052110 C C C
3060945 Q
3081040 T A
3091231 C D
3121004 S S
3121119 P P P
3130453 L L
3141020 D D
3160812 G G G
3162036 I J I
3171119 H
3171124 E
3220624 C
3231004 K K
3251250 M
3290720 N
3290721 J
3301213 A
3301255 B B
3311142 G
3321721 J K K
3331219 S
3331241 Q
3331242 N
3331323 N N
3340401 I
3340848 P P
3341309 C
3350918 L
3361220 I I

EVZHT 61 62 63 64 65

3370753 Q
3370754 L
3371054 Q
3381301 K K
3391111 D
3400740 L
3411210 I
3411427 H
3420103 C C C
3420757 L
3450707 0
3450708 K
3451444 B
3451506 G
3470556 T
3471910 M M M
3472006 M
3472009 Q
3501543 G I
3501949 R R R
3501959 J K
3511149 T
3530145 C
3540615 S S
3540847 B
3560854 N
3571321 L
3601147 G
3610917 C
3630052 L
0022221 P P
0022222 F G
0022235 Q
0030028 Q
0030040 L
0030446 L
0060152 B
0070140 G
0070544 C
0070614 H
0331138 I
0331139 E
0331147 T
0331148 P
0331335 T
0331336 P
0340027 B B
0340623 M M M
0340627 K K
0350831 S S
0350837 B B
0350928 L L
0351100 A A
0351210 I I
0360921 H
0361322 S T
0410401 K K
0411512 III
0452032 E
0461253 0 0
0461331 I I
0461338 K J
0461518 M M
0480551 L
0490140 B
0500807 N
0500808 I
0501109 T T T
0501446 E

Capital letter indicates both stations A & B. Lower case letter indicates station A only.

32



Table 3-3e. Listing of all included records (events, calibrations, and noise tests).
IVKMT Gl G2 G3 G4 G5

0510103 D
0510816 F
0511143 P
0511240 T
0511333 M
0511720 I J
0520037 H
0520145 D D
0541104 Q
0541204 R
0542350 D
0560751 K
0560755 K
0561444 H
0562202 J J J
0570128 M
0570351 M
0570934 E E
0571107 R
0590903 Q
0610914 P Q
0620606 Q
0621241 A A A
0630137 F
0650330 P P
0670937 D D
0672128 0
0731719 0
0841029 J
0841030 F
0841034 B
0841034 R
0841040 I
0841041 E
0851051 C
0851152 R
0860233 J K
0861039 B
0871921 P P P
0880546 Q Q
0911020 Q Q
0920826 A
0950217 H G H
0950505 L
0951228 M M
0961014 000
0971048 K L K
0992119 R
0992221 ODD
0992238 G H
0992252 R Q Q
0992307 K
0992332 C
1010801 M
1010802 I
1010802 M
1010803 I
1051350 K
1060920 R
1061227 B B
1061504 000
1081146 A A
1121124 P
1130305 B
1131226 K
1150712 G G H
1171316 P P P
1190844 J J J
1201057 M M

KVXMT Gl G2 63 64 65

1201501 L
1211148 H
1212351 I
1221212 L
1260551 Q
1260552 M
1260604 R
1260605 N
1260622 ODD
1261110 0
1261953 G F F
1271241 J
1281039 T S
1281916 F F F
1310409 K K
1330718 J
1331659 C C C
1340629 R
1340630 N
1341447 F F
1350323 D D
1360812 Q P P
1381001 I I
1381027 M N
1401228 L L
1411220 T T
1411225 L L L
1421123 N
1471858 E D
1480803 F
1490801 K K
1531113 F
1791349 R
1791350 N
1791450 P
1791451 L
1950617 I
1950713 Q
2200627 T
2201426 Q
2201427 M
2211425 D D
2230736 K
2230737 F
2231347 B

Capital letter indicates both stations A & B. Lower case letter indicates station A only.
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Table 3-4. Estimated or Reported 1991 Master-Clock Resynchs.

Time Range
day hr mn day hr mn

0840535 0840708
0860854 0860910
091 03 48 091 06 58
095 08 34 095 09 40
098 12 34 098 15 44
1080654 1081004
1160913 1162114
1252347 1260805
149 22 05 150 07 57
1532021 1540822
160 21 29 161 09 30
1692307 1701108
175 04 33 175 07 28
1760741 1761942

Time
dayhrmn

283 19 12
284 19 48
290 06 58
294 06 45
298 07 20
301 07 07
303 06 50
3090711
3100700
311 1000
3160711

Estimated Change

Before After
(ms) (ms)

3.3 0.1
4.4 -0.1

11.0 -0.1
8.0 -0.1
5.0 0.1
5.6 -0.4
4.2 -0.2
7.3 -0.1
2.3 -0.4
2.0 -0.4
6.0 0.4

(ms)

-8
-7
-4
-2
-6

-13
-8
-5

-39
-6

-12
-5
-6
-5

Change
(ms)

-3.2
-4.5

-11.1
-8.1
-4.9
-6.0
-4.4
-7.4
-2.7
-2.4
-5.6
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Table 3-5a. NEIC Parameters of Identified Events Sorted by Date.

Date

28- JUN-90
28- JUN-90
01- JUL-90

01- JUL-90
01 -JUL-90
04 - JUL - 90
06- JUL-90
06- JUL-90
09 - JUL - 90
11- JUL-90
13- JUL-90
14 - JUL - 90
14- JUL-90
16 - JUL - 90
16 - JUL - 90
16- JUL-90
17- JUL-90
17- JUL-90
18- JUL-90
18- JUL-90
20 - JUL - 90
22 - JUL - 90
22 - JUL - 90
23 - JUL - 90
26 - JUL - 90
27- JUL-90
27 - JUL - 90
02-AUG-90
02 - AUG - 90
03-AUG-90
10 -AUG- 90
10 -AUG -90
12 -AUG -90
13 - AUG - 90
14 -AUG -90
14 -AUG -90
15 - AUG - 90
16 -AUG -90
20 -AUG- 90
21 - AUG - 90
22 -AUG -90
25 -AUG -90
29 -AUG -90

03 - SEP - 90
07- SEP -90
06- SEP -90

09 - SEP - 90
14 -SEP -90
17- SEP-90
22 - SEP - 90
24 - SEP - 90
25-OCT-90
25-OCT-90
12-NOV-90
16 -DEC -90
23- DEC-90
27- DEC- 90
28- DEC-90

D.O.Y. Hr

(179) 03:
(179) 03:
(182) 12:
(182) 17:
(182) 21:
(185) 02:
(187) 05:
(187) 19:
(190) 15:
(192) 04:
(194) 14:
(195) 05:
(195) 07:
(197) 07:
(197) 13:
(197) 19:
(198) 04:
(198) 21:
(199) 08:
(199) 11:
(201) 17:
(203) 09:
(203) 11:
(204) 20:
(207) 06:
(208) 05:
(208) 12:
(214) 17:
(214) 21:
(215) 09:
(222) 15:
(222) 21:
(224) 21:
(225) 06:
(226) 00:
(226) 15:
(227) 23:
(228) 04:
(232) 12:
(233) 03:
(234) 07:
(237) 15:
(241) 20:
(246) 02:
(250) 00:
(251) 19:
(252) 02:
(257) 20:
(260) 11:
(265) 02:
(267) 06:
(298)04:
(298) 04:
(316) 12:
(350) 15:
(357) 21:
(361) 13:
(362) 04:

Mn Sec

20:35.0
42:01.9 *
24:57.2
19: 44.1
16: 48.3
24:41.9
02: 27.9
34:52.4
11:20.3
36: 08.6 *
20:43.4
54:25.4
24: 39.6
28: 34.6
31: 132
45:25.1
02:092
14: 43.8
00: 12.8
29: 24.9
30: 36.2 ?
26: 14.6
20: 09.6
54: 56.6
53: 56.3
31: 00.1
37: 59.5
12: 48.5 *
17: 18.7 *
15: 06.1
44: 31.3
11:49.0
25: 21.9
18: 25.1
50:392
13: 28.6
08:56.0
59: 57.6
20: 11.0 *
47: 26.2
51:49.5 *
47: 53.8
44:23.0
40: 59.1
12: 26.2
33: 18.8
14: 51.0
40: 18.3
57: 24.1
46: 012 *
35: 13.9 *
52: 06.0 *
53:59.9
28: 51.5
45: 40.7
28: 50.7 *
26: 57.1
03:53.6

Latitude
deg.

37 .085 N
37 .079 N
37 .181 N
37 280 N
37 285 N
25 .372 N
45571 N
36 .861 N

5 .395 N
37 .015 N
36 .415 N

0 .003 N
0 .074 S

15 .679 N
16 285 N
16 565 N
37 .137 N
16 .495 N
16 .511 N
36.990 N
42 .10 N
23 .622 S
16 .532 N
42 .719 N
27 .247 N
37 .318 N
15.355 S
38 .540 N
38 .398 N
47 .963 N

0 .333 N
6 .572 N

19 .435 S
36 .663 N
27 .024 N
35 .432 N
43 .757 N
41 .564 N
36 .956 N
37 .309 N
37 .056 N

0 .525 N
11 .791 N
36 .409 N

5 .443 N
27.500 N
56 .654 N
13 582 N
5 .917 S

42.538 N
38 253 N
76243 N
35 .121 N
42 .959 N
41 561 N
42 .115 N
36 .539 N
37 .106 N

Longitude
deg.

49 .642
50 .147
49 .885
48 .818
48 .820

124 .473
150 .170
49 .303
31 .654
49 .530
70 .789
17 576
17 .523

121 .172
120 .457
120 .546
49 .979

120 .981
121 .007
29.595
46 .77

179 .893
121 .045
45 .947
65 .508
49 .585

167 .464
48 .186
48 228
84 .961

126 .175
60 .240

169 .132
49 .884
85.969
35 .648

143 297
68.770
49 .720
49 .685
49 .327

126 .084
95.034
70 .671
31 .686
66 .092
34 .395
51 .456

103 .796
46 .449
47 .951

8 .409
70 .486
78 .071
43 .715
44 .356
48 .907
49 .227

E
E
E
E
E
E
E
E
E
E
E
W
W
E
E
E
E
E
E
E
E
W
E
E
E
E
E
E
E
E
E
E
E
E
E
W
E
E
E
E
E
E
E
E
E
E
W
E
E
E
E
E
E
E
E
E
E
E

Depth Mag
km
10 G 4.8
10 G 4.7
10 G 4.8
10 G 4.6
10 G 4.7

133 5.6
42 D 5.7
35 D 55
13 G 6.4
33 N 4.5

217 D 5.6
11 G 6.4
12 G 5.8
25 D 7.9
13 D 5.7
33 N 5.4
33 N 4.6
23 G 6.7
14 G 5.8
17 D 52
33 N 42

531 G 5.9
33 N 5.3
33 N 4.8
19 G 5.8
10 G 4.8

126 G 7.5
33 N 42
33 N 4.1
33 G 6.1
53 6.4
10 G 5.5

140 G 6.3
35 * 4.6
21 D 52
10 G 6.0

162 D 5.4
OG 62

33 N 4.8
10 G 4.8
10 G 45
11 G 6.5
25 D 52

202 D 4.9
10 G 52
28 * 5.5
10 G 5.4
10 G 5.4
59 D 5.7
33 N 45
10 G 4.6
10 G 4.6

114G 6.0
19 G 65
33 N 52
33 N 4.1
10 G 4.7
10 G 5.0

Azi Epioentral Distance
deg.
307
304
305
310
310
256
226
311
22

308
272

71
71

266
266
266
304
266
266
80

217
260
266
199
300
305
261
300
301
241
275
333
263
309
300
114
230
253
308
305
309
275
288
272
22

299
137
346
296
208
306
167
276
252
148
172
316
309

km
545
581
555
476
476

7392
7981

540
4078

543
2304
7676
7694
7752
7650
7652
565

7680
7681
1359

278
15477
7683
305

2388
525

13866
346
358

3291
9258
4040

14283
592

2438
6833
7637
3668

560
533
526

9236
5830
2294
4072
2412
5765
3046
7902
304
348

4382
2327
2774

161
222
541
516

deg.
4.90
522
4.99
426
426

66.47
7159
4.85

36.67
4.88

20.72
69.03
69.19
69.71
68.79
6851

5.08
69.07
69.08
1222
2.50

139.18
69.09

2.74
21.47
4.72

124.70
3.12
322

2959
8325
36.33

128.44
5.33

21.93
61.45
68.68
32.98

5.03
4.79
4.73

83.06
52.43
20.63
36.62
2159
5154
2759
71.06
2.73
3.13

39.41
20.93
24.95

1.45
2.00
4.87
4.64

Travel Phase
m'M

156 P
159
155
150
129

1058
1122

1:16 P
7.-09
155
428

11:07
11:10
11:12
11:04
11:04
155

n

11:09 P
11:10 P
3:07 P
0:50 P

21:14 SKP
11:07 P
0:47 Pn
4:51 P
129 P

18:48 PKP
0:56
0:55
6:05

1225
7:07

1852 P*
157
4:56

1027
10:51
659
150
150
153

1229
9:15
427
7:09
452
9:14
550

11:14
054

?7:47
458
528
021
023

CP

128 P
129 P

Region

CASPIAN SEA
CASPIAN SEA
CASPIAN SEA
CASPIAN SEA
CASPIAN SEA
NORTHEAST OF TAIWAN
KURIL ISLANDS 

Pn WESTERN IRAN
SUDAN <MW>
CASPIAN SEA
HINDU KUSH REGION
NORTH OF ASCENCION ISLAND <Msz>
NORTH OF ASCENCION ISLAND
LUZON, PHILIPPINE ISLANDS <MW>
LUZON, PHILIPPINE ISLANDS <Msz>
LUZON, PHILIPPINE ISLANDS
CASPIAN SEA
LUZON, PHILIPPINE ISLANDS <MW>
LUZON, PHILIPPINE ISLANDS
TURKEY
EASTERN CAUCASUS 

SKP SOUTH OF FUI ISLANDS
LUZON, PHILIPPINE ISLANDS 

Pn EASTERN CAUCASUS
PAKISTAN <2events>
CASPIAN SEA 

PKP VANUATU ISLANDS <MW;2events>
N.W. IRAN-USSR BORDER REGION
N.W. IRAN-USSR BORDER REGION
KAZAKH-XINJIANG BORDER REGION <MW>
MOLUCCA PASSAGE <MW>
CARLSBERG RIDGE 

PKP VANUATU ISLANDS <2events>
WESTERN IRAN
PAKISTAN
NORTH ATLANTIC RIDGE <Msz>
HOKKAIDO, JAPAN REGION
SOUTHERN XINJIANG, CHINA
WESTERN IRAN
CASPIAN SEA
CASPIAN SEA
MOLUCCA PASSAGE <MW>
ANDAMAN ISLANDS REGION
HINDU KUSH REGION
SUDAN
PAKISTAN
NORTH ATLANTIC OCEAN
EASTERN GULF OF ADEN
SOUTHERN SUMATERA
EASTERN CAUCASUS
NORTHWESTERN IRAN <PC only>
SVALBARD REGION <withln coda>
HINDU KUSH REGION
ALMA-ATA REGION <MW>
TURKEY-USSR BORDER REGION
WESTERN CAUCASUS
NORTHWESTERN IRAN
CASPIAN SEA
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Table 3-5b. NEIC Parameters of Identified Events Sorted by Date.

Date

01- JAN -91
31 - JAN - 91
26- FEB-91
27- MAR-91
14 -APR -91
15- APR -91
27- APR -91
29- APR -91
29- APR-91
29 - APR - 91
29- APR-91
29 - APR - 91
29 - APR - 91
29 - APR - 91
29- APR-91
29- APR-91
01 -MAY- 91
02 -MAY- 91
02- MAY-91
02- MAY- 91
02- MAY-91
02- MAY-91
02 -MAY- 91
02 -MAY- 91
03 -MAY- 91
03 -MAY- 91
03- MAY-91
03- MAY-91
04- MAY-91
07- MAY-91
10 -MAY- 91
10 -MAY- 91
10 -MAY- 91
14 -MAY- 91
15- MAY-91
21 -MAY-91
24 -MAY- 91
27- MAY-91
03 - JUN - 91
04 - JUN - 91
08 - JUN - 91
15- JUN -91
16- JUN -91
17- JUN -91
19- JUN -91
30- JUN -91
04- JUL-91
14- JUL-91
10-AUG-91
20-AUG-91
05 - SEP - 91
06- SEP -91
06-OCT-91
08-OCT-91
10-OCT-91
12-NOV-91
13-NOV-91
21 -MOV- 91
28-NOV-91

D.O.Y. Hr

(001) 19:
(031) 23:
(057) 07:
(086) 22:
(104) 06:
(105) 10:
(117) 03:
(119)09:
(119) 10:
(119) 11:
(119) 11:
(119) 11:
(119) 11:
(119) 14:
(119) 18:
(119) 18:
(121) 23:
(122) 01:
(122) 02:
(122) 02:
(122) 03:
(122) 04:
(122) 09:
(122) 09:
(123) 06:
(123) 06:
(123) 20:
(123) 23:
(124) 04:
(127) 09:
(130) 01:
(130) 20:
(130) 20:
(134) 09:
(135) 14:
(141) 17:
(144) 07:
(147) 03:
(154) 10:
(155) 00:
(159) 01:
(166) 00:
(167) 11:
(168) 03:
(170) 06:
(161) 20:
(185) 06.

Mn Sec

18: 56.4
03:33.6
25:47.2
17: 55.0
06:55.7
46:59.3
31: 58.5  
12: 48.1
52: 42.2
04: 28.9 *
10: 11.9
51: 10.3
59:54.8
43: 06.3
23: 15.2
30:41.5
19: 11.8 *
25:30.1
07: 31.6 ?
18:00.1  
42: 26.1 *
30: 53.9 *
00:35.2 *
44: 41.4

08: 37.1
12: 54.2 ?
19: 38.8
41: 01.8
53: 35.6 ?
01:23.6 *
25: 15.6
30:45.3
52: 27.3
36: 25.4  
28: 50.1
37: 38.8
59: 38.8 *
40: 45.5 ?
22:40.4
55: 16.3
12:01.8 *
59: 20.3
07: 10.6
04: 45.5  
40:28.9
09: 18.3
26:31.6

(195) 09: 09: 11.9
(222) 08:
(232) 06:
(246) 19:
(251) 10:
(279) 01:
(281) 03:

57: 51.8 *
46:40.5
23:04.8
14: 58.8
46: 47.5
31: 15.6

(283) 02: 44: 49.6
(316) 20:
(317) 11:
(325) 12:
(332) 17:

35: 59.6 *
12: 132
38: 28.5
19: 55.5

Latitude
deg.

39 .822 N
35 .993 N
40 .186 N
40 .443 N
27 .155 N
36.340 N
40 .093 N
42.453 N
42 .712 N
42 .510 N
42 .584 N
42 .572 N
42 .625 N
42 .515 N
42 .583 N
42 .503 N
42 .719 N
42 .541 N
41 .34 N
42 .211 N
42 .608 N
42 .481 N
42 .704 N
42 .507 N
42 .462 N
41 .93 N
42 .683 N
42 .647 N
42 .15 N
42 .606 N
42 .496 N
42 .627 N
42 .534 N
42 .609 N
42 .565 N
42 .867 N
42 .679 N
42.34 N
40 .048 N
40 .600 N
41 .005 N
42 .461 N
39 .984 N
42.252 N
40 282 N
42 .424 N
42 .387 N
36.334 N
40 .052 N
37 .646 N
38 .647 N
36 .264 N
41 .096 N
45.587 N
41 .399 N
39 .306 N

8 .361 N
5 .782 N

36 .924 N

Longitude
deg.

46 .439
70 .423
13 .822
45 .443

127 .419
71 .358
43 .719
43.673
44 .102
43 .816
43 .904
43 .616
43 .962
43 .937
43 .764
43 .899
44 .053
43.960
45 .17
43.906
43.477
43 .201
43 .692
43 .507
43 .363
43 .80
43.247
43 .263
43 .51
43 .125
43.153
43 .449
43 .986
43 .579
43.349
46 .028
42 .908
45.86
42 .859
42 .969
43.563
44 .009
42 .875
44 222
42 .971
43 .688
44 .116
71 .119
42 .153
72 .150
41 .417
71 .324
43.409

149 .049
43259
44 .936

126 .371
126 .832
49 .603

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

E
E
E
E
E
E

Depth Mag
km
61 D

142 G
401
33N
63G

124 D
10 G
17G
10 G
10 G
10 G
10 G
10 G
10 G
10 G
14G
10G
10 G
10G
10 G
10 G
10 G
10 G
10 G
10 G
33N
10 G
11 D
10 G
10 G
10 G
28D
10 G
10G
14 D
10G
10G
10 G
28D
10 G
33N
9G

26D
10 G
33N
10 G
200

213 G
10G

135 D
10 G

133
18 D

146 D
10 G
33N
36G
73G
16 D

4.9
6.7
5.5
4.3
62
5.3
42
72
4.6
4.3
4.7
4.9
4.5
5.4
5.5
6.0
4.1
5.1
4.3
4.1
4.0
3.9
4.1
4.5
4.6
42
5.3
5.2
42
42
4.6
4.4
4.7
3.8
4.9
5.0
3.9
3.7
5.0
3.7
42
6.3
4.6
4.4
4.6
4.5
5.0
6.4
4.4
52
4.3
5.0
5.0
6.0
4.4
4.3
6.6
6.1
5.6

Azl Eptoentral Distance
deg.
275
273
100
240
253
272
87

162
170
164
166
165
167
166
164
166
169
167
196
164
160
155
164
159
157
159
157
157
156
155
154
159
167
161
157
221
152
201
87

110
135
167
85

170

97
162
169
272
88

266
64

272
134
226
139
349
269
271
309

km
318

2288
2613

70
7519
2355

86
272
291
275
281
281
284
273
284

272
293
275
139
241
294
290
298
283
285
214
309
305
246
306
294
297
274
291
294
410
321
263
159
158
138
266
158
239
150
289
256

2335
219

2380
318

2355
154

7878
187
94

6701
8923

554

deg.
2.86

20.57
23.49
0.63

67.62
21.18
0.77
2.45
2.62
2.47
2.53
2.53
2.56
2.45
2.55
2.45
2.63
2.47
125
2.17
2.64
2.61
2.68
2.54
2.58
1.93
2.76
2.74
221
2.75
2.64
2.67
2.46
2.62
2.64
3.69
2.89
2.37
1.43
1.40
124
2.39
1.42
2.15
1.35
2.42
2.30

21.00
1.97

21.40
2.86

21.17
1.39

70.84
1.68
0.84

7824
8024

4.99

Travel
mas
0:46
431
430

-0:06
10:45
430
0:07
029
032
035
035
034
034
035
035
036
029
032
0:45
032
0:42
0:41
033
036
037
0:41
038
039
0:41
038
0:40
035
032
037
036
0:49
026
026
0:13
0:16
0:12
033
0:15
032
021
0:47
039
432
0:46
4:43
0:48
4:43
024

11:07
021
026

121)1
12:10
134

Phase Region

P N.W. IRAN-USSR BORDER REGION
P HINDU KUSH REGION <MW>
P TYRRHENIAN SEA

EASTERN CAUCASUS <earty>
RYUKYU ISLANDS
AFGHANISTAN-USSR BORDER REGION
TURKEY-USSR BORDER REGION
WESTERN CAUCASUS <MW>
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS 

P WESTERN CAUCASUS
P WESTERN CAUCASUS <Msz> 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P EASTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P TURKEY-USSR BORDER REGION 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P WESTERN CAUCASUS 
P CASPIAN SEA 
P WESTERN CAUCASUS 
P EASTERN CAUCASUS 
P TURKEY 
P TURKEY

TURKEY-USSR BORDER REGION
WESTERN CAUCASUS <MW;2 events>
TURKEY
WESTERN CAUCASUS
TURKEY
WESTERN CAUCASUS 

P WESTERN CAUCASUS 
P AFGHANISTAN-USSR BORDER REGION 
P TURKEY 
P TAJIK SSR 
P TURKEY
P AFGHANISTAN-TAJIKISTAN BORD REG 
P GEORGIA-ARMENIA-TURKEY BORD REG

KURIL ISLANDS
GEORGIA-ARMENIA-TURKEY BORD REG
ARMEN1A-AZERBAUAN-IRAN BORD REG
MINDANAO, PHILIPPINE ISLANDS <MW>
MINDANAO, PHILIPPINE ISLANDS <MW>
WESTERN IRAN
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Table 3-5c. NEIC Parameters of Identified Events Sorted by Date.

Date

01 -DEC- 91
07 -DEC -91
07- DEC- 91
08 -DEC- 91
13 -DEC -91
13 -DEC- 91
13 -DEC -91
13 -DEC -91
19 -DEC -91
20- DEC-91
22 -DEC- 91
23 -DEC- 91
26- DEC-91
27- DEC-91
15- FEB-92
15- FEB-92
15- FEB-92
15- FEB-92
18- FEB-92
23 - FEB - 92
26 - FEB - 92
02- MAR-92
03 -MAR- 92
05 -MAR- 92
13- MAR- 92
27 -MAR- 92
22 - APR - 92
24 - APR - 92
26 - APR - 92
30 - APR - 92
07- MAY-92
10 -MAY-92
15- MAY-92
17- MAY-92
17- MAY-92
20- MAY-92
10 - AUG - 92

DJQ.Y. Hr

(335)09:
(341) 11:
(341) 14:
(342) 01:
(347) 05:
(347) 18:
(347) 19:
(347) 19:
(353) 01:
(354) 08:
(356) 08:
(357) 13:
(360) 11:
(381) 09:
(046) 12:
(046) 13:
(046) 13:
(046) 15:
(049) 01:
(054) 12:
(057) 03:
(062) 12:
(063) 01:
(065) 03:
(073) 17:
(087) 19:
(113)03:
(115)07:
(117) 13:
(121) 11:
(126) 19:
(131) 04:
(136) 08:
(138) 09:
(138) 10:
(141) 12:
(223) 13:

Mn Sec

17: 27.0
59:00.9
22:32.2
02: 06.2 *
45:29.0
59:06.5
55:09.5
58: 18.5
33:40.4
35:375
43: 13.4
10: 04.9
35:56.2
09: 37.5
52: 51.7 *
30: 32.0 *
37: 40.1
18: 04.2 *
39: 40.9 *
03: 11.7 *
45: 19.7
29: 402
18: 32.7
30: 16.1
18: 40.1
21:04.6
03: 47.6 *
07: 25.1
15: 51.2 *
44:38.6
15: 02.3
04:32.8
06: 02.9
49: 18.7
15:31.2
20:35.0
42: 34.9

Latitude
deg.

36.373 N
45 .475 N
25 .191 N
38 535 N
45 .567 N
45521 N
45.435 N
45.439 N
45.253 N
45 .133 N
45533 N
45 .854 N
54.362 N
51 .019 N
42.803 N
42 .462 N
42 .934 N
41 .434 N
41 .477 N
36 .391 N
11 .803 N
52 .884 N
14.265 S
38 .263 N
39 .706 N
42 .456 N
39.557 N
27 .552 N
37 .663 N
35 .070 N
36 .677 N
37 .193 N
41 .003 N
7.260 N
7 .169 N

33.324 N
36 .053 N

Longitude
deg.

45 .036
151 591
62 .974
48.151

151 .530
151 .707
151 .270
151 .427
151 .176
151 .248
151 .021
151 .962
162.521
98 .150
46 524
46 .493
46 .548
46 .184
43 .464
49 .179
57 .764

159 .997
167 .106
44 .974
39 .570
43 .715
39 .557
66 .057
47 .104
26 .709
40 .130
72 .936
72 .409

126 .753
126 .861
71 .271
69 .706

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Depth Mag
km
35 *

SOD
30 D
33N
26G
19G
48D
20 G
27 G
48D
25D
24 D
29D
14 D
15 D
33N
33N
33N
33N
10 G
10 G
44D

159 D
33N
28D
33N
10 G
33N
33N
17 D
10 G
33N
48 *

33N
33N
33N

111 D

4.7
6.0
5.2
3.8
6.0
8.5
6.4
6.4
6.6
6.0
75
6.0
5.5
6.5
4.9
4.0
42
4.2
4.5
4.5
5.8
6.9
5.9
4.4
7.1
5.0
4.5
6.1
3.8
5.7
5.0
5.9
6.2
72
73
6.0
5.3

Azl Epicentre! Distance
deg.
356
225
309
303
225
225
225
225
225
225
225
224
213
235
206
209
205
220
145
316
334
215
260
354

65
162
83

299
322

76
69

269
259
270
270
279
274

km
419

8027
2374
357

8029
8043
8023
8032
8030
8043
6001
8034
7957
4229
332
298
346
190
183
569

3400
7952

13761
209
442
272
446

2406
343

1680
427

2461
2331
8811
8827
2473
2225

deg.
3.77

72.19
2155

3.21
72.20
7253
72.15
72.23
72.21
7253
71.95
72.25
7155
36.03

2.99
2.66
3.11
1.71
1.65
5.12

30.56
71.51

123.75
1.88
3.98
2.44
4.01

21.63
3.09

15.11
3.84

22.13
20.96
79.24
79.36
22.24
20.01

Travel Phai
mas
1:06

1125
4:51
1:02

1150
1152
1129
1152
1128
1128
1128
1150
1124
751
052
0:54
0:49
054
024
1:41
6:18

1122
18:44 PK
051
1:04
0:42
1:17
455
0:56
3:44
1:15
4:59
4:44

12:07
12:08

5.-00
450

Region

IRAN-IRAQ BORDER REGION 
KURIL ISLANDS <MW> 
SOUTHWESTERN PAKISTAN 
ARMENIA-AZERBAUAN-IRAN BORD REG 
KURIL ISLANDS <2events> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <Msz> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <MW> 
KURIL ISLANDS
NEAR EAST COAST OF KAMCHATKA 
RUSSIA-MONGOLIA BORDER REGION <MW'> 
EASTERN CAUCASUS 
EASTERN CAUCASUS 
EASTERN CAUCASUS 
EASTERN CAUCASUS 
GEORGIA-ARMENIA-TURKEY BORD REG 
WESTERN IRAN 
ARABIAN SEA
NEAR EAST COAST OF KAMCHATKA <MW> 

PKP VANUATU ISLANDS <MW> 
TURKEY-IRAN BORDER REGION 
TURKEY <MW> 
NORTHWESTERN CAUCASUS 
TURKEY
PAKISTAN <MW> 
NORTHWESTERN IRAN 
CRETE 
TURKEY
TAJIKISTAN <MW> 
KYRGYZSTAN <Msz> 
MINDANAO, PHILIPPINE ISLANDS <MW> 
MINDANAO, PHILIPPINE ISLANDS <MW> 
PAKISTAN 
HINDU KUSH REGION, AFGHANISTAN
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Table 3-6a. NEIC Parameters of Identified Events Sorted by Distance.

Date

27 -MAR- 91
27 -APR -91
12-NOV-91
08 - JUN - 91
02- MAY-91
19- JUN -91
06-OCT-91
04 - JUN - 91
16- JUN -91
03 - JUN - 91
16- DEC-90
16- FEB-92
10-OCT-91
15 -FEB-92
05 -MAR- 92
03 -MAY- 91
10-AUG-91
23- DEC-90
17- JUN -91
02 - MAY - 91
04 - MAY - 91
04 - JUL - 91
27- MAY-91
15 -JUN -91
30 - JUN - 91
27- MAR-92
29- APR-91
29 - APR - 91
29 - APR - 91
10 -MAY- 91
29 - APR - 91
02- MAY-91
20 - JUL - 90
29 - APR - 91
29 - APR - 91
02 - MAY - 91

29- APR-91
29 - APR - 91
03 - MAY - 91
02- MAY-91
29 - APR - 91
14 -MAY- 91
01 - MAY - 91
10 -MAY- 91
15- MAY-91
02- MAY-91
10 -MAY -91
15- FEB-92
02- MAY-91
22 - SEP - 90
03- MAY-91
23- JUL -90
07- MAY-91
03 - MAY - 91
05 - SEP - 91
01 - JAN - 91
24 - MAY - 91
15- FEB-92

D.O.Y. Hr

(086) 22:
(117) 03:
(316) 20:
(159) 01:
(122) 02:
(170) 06:
(279) 01:
(155) 00:
(167) 11:
(154) 10:
(350) 15:
(049) 01:
(283) 02:
(046) 15:
(065) 03:
(123) 06:
(222) 08:
(357) 21:
(168) 03:
(122) 02:
(124) 04:
(185) 06:
(147) 03:
(166) 00:
(181) 20:
(087) 19:
(119) 18:
(119) 09:
(119) 14:
(130) 20:
(119) 11:
(122) 01:
(201) 17:
(119) 11:
(119) 11:
(122) 09:
(119) 18:
(119) 11:
(123) 06:
(122) 04:
(119) 10:
(134) 09:
(121) 23:
(130) 01:
(135) 14:
(122) 03:
(130) 20:
(046) 13:
(122) 09:
(265) 02:
(123) 23:
(204) 20:
(127) 09:
(123) 20:
(248) 19:
(001) 19:
(144) 07:
(046) 12:

Mn Sec

17: 55.0
31: 58.5 *
35: 59.6 *
12: 01.8 *
07: 31.6 ?
40:28.9
46:47.5
55: 16.3
07: 10.6
22:40.4
45:40.7
39: 40.9 *
44: 49.6
18: 04.2 *
30: 16.1
12: 54.2 ?
57: 51.8 *
28: 50.7 *
04: 45.5 *
18: 00.1 *
53: 35.6 ?
26:31.8
40: 45.5 ?
59: 20.3
09: 18.3
21: 04.6
30: 41.5
12: 48.1
43: 06.3
52: 27.3
04: 28.9 *
25: 30.1
30: 36.2 ?
10: 11.9
51: 10.3
44: 41.4

23: 15.2
59:54.8
08: 37.1
30: 53.9 *
52: 42.2
36: 25.4 *
19: 11.8 *
25: 15.6
28: 50.1
42: 26.1 *
30: 45.3
30: 32.0 *
00:35.2 *
46:01.2 *
41:01.8
54: 56.6
01: 23.6 *
19: 38.8
23: 04.8
18: 56.4
59:38.8 *
52: 51.7 *

Latitude
<teg.

40 .443 N
40 .093 N
39 .306 N
41 .005 N
41 .34 N
40 .282 N
41 .096 N
40 .600 N
39 .984 N
40 .048 N
41 .361 N
41 .477 N
41 .399 N
41 .434 N
38 .263 N
41 .93 N
40 .052 N
42 .115 N
42.252 N
42 .211 N
42 .15 N
42 .387 N
42 .34 N
42 .461 N
42 .424 N
42 .456 N
42 .503 N
42 .453 N
42 .515 N
42 .534 N
42 .510 N
42 .541 N
42 .10 N
42 .584 N
42 .572 N
42 .507 N
42 .563 N
42 .825 N
42 .482 N
42 .481 N
42 .712 N
42 .609 N
42 .719 N
42 .496 N
42 .565 N
42 .608 N
42 .627 N
42 .462 N
42 .704 N
42538 N
42 .647 N
42 .719 N
42.606 N
42 .683 N
38 .847 N
39 .822 N
42 .679 N
42 .803 N

Longitude
deg.

45 .443
43 .719
44 .936
43 .563
45.17
42 .971
43 .409
42 .989
42 .875
42 .859
43 .715
43 .464
43 .259
46 .184
44 .974
43 .80
42 .153
44 .356
44 .222
43 .906
43 .51
44 .116
45 .86
44 .009
43 .688
43 .715
43 .899
43 .673
43 .937

43 .986
43 .616
43 .960
46 .77
43 .904
43 .816
43 .507

43 .764
43 .962
43 .363
43 .201
44 .102
43.579
44 .053
43.153
43 349
43 .477
43 .449
46 .493
43 .692
46 .449
43.263
45 .947
43 .125
43 .247
41 .417
48 .439
42 .908
46 .524

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Depth Mag
km
33 N 4.3
10 G 42
33 N 43
33 N 42
10 G 43
33 N 4.6
18 D 5.0
10 G 3.7
28 D 4.6
28 D 5.0
33 N 5.2
33 N 4.5
10 G 4.4
33 N 42
33 N 4.4
33 N 42
10 G 4.4
33 N 4.1
10 G 4.4
10 G 4.1
10 G 42
20 D 5.0
10 G 3.7
9G 6.3

10 G 4.5
33 N 5.0
14 G 6.0
17 G 7.2
10 G 5.4
10 G 4.7
10 G 4.3
10 G 5.1
33 N 4.2
10 G 4.7
10 G 4.9
10 G 4.5
10 G 5.5
10 G 4.5
10 G 4.6
10 G 3.9
10 G 4.6
10 G 3.8
10 G 4.1
10 G 4.6
14 D 4.9
10 G 4.0
28 D 4.4
33 N 4.0
10 G 4.1
33 N 43
11 D 5.2
33 N 4.6
10 G 4.2
10 G 5.3
10 G 43
61 D 4.9
10 G 3.9
15 D 4.9

Azi Epicentre! Distance
deg.
240

87
349
135
196
97

134
110
85
87

148
145
139
220
354
159
88

172
170
164
156
169
201
167
162
162
166
162
166
167
164
167
217
166
165
159
164
167
157
155
170
161
169
154
157
160
159
209
164
208
157
199
155
157
64

275
152
206

km
70
86
94

138
139
150
154
156
156
159
161
183
187
190
209
214
219
222
239
241
246
256
263
266
269
272
272
272
273
274
275
275
278
281
281
283
284
284
285
290
291
291
293
294
294
294
297
298
298
304
305
305
306
309
318
318
321
332

deg.
0.63
0.77
0.84
1.24
1.25
1.35
1.39
1.40
1.42
1.43
1.45
1.65
1.68
1.71
1.88
1.93
1.97
2.00
2.15
2.17
2J21
2.30
2.37
2.39
2.42
2.44
2.45
2.45
2.45
2.46
2.47
2.47
2.50
2.53
2.53
2.54
2.55
2.56
2.56
2.61
2.62
2.62
2.63
2.64
2.64
2.64
2.67
2.68
2.68
2.73
2.74
2.74

2.75
2.78
2.86
2.86
2.89
2.99

Travel F
mas
-0:08
0:07
026
0:12
0:45
021
024
0:16
0:15
0:13
021
024
021
034
031
0:41
0:46
023
032
032
0:41
039
026
033
0:47
0:42
036
029
035
032
035
032
0:50
035
034
036
035
034
037
0:41
032
037
029
0:40
036
0:42
035
0:54
033
034
039
0:47
038
038
0:48
0:48
026
0:52

»hai

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Pr

Region

EASTERN CAUCASUS <early> 
TURKEY-USSR BORDER REGION 
ARMENIA-AZERBAUAN-IRAN BORO REG 
TURKEY-USSR BORDER REGION 
EASTERN CAUCASUS 
TURKEY
GEORGIA-ARMENIA-TURKEY BORD REG 
TURKEY 
TURKEY 
TURKEY
TURKEY-USSR BORDER REGION 
GEORGIA-ARMENIA-TURKEY BORD REG 
GEORGIA-ARMENIA-TURKEY BORD REG 
EASTERN CAUCASUS 
TURKEY-IRAN BORDER REGION 
TURKEY-USSR BORDER REGION 
TURKEY
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
EASTERN CAUCASUS
WESTERN CAUCASUS <MW;2 events> 
WESTERN CAUCASUS 
NORTHWESTERN CAUCASUS 
WESTERN CAUCASUS <Msz> 
WESTERN CAUCASUS <MW> 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
EASTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
EASTERN CAUCASUS 
WESTERN CAUCASUS 
EASTERN CAUCASUS 
WESTERN CAUCASUS 

Pn EASTERN CAUCASUS 
WESTERN CAUCASUS 
WESTERN CAUCASUS 
TURKEY
N.W. IRAN-USSR BORDER REGION 
WESTERN CAUCASUS 
EASTERN CAUCASUS
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Table 3-6b. NEIC Parameters of Identified Events Sorted by Distance.

Date

26 - APR - 92
15 - FEB - 92
02 -AUG -90

24 - SEP - 90
08- DEC-91
02- AUG- 90
21 -MAY- 91
01 -DEC -91
07 -MAY- 92
13- MAR- 92
22 - APR - 92
01 - JUL - 90
01 - JUL - 90
28 -DEC- 90
27- JUL -90
22 -AUG -90
21 -AUG -90
06- JUL -90
27- DEC- 90
11- JUL -90
28 - JUN - 90
28 -MOV- 91
01 - JUL - 90
20 -AUG- 90
17 - JUL - 90
23 - FEB - 92
28 - JUN - 90
13 -AUG -90
18- JUL -90
30 - APR - 92
10 - AUG - 92
31 - JAN - 91
03- SEP -90
13- JUL -90
25 - OCT - 90
15- MAY- 92
14 - JUL - 91
08 - SEP - 91
15 -APR -91
07 -DEC -91
20 -AUG -91
26 - JUL - 90
24 - APR - 92
08 - SEP - 90
14 -AUG -90
10- MAY-92
20 -MAY- 92
26 - FEB - 91
12-NOV-90
14- SEP -90
03 -AUG- 90
28 - FEB - 92
16 -AUG -90

10 - AUG - 90
07 - SEP - 90
09 - JUL - 90
27 - DEC - 91

25-OCT-90

D.O.Y. Hr Mn Sec

(117) 13: 15: 512 *
(046) 13: 37: 40.1
(214) 17: 12: 48.5 *
(267) 06: 35: 13.9 *
(342) 01: 02: 062 *
(214) 21: 17: 18.7 *
(141) 17: 37: 36.8
(335) 09: 17: 27.0
(128) 19: 15: 023
(073) 17: 18: 40.1
(113) 03: 03: 47.6 *
(182) 21: 16: 48.3
(182) 17: 19: 44.1
(362) 04: 03: 53.6
(208) 05: 31: 00.1
(234) 07: 51:49.5 *
(233) 03: 47: 262
(187) 19: 34: 52.4
(361) 13: 28: 57.1
(192) 04: 36: 08.6 *
(179) 03: 20: 35.0
(332) 17: 19: 55.5
(182) 12: 24: 572
(232) 12: 20: 11.0 *
(198) 04: 02: 09.2
(054) 12: 03: 11.7 *
(179) 03: 42:01.9 *
(225) 06: 18: 25.1
(199) 11: 29: 24.9
(121) 11: 44: 38.6
(223) 13: 42: 34.9
(031) 23: 03: 33.6
(246) 02: 40: 59.1
(194) 14: 20: 43.4
(298) 04: 53: 59.9
(136) 08: 08: 02.9
(195) 09: 09: 11.9
(251) 10: 14: 56.6
(105) 10: 48: 59.3
(341) 14: 22: 32.2
(232) 08: 46: 40.5
(207) 06: 53: 56.3
(115) 07: 07: 25.1
(251) 19: 33: 18.8
(226) 00: 50: 392
(131) 04: 04: 32.6
(141) 12: 20: 35.0
(057) 07: 25: 472
(316) 12: 28: 51.5
(257) 20: 40: 18.3
(215) 09: 15: 06.1
(057) 03: 45: 19.7
(228) 04: 59: 57.6
(222) 21: 11: 49.0
(250) 00: 12: 262
(190) 15: 11: 20.3
(361) 09: 09: 37.5
(298) 04: 52: 06.0 *

Latitude
deg.

37 .663
42 .934
38.540
36 253
36335
36 .398
42 .867
36 373
38.677
39 .706
39.557
37 265
37 280
37 .106
37 .316
37 .056
37 .309
36 .861
36.539
37 .015
37 .085
36 .924
37 .181
36 .956
37 .137
36 .391
37 .079
36 .663
36 .990
35.070
36 .053
35 .993
36 .409
36 .415
35 .121
41 .003
36 .334
36 264
36 .340
25.191
37 .646
27 247
27 .552
27 .500
27 .024
37 .193
33 .324
40 .186
42 .959
13 .382
47 .963
11 .803
41 .564

6 .572
5 .443
5395

51 .019

76 243

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

Longitude
deg.

47 .104
46 .548
48 .186
47 .951
48 .151
48228
48 .028
45 .036
40 .130
39.570
39 .557
48 .820
48.818
49 227
49 .585
49 .327
49 .665
49 .303
48 .907
49 .530
49 .642
49 .603
49 .685
49 .720
49 .979
49 .179
50 .147
49 .884
29 .595
26 .709
69 .706
70 .423
70 .671
70 .789
70 .486
72 .409
71 .119
71 .324
71 .358
62 .974
72 .150
85 .508
66 .057
66 .092
85 .969
72 .936
71 271
13 .822
78 .071
51 .456
84 .961
57 .764
88 .770
60 240
31 .686
31 .654
96 .150
6.409

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Depth Mag
km
33N
33N
33N
10 G
33N
33N
10 G
35 *

10 G
28D
10 G
10 G
10 G
10 G
10 G
10 G
10 G
35D
10 G
33N
10 G
16 D
10 G
33N
33N
10 G
10 G
35 *

17 D
17 D

111 D
142 G
202 D
217 D
114G
48  

213 G
133
124 D
SOD

135 D
19 G
33N
28  

21 D
33N
33N

401
19 G
10 G
33G
10 G
OG

10 G
10 G
13 G
14 D
10G

3.8
42
42
4.6
3.8
4.1
5.0
4.7
5.0
7.1
4.5
4.7
4.6
5.0
4.6
43
4.8
5.3
4.7
4.5
4.8
5.6
4.8
4.8
4.6
4.5
4.7
4.6
52
5.7
5.3
6.7
4.9
5.6
6.0
62
6.4
5.0
5.3
52
52
5.6
6.1
5.5
52
5.9
6.0
5.5
6.3
5.4
6.1
5.6
62
5.5
52
6.4
6.5
4.6

Azi Epicentre! Distance
deg.
322
205
300
306
303
301
221
356

69
85
83

310
310
309
305
309
305
311
316
308
307
309
305
308
304
316
304
309

80
76

274
273
272
272
276
259
272
272
272
309
268
300
299
299
300
269
279
100
252
346
241
334
253
333
22
22

235
167

km
343
346
346
346
357
358
410
419
427
442
446
476
476
516
525
526
533
540
541
543
545
554
555
560
565
569
581
592

1359
1680
2225
2288
2294
2304
2327
2331
2335
2355
2355
2374
2380
2388
2406
2412
2438
2461
2473
2613
2774
3046
3291
3400
3668
4040
4072
4076

4229
4382

deg.
3.09
3.11
3.12
3.13
321
322
3.69
3.77
3.84
3.98
4.01
428
428
4.64
4.72
4.73
4.79
4.85
4.87
4.88
4.90
4.99
4.99
5.03
5.08
5.12
522
5.33

1222
15.11
20.01
20.57
20.63
20.72
20.93
20.96
21.00
21.17
21.16
21.35
21.40
21.47
21.63
21.69
21.93
22.13
2224
23.49
24.95
27.39
29.59
30.58
32.98
3633
36.62
36.67
36.03
39.41

Travel Phai
m-M

0:56 P
0:49
056

1.-02
055
0:49
1:08
1:15
1.-04
1:17
129
130
129
129
133
130
1:16 Pr
126
135
136
134
135
130
135
1:41
139
137
3:07
3:44
430
431
427
426
436
4:44
432
4:43

430
4:51
4:43
4:51
455
452
4:56
459
5.-00
430
528
5:50
6:05
6:18
639
7.-07
7:09
7.-09
731

?7:47

Region

NORTHWESTERN IRAN 
EASTERN CAUCASUS 
N.W. IRAN-USSR BORDER REGION 
NORTHWESTERN IRAN <PC only> 
ARMENIA-AZERBAUAN-IRAN BORD REG 
N.W. IRAN-USSR BORDER REGION 
CASPIAN SEA
IRAN-IRAQ BORDER REGION 
TURKEY
TURKEY <MW> 
TURKEY 
CASPIAN SEA 
CASPIAN SEA 
CASPIAN SEA 
CASPIAN SEA 
CASPIAN SEA 
CASPIAN SEA 

Pn WESTERN IRAN
NORTHWESTERN IRAN
CASPIAN SEA
CASPIAN SEA
WESTERN IRAN
CASPIAN SEA
WESTERN IRAN
CASPIAN SEA
WESTERN IRAN
CASPIAN SEA
WESTERN IRAN
TURKEY
CRETE
HINDU KUSH REGION, AFGHANISTAN
HINDU KUSH REGION <MW>
HINDU KUSH REGION
HINDU KUSH REGION
HINDU KUSH REGION
KYRGYZSTAN <Msz>
AFGHANISTAN-USSR BORDER REGION
AFGHANISTAN-TAJIKISTAN BORD REG
AFGHANISTAN-USSR BORDER REGION
SOUTHWESTERN PAKISTAN
TAJIK SSR
PAKISTAN <2events>
PAKISTAN <MW>
PAKISTAN
PAKISTAN
TAJIKISTAN <MW>
PAKISTAN
TYRRHENIAN SEA
ALMA-ATA REGION <MW>
EASTERN GULF OF ADEN
KAZAKH-XINJIANG BORDER REGION <MW>
ARABIAN SEA
SOUTHERN XINJIANG, CHINA
CARLSBERG RIDGE
SUDAN
SUDAN <MW>
RUSSIA-MONGOLIA BORDER REGION <MW*>
SVALBARD REGION <wlthin coda>
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Table 3-6c. NEIC Parameters of Identified Events Sorted by Distance.

Date

09- SEP -90
29-AUG-90
14-AUG-90
04 - JUL - 90
14 - APR - 91
15-AUG-90
16- JUL -90
16- JUL -90
14- JUL -90
17- JUL -90
18 - JUL - 90
22 - JUL - 90
14- JUL -90
16 - JUL - 90
08-OCT-91
17 - SEP - 90
02- MAR-92
26- DEC- 91
06 - JUL - 90
22- DEC- 91
13 -DEC -91
07 -DEC -91
13 -DEC -91
19 -DEC -91
13 -DEC -91
23- DEC- 91
13 -DEC -91
20 -DEC- 91
13-NOV-91
17- MAY- 92
17 -MAY- 92
21-NOV-91
25-AUG-90
10-AUG-90
03 -MAR- 92
27- JUL -90
12-AUG-90
22- JUL -90

D.O.Y. Hr

(252) 02:
(241) 20:
(226) 15:
(185) 02:
(104) 08:
(227) 23:
(197) 13:
(197) 19:
(195) 05:
(198) 21:
(199) 08:
(203) 11:
(195) 07:
(197) 07:
(281) 03:
(260) 11:
(062) 12:
(360) 11:
(187) 05:
(356) 08:
(347) 19:
(341) 11:
(347) 05:
(353) 01:
(347) 19:
(357) 13:
(347) 18:
(354) 08:
(317) 11:
(138) 09:
(138) 10:
(325) 12:
(237) 15:
(222) 15:
(063) 01:
(208) 12:
(224) 21:
(203) 09:

Mn Sec

14:51.0
44:23.0
13: 28.6
24: 41.9
08:55.7
08: 56.0
31: 13.2
45:25.1
54:25.4
14: 43.6
00: 12.6
20:09.6
24: 39.6
28:34.6
31: 15.6
57: 24.1
29: 40.2
35:56.2
02: 27.9
43: 13.4
55: 09.5
59:00.9
45:29.0
33: 40.4
56: 18.5
10: 04.9
59:06.5
35: 37.3
12: 13.2
49: 18.7
15:31.2
38: 28.5
47: 53.8
44: 31.3
18: 32.7
37: 59.5
25: 21.9
26: 14.6

Latitude
deg.

56 .654 N
11 .791 N
35 .432 N
25 .372 N
27 .155 N
43 .757 N
16.285 N
16 .365 N
0 .003 N

16 .495 N
16 .511 N
16 .532 N
0 .074 S

15 .679 N
45.567 N
5 .917 S

52 .884 N
54 .382 N
45 .371 N
45 .533 N
45.435 N
45 .475 N
45 .567 N
45253 N
45 .439 N
45.854 N
45.521 N
45 .133 N

8 .361 N
7 260 N
7 .169 N
5.782 N
0 .525 N
0 .333 N

14 .265 S
15.355 S
19 .435 S
23 .622 S

Longitude
deg.

34 .395
95.034
35 .648

124 .473
127 .419
143 297
120 .457
120 .546

17 .376
120 .961
121 .007
121 .045

17 523
121 .172
149 .049
103 .796
159 .997
162 .521
150 .170
151 .021
151 .270
151 .391
151 .530
151 .176
151 .427
151 .962
151 .707
151 248
126 .371
126.753
126 .861
126 .832
126 .084
126 .175
167 .106
167 .464
169 .132
179 .893

W
E
W
E
E
E
E
E
W
E
E
E
W
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
W

Depth Mag
km
10 G
25D
10 G

133
83G

162 D
13 D
33N
11 G
23G
14 G
33N
12G
25D

146 D
59D
44D
29D
42 D
25D
48D
SOD
26G
27 G
20 G
24 D
19G
48D

36G
33N
33N
73G
11 G
53

159 D
126G
140 G
531 G

5.4
52
6.0
5.6
62
5.4
5.7
5.4
6.4
6.7
5.8
5.3
5.8
7.9
6.0
5.7
6.9
5.5
5.7
7.5
6.4
6.0
6.0
6.6
6.4
6.0
6.5
6.0
6.6
72
7.3
6.1
6.5
6.4
5.9
7.5
6.3
5.9

Azl Epicentral Distance
deg.
137
288
114
256
253
230
266
266

71
266
266
266

71
266
226
296
215
213
226
225
225
225
225
225
225
224
225
225
269
270
270
271
275
275
260
261
263
260

km
5765
5830
6833
7392
7519
7637
7650
7652
7676
7680
7681
7683
7694
7752
7878
7902
7952
7957
7961
8001
8023
8027
8029
8030
8032
8034
8043
8043
8701
8611
8627
8923
9236
9258

13761
13866
14283
15477

deg.
51.84
52.43
61.45
66.47
67.62
68.68
68.79
68.81
69.03
69.07
69.08
69.09
69.19
69.71
70.84
71.06
71.51
7155
7159
71.95
72.15
72.19
7220
7221
7223
7225
72.33
72.33
7824
7924
79.38
8024
83.06
8325

123.75
124.70
128.44
139.18

Travel Phase
mas
9:14 P
9:15 P

1027 P
1038 P
10:45 P
1051 P
11:04 P
11:04 P
11:07 P
11:09 P
11:10 P
11. -07 P
11:10 P
11:12 P
11:07 P
11:14 P
1122 P
1124
1122
1128
1129
1125
1130
1128
1132
1130 P
1132 P
1128 P
12:01 P
12*7 P
12:08 P
12:10 P
12:29 P
1225 P
18:44 PKP
18:48 PKP
1852 PKP
21:14 SKP

Region

NORTH ATLANTIC OCEAN 
ANDAMAN ISLANDS REGION 
NORTH ATLANTIC RIDGE <Msz> 
NORTHEAST OF TAIWAN 
RYUKYU ISLANDS 
HOKKAIDO, JAPAN REGION 
LUZON, PHILIPPINE ISLANDS <Msz> 
LUZON, PHILIPPINE ISLANDS 
NORTH OF ASCENCKDN ISLAND <Msz> 
LUZON, PHILIPPINE ISLANDS <MW> 
LUZON, PHILIPPINE ISLANDS 
LUZON, PHILIPPINE ISLANDS 
NORTH OF ASCENCKDN ISLAND 
LUZON, PHILIPPINE ISLANDS <MW> 
KURIL ISLANDS 
SOUTHERN SUMATERA 
NEAR EAST COAST OF KAMCHATKA <MW> 
NEAR EAST COAST OF KAMCHATKA 
KURIL ISLANDS
KURIL ISLANDS <MW> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <2events> 
KURIL ISLANDS <MW> 
KURIL ISLANDS <Msz> 
KURIL ISLANDS
KURIL ISLANDS <MW> 
KURIL ISLANDS <MW> 
MINDANAO. PHILIPPINE ISLANDS <MW> 
MINDANAO, PHILIPPINE ISLANDS <MW> 
MINDANAO, PHILIPPINE ISLANDS <MW> 
MINDANAO, PHILIPPINE ISLANDS <MW> 
MOLUCCA PASSAGE <MW> 
MOLUCCA PASSAGE <MW> 

PKP VANUATU ISLANDS <MW> 
PKP VANUATU ISLANDS <MW;2events> 
PKP VANUATU ISLANDS <2events> 
SKP SOUTH OF FUI ISLANDS
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Table 3-7a. NEIC Parameters of Identified Events Sorted by Magnitude.

Data

16- JUL-90
22 -DEC- 91
27- JUL-90
17 -MAY- 92
29- APR -91
17- MAY-92
13 -MAR- 92
02- MAR-92
31 - JAN - 91
17- JUL-90
19 -DEC -91
13-NOV-91
27 -DEC -91
13 -DEC- 91
25-AUG-90
14- JUL-91
09- JUL-90
14 -JUL-90
13 -DEC -91
13 -DEC -91
10-AUG-90
15- JUN-91
12-NOV-90
12-AUG-90
15- MAY-92
16-AUG-90
14 - APR - 91
24 - APR - 92
03 - AUG - 90
21-NOV-91
29 - APR - 91
25 - OCT - 90
20- MAY-92
14 - AUG - 90
08 - OCT - 91
07 -DEC -91
13 -DEC -91
23 -DEC- 91
20 -DEC- 91
10 -MAY- 92
03 -MAR- 92
22 - JUL - 90
26- JUL-90
26 - FEB - 92
18- JUL-90
14- JUL-90
30 - APR - 92
16- JUL-90
17- SEP -90
06- JUL-90
28-NCV-91
13- JUL-90
04 - JUL - 90
29 - APR - 91
08 - SEP - 90
26 - FEB - 91
10 - AUG - 90
26- DEC-91

D.O.Y. Hr

(197) 07:

Mn Sec

26:34.6
(356) 08: 43: 13.4
(208) 12:
(138) 10:
(119) 09:
(138) 09:
(073) 17:
(062) 12:
(031) 23:
(196) 21:
(353) 01:
(317) 11:
(361) 09:
(347) 18:
(237) 15:
(195) 09:
(190) 15:
(195) 05:
(347) 19:
(347) 19:
(222) 15:
(166) 00:
(316) 12:
(224) 21:
(136) 08:
(228) 04:
(104) 08:
(115)07:
(215) 09:
(325) 12:
(119) 18:
(298) 04:
(141) 12:
(226) 15:
(281) 03:
(341) 11:

37: 59.5
15: 31.2
12: 48.1
49: 18.7
16: 40.1
29: 40.2
03:33.6
14: 43.8
33: 40.4
12: 13.2
09: 37.5
59:06.5
47: 53.8
09: 11.9
11:20.3
54:25.4
55:09.5
56: 18.5
44: 31.3
59:20.3
28: 51.5
25: 21.9
08: 02.9
59: 57.6
08:55.7
07: 25.1
15: 06.1
38:28.5
30: 41.5
53: 59.9
20: 35.0
13: 28.6
31: 15.6
59: 00.9

(347) 05: 45: 29.0
(357) 13:
(354) 08:
(131) 04:
(063) 01:
(203) 09:
(207) 06:
(057) 03:
(199) 08:

10: 04.9
35: 37.3
04:32.8
18: 32.7
26: 14.6
53: 56.3
45: 19.7
00: 12.6

(195) 07: 24: 39.6
(121) 11:
(197) 13:
(260) 11:
(187) 05:
(332) 17:
(194) 14:
(185) 02:
(119) 18:
(251) 19:
(057) 07:
(222) 21:
(360) 11:

44: 38.6
31 : 13.2
57: 24.1
02: 27.9
19: 55.5
20:43.4
24: 41.9
23: 15.2
33: 16.8
25: 47.2
11: 49.0
35:56.2

Latitude
deg.

15 .679
45.533
15.355
7 .169

42 .453
7 260

39 .706
52 .884
35.993
16 .495
45 .253
8.361

51 .019
45.521
0.525

36 .334
5.395
0 .003

45.435
45.439

0 .333
42 .461
42 .959
19 .435
41 .003
41 .564
27.155
27.552
47 .963
5.782

42.503
35.121
33 .324
35 .432
45 .587
45.475
45.567
45.654
45.133
37 .193
14 .265
23 .622
27 .247
11 .803
16 .511
0 .074

35 .070
16 285
5 .917

45.371
36 .924
36.415
25 .372
42.583
27 .500
40 .186

6 .572
54 .382

N
N
S
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
S
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
S
S
N
N
N
S
N
N
S
N
N
N
N
N
N
N
N
N

Longitude
deg.

121 .172
151 .021
167 .464
126 .861
43 .673

126 .753
39 .570

159 .997
70 .423

120 .961
151 .176
126 .371
96 .150

151 .707
126 .084
71 .119
31 .654
17 .376

151 .270
151 .427
126 .175
44 .009
78 .071

169 .132
72.409
88 .770

127 .419
66 .057
84 .961

126 .832
43 .699
70 .486
71 .271
35.648

149 .049
151 .391
151 .530
151 .962
151 .248
72 .936

167 .106
179 .893
85 .508
57 .764

121 .007
17523
26 .709

120 .457
103.796
150 .170
49 .603
70 .789

124 .473
43 .764
66 .092
13 .822
80 .240

162 .521

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
W
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
W
E
E
E
E
E
E
E
W
E
E
E
W
E
E
E
E
E
E
E
E
E
E
E
E

Depth Mag
km
25 D 7.9
25 D 7.5

126 G 73
33 N 7.3
17 G 12.
33 N 72
28 D 7.1
44 D 6.9

142 G 6.7
23 G 6.7
27 G 6.6
36 G 6.6
14 D 6.5
19 G 6.5
11 G 6.5

213 G 8.4
13 G 6.4
11 G 6.4
48 D 6.4
20 G 6.4
53 6.4
9G 6.3

19 G 6.3
140 G 6.3
48 * 6.2

OG 6.2
83 G 6.2
33 N 6.1
33 G 6.1
73 G 6.1
14 G 6.0

114G 6.0
33 N 6.0
10 G 6.0

146 D 6.0
SOD 6.0
26 G 6.0
24 D 6.0
48 D 6.0
33 N 5.9

159 D 5.9
531 G 5.9

19 G 5.6
10 G 5.8
14 G 5.6
12 G 5.8
17 D 5.7
13 D 5.7
59 D 5.7
42 D 5.7
16 D 5.6

217 D 5.6
133 5.6

10 G 5.5
28   5.5

401 5.5
10 G 5.5
29 D 5.5

Azl Epicentral Distance
deg.
266
225
261
270
162
270
85

215
273
266
225
269
235
225
275
272

22
71

225
225
275
167
252
263
259
253
253
299
241
271
166
276
279
114
226
225
225
224
225
269
260
260
300
334
266

71
76

266
296
226
309
272
256
164
299
100
333
213

km
7752
8001

13866
8827

272
8811
442

7952
2288
7680
8030
8701
4229
6043
9236
2335
4078
7676
8023
8032
9258
266

2774
14283
2331
3668
7519
2406
3291
8923
272

2327
2473
6833
7878
8027
8029
8034
6043
2461

13761
15477
2388
3400
7661
7694
1680
7650
7902
7961

554
2304
7392

284
2412
2613
4040
7957

deg.
69.71
71.95

124.70
79.38

2.45
79.24
3.96

7151
2057
69.07
72.21
78.24
38.03
72.33
83.06
21.00
36.67
69.03
72.15
72.23
83.25
2.39

24.95
128.44
20.96
32.96
67.62
21.83
29.59
80.24

2.45
20.93
2224
61.45
70.84
72.19
7220
7225
7253
22.13

123.75
139.18
21.47
3058
69.08
69.19
15.11
68.79
71.06
7159

4.99
20.72
66.47

2.55
21.69
23.49
36.33
7155

Travel Phase
m:ss

11:12 P
1128 P
18:48 PKP
12:08 P
029 P

12:07 P
1.D4 P

1122 P
431 P

11:09 P
1128 P
12:01 P
731 P

1132 P
1229 P
432 P
7:09 P

11:07 P
1129 P
1132 P
1225 P
033 P
528 P

18:52 PKP
4:44 P
639 P

10:45 P
455 P
6:05 P

12:10 P
036 P
438 P
5:00 P

1027 P
11:07 P
1125 P
1130 P
1130 P
1128 P
4:59 P

18:44 PKP
21:14 SKP
451 P
6:18 P

11:10 P
11:10 P
3:44 P

11:04 P
11:14 P
1122 P
134 P
428 P

1038 P
035 P
452 P
430 P
7:07 P

1124 P

Region

LUZON, PHILIPPINE ISLANDS
KURIL ISLANDS 

PKP VANUATU ISLANDS
MINDANAO, PHILIPPINE ISLANDS
WESTERN CAUCASUS
MINDANAO, PHILIPPINE ISLANDS
TURKEY
NEAR EAST COAST OF KAMCHATKA
HINDU KUSH REGION
LUZON, PHILIPPINE ISLANDS
KURIL ISLANDS
MINDANAO, PHILIPPINE ISLANDS
RUSSIA-MONGOLIA BORDER REGION
KURIL ISLANDS
MOLUCCA PASSAGE
AFGHANISTAN-USSR BORDER REGION
SUDAN
NORTH OF ASCENCION ISLAND
KURIL ISLANDS
KURIL ISLANDS
MOLUCCA PASSAGE
WESTERN CAUCASUS
ALMA-ATA REGION 

PKP VANUATU ISLANDS
KYRGYZSTAN
SOUTHERN XINJIANG, CHINA
RYUKYU ISLANDS
PAKISTAN
KAZAKH-XINJIANG BORDER REGION
MINDANAO, PHILIPPINE ISLANDS
WESTERN CAUCASUS
HINDU KUSH REGION
PAKISTAN
NORTH ATLANTIC RIDGE
KURIL ISLANDS
KURIL ISLANDS
KURIL ISLANDS
KURIL ISLANDS
KURIL ISLANDS
TAJIKISTAN

PKP VANUATU ISLANDS 
SKP SOUTH OF FUl ISLANDS

PAKISTAN
ARABIAN SEA
LUZON, PHILIPPINE ISLANDS
NORTH OF ASCENCION ISLAND
CRETE
LUZON, PHILIPPINE ISLANDS
SOUTHERN SUMATERA
KURIL ISLANDS
WESTERN IRAN
HINDU KUSH REGION
NORTHEAST OF TAIWAN
WESTERN CAUCASUS
PAKISTAN
TYRRHENIAN SEA
CARLSBERG RIDGE
NEAR EAST COAST OF KAMCHATKA

<MW>
<MW>
<MW£ events>
<MW>
<MW>
<MW>
<MW>
<MW>
<MW>
<MW>
<MW>
<MW>
<MW*>
<MW>
<MW>

<MW> 
<MSZ>
<MW> 
<MSZ>
<MW>
<MW;2 events> 
<MW> 
<2 events> 
<MSZ>

<MW>
<MW> 
<MW>
<MSZ>

<MSZ>

<MW> 
<2 events>

<MW> 
<MW> 
<MW>

<2 events>

<Msz>
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Table 3-7b. NEIC Parameters of Identified Events Sorted by Magnitude.

Date

29 - APR - 91
14 -SEP -90
09- SEP -90
15-AUG-90
16- JUL-90
03- MAY-91
06- JUL-90
10-AUG-92
15 -APR -91
22- JUL-90
16- DEC- 90
03 -MAY- 91
16- JUL-90
07 -DEC -91
20-AUG-91
14-AUG-90
07- SEP-90
29 - AUG - 90
02- MAY-91
06-OCT-91
03- JUN-91
04 - JUL - 91
27- MAR- 92
21 -MAY- 91
07 -MAY- 92
28 -DEC- 90
06 - SEP - 91
29 - APR - 91
15 -MAY- 91
01 - JAN - 91
15- FEB-92
03 - SEP - 90
23 - JUL - 90
27- JUL-90
21 - AUG - 90
28 - JUN - 90
01 - JUL - 90
20 -AUG -90
10 -MAY- 91
29 - APR - 91
01 -DEC -91
01 - JUL - 90
27- DEC- 90
28 - JUN - 90
19- JUN-91
16- JUN-91
03 -MAY- 91
29 - APR - 91
10 -MAY- 91
24 - SEP - 90
01 - JUL - 90
17- JUL-90
13 -AUG -90
25-OCT-90

D.O.Y. Hr Mn Sec

(119) 14: 43:06.3
(257) 20: 40: 16.3
(252) 02: 14: 51.0
(227) 23: 08: 56.0
(197) 19: 45: 25.1
(123) 20: 19: 38.6
(167) 19: 34: 52.4
(223) 13: 42: 34.9
(105) 10: 48: 59.3
(203) 11: 20: 09.6
(350) 15: 45: 40.7
(123) 23: 41: 01.8
(199) 11: 29: 24.9
(341) 14: 22: 322
(232) 08: 46: 40.5
(226) 00: 50: 39.2

(250) 00: 12: 262
(241) 20: 44: 23.0
(122) 01: 25: 30.1
(279) 01:46: 47.5
(154) 10: 22: 40.4
(185) 06: 26: 31.6
(067) 19: 21:04.6
(141) 17: 37: 38.8
(128) 19: 15: 02.3
(382) 04: 03: 53.6
(251) 10: 14: 58.8
(119) 11: 51: 10.3
(135) 14: 28: 50.1
(001) 19: 16: 56.4
(046) 12: 52: 51.7 *
(246) 02: 40: 59.1
(204) 20: 54: 56.6
(208) 05: 31: 00.1
(233) 03: 47: 26.2
(179) 03: 20: 35.0
(182) 12: 24: 572
(232) 12: 20: 11.0 *
(130) 20: 52: 27.3
(119) 11: 10: 11.9
(335) 09: 17: 27.0
(162) 21: 16: 48.3
(361) 13: 28: 57.1
(179) 03: 42: 01.9 *
(170) 06: 40: 28.9
(167) 11: 07: 10.6
(123) 06: 08: 37.1
(119) 10: 52:422
(130) 01: 25: 15.6
(267) 06: 35: 13.9 *
(182) 17: 19: 44.1
(198) 04: 02: 092
(225) 06: 16: 25.1
(298) 04: 52: 06.0 *

Latitude
deg.

42 .515 N
13 .382 N
56.654 N
43 .757 N
16 .365 N
42 .663 N
36 .861 N
36 .053 N
36 .340 N
16.532 N
41 .361 N
42 .647 N
36.990 N
25 .191 N
37 .646 N
27 .024 N
5.443 N

11 .791 N
42 .541 N
41 .096 N
40 .048 N
42 .387 N
42 .456 N
42 .867 N
38 .677 N
37 .106 N
36 264 N
42 .572 N
42 .565 N
39 .622 N
42 .803 N
36 .409 N
42 .719 N
37 .318 N
37 .309 N
37 .065 N
37 .161 N
36 .956 N
42 .534 N
42 .584 N
36 .373 N
37285 N
36 .539 N
37 .079 N
40 .282 N
39 .984 N
42 .482 N
42 .712 N
42 .496 N
38 .253 N
37 280 N
37 .137 N
36 .663 N
76 243 N

Longitude
deg.

43 .937
51 .456
34 .395

143 .297
120 .546
43 247
49 .303
69 .706
71 558

121 .045
43 .715
43 263
29.595
62 .974
72.150
65 .969
31 .686
95 .034
43 .960
43 .409
42 .659
44 .116
43 .715
48 .028
40 .130
49 .227
71 .324
43 .616
43 .349
48 .439
46 .524
70 .671
45 .947
49 .585
49 .685
49 .642
49 .885
49.720
43 .986
43 .904
45 .036
48 .620
48 .907
50 .147
42 .971
42 .675
43.363
44 .102
43 .153
47 .951
48 .616
49 .979
49 .884

8 .409

E
E
W
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Depth Mag
km
10 G
10 G
10 G

162 D
33N
10 G
35D

111 D
124 D
33N
33N
11 D
17 D
SOD

135 D
21 D
10 G
25D
10 G
16 D
26 D
20 D
33N
10 G
10 G
10 G

133
10G
14 D
61 D
15 D

202 D
33N
10 G
10 G
10G
10 G
33N
10 G
10G
35 *

10 G
10G
10G
33N
26D
10G
10 G
10G
10 G
10 G
33N
35 '

10G

5.4
5.4
5.4
5.4
5.4
5.3
5.3
5.3
S3
5.3
52
52
52
52
52
5.2
52
52
5.1
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
4.9
4.9
4.9
4.9
4.9
4.6
4.8
4.8
4.6
4.6
4.6
4.7
4.7
4.7
4.7
4.7
4.7
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.6
4.6

Azi Epicentral Distance
deg.
166
346
137
230
266
157
311
274
272
266
148
157
80

309
268
300

22
288
167
134
87

169
162
221

69
309
272
165
157
275
206
272
199
305
305
307
305
308
167
166
356
310
316
304
97
65

157
170
154
306
310
304
309
167

km
273

3046
5765
7637
7652
309
540

2225
2355
7683

161
305

1359
2374
2380
2438
4072
5830

275
154
159
256
272
410
427
516

2355
261
294
316
332

2294
305
525
533
545
555
560
274
281
419
476
541
581
150
156
285
291
294
348
476
565
592

4382

deg.
2.45

27.39
51.64
68.68
68.81

2.78
4.85

20.01
21.18
69.09

1.45
2.74

1222
21.35
21.40
21.93
36.62
52.43

2.47
1.39
1.43
2.30
2.44
3.69
3.64
4.64

21.17
2.53
2.64
2.86
2.99

20.63
2.74
4.72
4.79
4.90
4.99
5.03
2.46
2.53
3.77
428
4.87
522
1.35
1.42
2.56
2.62
2.64
3.13
428
5.08
5.33

39.41

Travel F
mas
035
5:50
9:14

10:51
11:04
038
1:16
430
430

11:07
021
039
3:07
4:51
4:43
4:56
7:09
9:15
032
024
0:13
039
0:42
0:49
1:15
129
4:43
034
036
0:48
0:52
427
0:47
129
130
136
135
130
032
035
1:08
129
126
139
021
0:15
037
032
0:40

130
135
137

77:47

>has

P
P
P
P
P
P

Pn
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Pn
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Region

WESTERN CAUCASUS
EASTERN GULF OF ADEN
NORTH ATLANTIC OCEAN
HOKKAIDO, JAPAN REGION
LUZON, PHILIPPINE ISLANDS
WESTERN CAUCASUS 

Pn WESTERN IRAN
HINDU KUSH REGION, AFGHANISTAN
AFGHANISTAN-USSR BORDER REGION
LUZON. PHILIPPINE ISLANDS
TURKEY-USSR BORDER REGION
WESTERN CAUCASUS
TURKEY
SOUTHWESTERN PAKISTAN
TAJIK SSR
PAKISTAN
SUDAN
ANDAMAN ISLANDS REGION
WESTERN CAUCASUS
GEORGIA-ARMENIA-TURKEY BORD REG
TURKEY
WESTERN CAUCASUS .
NORTHWESTERN CAUCASUS
CASPIAN SEA
TURKEY
CASPIAN SEA
AFGHANISTAN-TAJIKISTAN BORD REG
WESTERN CAUCASUS
WESTERN CAUCASUS
N.W. IRAN-USSR BORDER REGION
EASTERN CAUCASUS
HINDU KUSH REGION 

Pn EASTERN CAUCASUS
CASPIAN SEA
CASPIAN SEA
CASPIAN SEA
CASPIAN SEA
WESTERN IRAN
WESTERN CAUCASUS
WESTERN CAUCASUS
IRAN-IRAQ BORDER REGION
CASPIAN SEA
NORTHWESTERN IRAN
CASPIAN SEA
TURKEY
TURKEY
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
NORTHWESTERN IRAN <PC only>
CASPIAN SEA
CASPIAN SEA
WESTERN IRAN
SVALBARD REGION <wlthin coda>
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Table 3-7c. NEIC Parameters of Identified Events Sorted by Magnitude.

Date O.O.Y. Hr Mn Sec Latitude Longitude Depth Mag Azl Epicentral Distance Travel Phase

18- FEB-92
30 - JUN - 91
02- MAY-91
29- APR -91
22- APR-92
11- JUL-90
23 - FEB - 92
10-OCT-91
05- MAR-92
10-AUG-91
17- JUN -91
10- MAY-91
27- MAR-91
12-NOV-91
02- MAY-91
29- APR -91
22- SEP -90
05- SEP -91
22-AUG-90
27- APR-91
08 - JUN - 91
15- FEB-92
03- MAY-91
04 -MAY- 91
20 - JUL - 90
07- MAY- 91
15- FEB-92
02-AUG-90
23 - DEC - 90
02 -MAY- 91
01 -MAY- 91
02- MAY-91
02-AUG-90
02- MAY-91
15- FEB-92
02- MAY-91
24- MAY-91
14 -MAY- 91
26 - APR - 92
08 -DEC -91
04 - JUN - 91
27- MAY- 91

(049) 01: 39: 40.9 *
(181) 20: 09: 18.3
(122) 09: 44:41.4
(119) 11: 59:54.8
(113) 03: 03:47.6 *
(192) 04: 36: 08.6 *
(054) 12: 03: 11.7 *
(283) 02: 44: 49.6
(065) 03: 30: 16.1
(222) 08: 57: 51.8 *
(168) 03: 04: 45.5 *
(130) 20: 30: 45.3
(086) 22: 17: 55.0
(316) 20: 35: 59.6 *
(122) 02: 07: 31.6 ?
(119) 11: 04:28.9 *
(265) 02: 46: 01.2 *
(248) 19: 23: 04.8
(234) 07: 51: 49.5 *
(117)03:31:56.5 *
(159) 01: 12:01.8 *
(046) 15: 18: 04.2 *
(123) 06: 12: 54.2 ?
(124) 04: 53: 35.6 ?
(201) 17: 30: 36.2 ?
(127) 09: 01: 23.6 *
(046) 13: 37: 40.1
(214) 17: 12: 48.5 *
(357) 21: 28:50.7 *
(122) 02: 18: 00.1 *
(121) 23: 19: 11.8 *
(122) 09: 00: 35.2 *
(214) 21: 17: 18.7 *
(122) 03: 42: 26.1 *
(046) 13: 30: 32.0 *
(122) 04: 30: 53.9 *
(144) 07: 59: 38.8 *
(134) 09: 36: 25.4 *
(117) 13: 15: 51.2 *
(342) 01: 02:06.2 *
(155) 00: 55: 16.3
(147) 03: 40: 45.5 ?

deg.
41 .477
42 .424
42.507
42.625
39.557
37 .015
36 .391
41 .399
38 .263
40 .052
42 .252
42 .627
40 .443
39.306
41 .34
42 .510
42 .538
38 .647
37.056
40 .093
41 .005
41 .434
41 .93
42 .15
42 .10
42 .606
42 .934
38 .540
42 .115
42 .211
42 .719
42 .704
38 .398
42 .606
42 .462
42 .481
42 .679
42 .609
37 .663
38 .335
40 .600
42 .34

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

deg.
43 .464
43 .688
43 .507
43 .962
39.557
49 .530
49 .179
43 .259
44 .974
42 .153
44 .222
43 .449
45 .443
44 .936
45.17
43 .816
46 .449
41 .417
49 .327
43 .719
43 .563
46 .184
43 .80
43 .51
46 .77
43 .125
46 .548
48 .186
44 .356
43 .906
44 .053

43 .692
48 .228
43 .477
46 .493
43 .201
42 .908
43 .579
47 .104
48 .151
42 .989
45.86

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

km
33 N 4.5
10 G 4.5
10 G 4.5
10 G 4.5
10 G 4.5
33 N 4.5
10 G 4.5
10 G 4.4
33 N 4.4
10 G 4.4
10 G 4.4
28 D 4.4
33 N 4.3
33 N 4.3
10 G 43
10 G 43
33 N 4.3
10 G 4.3
10 G 4.3
10 G 4.2
33 N 4.2
33 N 4.2
33 N 4.2
10 G 42.
33 N 4.2
10 G 4.2
33 N 4.2
33 N 42.
33 N 4.1
10 G 4.1
10 G 4.1
10 G 4.1
33 N 4.1
10 G 4.0
33 N 4.0
10 G 3.9
10 G 3.9
10 G 3.8
33 N 3.8
33 N 3.8
10 G 3.7
10 G 3.7

deg
145
162
159
167
83

308
316
139
354

88
170
159
240
349
196
164
208
64

309
87

135
220
159
156
217
155
205
300
172
164
169
164
301
160
209
155
152
161
322
303
110
201

km
183
269
283
284
446
543
569
187
209
219
239
297

70
94

139
275
304
318
526

86
138
190
214
246
278
306
346
346
222
241
293
298
356
294
298
290
321
291
343
357
156
263

deg.
1.65
2.42
2.54
2.56
4.01
4.88
5.12
1.68
1.68
1.97
2.15
2.67
0.63
0.84
1.25
2.47
2.73
2.86
4.73
0.77
1.24
1.71
1.93
2.21
2.50
2.75
3.11
3.12
2.00
2.17
2.63
2.68
3.22
2.64
2.68
2.61
2.89
2.62
3.09
3.21
1.40

2.37

m:ss
024
0:47
036
034
1:17
135
1:41
021
031
0:46
032
035

-0:08
026
0:45
035
034
0:48
133
0:07
0:12
034
0:41
0:41
0:50
038
0:49
0:56
023
032
029
033
055
0:42
0:54
0:41
026
037
0:56
1:02
0:16
026

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

Region

GEORGIA-ARMENIA-TURKEY BORD REG
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
TURKEY
CASPIAN SEA
WESTERN IRAN
GEORGIA-ARMENIA-TURKEY BORD REG
TURKEY-IRAN BORDER REGION
TURKEY
WESTERN CAUCASUS
WESTERN CAUCASUS
EASTERN CAUCASUS <earty>
ARMENIA-AZERBAUAN-IRAN BORD REG
EASTERN CAUCASUS
WESTERN CAUCASUS
EASTERN CAUCASUS
TURKEY
CASPIAN SEA
TURKEY-USSR BORDER REGION
TURKEY-USSR BORDER REGION
EASTERN CAUCASUS
TURKEY-USSR BORDER REGION
WESTERN CAUCASUS
EASTERN CAUCASUS
WESTERN CAUCASUS
EASTERN CAUCASUS
N.W. IRAN-USSR BORDER REGION
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
N.W. IRAN-USSR BORDER REGION
WESTERN CAUCASUS
EASTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
WESTERN CAUCASUS
NORTHWESTERN IRAN
ARMENIA-AZERBAUAN-IRAN BORD REG
TURKEY
EASTERN CAUCASUS
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LOG.G3 3-JUN-92 16:25:19 Rdgeos V10.02: GEOS Tape Log File

Default Chan 1 Chan 2 Chan 3 Chan 4 Chan 5 
G3 G3A(4) G3A(S) G3A(6) G3B(4) G3B(S)

Chan 6 
G3B(6)

Experinent Location serial Ho. Year 
28 3 5 1991

File

1

*** 
2

File 
3
4

5
6

File

7

File 
8

File

9

10

11

12

File 
13

14

Evt Type

1 Sensor Cal

506 null values 
2 Amp Calib

Clock event 
VB Synch TMO 
NWVB Corr.

VB Synch TMO 
VB Synch TMO

Evt Type

3 Trigger

Clock event 
VB Synch TMO

Evt Type

4 Trigger

5 Trigger

6 Trigger

7 Trigger

Clock event 
KWVB Corr.

VB Synch TMO

Tine c Standard

121:14:47:27.382 EXT.

filled in 
121:14:48:15.683 EXT.

Clock tine t Standard 
121:14:55:35.717 NONE 
121:14:56:44.000 HONE

121:18:05:35.750 HONE 
121:21:15:35.816 HONE

Tine ( Standard

121:23:19:44.228 EXT.

Clock tine t Standard 
122:00:25:35.889 HONE

Tine * Standard

122:01:26:00.618 EXT.

122:02:08:17.838 EXT.

122:02:18:31.458 EXT.

122:02:29:34.222 EXT.

Clock time * Standard 
122:02:57:52.004 HONE

122:03:35:35.959 HOHE

Corr

0.000 
Ch 1: 
Ch 4:

0.000 
Ch 1: 
Ch 4:

DR100 name

1211447Jn.G3 
VEL, 54 dB, 
VEL, 54 dB,

1211448Fn.G3 
VEL, 54 dB, 
VEL, 54 dB,

Duration

00:37 
SO Hz | Ch 
50 Hz | Ch

00:41 
SO Hz | Ch 
SO Hz I Ch

Srate Pre-event

1200. 
2: VEL. 
5: VEL,

1200. 
2: VEL, 
S: VEL,

Volts Trg ch STA

2.06 Hone 
54 dB, SO Hz | Ch 3: VEL, 54 
54 dB, SO Hz | Ch 6: VEL, 54

2.06 Hone 
54 dB, SO Hz | Ch 3: VEL, 54 
54 dB, SO Hz | Ch 6: VEL, 54

Old Tine t Standard - -

0.001 0.000 0.000 
Mean: 0.000 std.

Corr

0.000 
Ch 1: 
Ch 4:

DR100 name

12123190n.G3 
VEL, 54 dB, 
VEL, 54 dB,

Duration

00:26 
50 Hz | Ch 
SO Hz | Ch

Srate Pre-event

1200. 
2: VEL, 
5: VEL,

2.06 
54 dB, 
54 dB,

Old Tine t Standard - -

Corr

0.000 
Ch 1 
Ch 4

0.000 
Ch 1 
Ch 4

0.000 
Ch 1 
Ch 4

0.000 
Ch 1 
Ch 4

DR100 name

1220126An.G3 
VEL, 54 dB, 
VEL, 54 dB,

1220208Fn.G3 
VEL, 54 dB, 
VEL, 54 dB,

1220218KH.G3 
VEL, 54 dB, 
VEL, 54 dB,

1220229Ln.G3 
VEL, 54 dB, 
VEL, 54 dB,

Duration

03:27 
50 Hz I Ch 
SO Hz 1 Ch

00:26 
SO Hz I Ch 
50 Hz I Ch

01:42 
SO Hz I Ch 
SO Hz | Ch

00:28 
50 Hz | Ch 
SO Hz | Ch

Srate Pre-event

1200. 
2: VEL, 
S: VEL,

1200. 
2: VEL, 
5: VEL,

1200. 
2: VEL, 
5: VEL,

1200. 
2: VEL, 
5: VEL,

2.06 
54 dB, 
54 dB,

2.06 
54 dB, 
54 dB,

2.06 
54 dB, 
54 dB,

2.06 
54 dB, 
54 dB,

Old Tine * Standard - - 
0.004 0.004 0.004 

Mean: 0.004 std.

LOG. 63 3-JUN-92 16:25:19 Rdgeos V10

File

IS

16

17

File 
18

File

19

20

21

File 
22

File

23

Evt Type

8 Trigger

9 Trigger

10 Trigger

Clock event 
VB Synch TMO

Evt Type

11 Trigger

12 Trigger

13 Trigger

Clock event 
VB synch TMO

Evt Type

14 Trigger

Tine * Standard

122:03:43:07.589 EXT.

122:04:31:33.992 EXT.

122:06:26:54.759 EXT.

Clock tine c Standard 
122:06:45:36.042 HOHE

Tine t Standard

122:07:54:04.183 EXT.

122:09:01:07.788 EXT.

122:09:45:18.411 EXT.

Clock tine * Standard 
122:09:55:36.110 HOHE

Time ( Standard

122:11:58:09.178 EXT.

Corr

0.004 
Ch 1: 
Ch 4:

0.004 
Ch 1: 
Ch 4:

0.004 
Ch 1: 
Ch 4:

02: GEOS Tape

DR100 name

1220343CH.G3 
VEL, 54 dB, 
VEL, 54 dB,

1220431Ln.G3 
VEL, 54 dB, 
VEL, 54 dB,

1220626Sn.G3 
VEL, 54 dB, 
VEL, 54 dB,

Log File

Duration

00:16 
50 Hz | Ch 
SO Hz | Ch

01:21 
SO Hz | Ch 
SO Hz | Ch

00:18 
SO HZ I Ch 
50 Hz I Ch

Srate Pre-event

1200. 
2: VEL, 
5: VEL,

1200. 
2: VEL, 
S: VEL,

1200. 
2: VEL, 
5: VEL,

2.06 
54 dB,
54 dB,

2.06 
54 dB, 
54 dB,

2.06 
54 dB, 
54 dB,

Old Tine * Standard

Corr

0.004 
Ch 1 
Ch 4

0.004 
Ch 1 
Ch 4

0.004 
Ch 1 
Ch 4

DR100 name

12207S4Bn.G3 
VEL, 54 dB, 
VEL, 54 dB,

1220901CH.G3 
VEL, 54 dB, 
VEL, 54 dB,

122094SGn.G3 
VEL, 54 dB, 
VEL, 54 dB,

Duration

00:54 
SO Hz | Ch 
SO Hz I Ch

02:11 
50 Hz I Ch 
SO Hz I Ch

02:13 
SO Hz I Ch 
50 Hz 1 Ch

Srate Pre-event

1200. 
2: VEL, 
5: VEL,

1200. 
2: VEL, 
5: VEL,

1200. 
2: VEL, 
5: VEL,

2.06 
54 dB, 
54 dB,

2.06 
54 dB, 
54 dB,

2.06 
54 dB, 
54 dB,

Old Tine t Standard - -

Corr

0.004 
Ch 1: 
Ch 4:

DR100 name

12211S8Dn.G3 
VEL, 54 dB, 
VEL, 54 dB,

Duration

00:35 
SO Hz 1 Ch 
50 Hz I Ch

Srate Pre-event

1200. 
2: VEL, 
5: VEL,

2.06 
54 dB, 
54 dB,

LTA

dB, 
dB,

dB, 
dB,

- Internal /External Skew

0.000 0.001 0.000 0. 
dev: 1.225 Corr: 0.

Volts Trg ch STA

26.66 1 0.4 
SO Hz | Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

LTA

20. 
dB, 
dB,

Ratio

SO Hz 
SO Hz

50 Hz 
SO Hz

000 0. 
000

Ratio

2**3
SO Hz 
50 Hz

1
1

1 
1

000

1 
1

- Internal/External Skew - - -

Volts Trg ch STA

26.94 1 0.4 
SO Hz I Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

26.94 1 0.4 
50 Hz I Ch 3: VEL, 54 
SO Hz | Ch 6: VEL. 54

26.94 1 0.4 
50 Hz I Ch 3: VEL, 54 
SO Hz I Ch 6: VEL, 54

26.82 1 0.4 
SO Hz | Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

LTA

20. 
dB, 
dB,

20. 
dB, 
dB,

20. 
dB, 
dB,

20. 
dB, 
dB,

- Internal/External Skew 
0.004 0.004 0.004 0. 

dev: 0.000 Corr: 0.

Volts Trg ch STA

26.90 1 0.4 
50 Hz | Ch 3: VEL, 54 
50 Hz | Ch 6: VEL, 54

26.94 1 0.4 
SO Hz | Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

26.99 1 0.4 
50 Hz 1 Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

LTA

20. 
dB, 
dB,

20. 
dB, 
dB,

20. 
dB, 
dB,

Ratio

2**3
SO Hz 
SO Hz

2**3
SO Hz 
SO Hz

2**3 
SO Hz 
SO Hz

2**3
SO Hz 
50 Hz

004 0. 
004

Ratio

2**3
SO Hz 
50 Hz

2**3
SO Hz 
SO Hz

2*»3
50 Hz 
SO Hz

1 
1

1 
1

1 
1

1 
1

004

1 
1

1 
1

1 
1

- Internal /External skew - - -

Volts Trg eh STA

26.96 1 0.4 
50 Hz | Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

26.94 1 0.4 
SO Hz | Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

26.93 1 0.4 
SO Hz | Ch 3: VEL, 54 
SO Hz | Ch 6: VEL, 54

LTA

20. 
dB, 
dB,

20. 
dB, 
dB,

20. 
dB, 
dB,

Ratio

2**3 
SO Hz 
50 Hz

2**3 
SO Hz 
SO Hz

2**3
SO Hz 
SO Hz

1 
1

1 
1

1 
1

- Internal /External Skew - - -

Volts Trg ch STA

26.94 1 0.4 
SO Hz | Ch 3: VEL, 54 
SO Hz I Ch 6: VEL, 54

LTA

20. 
dB, 
dB,

Ratio

2**3
SO Hz 
SO Hz

1 
1

Ho. files processed: 23.

Figure 3-la. Log-file of G3 tape #28.
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18-MAR-91 12:52:21 PC6EOS V04.07: GEOS Tape Log File

Default Chan 1 Chan 2 Chan 3 Chan 4 Chan 5 Cban 6 
61 61A(4) G1A(5) 61A<6) 61B(4) G1B(5) 6lB(6)

* Corrupted first GEOS header.

* 2 tine cell errors detected
* Corrupted first GEOS header.

* 1 tine cell errors detected
* Corrupted first GEOS header.

* 2 tine cell errors detected

Use header file ->..\..\G1.GHD

use header file ->..\..\G1.GHD

  
Use header file ->..\..\G1.GHD

Experiment Location 
0 0

File Evt Type 
3 1 Trigger 1(3:

Experiment Location 
0 1

Serial No. 
99

year
1990

Time c Standard Corr 
:07:SO:43.264 NNVB .000 

Ch 1: 
Ch 4:

Serial No. 
43

Year
1990

DR100 name 
18307500n.Gl 
VEL. 54 dB, 
VEL, 54 dB,

Duration 
00:16 

50 Hz I Ch 
50 Hz I Ch

Srate P re -event 
1200. 2.06 
2: VEL. 54 dB, 
5: VEL, 54 dB,

Volti 
20.00 
50 HZ 
50 Hz

Trg ch 
4 

1 Ch 3: 
1 Ch 6:

STA 
.5 

VEL, 54 
VEL, 54

LTA 
10. 
dB. 
dB,

Ratio 
2**3 
50 Hz 1 
50 Hz I

2 Trigger 183:08:17:20.104 MAN. .000 1830817Gn.Gl 00:16 1200. 2.06 24.38 1 .4 20. 2**3
Ch 1: VEL, 60 dB, 50 Hz I Ch 2: VEL, 60 dB, 50 Hz I Ch 3: VEL, 60 dB, 50 Hz
Ch 4: VEL, 60 dB, 50 Hz I Ch 5: VEL, 60 dB, 50 HZ I Ch 6: VEL. 60 dB, 50 Hz

File
5

Clock event Clock time 4 Standard 
Master Synch 183:08:26:00.000 EXT.

Old Time 4 Standard 
0:00:00:**.007 NNVB

- - - Internal/External Skew - - -
.000 .000 .000 .000 .000 .000 .000 .000 

Mean: .000 Std. dev: .000 Corr: .000

File Evt Type 
6 3 Trigger

Time 4 Standard 
183:08:28:23.031 EXT.

Corr DR100 name Duration Srate Pre-event Volts Trg ch STA LTA Ratio
.000 18.3082BHn.Gl 00:24 1200. 2.06 24.30 1 .4 20. 2**3

Ch 1: VEL, 60 dB, 50 Hz I Ch 2: VEL, 60 dB, 50 HZ I Ch 3: VEL, 60 dB, 50 Hz I
Ch 4: VEL, 60 dB, 50 Hz I Ch 5: VEL, 60 dB, 50 HZ I Ch 6: VEL, 60 dB, 50 Hz I

Figure 3-lb. Log-file of Gl tape #03.

LOG.Gl 02-APR-91 16:57:22 PCGEOS V04.07: GEOS Tape Log File

Default Chan 1 Chan 2 Chan 3 Chan 4 Chan 5 Chan 6 
Gl G1A(4) G1A<5) G1A(6) GIB (4) G1B(5) G1B(6)

File Clock event Clock time 4 Standard
1 Master Synch 261:08:57:00.000 EXT.

2 NNVB Corr. 261:08:58:39.000 EXT.

3 NNVB Corr. 261:11:59:47.000 EXT.

Old Time 4 Standard 
**:**:**:**.000 NOHE

Experiment 
0

Location 
1

Serial No. 
3096

Year
1990

	- - - Internal/External Skew - - - 
.090 .090 .090 .090 .090 .090 .090 .090

Mean: .090 Std. dev: .000 Corr: .090
.000 .000 .000 .000 .000 .000 .000 .000

Mean: .000 Std. dev: .000 Corr: .000
.000 .000 .000 .000 .000 .000 .000 .000

Mean: .000 Std. dev: .000 Corr: .000

File Evt Type Time 4 Standard 
4 1 Continuous 261:12:33:00.878 EXT.

File Clock event Clock time 4 Standard
5 Master Synch 261:14:20:00.000 EXT.

6 NNVB Corr. 261:14:22:45.000 EXT.

Corr DR100 name Duration Srate Pre-event Volts Trg ch STA LTA Ratio
.000 2611233An.Gl 00:18 1200. 2.06 26.30

Ch 1: VEL, 54 dB. 50 Hz I Ch 2: VEL. 54 dB, 50 Hz I Ch 3: VEL. 54 dB, 50 Hz 
Ch 4: VEL, 54 dB, 50 Hz I Ch 5: VEL, 54 dB, 50 Hz I Ch 6: VEL, 54 dB, 50 Hz

Old Time ( Standard 
0:00:00:**.003 MAN.

- - - Internal/External Skew - - - 
.000 .000 .000 .000 .000 .000 .000 .000

Mean: .000 Std. dev: .000 Corr: .000
.000 .001 .000 .000 .000 .000 .000 .000

Mean: .000 Std. dev: .935 Corr: .000

Figure 3-lc. Log-file of Gl tape #22.

04-APR-91 13:04:07 PCGEOS V04.07: GEOS Tape Log File

Default Chan 1 Chan 2 Chan 3 Chan 4 Chan 5 Chan 6 
62 G2A(4) 62A(5) 62A(6) G2B(4) G2B(5) G2B(6)

Experiment Location

File
1

2

6

Evt
1

2

2

Type
Trigger 1(6;

Trigger 116:

Serial

Time 4
; 13:27:

:13:43:

No.
3

Year

Standard
20

35

.632

.032

EXT

EXT

1990

Corr
.

ch
ch

.
ch
Ch

001
1:
4:

001
1:
4:

DR100 name
1861327Gn.G2
VEL,
VEL,

54
54

dB,
dB,

l«61343Ln.G2
VEL,
VEL,

54
54

dB,
dB.

.002 .999 .999 .999 
Mean: .999 Std. dev:

.999 .999
2.806 Corr:

.999

.999

Duration Srate Pre-event Volts Trg ch
00:16 1200. 2.06 32.75 4

50 HZ I Ch 2: VEL, 54 dB,
50 HZ I Ch 5: VEL, 54 dB,

00:19 1200. 2.06
50 HZ I Ch 2: VEL, 54 dB,
50 HZ I Ch 5: VEL, 54 dB,

STA LTA Ratio
.7 30. 2**3

50 Hz I Ch 3: VEL, 54 dB, 50 Hz I
50 Hz I Ch 6: VEL. 54 dB. 50 Hz I
32.75 4 .7 30. 2**3
50 Hz I Ch 3: VEL, 54 dB, 50 Hz I
50 Hz I Ch 6: VEL, 54 dB, 50 Hz I

File clock event
3 VB Skew TMO
4 NNVB Corr.

File Evt 
5 3

Type
Trigger

Clock time 4 Standard 
1(6:13:54:29.043 NONE 
186:14:20:23.849 HONE

Time 4 Standard 
186:15:04:59.974 EXT.

Old Tine 4 Standard - - - Internal/External Skew - - -

. 49 .849 .849 .849 
Mean: .849 Std. dev:

. 49 .849
.000 Corr:

. 49 

. 49

Corr DR100 name Duration Srate Pre-event Volts Trg ch STA LTA Ratio
-.151 1861504Tn.G2 05:42 1200. 2.06 32.75 4 .7 30. 2**3
Ch 1: VEL, 54 dB, 50 Hz I Ch 2: VEL, 54 dB, 50 Hz I Ch 3: VEL, 54 dB, 50 Hz I
Ch 4: VEL, 54 dB, 50 Hz I Ch 5: VEL, 54 dB, 50 Hz I Ch 6: VEL, 54 dB, 50 Hz |

Figure 3-ld. Log-file of G2 tape #06.
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Garni Triggers (1990-1992; M>5.3)
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Figure 3-2. Identified Teleseismic Triggers 
46



Plots of GEOS records for events

at five or more sensor locations

from 26 June 1990 through 10 August 1992

47



01 2345678 9101112131415161718192021222324252627282930
I I 1 I I I I I

'I

^    

ljfllJI/J^  .  ~~~

djllll^     ^~

^jtlj^fV^   f  -~~^

 »»< "  »»     i ||fl^^^

I 1 I

I I I I I I I I I I I I I I I I I i i i

cz
zo

m>

33

o
m

CD
O 
-x-

00

o
ho

CD

48



01 2345678 91011121314151617181920212223242526272829303132333435
I I I . I I I I I I I I I I

49



012345678 910111213141516171819202122232425262728293031323334353637383940
cz:
zo

I IL I I I I I I ! I I I I I I I I I

^ 

^

n i m i IT

S m>

33

o

is iro
OJ

CD 
O

00

00

50



01 2345 6789iai12l314l516l7I8lS2C2T2232422e^8Z£5CB13Z33^5365^a59VOl-1421-3^445l-ei-7l-8l-£50

§ ' ^W\/\/v\A^^

5   «/wv\A/W^

/vvVi/y^

m>

°

:o
's v 
s Ai\ ~^ 
JOO
tCJi

s o

o
s «

IhO
^Cn

51



012345678 910111213141516171819202122232425262728293031323334353637383940 ZO

-i rn 3>

^(^^^ UN

wvM»w/v^^

^wM\H\l\f^^ '-

-V^V^Jl^^    ^VNA^V

_

53

O

K>

^wv^vV^^ 

***W$foJvf^^^

\^f^MP^^

AV*M/\^^^^

-VkAA^4/WHM^
 «vvv^^o^\/V\/Vv^^   \AvAv*w-vvW\n/v*/Wv ^w,

-^^^

-»*~«»^Mh^^  -W-W/V-V/VA,

i' v v i i' i r i i i i i i i i i i i i i i i i i

CD
O 
-x-

00

O
 

\J
CD
cn

52



012345678 910111213141516171819202122232425262728293031323334353637383940

S   jjfMfi^^

^MV^  VV-A^^A/VVN^>^^V^   ^.2

fttyW\tyty*\fttVfi*1*AfAl\fi^^

 ^IK^^

*~*Wt$^^

^IWJfMjiiilfltV,*^   -VX^N

^d^il^^

i i

o

m>

o

is 1
JO 

OJ

CD
O 
-x-

00

O 
00

O 

CJi

53



01 2345678 9101112131415161718192021222324252627282930
I I I I I I I I

AI|^VW\^^ '

i i i i i i i i

54



012345678 9101112131415161718192021222324252627282930

-~-HIII^

^-^Mw^

j_i i i ' i ' i i i i i i i i i i i i i

O

m>

CD "
< hO

o

ICJi

UJa o
o

^O)

CD 
00

55



01 23456789101112131415107181920212222^226272829505132533^B55&75S591-01-1421-31-41-51-61-^81-950 Z O

     ~VA>>^»~VvAltyV^    y^XV^^   -,    -~-NX

-  *«~^r»f\l/\/\^   
VI

 W^MAn^/^^  ^~~~

    -*~MrJ^\^l\^^ 

8  *VVWwWy\AJVW^   ^ 'vx~  

^-vVV^^|^^^   -   -

«  WVAWVWVV^^S/^^  "^ ^^^ "       

i    ^A/v\^''*vv^J|A/\f!^^  sv*~~~~~. ^> "

i   ^/\AAAAA>J|/^AM^

5   ->^-^MA»^^^/^  ^^v-v^v^w.  s^^  

^v^A^V^^A^J|(^|^   WA   ^xv^x-v^^-^

6   V«MMVW!\[^^^    ^   "^  X^ ^     

2     ^^vAM/y-^v/yVjItyj^   -^v ^-AT   s  -.

M/VV|/y|j\Jl»^   <v^/~x~~'v^~~~-v     .

f 1 T

 ^^Mn^W^^  ~v ^^ 

    ^vVVV^WN/1/^^^   -^--xvv^v  s/VN^v  >.^  ^v v

 v>~-«^v/n|Ullj!^  ^^VA^^.
  I y if   |   I

 ^^MMf^  ^v
   ^^AA^vvMrY\l^^  ^^^     

vAA^A^I^/^^   
   

 ^y\/\A^/^/^A/V^A/VJ\.^^    ^  ^^x>-^^~~ w  

 ^/vMr-^Aji^  ^vr^A^^/   ^-^ ^xv-v^

^Y\MvvvA^y\^   %^^^   -  i

 ^^A^Mrft--^^fV^^^Vlfl^  w^v^-v^-w-v^ ^s^w^ ^N^~  

m

o
IE

OJ

CD 
O

CG

CD

NO

56



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

-^^^1^^

 4||ll|ji<W^^

 Hl44W^ WVW\nV»^ 

^H»f|4^

HlllWM^^

I I i

i i i i i i i i i i i i i i i i i

(ZZ
zo

m>

r,O   .

fc m m

So
2 -" *
CD -

< K) -L

CA!

SCO
!o 
^ *
s oo

2 » *
CD

§00

O

57



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

i i i i i i i i i i i i > i i i i

58



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

V*rt\^^

<W*b^^

 v^A^M^Jj^^

    *^wv^J||y^^^

  ««H»*»«^

^ftt^/^ 

^^f^jf^^

^M 1̂̂

M^/y^ll^V^d^  ^

 >ww^^

rv~*yy>J^^ OO 

*^W|l(j(|j^  ^~
***W1^^ / s

  » *** ^*   -^

^^^^

i^M^ll^^

^vwv(Wv^^^ 

vVVl|^^

ihWW^^
*>4toU$l^^

'^Mf^^ 

-Jfjf^^

^f^

I I I I I I I' I I M I' I' I' I 1 I f IM I I I I 'IM vl I I I I I I I I I I I I I

S /N
s ro -1

I CM

O

00

f°
£ » »

en

I 00 
iCJi

59



cz
0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO

ro 
oo
^   viinmrwiiviiivfimra*aivMnm«  wnr^iriMniBiiraui¥immiMiinniiii*jfMgiiiini  rnii'iani ifyiinii f kru ir LIVIJUU/ 11 / M*I/> VIPW i/u vu^r w w*v vi v«      ' x/ ~v v ~  u'   ~ <s^m >

i i i i i i ITTT i ri i i i r i \ \ i i i i i i 
Af^^

W»*W<k^^

^^^

O  »  /^

CD -< ro l

W»*»M^ *W     ^V-^||j^^

I M 

^>l^

I

**»P^^

*^»A^vw^^r*AA^A^wr^^

Vv^WiV^^

WW****b*^^

vy^l^^^^

*W!^wvwysN^^CTV
CD

i~n

o
I -x-

00

O

2 .  
CO

So
» » 

Oicn

O

60



012345678 910111213141516171819202122232425262728293031323334353637383940 ZO
I 73

? u^: 
5 m>

   ~v->AAAyvA^^ 

^^-V^f\l^^^

i i I i I i A i u .i rjTir/n rj rj i i i i i i «i i i i i i i i i i i i i i i

    'v-^^/V-'^^

    'wvAA/Vv^M^^

 VW^^v/y^f\/\J^^

s  ~-v^/VX/V^^ 

*~~VVW\^^

00
S'~~-'^v-M/V^

vvWVM/l/V^MA'^^ 
~^^V\A^^
*~w^P^^ 

^^M]/^^
--AA/wvV\^^

--^^^^

^M]/\/^

M^AAV\^AW\/V^^

^r^AV\AWV\^Vl/^^^^

t
o   
? ON! 
w

CD

ihO 
JhO
5 »

icn
10

61



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 O

    f^fW^^

   ^4M^^

   M4^^

- vlfWlty^^

§  ^f^   

~~*^^

r i i i i i i i i i i

2 o ̂ *-
.> m >
5 ~n!Z
O  *  - ? rnrn 
i oo

= CD
:oI -x-

10

2 * *
CD

< f T01 I }

O

I Cn
« »

O

10 
?CD

62



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

en 
o 
N>

^|p||^^

-jWj||iV(|f^  ^>^-^ 

^ltl|^^

I I I I I I I

zo
I ^
o^:
m >

53

o
n:

ro
OJ

CD
O 
-x-

5 CD
i*«'¥

oOu ^- x
CO»CD

5 O 
10

?CD

CD

63



01 2345678 9101112131415161718192021222324252627282930

I I I I I I I I I v I I I I I

64



0123456789101123498713
cz:
zo

I I ii|l^^

wHl/|f^    

4^^^^     ̂WX^/VW      ̂

^     " *        

^illfll^y^^
fytf^^Ntytf^^    ^^wv-^.  

i^l^AV^^  

*^W^\|^    A-MAT  v

   . 

    tyftfy^^      ̂ v^^

  *^W(N^   

^

|^^V^^ ^
*v^yVtvtW^     ̂

^    A~X^VV          

i-yfM^W^

*flfl(ll[ljM4^^     p%A*~%~.

IlitffflptfMf**^^  - v^ 

H*#«|^||^   

I i i

a m nn 
I o^

o

i
2 ~
S C^J

I

CD 
[Os i
I CD
!oj

O 
CD
o o

o 
o
o o

C^J 
00

65



0123456789101123438718

^^

  WW^^^^j^   v~v^-~   -^.s  

  WH>lN^ ^wwwv  ^v

V^iifyi/ifv^^^
rty»y*^f^M(W^^^  

*^/yv*y*yiAfyivV*'*^  *^vv

rilWW^il^^     

V*^A^//^^  '' f O

^
^      

^JtM^^^

^ ̂
yh^wM/^^    

^
W^^     .TNA^V^-^

l^^

llrtfllfj^^
^    

^     ̂ >

»w*Nwl^^
jWfwv^   ̂V^^A^W^

^         WX^     V       ̂v~

^       "

i i i i i i i i i i i 'i i i i ri i ri i»f 'i v i
WJ\/\/(f~V\faAj\S^AAr~S^s*V^~rTj^^

VI I I vl II I I I I I I I I I I I I I I I I

m> 
[I

CD
O 
-x-

O 
CD

CJi 
CJi
 

O 
O

66



01234567891011234136713

4l^W^l|lA^^^   

Hltylpp^
i i i i i i i

  ijtfttif*fNiWfW*wri^  ./V\/v\/v/> rfrwoAxvx-v^N/N^ -    

     yifaWW'frJWWlPildvf^^     ^v^/N/X/x>^-~~v-~~>~-~     '2

   »^Mw^v^/w7^    " [S

bMM\^^^    ̂>?

  yi^H^III/ty*>vw^   fv-v   ̂̂w^-

    «*»Y«*^Vv/\KY>N^M/tf|l/^    O^-^-"   -v     ,/-

  /«**^«Y«AVJif^v\/yJ(p!^   v

 ^f^yilliYMVVA^IIftf^ VV->M~-~^V\/VV%^-/«~VS^-     »

    (|W**V<*YyV"*VWVnfll(̂ ^^

ir*A(^^vv|Mf^^  -v"
 |l^^i^^  - A^V^-^»^ ^^^^    

  *«A***-A>V|I'V«~A^IA|J^|||^    ^-^^  ^~ j

   ftj^^)^  ^^vVv^v^^>V^v*^-/<--^-->^  -vr^w^>--^    - .

MM/WV»//^^^/^  ^ -   ~  

 *nfJ|KArVV^VVV^]|l̂ AN/^f^ VVAA^  **J  ^v^ V^ ^v-v--  "*    ^1

    j^^^^f^V^MVV^^rf^   ^^^^^V^-v^^^r  VV^-^A  -^~   r>^  .,  -v-

H^VV^»^^^  ^v   

rfv^w^/yvyA|f^   *-" ~  

W^VYW^(||||^^^^
IJ If     jj

vi^^v^^/^yV'^^   " *-1 Q J)

(^JJW/IIWN^^    rwv^-vA~->^         *~.j

*^*HiriMii(Myvv\^   -   -

 +**~***rJrtH*^rJyijfrinjyit\fff^ih(fa^^    ^N^v\^x\y^V"

    1|f||f|||f|)^   w^-^^v-

m> 
^

33

CD
o
-X-

CD
Osl

CD

67



cz
01 23456789101123439713 9?CE1222^2(2^£295C5l325v345SS^5S9l-GI-^-2l-3l-41-f3-8l-7-l-S-$(5CZ)3>465 -//>' ^^

i i I ui ri. UQ^^rr M i j i i i i i i i i i i IIIM i i i i i i i i i i ri i M i i r r r i

^

^

    ̂V^-«W^      ̂VA^-

f^Jf^^f^^    W-V-V |

  ̂̂ww
fot*pMw4^ty*^^   W~>/WV ^-W^ 

y^MvAv^^^yi^^^

 l^fMH^i^r^^^    ^^v^  . *- ? ^^

    ^^^^^     ^^^vv»^rVW^-vV^^^ ' ^^

^M^vwflftVl^^

   flB^I^    V>Aw

I I

    ||(|)l(||^^     W»A*

   j^»^^   ^   V^-v-

   JWttJH^

ii^il(»tty«Wrt^^

WvWjWif^^^

  t^lH^^^

   ji^

«t***pf>~ti**^^^ B ^-^ '

^^ly|^l>>»y»^^(V^AUW<A*'^<<^^^»^>>^''^>  «'V»»>^x^A 

foWWPt*^^

*<whMW^^   »  I
«VHNV**^^«*^V\'^*M/VV**V>'^^

**Ht**W«#tfft^^

4^l^^fl^^   ^ 

^¥^WMW^^^ 

W^A^^WI.^. ̂ tfff^ff^^^

jh^yt^ii^ftV^^^'^iM^  ~^~ ^«

-«^N^^ 

tt^Wt%t^ i i i rT f'ri'r'T i r'l f r IT rin rT'TtrTM'rrr i i 11 i i i i i i i i i i i i i i i i i i i i i

68

m m

o

s -
1 C
2
S

"A

. .

en
* '

o
r



012345678 910111213141516171819202122232425262728293031323334353637383940 O
I 
°
m

53

O

N> -'- 

OJ

CD
O 
-x-

CD

   th^f^^f^^^

 *+*+>ww^

 ^Yl»frM/Vw\A^^ vtyjj/ll\^

  .-^-AA/Ort^^

~*4$^^

«»*>«WW^^

  tyWf^t>^^ 

  ^MAAMA^^   ^AA^v^A,

^^^^vvA^|M^^

"vWWWV^^

\fif\r\[\/^W\fJ^^ 

}fyd^$\tf^^ 

WW^^

^VVv^A/^f^^ 

  M^W^jl^j^^

 I

NJ

00

I

 *^M^AAMAA(|^  'vv^/v

i r i i i i i i i i i i i i i i i i i i

69



01 2345678 9101112131415161718192021222324252627282930

I I I I I I I I I I I I I I I I I I I I I I I I

Ii\J

70



01 2345678 910111213141516171819202122232425262728293031323334353637383940

--AA/W/VA/^^/V'^^

^^\/^vAj\r^\J\f^^

~~^s\W\/\^^^

-VWVWVA/^

~-^-r\j^^j^^
~~^/WWWv\^^

~^\r^AJ\^^ 
~-WWM/X/VVV^^

i i i i i i i i i i i i i i i i v i i i r i i r i i v i i v r r i i i

ZO
I ^
o^: 
m>

53

o

OJ

CD 
O

CD

l?

Cn

O

O)

71



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

i m>
 v  ywvs^vvw-\^vrw«  ,/tWV^/v    ^  ^jjJijV/v^AAA    JXJ

vvwvAV*~*r-~w*^^^  ^AT^)^

      Vrtvv^Mf^V'V^VV--*^^

^^^~WV^^>^V*^A^V^V^^\A«^^^V^    ^(Ul/l/AVW^jll^^ 

**^vrv^^^VV^*^^MA^WVv^*A^-^^

YM^VA  ,A^^WVVVVV*^V~-~V^--V  vsr-y||\!||^ /- /^v

 H**t«****tW\fi~^^    ^V^^J|(|^

wv«ww WA^    ^l|)i|r\^Vl^^
  1 I ' V (5

^^^^^
*  f   1   f t *Ui

    %^^/S*VW^%>'S^/WV^^^ */<vs^^O/''iMfll^l|W i

       v^v^ ^vvx-^v^^-  AjiA/WvW/\fW^|/A^^
i "*

      ^u^A^f  *~^~~^~^A*->*^^

-^*v  ^v-^v^  ^ rwx^v^v-  ^v- ^\~/y|)J|<^

***h^**W*/l^^ !CD

/^0vA^/^^/v^^^^   Yif^AJlpA^ CD

I I I I I I I I I I I I I I I I I I I I 'I I I T IM I VI I I I

O

CD
o

72



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

I

I I I I I II I I I I I I I I I I I I I I I I I I I I I

-^A/\yAj\/VvvAAA^ 
~~V\AA/^A^

'^-^\J\/J\/\/v\/^^^^

CD
CJn

CJi

73



01 2345678 910111213141516171819202122232425262728293031323334353637383940

' vw^^/\y\AVW\V^^ 
*« 'VV\A^/VV^A^v^-^^

i i i i i i i i i i i i i i i i i i i i i i

m >

33

O

is iN>

CD
O 
-x-

CD
Cn
+ 
O

CO

I CD

74



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO

m >

«   4^1^^

*«~~V-*"-vV^V*N**^^

^^^^^^

Vfi+h*****?**^^

-^^^

#t*4^^

-^^^

  W**«wvvM»/!fr^^

I I I I I I I I I I I I I I I I I I I I I I I I I I I I

53

O

T
GJ

CD
O 
-x-

CD

*tt

101
§o^
8CT)
:oi

75



01 2345678 9101112131415161718192021222324252627282930
IIIIIIIIITT r~n r "i i i i I r

*+^^

^M^^M^^

-»»~NW*^J\W'V^W%'VUVvvV^

4iVi»>W*<*<l*^^

 fyltw{wl4^^
     «~~*^-V^-~ 'WV^»^<^<HV^W~VW *^*^

i J ' I 'I <

      |^*^^

zo
I ^ 
o^: 
m >

53

S O

ro
OJ

CD 
O

CD
Cn

K)

O 

100

76



cz
01 234567891011121314151 61718192(21222242262722930513253343536373839^ 142431-44-51-61-"/^SI-950 Z O

  ++<^*WW***i^^

 ^H^/yW/v^^ ~

****AJW\l\l*tft^^

 ^v^M/Vvvv^^vsA^vJ^  - 

S faJji^tfW^W^^

A^-vvv*VV^A^/yV^\^^
I

- A^YY*UJII\/\^^^

S  V^/^l/fM'ty/W^V^   CD
I- u. I »-,.-i-t j ^  ^^

r«vVW*$JVrTWr\ftoW   */V-*-~~N/-S. jl V -/

"A~

i
 t^H\W^W'^^W^  X^WS^^WVA
   /V'WWV>**'VSIW/V^   yv^-v-v^v| C^U

  <^^H/V^vA^/\f^^v^^

 ^^^^^  ^
 *-«<-nrrt^«v^vVVv^'v^|AJi/yv^  «^^->/^ yv ^v^^^~^/ 

 A*-^^^-vjyy^J\A^  -V^A^V-^XV.

* ^^|f^^lK^^^  ^VXXVA^WVVS. ~
v*-^^^A^/\r^y^/y^  ,. 

'nVA«^/v^-vvY^^^^  ^"'1 ^^^8 COI   'I
8   'j^ff.M^M^^

*wy^|vv*\4^^
 *«<*^A*vvM^v^^'vM/W\^o^M^\/|^    *^^< i

§   f*\/lb/llt\^    ̂     

*     -v-rfwyiMoA/V'^VV^vV/^V^/V^Jl^   vr<^vw\^v^-^^v   .    

^    ̂A\nWA-wyvvv/VV^    '

S   ̂vMNV^M^^
v*W}Ajflf^^    ,r^->-^-v^-^v^^

^33
2

O

I Q

cn

? cn
oo

77



01 2345678910I112I3I41516I7I

-- v\/ v v v   V V"

- ^^^^^^\r\f^^^^

N^\^/--^s^y-\/v\jVA/\A^ v^^V^y
  -  -^^ -^^s\^\/^r^<^S\f\^^

  -" ^ ^^^^^^J\^v^\/^^^^

 ^-^^^^^(xv^AAN-^^
 ^  **~S**\  ^v^yVxvN/NV^vT\VW\/X^^

~-^- - ^^V^V^^NNANVXA^/V^^
V » v v v 

       ^    -~^~^^~^S^\J\s^J^^^

-^-^^^^^f^^A/\^^

y w v

'   ~^^-^-~s~^\JS-\J^\^^

     ^^AX>^ ^^^A^^vWW>/Vv^/v\^/^

^^^-^^^y^^^
      ^^.  ^^s^S^\/^J^\f^^

~~^^-^-s^^J\/\^^

  ^^-^^^\rv^^^

CIZ
zo

m>
33 5Z 
Z M

33

i o

OJ

CD 
O

CD

O

S o

00

78



czz
012345678 910111213141516171819202122232425262728293031323334353637383940 ZO

I In ..I 11 h i tt .J it A LiT. iliij J liil .iTi I I II J III \\ I I I I I I I T I I

*W^      ̂    ̂ 

<WW^^   

M^^^W 

-^^^Wf****!^^

-^^4^^  

**wtf$ttl^

^ll^^   M^-

 ^^A^Wj|^/^^

~««»wfw^

s -^w^^

~*«^«>»wwtywj^^

8v ^^i^ft^

»-v^^^ 
***»^**v»flAA^^

  * * | I I I '  ii*

-^WWfVvVvl/^^  -^

 ww^Mffl|W^^^

N^iilWI^  ^
 ^-*NM**/4>\MMi\M^

1111

s m >
o "^C

m m

o

CD 
O

CO

O 
co

s    
a

o

79



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O

^^^^^^^^^

 *«*v^towto^^
i i i i i i i i i i i i i i i' 1 n

CO
o
-x-

 ^^^^ 

^^^ 

<^>W^1^^ 

^v^||j|«^^

 ^^4i^^

<*~j|^^

 A>f^||^

-^^^ylWw^M^

-v^«|||^^

-f|jlj|^^

-^^^Wl^N/^/^^

-^^[^^4*^^^^

-A|)R^^^

-^^l^^

-/ -^l^i^^^ | (^)

-^^ij^fji^^ i <^)

I I I I I I I I I I I I I I I I I I I I I I I I I I I I ' I ' 1 ¥ I I I I I I I I I

s ni > 
o "nC

O

ro

Cn
§ . .

O
o

80



012345678 910111213141516171819202122232425262728293031323334353637383940 o

i I | I   . - | y

- >M^/l/^v/wv^^AJ^  -* - 

 M^Vltyfy^^
 ^**^w^^

  ^yvi(kY^Ai<|\^  vA~~v/vv-W\^'^'v'N~'v/\^^  

 v\wvs/iAV^J^  v l

-»^A^/VWl(^^

 *v»VV^\j||^

-N^vVW^vW^^^

 ^IMfiWll^^

WAAJ^y^^^

s v>(i^yw^^^
<*»wvv\VwV^ 

-wWW^^
I *       I ^ ? -1*1 I f I I

s  ^>^

--^vy^^^

m >\ 

md

CD 
O
-X-

CD

K)
   

-P^ 
Ui
   

Oi 
UJ

ro 
oo
00

81



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o

2 -~^AV\r\A*YvA/^A^^

%+JV\J\J\/\l*/^^

I I I I 'I I I I I ft I I l v I I v I I I I

o
X

GJ

CD
O 
-x-

CD 
00
+ 
O

«̂ «

o

82



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I ^e> . . ^

- m>
2-   ||)^j^|^^   ^s^___

^f^^^^

ISi   ^>|A||ljk^|lj^      '-- 

s  j^ltt^     I

^iA«VV4*l(|^W^    ^^   i

-4(^^^A»^U^  x/x ^~^v~>^-~,
I 1 'I!

-^^«J^       -   ^

 ^l^fl||lyUAl'^^

^j^tf^^ r s~\ 

-j^|j||^   ^-^VW^^v^v-A^v-^------^s

 ^(^^
 ^^^^
  fytf^lflfltywd^^    'v/^

s ^fij^f^i^  ^^^-v^- 

-^t^^^
'   i i i 11 I   i 

^^|(^^

4#f^||^(^    A^A^^VW^^

I I I I I I I I

^ ^^^^

^ K^

o

100

o

:<-n
SOQ

CD

83



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO 

-»'**'*v*v**^^

^^VVs^W^^

»H^*^^ 

»***VK^^

<<*~»«W^^

^4^^

^A^AV^^

t^N^tf^^ __^

^^^^^i^^ § r o

J 00
vw/i/W^ 

'tf^tfti^^^

**wwv4l/V\^V^^ 

wwb*M\^^

  ^f^^^f^^^   ^VA/

^A^U/\NS/V^v^^

)f^(iVv^^ 

^\t^^^

W|W|^^ 
v^^v^^^

I IWI I I I I I I I_II I I I I I I I I I I

o

ro

s CD

«(D
is

84



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I U

m>
**«*W*»>*+**At\ft^^

 ^v-^-WY^V^-^v-^VV^^ ^\I^V\j\f\f^J^\/\^^

» y v v 

>~v^ v^^/W\/^J^^v^W\^^

~s (V'-^/wxA-vv^v^^v^^

 *^f^^

-nAWJW*AA/W^ 

'vVHV/vvv-M/V^*^^

53

o

W#***fyim#

~*^j^^ 

---^^4^^

-^^

 vvvHif^^

i i i i r i i i i i 'i' i 'i 'in i i i i i i i i i i i i i i i i i i i i i i i i

85



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
I l,| I I I I I I I I I I I I I I I I 

"VvM|J|^

I I I I I I I I 1 I I I I I

^^^^^^ 

^lti(^^

1 Ijlff^

^  * «

fljllty^«w^

zo 
I X) 
o^: 
m>

33

is o

K> 

OJ

CD 
O

CD 
CD

00

n in

100
o
171
00

I III I 1 I I I I I I I I I I I I I I I I I I I I I I I I I

86



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
| 73

i m>
iri i i i i i i i i i i i i i i i i i i i i

        

pf^W*|)^^   ^ ^

j||f||^^^     

|||||tyl^

i^^ll^

 %Wi^^  

^^

»H^*w^w»»-\/v*»^M%^^^

33

o

OJ

o
-x-
NJ 
0

0

NJ
«

CD 
CD 
NJ

87



01 2345678 9101112131415161718192021222324252627282930 o
r nn ij

ty^^ ? m>

 ^Wjjlj*^    *~*~r  ^v~NX~  - o ^I Cn

88



012345 6 78 9101112131 41 51 zo

m>

53

I I .I IJ I I I It I. ILT7I

     **^*V\^ify^/U\/v^      I

 *VWw^w\*A/^*^^   * ^^^ ^ |

 --wv^A/YlAyV^/\J\^V/\^^ "

---vy^JWwJyW

    v->-*->V^«vy^v>v\A^ilty^^   V     V-^-'VN/'    -~-w        -N^-V-S.

~~S\f\rvJ\tv^hvl^^    -~>/v~/v   ̂

    ̂AA^^M^^V^jW^\/V^^    ̂^^    v-^V~-v

      ̂vw^AVv^^^^/^|l'^\j|/\/y^

   »V^<N^^~^^ »

   -ww'vv-wwvvitfllf^^    *^-   "^   ̂v.    ̂ - ^

 ^HAn^^v^/^Ai|l/^Jy\(|V^
I

-^y^VvM^^   ^wwvx-

  **v\^vcv\/wwn^\n^

^/-vWv^WNSbWtu*2 ^^^rM^^^

»   -^ '^A 'V »~~W^VY*^^W«V|/^   «V^V>-n^s  J\/^s~-J\  - v^-^  

* v'i/^^^4/^  
   <«»~+»«»«S«»r\pt»W*^^         VS^MM^»^-V     

   "*»^~^lbpiy^^ 

~V\/\^vvvwWvW^^

 ^wvv^--*A^jkA^^

 -^w^v^jy^^^
~^^M*^^^

I I I I I I I I I I I I I I I I I I I I I I I I I I I I

I O

N> 

GJ

CD
O 
-X-

NJ
O

NO
   

NJ
A
   

O

s  

CD 
CD 
O

89



cz
012345 6789iai12I3l45l6l7l8ISEC2l22Z242ae'2ffig5CB13253435BS75a59«)H42l-»4*9|.a^»SBO Z O

>
§ ^4^VvM\V\^ 31 d 

-  ~*l^/v^ryvvM/v^^ i-q rn

2 ~~vi|/|/sA/VV^^
2   oA^ffyVVVAAAAv^^

 *i+***M(W«\S\frty'lT/*t^^

o viIy^v|/yMV^^
5-  Wv/v^\A/VA*Wv\M^ 

$  ^wwvyv^^/\^^

  ^vi|kfyVv|jty^^
S  ^^JvA^vvv^^v^^NWvv^Av^^

s   ^A/V^AM/^^^ 

2 n/^/y\V|fY>^

§ -  -WW^/lM/^^^

  ***s^WfHWW^^ 

2 vjlfy/tf\fiv^^ 

5  ^M^f^i^^

5  ^vwv\^/WvY//^M^^

 -nrtly^vV^flj^^
 wwJf*(wtw»^^
  »ty+MtywrVd^^

 v^Yv\|fyj^ ^-^

~ **t**MtwM
 ~>wwtf^rvi^N\t^

 ^^Yl^/ill^
'  vfy/f|^^

 ^^|0^
  JT|(W»/4/v|^^

- ^^ifl^ll^^

tQ
S J"1 /N 

K)

CD 
O
-X-

ro

l ^i ^

1 O4
Jo^ 
INJ
I r .1

90



012345 6789iai12l345l6l7iaigZC21222242aeZ'2eeSBCBT3Z3«S©'Sffi9l-OH42l-3l-44-»ei.7|.8l-SBO

 w*4l^^

t+Mx**^^
 \v^j|tyto|Jl^^

-^^rt|^^ 
^(|||^^^
-v^^^
^A^l/j^ 

v^A^j^^ 

-VN^^^ 

^f^/^l^

-*M/ffit^^

-^^^^

--^^

^M^f^^^

'^^j/^^^

~-^^4t<l^^ '-

-*Mff)ll/i^

~-<v*«^^^

-~*jfr^

-w*Af|||^^ 

^^j^^^

-^^^^ 

^r^^

^^^^

 ww«Hl4^^
^VAl^||^|^

O
m>

: ^
i mH!

;CD
i°i ^
!o

ho

iNJ 
i , .

<N3 
i ,. .

91



0
<0

s

1 2345678 910111213141516171819202122232425262728293031323334353637383940 0

    ^W|J\jVj^^

      ^AAAAA^/^^

* m>

33

^vV\Avv^\M^^

 vwv^jV^^

 +yb^
I   I I f f " f .-y-.

 ~^NHy\^^

         -^^^

   -'-vA'^llW^

-^^H^j\f^^

 ~~**«*>«w<^

  ^^^

Wl/VWft^ 
>H^yy\M^
w^W^^
/V^^AAA/T^^

^^^ i i i i

CD
o
^f
NJ
O

NJ 
O

O

CD

92



012345678 9101112131415161718192021222324252627282930 Z O

j _
m>

£-^^^

i T i i i i i r 1 I

oo 

o

N) J- 

OJ

CD 
O

O

S~M4|^y|^

******S\fWJi$^^

*~<wwjl^^

O
« «

O 
GJ
« «

O

5-^Vl^^

i i i I I VI

93



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

   *Yr^^v^A^~v*A^^/^VI^^

94



01 2345678 910111213141516171819202122232425262728293031323334353637383940

-Afrr^\j\^

WV/NA/^/^^

i v i v M i w I I r r I i I i i I i i i i i I i i I

NJ

95



012345678 910111213141516171819202122232425262728293031323334353637383940
(ZZ 
ZO

i i i i ri i« i i i i i

\f^w/VA/\f^^

s m>

33

o 
x

N) 

OJ

CD
O 
*
K3 
O

O

*00
s     
5
O   I  ik

;cn
M *

I CD 
sCD

96



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

i m>
 ^||lf^^

 ^f|||l^^ 

 \firv<y||to*MA/^wvw*^^ ^x^vv-^-^_  ^^^ ^».

   ^V^V\^|(^    y^/Vvv^^

   ^w*|^^V\^   AN/V*   

    y^)^V1U»l^v^y^yy^vVv^^\/^  -v^-^ v-v ^xvx\^~~ 

H^iWMl^^

 <~lw|iwy!^  x

M^rf||(^^

^lllll^v^
 I I   I  

-y^||^^

-^t^^
-yyvw||IVn^^

-tlfl^t^

33

O

fo -^

CD
O 
*

O

O 
CD
   

O 
O
   

00

97



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

    --^-vV^^A/^

 -A^W\/v\X\/\AA>/yV^  v-A/vW

  -v/^v/^A/VWv/VV^

^-J^A^

 --~WVA^^ (J~]

 --WVMA/\/V^^

  -A^AW\^/V/Wl/\J^^

 ~~AAAA/\/^^

 ~*AnJ\f\[\j\r\J\jJ^^

 ^v\MA*v-vvvAJU^

 'Wv^/WWvy^
 M/XA/VW\A/V|I\^^

i i i i i i i i i i 'iv i i K i i 'i i i i i i i i i i M i i i i i i i r i i i i

98

^ ^-^s m

^ mm
2 O^ 

$

; o
2 _±
'* k> ^
« * 
| OJ
Q

s

JcD
JO

^f
ro 
o

100

5

^ho
g . .
5
I I xJ

00



0123456 zo
I >D
o^ 
m>

53

o

OJ

I I IJ A I !

^AAA/VWWVV^

  ^^^v^j\^/^^

  -^\f^\AA^^\f^^^

   -'\AA-/Y\M/^

  --Vx-V\A/^WWVj\/\^^
  --^A/^-A/VW^AM^

   ^^^/\/\^^

 --V\/\/\yrnyvWV^^
  *^J\/\fVW*^^

 -x^^v\AAAAAyM/vy\^
T y VIV^VV* *

 -^/>\y\/Yvv^VW\/^
 -S\/\S\AA/\~A!\/^^
 ^^y^^/\/\/\^^^
~--\/\/\/\y^A/~vA^

  ^V^^AAAVS/WV^
I V| i i i i vi i i v/1 r i r i i I I T I

O 
00

NJ
   

CJi 
CD

O
cn 
en

99



01 2345678 9101112131415161718192021222324252627282930 O

III

100



01 2345678 91 01 11 2131 41 51 61 7181 8202122232425262^2829505132333^5365738391-01-142431-4^51-61-71-81-350
czz
zo

m>

33

o
X

N> 

OJ

CD

O 
-*

NJi^lM^^VlHVAAlhN1^^^

^-^H^^

L h I I I I I I I I I l 1.1 I I I I I 1 1 l I I I 1 [ I I i I I I I I I I I i i i i i i i i i
WfHriWfJWr*P*\J**^^^   VV-^  ^^vww>  %~                        

 ^^/^         ^ 

*4i|HIW  *~
»   VI **

-^f^^^ j » f i -     i   ? * 

-j$^,(^^

--^f^^

/iwNMi^^
tj^f4^^

^1^^^

4A<MII^^^
  p

^i^HH^^  

^^

 ^^   ^A-

^^

4^1^

M^^^

O 
00
   

4^
cn
«  

O 
00
«

o
\J
00

101



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o

*~*M^^

vvvA4^%Vy^^^

I I I I
 ^^--^v\^A^

I I I I I I I I

01  

= ho
< 

o

so

102



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I X>
o^:
m>

I IJ I I II I I I T I I I I I
'~»--*lp|WlfV(iVA^^ ^

 -   ~"»Aj||||fy^^ 

/W||^

<VVWH^^

A^J^^

^^^^

I 
53   ^AV^^ww^

'WN^^

SMM|^
^ -^l|||\(lj^yv^^

A^|y^^
<yvH\f\

^^^^

is

t

8  #

o
o

CD

103



012345678 910111213141516171819202122232425262728293031323334353637383940 ZO

; m>

s^-^|||^

^^

HA4J^

^J^/lf^^^

jWI^^

*^

^^^

o

hO 

OJ

CD
O 
-x-

o

o
NJ

ro

104



01 2345678 91 01 11 2131 41 51 61 7181 S2C212223242322^282950313 25 3 43 55 65 75 83 9K* 1421-31-41-51- 6^81-360 Z O

    v

2     fJ&jkftoltfftHhfaf)*!^^   «^V  s^V<

-*^j\M4*J|^^
lj^  ^-^  

'M

K^||W^^i* i 'iii   
  -rtflf^^ 5

O 
-x- *H^^*^lll^^^

  |Kv*»|f^||^v*/^v*vvM^

<lA^|^(il^^       VS^   

J|^W^I^    ^^^v^-^v^^                 

^

*^|^|^    w 

*^wj|(V||^^     - ^~-

  j^MW^Wwll^WMfu^  v,^ . . **~

(jtWjtyjUj^

 fy$^
iA«l||l/||h«^|VWV*»V«*^      -

 iHiffj^
 i^|||tt^^

1^^^^
I I I'i'l'IH I' I'I I T I I I'M M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

2 m> 
I -nd

i

O 
00
   

ro 
o

i:
K 
I-
fn ^^

105



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O
i 11 i i i. I i i i i i i i i i i i i i i i i i i i r i r i i i i i i i i i i

f**A**4VWww%***~vA,              

^\|W|^   -^ 

 V$^      ~V     

 

iiiyfilll^^^

(|k|V^^   -

^Nf^^

^^^

i i
WW^' r i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i «c

f m>

I o

N>

 X-

INJ 
IN)

CD

106



N
O

R
M

A
LIZ

E
D

 
^
 

U
N

-D
E

F
IN

E
D

 
C

H
1
,2

,3
9
0
*2

1
4
 +

 0
7
:1

8
:0

5
.8

4
8

01A
.V1 

01A
.V2 

G
1A.VJ 

01B
.V1 

01B
.VZ 

01B
.V

J 
B2A.V1 

02A
.V2 

02A
.V3 

C2B.V1 
02B

.VJ 
02B

.VJ 
03A.V1 

03A
.VZ 

0
3
M

3
 

O
3B.V1 

03B
.V2 

03B
.V

J 
04A.V1 

04A
.VZ 

04A
.VJ 

048.V1 
M

B
.V

2 
04B

.V3 
OOA.V1 

6SA
.V2 

05A
.V3

.V
I 

C
SB

.V2 
CSB.V3



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO
I ^
o^: 
m>

-^^A{^^^

i i i i i ' i r i i i i

o

10

CD 
00

108



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

«^WWJ\^ 

*»»*Ht+^^

 W/^'^VV'^V^

     'v*~*Y^v~vv\/Hftv^^^^

-****-*~v^^ 

  tyWWJM^

***w^^

^WAMrVWVll^^

*ww^^

\[^J^J^ 

 «*<«^^

^^^^^

^^
  -II '     I   I U

*~~$^
«M(^^^

V  

*^^

I I I I I I I I I I I I I I l y I I I 1 I I I I v I I I I I I I I I I I I I I

> v.*/  ^
5 m>

^ mrn 
{ o^1 
5
O

1 o

is i

? CD 
S O

10 
I CD

1(7)

109



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

 ^^^^ 

WfVSf^^f^^

  '^t^^h^^^^

 ^\^i^^^

f^r^f^^^  ^A^-^AA/V-X

^f^^^^

Wf^f^  \AVA^A/

trtdw^^

MM^

  *fytf{^^

 r||^V^
  **Y^v^ViW^^

  **+witptW^^

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 'I I

S m>

$ ~^ ^'

$

lo

33

N> 

O4

CD
O 
-x-
N)

N)

110



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO
I ^

i m>

i i I i ii i i i i I i i

l^    'W~N^

5 

|»j|fc^        -|

ii, |. .,|, .| . .. V U 

   |||(ff«^     v>.
p l"?l'|f ' If   »

^              

     'jjjbft^^^

      ^f^

 ^4hv^^

^^

 ^it^^
    IJ^Jli^    ->A^

    ^Mf^^

tft^^^

 ^^^

 41^^

W^^
III 1 ! I I is

o

CD
;o
g y

iro

O

ro

CD

00

111



01 2345678 910111213141516171819202122232425262728293031323334353637383940 O

m>

i\j

33

O

N)  * 

I \.

^f^ ^

  ^t^^ht^^

 ^W/V\,^vv^^  v^ w^-|

f^t^

   A|^^^   W^V^^-VVVVSAAA^-

fW^Jl^^    V^vVWV^-sA.

I     r i i i

   ^if(^^^    /-V^

   ^^V^WvM^VV^YV^1̂   WV  vv-A/^v^ 

WV^Ahft^^^ 8
11 - i -1  

S   -j^^^^   

^MAN^W^^

-^*A^v*wvy>|i^ 

s ili^^MV^^    *

WtyfW+Ml'Jllf^^

v^vWvY^i^^
. I ! c3

 Iffllto^
 wwf^^A^^  ^-^i

'^^ywv'^^  '? On

CD
O 
-*
K3

O 
CO

!oi
8

i

112



VZ CZ ZZ IZ OZ 61 9 I L I 9 IL 0



0 1 2345678910 o

||M»i**j|^^^

^y^VW\^V^v^^<^-.---*'^    ''   >^-

 il/^^^     ~*-~v -  
rtr«V^^W\/^  "v        '          

  i||||||f**^   ^V^^V^v^N^-^s      .      

^^    X^-VWN^      v                               

  fykt*+4tfWrtJr»«*^^  "

i|h^   v~

t»^f^(^^^    ^V^^-^^v^

»**^|lv'YII^  '    

w^VV^'VWN^V^vV^(^lvR^^^

rn

. o 
I n:
«C

OJ

CD
O 
-x-

O 
O

CO

114



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO

*****^\*wt\f»^^

I I I I I ' I I I

P O ^
m>

o

25 <^>
1C

2  k
CD "
< K)

iCD
o

ro

loo
o

i co
is .
i co

115



01 2345678 9 1011 1 2 13 1 4 15 1 6 1 7 1 8 19 20 21 22 23 24 25 26 27 28 29 30 ZO
1 I I I I I I I I I I I I TI J. T ~jl I I I I I I I I I I I 

~~-|^

W*V4||^^

v*vw|L^^

V^AA*J||Y|jl^^^

-~^ljll!fl/^JI^^

^^^^

? m> <  1 11 

o

2 U
CD

is

o

2 * *
CD

116



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o

 -"-" H^

*    ^^

\ \ \ \ I I 1 I 1 \ I ! \ .\ I A I I.I I I

^j^fli^

V^\/W^^

-   v*||lfffftWinj^^
I I I I I I I I I I I I I I I I I I I I I I I I I I 1

o O Sw
> m><  n i 

> rn L_J 
S O^

o

§ O

CD " 

< K)

eCD
!0 
1 * 
gNJ 
"NJ

CD15 NJ

^OK3 S-  -^

is CD

iNJ

117



811

C\J

LO 
LO

LO

CN 
C^
 x-
O 
O)

ro 1

^ I
X 1 
O

ZJU_ I
<UJ '
^Q I
a: I
O Z

»wJ^W^^

*V-vVSrvVV-*rfV^

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I V rI I I I I I PI I
L 0



01 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 Z O
I ^ 

I o O^
i£ m> 
5 33 HI 

Z M 
> mrn
iS 0°

l^T Ul

^Mf^^^
 "-  -**"*^^

00

I I I I I I I I VI I I I I I I I I I I I I I

119



01 2345678 9101112131415161718192021222324252627282930
I I I I I I I I I I I I I I I I I I I I

 +*J\Aj\f\fW*W^

^\J\f\f\l\l\f^^^

*+^\f\t\f\f\f**J\^^

100
I I I

dZ
zo 

I ^ 
o^: 
m>

I *

2  
CD

120



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 O

*00

121



0123456789107123438713 o

2 m>
t ~T] I « _'   

1 m m 
i o^
5

2

!o

I u
I
|CD;oI *
iK>

I I I I I I .1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

^
 JJpM^

l^h^tl'lf^^    »A-^^v»-/^^-/Vyvw^-~  v-

 

 *-v~

^ljlljlll^^l/^  

flj^

^

fWItltttht^^   

1^^

CJl

O

O 
NJ

!r
i:

122



01 23456789101112I31415I6I7I81 2021222242262^829503 T325343SS75839J-Q1-142^44-3-61-71-81-260 Z O
I I I I I LI LF MM I.IT.L I ll I. ITT I IT I I Uf J. OTJ. «7M .rjTA l I 1.R J MJ I 1 I ^

^ 2 [ i ^"

m>
   ~*^wv^~v^v>\/>-Ax**v<~^^  *V^f(l\/\l\l\f^   k^sA'V

 w  *VN~WW-,/V\A\A^-*-yV/\^^

8  ~-^/\AA^A/VY^/«VvA^^

-V~WWVWW~'*>A"/S''V>'^/N^ ^^A /"iM/vVAMAAA / W1 /^A./VV\/\/\/~^-V~\AA/

   ^v^'~W>~v^/V^~vV^   ^/VV^'*^

----^/VWV^^MI^^
    '  ~~~-*A/V>A~~>A/WV-*-V«<V-VN/^ V^/S/\/\/\/W\J\/^/\/v'^

  '*~~~*W*A/^^A~^*fi^^

-~^\/WVM/VV^

        ^AAAAVv^^  ^V>^^^^A^N/\M-^--*V\r-x^^^^  V^/^/VVVA/V\M/\/^^

   <*~~Wr~s*rw*w<̂ ^

 f\W\tftf\/VV^^

   ^^^AA^VAAV  ^^^x^A^^rw-vAVsxvv^AA/V^-V^^^^^^'^^

     /V«~Y*>/WV\/VV-N/VV\/VVV^

-^^M/v^/Vvv^
   . *v>/www« ^>^^vu^^^AA«ov^A/\A^/^v/vM^>v>AA^ V^^ttAJ\l^]\iJ\/\hP^^

    *ss^\wwfw^^^^  ^A^/^^/lMly\/\/^^^AAA\/^A/^ ^ i

. ZM 
 ? m m

2 _^

CD 
O

CJi

N)
 ^\^M^^^

  'Uv'Vvfc^>^A^Asn^n^' vv^^  ^V^ |

 *^<t*J\4\r-**fVJ^^

>mtfww^^ 7^
  -~**,*s*«*As*^r***Aw^^ | /-

  V^^^AA^^M/^A^^MA/^W\/^^^

~~~»M\l\hAP\fo**rJ\fa

    ̂V^/NA^^XV>AA^>/VV^V~V^^

~*JV\frVf\fij\^^

***t*v~»~J*Sv»*r^^   YV^^V*'^^^ ?

/-"Vs

123



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
I I I I I I I I I I I I

I I I I I I I I ' I I I I I I I I I I I I I

124



cz
01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

i i ii i i i i i i i m L L.I i r\ ii i i i i i i ri i i i r i

^^^

^-A/WM'vwwN^^ 

*WWW^^

wMWfr*^
 **4+WWfi^^

»4**J«pUb*^^

rW***Ji^^

»*w^^

 ^i|^^
   -^^i^iri^f^^^

f*^M^^^ NO
Irwl^  

»    1^ 1 I I I I * I I

^(Wiilf/^^

ty^^

-^^^
  H^yh^vVt^VV^^^ ~l

s m > 
« Z3!=
? -7 M

o _k

15 N>
2 "

I

N -\

o

P

;0 
SCD
a    

1 ho

125



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

o . . ~^r

* m>
2 I]£

s mQ3
^-^^f^^ 

s~^^AA/\/V^^

innii/jIiiiiiir iir iir i ir i ii 1 ii i 1i i I i i i i

^-^\/^
*---vv\^ 

**~\flj\j\^^

  ̂\4^ 
^^\l^
  vjy u \^N^I\/\f^\^

-^Wv^VvA/^ 

< **AAJ^

v^W\A/VW^^ 

^\^rs~\f\f\/\j^^^

<^vj\^^

-^^/yl/v^^^

^v\M^^

 ^^^1^^

***W^^ 

^^J\l^^

rr^^^

" o
i

o
ms k>

JCD5 O 
f ^

iro 
100

0

en

CO

icn

126



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO
i rj 7i i r I i r i I r i i T i i i

m>

S  Wt^IV*^^

r^^s^
jfM/V\/lM/Vv^

ICO'CD 

INJ

127



012345678 9101112131415161718192021222324252627282930

~~^^^

M^^^

o

CO
O 
 *
K3 
NJ 
00

CD

I ho

128



01 2345678 910111213141516171819202122232425262728293031323334353637383940
ez
ZO

Hii*^         

I'j'j^vyM^^  - ^-,/-~.

^Av^HftV**!'^^!^^   ^

   /  

^t^r^^^

Avyw<y||fi||iA'l^  -~~~

wW»*-vV*

4*H^^|y||i^ v-w^^w^v  ^ . ^ 

Mwtf|l|^

^jjl^^^vlUA^^^*^ ^-v-^

4^^^vV*^^i      v*-        
? »

^j^^

  ^<

   N   .              

>^^^^

i i i i i i i i i i i i i i i i i i i i

O
I

CD
o

(^ 
O
+
ho

en
«

cr>

129



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

4^/4v^AWW^^

WfAW^^ 

4»^

WMt^^

/tH^H^^

o

CO
o

 MVrt*wWN**J|^^

00
«

O

130



012345 6789101121345161718120212222^2627229505132335^536575839^01-1421-31-41-51-61-^81950 Z O
| 3D

m>

*l*ww*f»Mr*l^^ ^VNXV-^VW~^V~~

,^yu^^^
 ^*^r^^f^\fl^  v~-^-^~

*YW*<M-rt*^|^     -~~   

^i^    
W<»A»>^tyfl^    ^-v^v

ti^tf^r^^^

 A**^^  VN/W^ 

4iu***^kltotffl^^^  ^x-v ^^

*^#rt^
^(L^ljllto^

I I I « '  '

^^^^    ^v  

iMv»^^^^

****fllfkl^  <*

^W+*N^^

f^>t^^  ^ . -

T     rjF-i P 1(1 '< ' f "I

fi^W*^^

53

o
n:

N) 
OJ

CD
o

O

NJ

CJl

131



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o

^i^^

1 \ \ IT n i r

^

rtW^v^l^

-^^^

 4||(jWP^
-Hta^^

^1^^

i i i i i i i i i i

'$, m>

g m m 
is o^1
OV s o

< NJ

§CD
!o
'iff v

10

I NO
S *

lO
:CD
I CD

132



dZ
01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

m>
-fybityty^  ^-v 

w(y^j||i^v^  -~~~ .  

rHA^^ _:

 |fj|h|j^^

^^^MWlf^   

WityJ^  ^ - 

^^l^f^^   ^^

 ^^l»t^l^

llllto^

^^^

|||(|^   V~~-N~~WV

 irtilM^M^ 

<V^(|/|||^^

fr|^^^

CD
O 
-x-
NJ
OJ 
NJ
+ 
O 
CD
« «

CJi

ho

133



012345 6789iai1213141516!7l8l2C212222^2e2^82S[5CB13Z33^55S73a33l-C7l-H»31-41-5l-^^8l-SBO ~Z. O

I   yijWWMhfoW^^   >x/-%/W\/\XV-  ^v-x^v 2

tJf*fiMW~<fa}lfl^^
I

» +Aw**4MM^

\^ltflA/|Wjl|^^ 

^W||/|^|jl^iAJ^^

^/r^M^^^

**\ftMtfV^||iy/l^  AA/vVv^vV^^VVv^^v^-  ;

/^^|ft/^/ywy\^l^

i^yiJtttyjljiflji^^ § v-^-y
l|*|^^Uj^J^^ g v. y 

^f^fi^^l^/^^

  fl^^V^fVV^^ I ^-^

   iVfA*«^W\VvHV»W\/lA|\fW^  *-v^

^y**^yU\/|^||||^   - ̂ l\. ^

    |lf^(|f\^^   ^/x~^V   v^^^s-^-x^^^- j

  vAWWM/»VIAy^H^^^

   >TMl4p»WfMlty^^

    W(jVfl)llMll|V*'*^   ^<^^A^^^^-vv^^   -NAr^x^x^w^x-N^v j

IfMf^fHW^^^W^^

  wvi%*wfc>A<vv>^iv>.>v^Alyy\ftA/\A^y^ »  

    j^j^^    y-VN^r^vr       w/s-x^      I

    *A#fVV^V^WMMM^I^   V^>A~^N--~^^^^-^- I K ^

pyw*ft(A^\/Y/yl||)\fl|i/^

    ||j|(lj|M|^^    ^/x~-~v^~   ^-^

  trWWtfWiW^^

   *lW*lllW^*<HMj9^

^^^^ (
  Wrv**v**/to^ ^-^

m

NJ

134



sei

00*

CNI

    §

-X-

O

X
o

<LJ >
^Q 5
o: I

i i L i I i j x x i/n j i i L i i i i I rj i i i r/rj i I I I I I I i i I r

f\^\H^ 
^f¥^^^ 
/^y\/\yN/l/^
A/\TWN/V/^^

\rY\/^^ 

^J\f\j^\^^

^/Y^J\l^^

M/\/VMw^^

^/\/\jy/v/\^  
W'-VX/VsA/V^   v,

/VV^VHAA/^^

^p\Af^V^^   *~~

/v\v^^AAAyv^^

T - §! \l/ __ CD 
^ 5

X

s/\^YVA/x/^/V^

i iv i i i i iv i i i i i i i i i i r i vi r i i iv r w i i i i r i r i T i i i i
LCL3ULOL6 8Z9SfS?3 LO



cz
0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO

1 L I I I I I I J [ i

OJ 
M
cn

^^^^

I 
*i^$^^

v^v>A^^^

»o
OJ 
00-

^\1^^^

*«*WtWWfty^^^

o

1CT)

I CO

I I I I I I I I I I I I I ' I I I I I I



01 2345678 9101112131415161718192021222324252627282930 o

137



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
1

f^^

tfjjjpf^^i

ii|W|l^^

 ^*-|ilpjh|i|^f^^

 |i|jil^^li|^(«^

\,4^^f^^^

I I

I I I I I' I I I' I I I I

zo
I ~x> 

m>

N> 

OJ

T

CD 
O

100

I CD
Oj «

I 00
o

138



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o
1 I \ \

\rtiw«^^ 
»w{\j\f^f^^

m>

N3 T

:o
1 -x-

10
100

leu

139



01 2345678 9101112131415161718192021222324252627282930 Z O

^^^

^^^^

AArV^^^

I I

I I I I I i I I I I I I

o U
? m>

CO "
< NO

o

CD15 CJi

i en

I en

140



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o
I ! I I I I I I

^^^M(^^

«w^^

^/^^^

I_I

I I

o ^_ ' _g mrn
is o^
O

^ 
is o
CJ  ^a- 
< N>

OJ

:o i *
§NJ
<*i

ICJi

CJi

loo

141



01234567891071234138713 2(2 222«2E^ffiSC51323^55 65 ZSaOH4-aj-4l-a-8l-74-a9B(5 525*5

i^toHWY^^    

ty|Vl|fy^|tyY^**V*^    f~~~*     "^

^j^^    >*-      -

^jwjlHili^ ^~~  -  

*s*w^^
   Wflftl^^      V^v

I I I I ^^^

53

O

ND

CD 
O
-X-

K3
OJ 
U1

CO
« «

N3 
\l
« «

^ 
\J

OD

142



o

LO
i

: i
o  »

CN
LO

LOi

O!

11,11111 M*Ww- 

 **w\JW^^

A*"/****AA'^^

st ez i o



01 2345678 91 Ol 11 213141 51 61 7l8l£20Z122Z242227282g3CB1323334355S75fi59?-OH42l-^4451-61-^8l-250 ~Z. O

m>

  I I W

£  ttfr+r*>*l*Wp^^  /w-v  -vA '     '2

£ dM^VY'JW^^  *^~-

i   **VVA*/*^fy\Yty^    ^XWN^^-

vVN^^l/Wl/S^Y^   *~w*~x\/\-~-v/w>~ ^^N^N^

**¥Vv*/x/Ml^  VW~\A/-V| 

iv^|^^\^  >^/V\-A/S/N~A/\/\A/V/>/W\^-.^

  4^^A^^   

      Wr>*A-Wjfl/\^^      .    ^~

*^jj|^^  ^ v>~vwvv ^VVA^^V
1 I (I 11' I       I [11     I

  ^J^MMA\^^v^/v^^^

  v^v^n^AA^/tyY^'^  ^^-v^v ^

^^V^W^^^^]^     ^-v^^w^^V>-w>^sr\A-   ^-

  » i

S YWMJV^A^AA^J^   

S  *Vwy»A'Y*'/lflljf^   ^so^VN^vA^'

r««fWV»>Mv^|y|^J^   V^vx^  ^^  ^,^V\/>    -v-    
  I      

   J^VJUA»A,^V^^    ^ -v-^^v^

   -vwVW-^n^A^/V^^\^^  v-~>/v-, ^wv  ^>^WN^  ~w

        VV^VJl|||^^      ~-    -      :

    4|ffcY\V^*^VIi^^   ^^^^  ,r~v*-^A~~ §

^ifj^M^ify'l^  ^SA~

^vVy\V)|lJl|lf|^   >^s^v-v      N^    !

 ^)|^^fv4^^H|f^  ^  

  -*A^*Mrvwvy*^^(U^  VVVV-AA  ^v- 

.,,.-. .   I I v I

WtM*^^

    »W»*«***f(Wl^^    ^   WVN^^V-M-^

I I I I I I I I r r'i rif r TVI' rii r i i

O^ 

O
IE

K> 

OJ

CD 
O

NJ

O 
\l
   

O
cn

CJi

144



01 2345678 9101 11 21 31 4 51 61 7181
czz
zo

m>

m m 
oo

O

  ---^^^v^vAAA^

  ~-^~^^As-^M\/^^

 Vv^vXvWV^^AVV\A^

  '-~--~^A/'V\/V^^ 

--^f^^^Vv^^^
is _

OJ

V

^ -  ^r^^^^\T\/^\^

*~^/^^r^JvJ\/^^^

-    ^^-^^^/^^^

 ^-^-AX-VN/VV^^^
-y»yy - y »v» yV g

 ^N/Vvv-A^A/)/\/H^

    -~-'*-^X^/'^V^VA/V^^

 --V^^v-^^Vv^/\/^^^

    ^-^^^^^^

   '~~^^vv -^AyA^^^

 -^J^-^As*^

      X-^A-^AA^^V^/r^^^^

      ^-^^^^^^^^y\^^

^VV^A/A^^A/^^^

  ^-^^-,.,^^/vyv^
  *-v   %^N^^v-vX\/vyv\/AA^ 

~^J^-^-s<V^f^^

   --^^v^w^aN/^^y^^

   ^-vv^n,V>Vl/VV\/u^^ 

J***W^^

     *-W*WNV>/^

CD
O 
-)f
hO

CD 
« *
O 
O
« «

NJ

145



N
O

R
M

A
LIZ

E
D

 
U

N
-D

E
F

IN
E

D
C

H
1

,2
,3

9
0

*
2

3
9

 +
 0

1
'4

2
'3

0
 2

4
8

^J
 

\^J 
' 
/
 

v_y 
v_y 

i 
v_y 

| 
, 

/
 

, 
v_y 

v_y 
» 

x
 

^_
j

01A.V1 
01A

.VZ 
C1A.V3 

01B
.V1 

01S.VJ 
C

1B
.V3 

C2A.V1 
02A

.V2 
02A

.V3 
02B

.V1 
C

2B
.V2 

02S
.V

3 
C3A.V1 

03A
.V2 

03A
.V3 

03B
.V1 

636.V
2 

S3B
.V3 

G
5A.V1 

CSA.V2 
G

SA.V3 
C5B.V1 

O
SB.V2 

O
SS.V3 

04A.V1 
C4A.V2 

04A
.V3 

04B
.V1 

048.V
J 

048.V
3

32767 
32767 

2325* 
1302* 

8043 
6063 

3276
3276 

2
6
4
W

2966$ 
U
7
3
5
 

17646 
32767 

32767 
14406 

32767 
770* 

24455 
32767 

1656* 
1673* 

3082* 
16043 

1
M
«
 

125 
13468 

8
2
M



01 2345678 910111 2131 41 51 61 7181 S2C212222422e'2e29BCB1323S^53©75a591-Ol-1421-31-4151-61- 71-31-260 Z O

#1^^     

^f^f^^ 

+i*ttlttt**tlM^^  

  *-MvvW/^A^fy^

**WWt*^^

S^vfAWywvJy^  - ^vwww^    

2~~^w*WN*Xwf^  /-^A^.

s--^-wl^MA«vA^(MY^v^^  ~v/s 

- vv^^v^/VM/^^^
ii i*

s ^AAf^^l^^  

s-M^toiY**!^^^    ^-. 

^^^^^   >A~ 

 -^^1^^^^

WWll|^   ^^WW^UA^-^VWvWv--.

-^V«^^   -   ^   

   KMMMM^H^Vjf^    A^Uw-V^   v

+~+**totrtff^^ 

»*WtyW^^

-~~*ff^*ttfrftyiWjty\f^^ 

VvA^ 
^

^HHW*VWWH^   *~  "   

 v^AMW^M/lHl^^^

~~*W>WMt^ ^^ 

^Hft^^ffl^  ' °

«*VirtV ^^^

 **Wi+fiifl^^^
]J\J^^

 »*>+»Wtt^^

^
m>

§ ""

CO
o

I CD

o
00

i .
ro
CO

147



01 23456789101121314151617181 92 C212 22 32 42 32 2 "28293(213 23 33 43 53 63 73 83 91- 01-14 24 31- 44- 51- 61- *» 950 Z O

m>
 +*WfiWJr*f$ft^^

 ^^yM^v^MAwyAi*^  ^S/VX/^VV-^A/N^ ->

 H/^^/VV*^   y-W^  ^

 ^v^^v*^Ww^^WV\H^  ^i 

B  ^v^j^M^^  ^rwvwv-w~w^ ^ 

^^U^yyv^^M^^^As/\^^
Y M

s  ^f^^i^fy^

s \f^^^j\i^^

*AfrW*f(ft*><AA?W

.1. I I IT II I I I T I T I

'*\^^^M\/\^»M/l/^AA^^ -, . g

 If^f^l^
    A*^^y^Yv|/S/\/\/^   W-XA-V

 « i I     I i a

  ]f^^^^

   «-^^«^Vwv^VV^^/VV'\/V^VVlw^^  " "

   ***s^/^V^^^  ^VTNAX^ g

   |&*l(|ff]l^   ^A^w^,

  *-^-***rfv^«^^^Y^Y1l'^Vl^M^^  " ^^^ vA^x^wv-^.

  WWh*Wql^^ 

 fytitvft))^^

    %WW\^)1*MV|^   ^^^^^w^.!

   *"f*M|W^N^^

    fiflffffffiiWlf^^    N^^^   -^^^^V^

    *--**l»vV\yY»(^y\^(VV(/VV^   *^/W/V-v^V        ^

i

  ^^^M«4^^-Yv^^MJNV^'f^^  -w-w-^^^

  -nHW^^Wl^   i

iS  
_

53

O

/i\ 
|\j

Osl

CD 
O

hO

O

CO
  «

o
ho

ho

148



01 234567 89iai12l31415l6l7l8l92C2122Z2422e72ffig3C51323334355S75a39K3H424^4^5l-et-7}-8l-SBO
cz
zo

m>

33

o
IT

ND 

OJ

CD
O 
-x-
NJ 

CD

»
 fl*Avv^4vMH/VW^  ^ ~"

    ^^^W^liy^   'WWWV^V        

  **<**A'-*vv^^  >^^

s Y^^4Mv\^/v^lY^y^^ ^^ v
S  *WYV\MAH/|^VV^ "'

*s*^^j^(|^    ^

* YY<v^WM4>V^  ^^    

wvw^vvvvtyA^l^    ^~ 

^MAA^Mli/'^J^^

*M*v*^U^^   A^^vV^   - 

vv^^l^W/VVl^

»'j   » f » » y

 lA^MAv^WA^J^   v^
  ^*^^Ns^^^/v^^VA1^^    

   «r^NvrtVwyv^|j/^   v~%A xs^^-     

  ^4toW-H\^

  *^AfVv>fAA^llll^  ^/X/WVSA^~  *- ;

  ^NtpWfa^^  ^vw-

vA^^A^^N^^V^i^   -~<~~vw.  ^  .

v^v^^^
 ^^^lA^v^i^y1^^  ^A^W>^^>-^--

MVVV^  ^A^VH^-^-
 

 ^MiHMHlf^M^  ^w^-

  vvvv^^v*^A^W||yl^/l^  N ^ 

     ^^MA^klrJl|^   x  ^

 JW^Wv^i/l^  ^  ^

  «*wM«rt*J^I^  -^

I I I I f I I 1 i_l I I 1 I 1 1 I I I 1 LJ J J 1 1 1 1

O 
00

NJ

149



cz
0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 ZO

i i i i i Till

l\l\IYl\f\l^^  ^v-2

i^l/vvvA^^

o O ^
£ m>

m

o
IE

CD ~
< N>

150



N
O

R
M

A
LIZ

E
D

 
U

N
-D

E
F

IN
E

D
C

H
1

,2
,3

9
0
*
2
4
0
 +

 0
3
:3

5
:3

8
.0

6
9

G
1A.V1 

C1A.V2 
C

1A
.V

J 
C1B.V1 

C
1B.V

2 
C

1B.V
J 

C3A.V1 
C

M
.V

2 
C

3A
.V

J 
C

JB.V
1 

&
JB.V2 

W
B

.V
3 

C5A.V1 
C

5A
.V

2 
G

SA.V3 
CSB.V1 

C
5B.V

2 
G

SB.V
3 

G4A.V1 
C4A.V2 

G
4A.V3 

G
4B.V1 

C
4B.V

2 
C

46.V
J

573
8
0
5



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O
| 7D

' m>
^*«'*^VV|rv^^^^

    ~~~**"'~**v%-«v^^ 

S  ^WWrVl*'^

     *++~^~J*~>wr^w~»^^

 ^J^M^^^

  ^^^^^^^^^^

  <v~vv*^*v*f«AA/WV^^ 

^^^^^

~v~A^U*JVy^^

   *~>>~+MV<WW^^ vv^
 ~Wvkf\l^^

    ^^AA^A^AM^NA/^^

        w^^VWvsr^^/H/^AA^^

rf/^^l/^^

     ~vJ«**MW*s^^^

     ' >A/^v*vv^W\*Vtvw\^^

-vwvvyv^M<^^^

   ^A^AVW^/W^^ 

^«W^VNAW\^^

 ~^vM*yv<wM^^^

I I I I I I I I I I I I I I I I I I I I I I I I I I I

o

ND 

OJ

?

CD
O ^

10
8 + 
10 
I Cn
o    

!cn
'£

ro 
CD
CD

152



01 2345678 9101112131415161718192021222324252627282930 Z O

3 CP ^
: m>

SvVA^I^

^^*vv^y||/|^^

^^||^^^

^HvV^l|^^

W**||h^

i r

I I I I I I I I I I I

33

o

OJ

CD
O 
-x-
NJ

O 
CD

CD 
CD
Cn

153



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
<ZZ
zo

I ! I I I

  I ' O*  

VH^AVHA/^^A^

i i i i i i i' i i

100

154



N
O

R
M

A
LIZ

E
D

 
U

N
-D

E
F

IN
E

D
C

H
1

,2
,3

9
0

*2
4

7
 +

 2
2

-5
5

-4
5

 
1

4
8

^
J
 

v_y 
' 
/
 

I 
/ 

I 
/
 

/
 

. 
v_

y 
v_

y 
, 

v_
y 

, 
| 

| 
\^

j
01A

.V
1 

01A
.V

Z 
01A

.V
3 

B
1B

.V
1 

B
1B

.V
Z 

01B
.V

3 
C

2A
.V1 

B
2A

.V
2 

G
2A

.V
3 

C
2B

.V1 
C

2B
.V

Z 
B

2B
.V

3 
03A

.V
1 

B
3A

.VZ 
B

3A
.V

3 
03B

.V
1 

C
3B

.V
Z 

03B
.V

3 
64A

.V
1 

C
4A

.V
2 

64A
.V

3 
C

4B
.V1 

C
4B

.V
Z 

04B
.V

3 
O

BA.V1 
O

BA.VZ 
O

B
A

.V3 
O

SB
.V1 

098.V
2 

O
SB

.V3

O
S

141 
1022 

235 
206 

1216 
586 

421 
6
3
3
 

2
2
4
 

1S
2 

1197 
3
9
9
 

261 
606 

349
79 

158 
1

H
 

3 
3 

3
 

1048 
ttO

 
212^



01 2345678910H12I31415I6I7I8I SE(2122232422e272ffiSCB13253^556575a59K3H42*^^5l-ei-7»-8l-S50 Z O
' ' 1 '

jfitW^   ./>~~V^..s

Hf^V^V^AWMl^   "I
    f

   VMM'l|l/^V'^M^   ~ ~*~-~^~^~~~  -^x-

 M.*MM\/\n/V^YW^

 t*tMwtf\}ttf^^
   \faty l̂ft*hlWJlfl^   ^^^^V^VA/^-^^vsA^-v^v^^  ^   ^ ^~

  ****fsy*fr»fWJ*^^  ^^^

  A<w^/w^^/\/i^rt(\j^/\^  - ^

   $*yWfitJtAt(jywf\^^   ̂̂N^^V^X^-^W    -

     |f|*/|(^^    -"   -VvX>  x    ^

 ^»*^vA»AAr«wyiY^v^  ^~- ' ~

M^^Vft^vM'V^'^V'MV^  ~^^ "" ^^v<^-
I

   JI^^I^VW^V^  ^^^~wA~^  ^^-^^v v^^^>,

     *<Mi^V*VV^^VM^l^|V^/VV\AA/A(*^   V/VAx>~^  v>xvx>~  v  xx,

^v^/\^^^v^w^\^^y^   

      j^^l^^V^f^          ^X^^-W^-^^^^N^XV

  j^flflj^^^

sw^^vvy(]|/W^  ^^   
    tt^Hll^^VlV^    ^W«-v^v   /->/~-  r x-.

  l^y^yWV|^  ^-^A<^V^^V^-^X«X^ . -^~~~~-

  **^wv^r/fN|VV^V^!l^  ^/v~ .|

  **^^f*/J/vl^WMl^  "  **"  I 

vAv^^MVV^

     -*^^(V^fl^V^   V^/W^V   XNX^ |

I O

m> . -nr- 
5   r~;

o^

is  
ro
OJ

CD

ho
Oi

O

s

!NJ

r

156



01 2345678 910111213141516171819202122232425262728293031323334353637383940 zo
I x> 
o^ 
m>

i i

V^V^A^V^^^
 ^/v*\/\/v\/y\/\^^

^^^^v\^^^J\IV^\l\f\^

CD

00
« «

o
CD

00

157



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 O

158



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO
| %>

i m>
1 I l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

VW^'^^     ***SV^~~   VN/S^S-             .

|^j||^^

^   * 

^
^1^^   v\,

 <i|ii^   A, 

 '^^^^

 j|ll^^^
4tJ^^ 

^f*^^^

  ^^^

  ^^^

I I I I I I I I I I I I I I I I I I I I I I I I

33

ho
OJ

t

CD
O 
-x-
ND
CJi

O

§ o

NJ
«

CJi 
CJi

159



01 2345678910I112I31415I6I7I8I92(2 V2l&G3.8.12&.&aT5B3G3®~R&&&n2W#&8W&&Q

- V^|^

^M^^ 

Mlkllti^^ 

8 y^^W^   ^~-^

<^f(^fl^^

^VfoMMWvM^^^^

-Hhfj^M'V^W^

M^lf^fw^   ^s^^,

^f^
-^%^y^^^
-^^4lif4M^^
-~<HUW\|^  v~V\A/

-^Jl^^
-^^t^i^^
~**MtiiWr«t^^  vw»

**W]^

<*+«i$to>l^^

-r^f^^

**I^V|M^M^
  I I If'

t^irf^^
AV(jf^^

i i

^^
«^^

^^^
3 '   Tl iiiiii-i»Bn inrii* iiNii'iirinm H iri   

iS    . .

2

m>

M

2 J~"
.2 ro
5 -- OJ

JO
; ^
JNJ 
JO) 
10

s
« «

i en
s

!CJi

o

160



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I 70 

P O^s m>

M i 11 i i i i i i i i i i i i i 
*~ l^j^f^HA^^

Mli^^ 

^

W*#*WWr^^

5 ~~~$W»+ >^^

^i^v^MMti^vMi/ty
^^yAVVy^^»^v^Nrfv>

     |^»*d

W^

**Hk^vV\A/v*\«ft

2
(D

is

4M^*H^
*+»hW>1**l»ftll^^   ^^^r-,^-.

^f^^

>MW^^

»*»Y4||fSfl^^^

vv-^|^^

f^^^

I  

 Jj^t^

-^j^^

O

15 To

cn
10

00

161



01 2345678 910111213141516171819202122232425262728293031323334353637383940
czz
zo

-fii4h*A^Jlf^       

vv4l^  ^^^^^^ ~

i  |j|ii/y^^^    -S "(

^/|^j|||^   '   V     ^ 

/<l»^(yVV^yJ'#'^A/|W\/^^MA/VV*V^          w/~"    

    *y(||ffNVyv'w||rf|^^  wv^V^w/vv   ^~^v         

       4*11*^^^^^   yV-N^   >^XV^  ^xv     ^        ^

B   j^vv^^^M/AV^U^   "  v-^^v^     v     

iMW/wJ^I^      

*MwyvY|j^^   ~vw-

i^vw^v^pj^/^A^V^v^^^

J|J||||^^    

|^vHiV\fj^^^

f^l|^^     A  

y^J|||f^^  ^~   

^/ifil^ify^*'^    - %x*-~- 

Hl||frtU^     -    

I I I I I ! T"I ' I 'I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

S m>

35

O
IE

CD
O 
-x-
N3 
00

O

162



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O

P1>

 ^*^M»r^*'>^Y*v^^

M'VVVA-^XV^^/W*VVW|^

^^M|/|^
^^^VV^A^^

*^^^   V\/V-VV-^v/VAv^  yvyvvv*^~-\A^>-\^A^Vv^x^ ^/~

»VMVVvV\^l|^   *

WVW*««M*VV»*-^^ K "^

^Wf   **«'-*4A/>WWY*^^

    j^^^^

1HM  v*OAA/^^^

v^j fyi/iiy\l|/\rv^
ir» f ;

 Jljf/lw^^  A i

ft^  vAA/V^A^-^^^-^^V^NAN-WVr'

I I I I I I I I I

3

O

K>  *  

OJ

CO 
O
-X-

M 
00

cn

CD

163



N
O

R
M

A
LIZ

E
D

 
U

N
-D

E
F

IN
E

D
C

H
1
,2

,3
9
0
*
2
8
8
 +

 0
7

:4
9
:5

6
.7

9
2

G
2A

.V1 
C

2A
.V

2 
C

2A
.V

3 
G

2B
.V1 

G
2B

.V
2 

G
2B

.V
3 

G
1A

.V1 
G

1A
.V

2 
C

1A
.V

3 
C

1B
.V

1 
G

1B
.V

2 
C

1B
.V

3 
C

3A
.V1 

C
3A

.V
2 

G
3A

.V3 
G

3B
.V1 

C
3B

.V
2 

G
3B

.V
3 

C
5A

.V1 
C

S
A

.V
2 

C
SA

.V3 
G

5B
.V1 

G
5B

.V
2 

G
5B

.V
3



N
O

R
M

A
LIZ

E
D

 
<^ 

U
N

-D
E

F
IN

E
D

 
C

H
1
,2

,3
9
0
*2

8
8
+

1
8
:4

2
:4

4
.3

5
0

01A
.V

1 
C

1A
.V

2 
C

1A
.VS 

C
1B

.V1 
01B

.V
2 

C
1B

.V
3 

C
2A

.V1 
C

2A
.V

Z 
62A

.V
3 

02B
.V

1 
C

2B
.V

2 
C

2B
.V

3 
G

SA
.V1 

C
5A

.V
2 

C
5A

.V3 
05B

.V
1 

098.V
2 

69B
.V

3 
G

3A
.V1 

C
3A

.V
2 

G
3A

.V3 
038.V

1 
C

3B
.V

2 
O

3B
.V

3 
M

A
.V

1 
04A

.V
2 

04A
.V

3 
04B

.V
1 

G
4B

.V
2 

04B
.V

3

I 
{

I 
I

5713 
14S

35
 2

3
6
 

4
2
2
8
 

1490 
M

2
2
 

3428 
8097 

15089 
124S

Z 
21431 

7143 
5S

3J 
4

3
8

5
4

1
8

8
«

«
5

* 
10135 

3
8
4
* 

4
M

5
 

10814 
2880 

3
2

0
*



01 23456 789iai1Z341SI6l7l8lffiCE122Z242affil2ffiSBCBl3Zaj«SeB'Sffi9»-OH4-2l-3l-44-»ei-7l-»S50 ^- O

* yti/tto^   
 -«+«~~«llptifofrr^^  --    

(fJIftovYH^Y1**^^

]$$4»b+l+Al*Ht*r*«*+*+r~'

l^ll^  . -V

»»ljy(YilA|\^^    v^^-'         

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

m

^

K>

OJ

t

O

CD

K3

en
(Ji

166



N
O

R
M

A
LIZ

E
D

 
<H 

U
N

-D
E

F
IN

E
D

 
C

H
1

,2
,3

9
r^\ 

o
 o\ o

 
i 

-i 
A 

c\ A 
A 

o
 

^
 o

 /^ 
0
*
2
9
2
+

 1 
4

:0
1

 
:1

 
2

.6
8

0
C

1A
.V1 

C
1A

.V
2 

C
1A

.V
3 

C
1B

.V1 
C

1B
.V

2 
C

18.V
3 

C
2A

.V1 
02A

.V
2 

02A
.V

3 
C

2B
.V1 

C
28.V

2 
02B

.V
» 

C
3A

.V1 
C

3A
.V2 

03A
.V

3 
C

38.V
1 

B
3B

.V
3 

03B
.V

3 
C

5A
.V1 

B
SA

.V2 
6

5
^

V
3

 
086.V

1 
C

M
.V

2 
O

M
.V

3 
04A

.V
1 

C
4A

.V
2 

04A
.V

3 
04B

.V
1 

048.V
2 

04B
.V

»

ta8CM

3
2
7
6
7
 

11637 
251 SB

 
10125 

8223 
Z

fiM
 

15092 
1

»
2

i 
S

»
4

7
 

9711 
154TB

 
32787 

20558 
16M

1 
32787 

32787 
32767 

32767 
1

6
7

S
I 

1
6

4
W

 
M

W
 

2
W

W
 

3
2
1
6
8
 

2885J 
U

tT
I 

15808



012345 6 7 8910111 2131 41 51 61 71 81202122224222^^950513 253543SS75S591-01-14 24 31-44-3^61-71-& SB 0 -Z.C) 
I 73
O^
m>

m m
o^

o
IE

ho 
OJ

CD 
O
-X-

C^ 
O 
0
+
o 
cn

I I

 »\l^|lJ|p/YY^^          

*'^lWlf'y^^ ^V4^^  " " -~  

W^J^^I^     ^^VWWVV^-V--V-

 ~~W'»**»WWIi»**«^^  '      ~

- n't - .

^^^^
^l/ljll^     

i^Liyv4^^ . - 

*t^jW(tf^
*««*^-«^|^yj^   *

Ityyuljlfiii^^ 
^^^

>^^^

»*^jjl^/^l^l^^

 ("Jj^^^      v-«     v~

I I I I I I I I

N***^^^

-7iliA<y^^ i i i i i i i i i i i i i

!CD

168



691

CO*

001   I
of

CN

C\|

O

O 5 ^>

8

X

<LU >

i r

tyttil^ 
fjft^^^

*MWrt| 

^^^^ 
4r^M*^^

*W|(W^IWMfi^^

4vjwNi*fv^^

*HfM'*Nwvi||M'^^ 

 ^VM^^V^^ 

^^^^

O Z Ot'6C8CZ.C9CQC>rcCZCLCOC6Z8ZZ.Z9Z5Z>3CZZZLZOZ6L8LZ.L9LQL-t'lCl3ULOL6 8Z.9Q^C3 LO



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I X* 
U<:
m>

8    *ANWWV\M^^^

'*^r*^^

  (J||j^

 ^^   ^

-4^^    VWWA^WV

  ftilftttyw^^

Wv^flfW^^ 

*WWJYty44^^

 ^^^^

 ^-*^^wy^^/^^/^^^

s ^^^

 ^4^

N4MM/yj||^^  w^-

 H^H|f^
 11^^^

i^l^li^^
r   I ' *

w^*^]^^
i i i i i i ^ 'i Mprvfi'i''! '(i 'i» i i i i i i i i i i i i i i i i i i i i i i i

170

3 O

_- 5 I\J

- 
s -x-

O

O 
CD

!CD



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

I I I I I I I I

171



N
O

R
M

A
LIZ

E
D

 
U

N
-D

E
F

IN
E

D
C

H
1
,2

,3
r\ 

~~7 
A 

o
 

i
(
)
*
)
/
  

v^y 
' 

v_y 
I 

x 
i

i  
 

o
 r^ 

o-^i
j 
/ n

 
/ 1

v_y 
, 
/ 

\^j 
, 

x 
I

G
1A

.V
1 

C
1A

.V
2 

C
1A

.V
3 

C
1B

.V
1 

C
1B

.V
2 

C
1B

.V
3 

C2A
.V

1 
C

2A
.V

2 
G

2A
.V

3 
G

2B
.V

1 
C

2B
.V

2 
C

2B
.V

3 
G

3A
.V

1 
G

3A
.V

2 
G

3A
.V

3 
G

3B
.V

1 
C

3B
.V

2 
W

B
.V

3 
G

4A
.V

1 
C

4A
.V

2 
C

4A
.V

3 
G

4B
.V

1 
C

4B
.V

2 
C

4B
.V

3

3593 
23629 

32767 
20577 

26456
4912 

32507 
17689 

11547 
17647

19036 
12040 

10527 
14505

4270



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

to*4***fyAfr4tJ*W<if^^

||^^/wi^ ^-A.

 tyl4^^  *

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

m >

o
n:

a 7 , ? OJ
5

o

IhO 
IO

0

00s cn

CJi

iCJi

173



N
O

R
M

A
LIZ

E
D

 
<H 

U
N

-D
E

F
IN

E
D

 
C

H
1
.2

.3
2

9
G

1A
.V1 

G
1A

.VZ 
01A

.V
J 

0
1
8
. V

I 
01B

.V
2 

01B
.V

J 
B

2A
.V1 

C
2A

.V
2 

B
2A

.V
3 

02B
.V

1 
C

2B
.V

2 
G

2B
.V

3 
O

JA
.V1 

G
M

.V
2 

G
3A

.V
3 

G
3B

.V1 
G

3B
.V

2 
038.V

J 
65A

.V
1 

C
SA

.V2 
C

5A
.V3 

O
S

B
.V

t 
09B

.V
2 

O
S

B
.V

3 
04A

.V
1 

C
4A

.V
2 

O
4A

.V
3 

04B
.V

1 
04B

.V
2 

04B
.V

J

5
2
8
8
 

1
2
7
* 

«4S
1 

31244 
t2

1
«

5
 

1
I3

«
2
 

«78S
 

IM
7
7
 

I1
B

«
7

 
»
1
2
2
 

8427 
9022 

8502 
13061 

17354 
22241 

1W
81 

327J7 
3
2
7
*

7880 
8
0
5
T



012345 678910M12I3I4I5I6I7I 
g I U..I . I I

ZO 
I X*

m >
r^
NI

r^WiV^/l^ ~  
^vyfy^vAifyyi^      -NA-   -v  

>«~<*wf**Mflr\f(AMf\J^^        .           

>*Mf^M}i\f\^                  

*^jftyfy\A^     ^  - -^ 

MiVWytyjlAl^AW ^w                

^WlW^l*^^  ^vv yv~~-»~        . 

«r\A(|>^vJ/^p'^A^    -~    ^           

4jfL^J\^l^    ^^^  -x. N.  .   -     >.     

««»»(\|*\j|vj|^^^   ^           "^

MfVl(MAVV^AA^/^/\/Myi^  ~\AXW^^>^-^ *^            

^yi^l^yi^  -v ~~   .  

^^^i^v^^ vv ~~N'      ^ Cjn
-llfM»MMi'Vf^*'^iflAy\/\AAA

P^TO^\4/^^  >^>~-^        

  ^Wftjf^f^  ^          

t1
*^^i<jl(|vv^A/\^   ~

i4)f]j(|l|^^  

*HtS*tW\***t*V\^j\fih/\l\f^

^ta/^|^   .     ^ 

)|j^\^  ^-vw^ 

t*
-|*«H*

tWl*$j(jl^^     >^>

^

.rfe^      

5  

o

ro

CD
O 
-x-

ro
« «

ho

ho

o

175



01 2345678910I112131415I6I7I81 S2C2 12 22 2 42 2 62 '2823(213234336373839^01- 14 2^^41-54-61-71-81-250 Z O
I ^o<: 
m>

-NArvV"vvv <wvws-1"v*>"'vv/wv'^^ -q I 

v**v*Vv'vwvSrVv^^

i  ~ww\i\wvi\j^^s^^
" 11

        A*-^^v^vw^^     «0*v*A*~WVV*v^x^v_^

UVV'

^^^^^^^^^^^
I'BI'W'»V    ¥

    ^ -VA^^^V<VV '*/M^/W*W^AVA^^

       v«-«~^A^AV^^^^n/W^P^/WN/^^^

'vv~~>^ortrV^^WVVVA/vVVA  V^«/>vVNrVVV-^/''\/V-vVWW^
i " I

    ***~<jvU**r)/W*A^I\rs~*^^   /^/^*W^/^/V^^vVV/ -^^/^r'^»/\^^

v*-v~>v-^v^wvv^^    ̂     ~-«V^^^A^w^^x\^n^^VV^/\/y|

       *~+WV~**fi^^^^

   *-*-VMMjMyv-WWA^^

         *ip~v-+*l*JW»*r***M**^^

lV~^w^^VVV^-^/\r^ftAw*^^*VVV^^^   r*^S^r~Mj^fls\jt\hfy^
- « »

   «^^MJV^vVv^^J\/v«v^^^/vV^W^^^

V-*VVW\MYVVWMAW^ 

'*^>^/UA^vwvvvVW-0Mr^^

s  ***MVpyt^W^

      *"Vwv,VV*A/VsA/>^/VAYw*V</\^^

AV\/WvV^^n^AA^V^M^^^A^^^ ^~^

2    "~^fiii[WAftW^^

+*«»~*>*~W*Ar**r^^^ s 

*^v>*\MArNV-~^^^

i.   w*A/WNvvV«A\^*V\^^

     ^JV^r^f^f^^f^^^^  V<WVVwv *<>*~J\^vVV\/\/l/\J\^ /^- S

       ~^vsr^^v*^v^^/vrv^^

  «*JWI*tf^^

     '**vYVVY^Y*^Ar^<Y\A^^ ^^^

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I iiiTTM nr'r ri'VV Tl l v I ill

3

S E1 J""* ^

s N3

!o

ten

s    

176



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

-; m >

W$l^^

* <^t^^

^fW^^vyvwvA/V^
| I I 'I    W

^^

yjthfrfytfffrty^^

Wj^^ 

iklWlt^^ 

^Ptfd*h^

\_i i i i i i i i i i i i i i i i i i i i i i i i i

O
n:

CD 
O

O 
00
« «

O
en

ho
O

177



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O

; m>
s ^^^^AA/vyv^jy^^

^w~^v^/^~vvy*^^<v^r^'v^^^

-vvvv^A^H^/^^^

V iS "*

v^^^^MV^ ^

--^^\^M^^

o^ 

o

-^^^^^

  ^^r^^j^j^^^

^^^^

00

-vv^^^

4^W^^ 
^v^ljl^^

 -^1^^^
i i i i i i i i i i i i i i i i i i i i i i i

o

00

178



01 234567891G112131415I6I7I819202122232 422G2'Z?ffi95CI513253343S6573839l-OI-14 ̂ 34-44-54-&7l-&S50 Z Oli"
  tjf^f^t^ift^^

4}MwyJ^ m>
5  

8 .JJ--WPI'-* -^

  'if^ft^^fj^f^l^^^
1

s ^***
^^^^^/^vv^//yv^^

M^Atof»frt|^/^/\^^^

t«»>. »>n%rv>^

-^
 f<WlAH^W|f|«"**^^

T I

Jtf^t^r^f^^\f>^\fi^\^^f^/\^^

/^yw^y^vA^

tWltyyVrf^Vl«/WY\/VVw^   

kfJ^lkjlfyJ^^

i||^WHWvVS*V^^ 

  ^f^^

V^^t^J^^   ^/-~-w

|jj(^4(^  
  I

8 ^ |\vv4|^^^

  (^W^(|^

 ^((j)W(l(yiU^^

^I^Wii/^i^Y^^^  **    

TJff^^^^

I O
's «

I ro
5 OJ

!

o 
*

iCJi

:o

K3

NJ

179



01 2345678 9101112131415161718192021222324252627282930 o
I I I.I I I I . I 1 I I I I I I I I

-^14^^

C^J

180



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I 73 

? USs m>

» i I IJI'II'll' » - y - y

* ww^^

^^

  v~~**«*rt/^f^^ 

^-W^sr^^

s 
5 O

*)wmr*r$^^

****V^^^ -^ /K
I 1(   '

****w^N^^

 ^*WV/Vy/J*^^ 

**W*<*^^

'^U^
W*tWN«*^^

 -^^WM^^^>vwvv^^

"~*~**«W<*^^

WW^ 

ff*~++w*~wJ\^^

»~w»*Hr***^^

YlA^   ^^^w^AsA^

v^^Av^V^^
IT  ' ' ' ' | I I

^^^v^W^^M^

00
««rHV*/wwA^^

1 M M T if 'I I I' I r I f 1*1 I I I I I I I I I I I I

ro s -

O 
*

!cn 
SGJ
gg    

|N)
Jen
5  

en

181



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

m >
^M^^^

^M^^

^

 'tt'b^^

 Wkw*^

   ^Hv^MyyV^^

   ~****^^

4n|||^^^

>**#4tN^^

^f^^^ 

N^^j^^

**»*"H|^  ^AAAA/ 

W|^^^

tjll^   '

^^^

-J^^^

<W*4f^

33

o

OJ

CO
o-x-

CO

+
o
CO
  »

C^J 
CO
« »

o

182



01 2345678910I112I31415I61718IS2C2 12223242262^2829303 1323.33435363738391-01-142!-34-41"9l-6l-7'l-8t-S60 x^ O

(fi)Jftfy)\f\4f\f^^         ^-  -X~^^  2

|jta^y]jV*f^lWyy^ \-V*^WVTV^V/WN^ >/N- ^   

^jf^j^^ 

**HN*VV*tfW**t^     ->~'-»~  ^-N^  -   2

4O^^.'-HVjV»»N>r^^sVwW ¥lf/>i^|^lJA|y^^   ^^~->

vVvAWfc^^ ** 

*>^«^«^^^J^y»^y^^  ~~- -i
i 

^*«Vv**VAV.vJ^    ^  

wiybwirty^^ ^^
^^My^KfV^M^    ^^  -~-~ § V  -X

'wvHM*^*^vVNI^>*^^^^  ~-/\A~-S A

Wrtk&W^^  ^^vv~.~vw-w^ . ^~| O\l

 -»^»A*A^^«VVV>-^VVW^^    -V^N^ v^-  ^v^v, .g jX

WYh*VV**Yl||^  <wx^v x^-^xw^ 

<M«*|*^)(^^     
-, . 

irtrf'^SIYK-aM-M^y^  -

V^^HtrvAV|l|^^   ^H>V^yX/-W^yv^^^    ^^^- 

f*H^^       ^V-v^^    ^v         ~.

 v^*-^vv^«^*i-v^   .  v^^    ~~~  £ K _

00
'^»^*^>Vvv^^^^^AA(^^

At*AV^^   ' ^  v<  ^^^ "   **>* 
  i   i     I : 

^VvV>^^«*^nf*v^-^^(^^  ~-A xx>^ -vv^ >  .|

^^ftlf^f^f^^

fy^M^^   ^V^w-s^   ^      |

*«W#A\)|j||||jy^     8 '

o
m >

4

hO

183



01 2345678910I1121J436I7I zo
B ' ^

s m> 
1    

i|3

!Q
!S   

.2 N)

 ||^|NIV'||^   ~

   «**f*M|f^|)^^  v   v^/x-~   .   

T

J|^J|l||L)^   /-W^^

1j|^iy<^j||Vlj|^

Hi^y*J^V(*»yuNj(^vyiA(As/^^      

pjjyi^*^'1*^^^

OJ

!CD 
!o

1CD

CJi

O
«

O 
CD

184



012345

s-^Xv^^^ 
 -**WM^^
  ->Art***<M^ 

^  J^^^^ 

'   ^^^

$   ^^AMN^Vv^

  ->MM/VA<WV^^ ! y

 M^VV\1U^
  ^^n^J^^

  ^^^^^

  ^^^^

   ^^^^^

  ^4^^^

-^^^

 ^^^^
 M^^^

  ^vVvVvVv^^

    *vA^/iHV^/^^

 ^Wflfi^^

 **wt^
  ^v^^^^

 ^Jf^^^

185



981

cNi
LOl

LO
» »

CO

O

LO1

O

04

"I

    § 
_I I i g.
<LJ 5

oz

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I. I I

 ~+*S^M***lfc*~*~j^^

 **r~~*~w\*~*s+~^^

      A V^^NV vv^AMi^j^  

 v/^-v - - ~ -  i " -^ - - *i I'm ~<ri<rf r i '"i trt \<\f\f^^\lTmHl^

v^^N^y^WATV^A-^VVA^^

i 

--^-^-^---^AM^^vv^A^^

9 St C Z 10



01 23456 789iai1Z3141516l7l8l2CEl22224Z2e2728ZSCB13233343535573859}-Ol-H2431-4l-51-ei-748l-S50 ^Z. O
I I I I U I. I. I I 1 I I I I I ! I I I LH..J. ,1 .11 .1 III. .1 J J I.LI l.l I I I I I IT I I I I I I

5      ^~v -vwvV '^'V« v^^^tfS/^ <^  ^^^J^I^M(f^^ 

=   ^-^^^A^w^^^AAn^A^>^^^^^^^ 

S  WtfWflj^

-V^P*-*-^^^-^-^^   ^Vy-v

^'v** V ^<^*««W^ w-v^r^^^^^^

   >MA/V»*YV*A<^*tA^^ ^ 

'*-vvww-^^^>MH\^  vv**~A\jfy^^
.

     ^w^^^AVVi/V^^V^VyVv^^^  rfwv^vV*'VvvN/v-^||^^

O 
-x-

   ^M)VV^^yVvvMVh|V^V>^^

    ~v**A*vVVuY>VW/^^

 JW+frt\W*i>~t~*»Ap*^^

I
  >MAr**A|Ww!ll^^

      *~M*Wrflfa4^

O

  \fi»*Mv*V\tW*-JWf»-^^

   ~vv>/N^A*>kV'WVV^^

  - ^^V^^Ar-^^^VvA«^AAyw^^^

  \WW\fS*ff\f^^ ~l

  >-^^^^r^^f^^l^^^^ ,  v

  ^--v^%«^A^*v*vvVk^v%Ar^v->^^^ 

   ASW**^V^|^^^

*~+<~»+^+~+~<»^^^

 Wwrfyw*)*^^

-~>A-*--«~*~-'^/ihJ^AA|/y^^

i i i i i i i i i i i i i i i i i i i i i 'i i' i i f i Vi M f i f i r i i v i i i i i i i i i i i i

U
m>

5 Q
is ^

i.

CD
CJi

187



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

I  'j^^^^

 H^|^Mfv|^^
* *y^\*l$WY^

I I I 11 , I I 1 I I I I T I I I I I I I \ I I I I I I I I I I I I I I I I I I

  'ty^AAM^vVvAA*^

  *+«*tfiM»\i^^

 ^^f^/j(Wv^^^

  ^^^^

 sl^f^

  ^0^

 ^|VA/^vAA^^^

  ^(^^

  ^f^

  *ypitf\fiiflW^

i i i i i i i i i i i i i i i i i i i i i i i i i i i i

* 

< o

M /  i
» Osl

s co
O

s -X
8  

CJi

Ul

SCO

:ro

188



01 2345678 9101112131415161718192021222324252627282930
I I I I I I I l I I I I I I I

189



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I ~Z3

''   m>
I I III I. I I I I I I I I I I II I I I I I I II I I I I II T I I I I I I I I

      ^^^     ~N~/V^-<V/V       

    jj^^^^      N/V-      

   j^^-MY^M^M^ ^~  ^»~              

|M(Hik*VfAty|y^^  -v-~->  ^  *-~~   

  ^ijlllfl^   ^^~

  ijli|||^  ^^   

I^   

i^lj^lf^  ^V^AA^^^-^VX.

  j||^^^   AA^~^

I I I I

33

O

CD 
O
-x-

O

O
« «

NO 
CD
« «

ho
CO
«

CD

190



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
czz
zo

1 I I I I I I I I T 1 I I I I

^vV|/wWWVv^

?: m

 g m m

g

T

CO 
O

o __

100
o

IN)

cn

oo
o
OJ 
CD

i i i i i i v i iv i i i i i

191



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 o

I I I I I I I I I I I I I I I I

m

m
.m

CD 
O

CT)

o ^I en

en

192



01 2345678 9101112131415161718192021222324252627282930
dZ
zo 

I ^ 
o^: 
m >

-'vM/\A^

"'VAWM^

-^^^^^^

193



012345678 9101112131415161718192021222324252627282930 O

s

^j^        "V*

>JfqjJI^Q^   V/^'V-w-s^A^^/i

w»r^r^^|(||t^  *-»   

"I

fatflWb^    "~V^V^V-XM^V,    -w^n-v-^ ^vw

^V^l^  ^^ ^vs^v^-^^A  

 frlh^^

/I^Ajf^^

mww^

i i i i i 11 i i i i i i i i i i i i i i i i i i i i i i i

  .-.m m

o
I

CD

194



cz
012345678 910111213141516171819202122232425262728293031323334353637383940 ZO

i i li., i i j. i i i i i i i i i i i i i i i i i i i i r T ii i i i i r i i r
ytJ^jfrftfojifywMf^^  .NA-*/<  .   >.     ~   *                     

m >

 -^

vA^liW/Mto*^^

^w|^^/«^U^v^/\^^

I^W^Il^^    vv'

wy^ft^   ^^~_^^^^w

^J/fl|tyJ//ufityjl'YAM   *~~> ^~  ^^^

I
oI

s
»

-jw

<j|jfyyJiiiLfyjii^vvA^**r*''A^^    ̂

MMjU^W^/^j^/lftj^^V^^/V^^V^V^^^^V*11 V^'-^A^-^^SX     -s/   ̂  

il^fflttll^fff]f l̂(^f^\tf^^\rfv f̂l̂ JMI   ̂    '   ̂̂̂ v-^

4jM4|A|Jj^^   -

195

a ^f 
iO
iO

0



012345678 9101112131415161718192021222324252627282930

^(Ifc^l/l^   V^       .       -

iiYfli^rf*^  ~*-s~  -v ~

|iw^^   

l^  ^^^

i i i i i i i i i i i i i i i i i i i i i i

O

m>

o

Oi 
CD
«

NJ
Oi 
CJi

196



01 2345678 9101112131415161718192021222324252627282930

ffjjj^     -r  

(iy(kj|y|^          ^NX^-v

j|*^^    W   

PNt||!{^^

*wuj||^^

CZZ
zo

m>

33

O

T
OJ

-x-
O 
O

O 
CD

O

NJ

i i i i i i i i i i i i i i i i I I I

197



<zz
012345678 910111213141516171819202122232425262728293031323334353637383940 ZO

I II i I IT I I I I (

^ywv^/A^^

ww^w^^wv* v^*»«v$ptbl^  *

5 O
1C

 qAw^^

fu#1^^ ^

     ~*~***4~**wv*'VV^   wvwv

        +*«S*«WWr>^^^

   WtAWyJb^^

     *M***Wt'~'Mh*A^^

«*MAA^^nr^^AA^^^V^^

itfiti^^t^^ 

««**~**W^^ 

**Jfwt^^^

"^^^   -v-

^|^

^^^^^t^^

^1^1^

^H^V^^   vvvvVWv>A-

"WWV^A^II^^    I f )
I

  WpuMMit^

   »»~*****<»»J^^

* m >

a -X-
S ^-^

10
I en
6

? L>N'O

|0
sNJ

198



661

W\AAYv^A/VW^



012345678 9101112131415161718192021222324252627282930 Z O
I *) 

I O ^
: m>

«Wt**<^^

53

o
IE

lCD

-x-
O 
C^J
ho

NJ

00

200



N
O

R
M

A
LIZ

E
D

 
U

N
-D

E
F

IN
E

D
C

H
1
,2

,3
9
1
*0

8
0
+

1
0
:4

0
:4

0
.3

4
9

G
1A

.V
1 

G
1A

.V
2 

G
1A

.V
3 

G
1B

.V
1 

G
1B

.V
2 

G
1B

.V
3 

G
2A

.V
1 

G
2A

.V
2 

G
2A

.V
3 

G
2B

.V
1 

G
2B

.V
2 

G
2B

.V
3 

G
3A

.V1 
G

3A
.V

2 
G

3A
.V

3 
G

3B
.V

1 
G

3B
.V

2 
G

3B
.V

3



zoz

£3 33 13 03 61 8191 91 frl ft 31 U 01 6 8



cz
01 2345678 9101112131 4151 6171 8192021222324252627282950313233343536375839404142*34445 ZO

  \A*/VWtyV\)UvA^^

     *-*^w>tfJWWsfifv^^

 'WVV*v\MN^v/wWV^^

~~v«AMnA^^M/^^ -

*v~w-Vv*'v A^/vV^~ ~^A'^/^M/^ AAA/^^ 

-v/vw\/«vr^\<~"»/vvV\^^

-  «J^J\iJwJ\fa*^^

!o     ~  -«"/-vvA/S/>*vArt/v/V^^

 ^^i^^y^^ ^-^^

^^>^vwvw^r^^^

»^^A^f»-^VV^^
y » . .

 Nwv^AM/y^Vyvs^^
         W*   ^*-*AWVW/l>^^

       *~*f*W*f^WV}P^

  NVM^ji^^

   ^^^^ *~w**<^/» *^**vJ^^^ 

'V*MAA-/v/\M/V\/Vww^^

 ^^^VWW/Y^A'^^ WW^A^W^/VVV^^

     u<^^^^^^/v/VW^^^«v^ W^WV^A-VW^/\/\/\^

l^y^^f^V^^^^

W****^^^^ 

ywv% ^v^A^^/l<|(\/^^

P1>

2 mH II o^1

!O

NJ

203



903
in. 
o

i i I I i ri i r

Os

CD
m. 
o

005

CM

O

rO

io

LO°

001
o: -X- 2

o

CM

CN

O

> 
<

O

^^ 5 <LU ^. 
$ Q °
o: I 
oz

^\f^^fV/^fY^     

00

VZ33 L3 03 61 81 L\ 9 L QLft 31 1 1 01 6 9 L 9 SC 3 I 0



012345678 9101112131415161718192021222324252627282930313233343536373839404142434445 Z O

m>

I I. I I T7J. Ill

 #*fa y^y^JL^   ^V^N^ ^XXNXV^.

fNWwywvytrtAv^^

-*w

4*V^/^^  -    ~   ~-  

^^4^^f^            -^X    w^

^Mf^l^    *>/v   ^ 

h^NW^^fl^  w^/v   -"v   

  *fr*«M^     ^   ^s-

<**bibbri^

r
  l^jj^^     ^ 

^l^     

v*i?iY4/»Y!r$V^^

^|y|fi^^   ^-^x.
^^    ^    V-A,

I   i - - | (

tfWlfl^^
r I i » i t 'i    

 ^lij^  «^ 

 ^f^^f^^

r»4|ty^/v\^  -^

^^^

»1*W|^(|J(|lj|vl^^

I I I T I f'l ii i i' i i i i 'i i i i i i i i i i i i i i i i i i i i i i i i

33

O

UJ

CD

-X-

O 
00

cn 
O
» »

Ul 
NJ

205



012345678 91011121314151617181920212223242526272829303132333435 o
I I I il I 1 I

 < m>

 -V^J^ liW^^

 y^|^

I I I I I I I' i I I I

o
IE

N> 

OJ

CD

-X-

O 
00
en

206



LQZ

S2 *2 £2 23 12 02 61 8191 SI tl £1 21 U 01 6 8 L 9 S t CL 0



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 O

208



60Z



01 2345678 91011121314151617181920212223242526272829303132333435 Z O
I 1.1 I I Ih I I I I I T \   1 I J A h I I I I I I I I I I I I I III!

"1^1^  ^^
I' '

  4*#^(l1l^^

^i^  
tijflii^ 
l||i^I | I I ' I  

^HM^^
 *ti)lh^

^^

-||j|(|^    ^~s^

$j(tl^^

I I I I I I I I I I I I I I I I I I I I I I I I I

i m

53

O
IE

2 |sj
CD  

is

CD

O 
CD

O 
CD
» »

NJ

00
ho

210



nz

OSZ£Z ZZ LZ OZ 61 8L LI 9L SLL 0



012345678 91011121314151617181920212223242526272829303132333435 O
I I I I *l I .1. I I J I I I I IT I »l T I .1 I I T TTl [ I I I I I I I I

|^/\r/||yV\/^^

J/\|vv^^
I V

^A/l^^

*<»<\k^^

MM/^AM/^^

^1^^

AMwM^^^

i i i i i i i i i i i

o
IE

is oj

CD

-X-

O

212



SIZ

Ol

C\U

IA in ii i j r

I I I I I I I I I I I I
oSe*eeezeieOC6Z9ZZ.Z9ZSZ>ZCZZZ:i.ZOZ6ieiZ.l.9lSl*l.eiZl. L1016 9 Z. 9 SZ LO



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 o
1 I I I I I I I

NJ

^jf/l^

-||||w||ffy^

|O

I I I I I I I

214



0123 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 O

215



911

CD 
O
ro 

O

iiiiiiiiiiiiiiiiiiiiiiiiiiirTTTiir
   - ^ - f^~*-~ -^^^^^^rJ\^^^/\r^^

   -v  v~vWW^VV/^V\/^^

;    "   -N.  ^^^-^  ^v/^^~v/M/WwyA>/^\/\/\^^

!-            WWWN^AA  xvW\/V\/\/WV\fn^^

CD 
O

ro

O

~^>^^   ^v^/\> ^-A/^v^~^~^^/vv^v^/^/^/-v^

.    .       >-AA/VV/WW\/N~/\^^

 ^-x^      ^~-^^^   '^^*S^^S\S^/\/\l̂f\/^^

:      \^-~~^Wv^^^

oj 5-  -  ^-^XX^^A/V^^XVA^^
\l/ T-r ^

 ^^A^^A^^^

   '---VV-AAAA^^

LO



01 2345678 91011121314151617181920212223242526272829303132333435 Z O
I X>
o^: 
m>

I III I h 11 I I II » I II J II T I I I I I I f ! I I \ I I I I I I I 1 I

*-M|i^

s--Mv^l^^

o-^Vv^^^

5-^^

 -*^^

 ^»W4f^^

vv*^|^^

2-fv^|^

~-~<>*«w^^

i i i i i i i I I »!' I I I I I I I I I I I I I I i i i i

53

O
1C

ho J- 

OJ

CD

O

50

0

00

CD

217



01 2345678 91011121314151617181920212223242526272829303132333435 Z O
I 'Q

j m>

i r

 -WWH^VY^^

*4^l^^

^i^^ CO

y^^

^^^^ 

*Wtytf^

-ijjtfj^^  -^A^

S3

O

2 |sj

O

I CD 
00

218



01 2345678 91011121314151617181920212223242526272829303132333435 ZO

»«i****+^^

*v4*W*^ }

**rW**^^WV^^ 

«W«r*«hMWtrt^^

  V~*~*****^

  ^v**-wyt^VV/|^^^

l^WWW^^^

^^-^^^

W*Mt^^

^^f^^^^

H^^WyV^^

09's cn^^

dry^||^^ ^^ 

I^L|^

-/yw»^^^^ ^-^ 

^w^v^ rn

I I I I I I I I 'I I ' I I I I I I' I I I' I I I I I I I I I I I I I I I I

I m>
M
m

s ^

219



0 1 2 3 4 5 6 7 8 910111213141516171819 20 21 22 23 24 25 O

220



9
1

*1
1

 9 +
 0

9
' 1

3
*1

8
 
6
3
7

v_/ 
I 

' 
I 

I 
v_y 

I 
W

 
v_/ 

« 
I 

^_J 
« 

I 
L_J 

« 
W

 
v_y 

/
N

O
R

M
A

LIZ
E

D
 

U
N

-D
E

F
IN

E
D

 
C

H
1
,2

,3
G

1A
.V

1 
G

1A
.V

2 
G

1A
.V

3 
G

1B
.V

1 
G

1B
.V

2 
G

1B
.V

3 
G

2A
.V

1 
G

2A
.V

2 
G

2A
.V

3 
G

2B
.V

1 
G

2B
.V

2 
G

2B
.V

3 
G

5A
.V

1 
G

5A
.V

2 
G

5A
.V

3 
G

5B
.V

1 
G

5B
.V

2 
G

5B
.V

3 
G

4A
.V

1 
G

4A
.V

2 
G

4A
.V

3

C
N

3
2
7
6
7
3
2
7
6
7
3
2
7
6
7
3
2
7
6
7
 

3
2
7
6
7
 

3
2
7
6
7
 

3
2
7
6
7
3
2
7
6
7
 

32767 
3
2
7
6
7
3
2
7
6
7
3
2
7
6
7
 

32767 
3
2
7
6
7
3
2
7
6
7

1366 
3
2
7
6
7
3
2
7
6
7
3
2
7
6
7
3
2
7
6
7
3
2
7
6
7



012345 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 O

   VlJfV^

I V | V

-CD

222



tzz

S3 *3 £3 33 13 03 61 81L 0



PZZ

CZ ZZ LZ OZ 61 81L 0



szz

o: 
oIZ OZ 61 81 Z.L 91 SL tl CL 21 U 01 6 8 Z 9 9



01234567 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 o

226



LIZ

rz zz 13 oz ei si



zzz

i » i ' i ' i   i i
CZ 22 12 02 61 8L



01 2345678 91011121314151617181920212223242526272829303132333435

  AAATl/VlA/U^

 **~M/vsn/vv^
V

 A/^S^V^^^

'Wvv^'^wwAj^^

  ^Mf^j^

*^/^J\rv^^*^^ ?

hO

O

NJ

229



01 2345678 91011121314151617181920212223242526272829303132333435 o
I L.J I JA I L il ITT I.T I IT I I I I I I I I I I I I I I I I

i m

 ^HNWwv^^
   'iMrt^WV^

 -^^

  v^ff^^

o
n:

--^Ijjl^

  ^^f^j\l^/^ J

 ^j^^

 ^A^/^^

-W||/^^

O 
NJ
   

00

-8

o
CD

I I I I I I I I I I I I 1 I I I I I

230



OOs

o52C2 22 12 02 6 1 91 LI 9 1 SLCL 2L U OL 6 8 L 9C 2 I 0



012345678 91011121314151617181920212223242526272829303132333435

*'*A W^J\/W^^ 
V»*^^^

^j^^V\^J(^\j^^^

^\J^\/^y^

i i i i i i i i i i i i i i i i i i i

8 O^
S m>

N>

gCD

o
2 * * 
>

232



01 2345678 91011121314151617181920212223242526272829303132333435 ZO

Is m>
§ -v«^AA^A/yv^^ IN

s ^M^A/V^fv^^^

3 ^^v^Avy\j^^^

8 2

 8 K)

S^M^A/WW^

fi/\v\fhj\f\^^^

V^^J^

I I I I I I I I I I I I I I y l I I I v I I' I I I I I I I I I I I I I I

233

O » »

oo



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930 O

m>

234



012345678 9101112131415161718192021222324252627282930

  ^-vV^A-K^v^^

   vywv^VVO^^ 

  ^^VWWV^^^
\/\j^H^

i i i i I i i i i i i i i i i

235



01 2345678 91011121314151617181920212223242526272829303132333435
I I I I I I ill. I I I I I .

il^^^
rttotilt^

^\*t^^ 

|^v\|^^

fl^^

--^IM^^^^ 

|h)j^^

W^)^ 

>k^^

^H^^ 

^^t^^

*^^

I I

zo 
I ^ 
o^: 
m>

o

C^l

CD

ho
NJ
+ 
O 
\J
   

cn

s o

CO

236



01 2345678 91011121314151617181920212223242526272829303132333435 Z O

> r j <^

I m>

i I i. i r Ii i i i i I i i i

-w*^H^^

~Wt***^ 

^^^^

 vv^^y^^

 *-\W(Jfirt^^

 AA^*AH4A^

 -^if^]/^^

 ^ /^/^^

   ^^M(^\^

  -AAil^^^^

53

o
1C

N) 

OJ

s

ro 
NJ

o
CD

o

o
CD

CD
(Jl 
CJl

237



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
i i I . . I I I I i . Ill ..I ill

1^^
o>
CJI 
Of

§      ^^^

      *"*«W>k*W»^^

       ^^*1'WlWMl^^

*w»w«»w*j*^^

*** ***f"lMf*^^

vl 
O>
o*

I I I I I I I I I I I I I I I I I I I I

< NJ

CD

5 -X-

o    ^

5 hJ

O

238



I «
o ^fl^f\j^Art^^

OSCtCCC3CLCOC6Z8ZZ.Z9ZS3t3CZZ3LZOZ6L8LZ.L9LSLtLCLZL LLOL6 8Z.9StCZ LO



01 2345678 91011121314151617181920212223242526272829303132333435 ZO

I m>

g  *w\Ah/*v\^^

S   A^/ll^

33

o
:r

s  ^VM^^

s  ~vs*Vtfv^^

s-^Y^

^^^4^ 

» ~^^

*W^
1   I*~>"\/^^^

 v<M/yi^^ 
^^^^

i i i i i i i i i

Cn 
00
«  

O 
CD

CO

240



0 1 2 3 4 5 6 7 8 910111213141516171819 20 21 22 23 24 25 O

241



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I "a
o^
m>

^sv^^JbJ^^

- ^^vv^^
 -~-*'V^

?

 ^VH*VXVV\^M^

-^wvn^^

-^/vWU^^^

-^wvy^^
  ^uy^/^^

    -vvw^n^

  ^^^]^^
  ^A^^

  ^^^f^J\^^

NJ 
t8 C>J
l?

NJ
[10

O

 S^^\/*<**^AJ\/^ ^
 ~* *wv\f\l\f\f^^ 00
~^f*i\l>̂ j\/J\^^ (_ji
 -^'v\/v\fV^M/AY^^ N^

i i i i i f i i i r 1 "i 1 VI iv i i u i i i

242



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

i i i i i i i i i i i i v i i i i i i r i i i i i i i

243



I I I I T I I I I I I I I I I I

or^JbJ\J\j\yflJ\jv^^

n/W\/\p/vw^^   I

I I I I I I I
o0£6ZaZiZ9ZSZ*Z£ZZZ lZQZ6iaiL\.9lS\.*\.£lZl 1101 6 3 L 9C Z 10



I I. »F \ \
012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

m>

3

o

  vvW/*vY»^W^^ 

~^|^^

  Wq^lh^^

  ^t^t^^f^J^^

s ^^if^^^

  ' wwV***^^

s ^vv^-vv^^^^AH^^

 ~*^^

  T^^hH^^^

CD 

-X-

245



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930
I I i I i I I I I I I I I I I I I I 1 I I I I

»^^

~-J^^

^^^^ 
 A^I^

  ^^

^^^jj^^^

o

>

o  <<  L__,^ m m
is o^
og is o

a CD

o    ^

S5 ro

8 . .
CD

o

?CD
Ol  

iCJl

246



01 2345678 9101112131415161718192021222324252627282930 o

m >

247



012345678 910111213141516171819202122232425262728293031323334353637383940

V^^YV^^VV^^

wnww]^
       i I

 ^^t^^

K)
* 

OJ

 v^t/^\^^

^^WWW^f*^^

v**VvA»fiviNJ*||\AV^^"*W

-X-

ro

-*M(f|iJk/v^^

 «*^A«^^U^vA/\^rv^ I

~^^||||^^

WW\f^^^

I I I I I I I I I I I I I I I J_I 1 1 I I LI I J^ 1 1 1 II I I I ' I* I I 'IV I

248



012345678 910111213141516171819202122232425262728293031323334353637383940
(ZZ
zo

m

53

o
I 

K)

CD

Vd flW*^^    *~v

i4i/||!M^

^^^^      ' 

^ll^^ 

^j^^
 ^^A-^A^^I^^

H**^l1ftly»^^u^|^^  ^-~  ^>^«-

^/^^^    fV^-vs   ^^v  ,^    

d|¥|^^^         .      .      

yyi[/y^|ta^iYvta%\^ " "» ^  *-  

1^1^     ,    

|^^    '  ~*

 HN*M*i^^
 ^vw*M^H^^       **"*

*H(|lj||rt^^

*y»^||^^ 

|4(^^^

I I

cr>

N3

CD

00

249



012345678 910111213141516171819202122232425262728293031323334353637383940

** w^Ww^Mor^/W^^

 M/wuAiy^

-«wj\t^^

    V^v~V\/»VV-'\^^

~-H^^
  -^A^vxvArWWWVwV^

I

-^^^

O
ho
o  

o

CD

250



012345678 910111213141516171819202122232425262728293031323334353637383940 O

m> 
1 !Z

0^ 

O

#i*MMAfs^  s/

-H|J|^  ^

 $t%l^

^ffff>>^^

^/i^lj^^t^V^  -

J\flJtf#J^^

i i i i i i i

is iro
OJ

CD

O 
CD

O

CD

251



cz
012345678 910111213141516171819202122232425262728293031323334353637383940 ZO

 w^v^vw^A^VVVV^^^

  jftJ^II/YW^^^

  tfft*MW^^

  ^^

*jwMN*ttiW»#*»"~

^t^^

**Mrtt*fa*«tw\/v**s*>wv*^^

fj^f^

*^^

m>

» ON!

K3

is

 *vW***** 1
i" i' 1 i i i i i i i i i i i i i i i i i i i i i i i i i i i is

252



01 2345678 910111213141516171819202122232425262728293031323334353637383940 ZO

Vi,|^^M^

-^^W^V^
-^A-^MMlV^^^

-v\M^Wl/W|f^^

**sfr*tJktfiWfW«^^

 ^^^^

-**1^^^^
-<^*l^
-~*w$f^f(*^^

~+w(wfflw^^
^^i^if^^
~~"4l*Y*W^^

-*^i(^^ 
~**«Wfti*^^

? OS 
^ P1>

O

-X-

100

10
100

253



01 2345678 910111213141516171819202122232425262728293031323334353637383940

s  /\/\^s/\/WVW*>''r^^ ' *s

vvvv^/vv\/\vV^^

VNA^V/WV^^

.
x^A^vwvvVW^ QQ

   '-~-**~vwvV\A/v\/^  -^~-v v^>

~-*vywA/\^^

o
31 
 *.

N> 

04

CD

254



0 1 2 3 4 5 6 7 8 9101112131415161718192021222324252627282930

«w^\I*^^

I I I I I I I I I _I 1 l_ I v I I I I I

ion
» »

o

I Cn

I 00

sO)

255



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I 73

m>

[ i r 1 TA I i. i i i T A I I JA I I I I I I I I I I III I I I «l T^ .1 I I . I

-~^ft^^

^^^^^f]l^\f\lJ\^^

>+f+^rJ\{>J^^ 

*~ ****f»fWf^J^^
y | - . .

 ^yVtyJlj^^

 *N\f!r^^^

^^^^^^^
f V

 J^^

» K *

 w^jSj^^

I I I I I I

33

1 o

is iro

g

CD

-X-

OJ 
O
+
ro 
o
» »

en
NJ
» »

Cn 
CD
»

O 
\J
cn

256



cz:
01 23456 8 91011 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 20 21 22 23 24 25 26 27 28 29 30

i i i i i i i i i

257



012345678 9101112131415161718192021222324252627282930

w^^

*4tf^^     

l|^     -

W^||^  ^~A/W/~ ^v  

Wrt|^

cz
zo

m

5
o

> t

5 -X-

O

O 
CD 
NJ

258



01 2345678 9101112131415161718192021222324252627282930

3   ^-^^^

I I I I I I I

p\I^J^I\A/^^

\^\j\^\fi^r^^

o

m> 
1 !Z

33

o
IE

NJ T

ro

259



01 23456 7 8 9101112131415161718192021222324252627282930 ZO
i i i i r

V\I^J^^^

i i v i v r i i i i i i i ij_i i i i

o *-   
> mH
is o^

£o

p
f§

I CD

oON) X-  "^
CDS CD

vy

^O

loo

260



01 2345678 9101112131415161718192021222324252627282930 o

-^^^^

1 I I I I I I I I

*-"*^^^

***|^^

$   ^|/1|/^

I I I I J I I I I I I

a £3 <*
? m><  i 11 

5o
2  A /N 
p ~^
< hO -1-

o
I -X-

100

o

:CD
100

261



012345678 9101112131415161718192021222324252627282930 Z O
I ^>

m>

§-~j|^^

-Jlffl/^^
 VX/x^-vv/v/

v<v^Vv^^

 -yjjl^

I I
^t^^^

I I I I I I I I I I I I I I I I I I I I I I I I I I

o
1C

T

s *

!CD

262



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

^vwvA^fl^   y\x\AA^     2

^^VVV^V^V*^     ^^V^V^   ~~2

|frfH^|^         -2 -> 

^ri^i^^   -~N^V~V~-    ~  2 -^

vvv^/A/jjl|^

*v4J||lf|l|^   A/^ '   A/-  p

    IpMWWAj^fl^   ~~~  

*YWV*yVtyw/^^  >- ^-        

 +***>*rtVW^^

"^^WIlV^  ^-~~/v~-x~  ^ g K -\

^f^>^\^^^   A^ ^-N^-
I    

fltor**ty)^^   .    

V^^*/\«^|p^|^    ^x-^   j

^*Y^vw^^^  y^^%^vs^ ~~

^j^Vjiyi^^^  VA^VV^V . i r^"en
M

^"  . .  ||VV'll'V"^'lfUV**Vt/ > "V\JUVU T *V "" " v \7 " »\/-- »-- v » - -
is

  .J.L....._«» *fl. n t An. /I All M l\ A. A A A II .A lA A A. ««ftA»*AA/\A.- .AA.*/\_ A./V ..._._«._._*. _.*_ o«.

o

NO
  »

is

263



01 2345678 910111213141516171819202122232425262728293031323334353637383940 Z O
| 73

; m>

£ 'nWVyw^^

i rj i i i i r

 ^JV^AW^^

--^wyY^

- ^/\A^A/V^|V\^  VVV/\^wv~^/V\^

-^^

 ^^/WW^

 /VV*^W\|^^

  ^M^y^^^^

o 

o 

k>
OJ

CD

OJ

NJ 
CD
« «

NO
cn

264



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I X>

m>

II I IT

-^t^^

-^f^l^ 

"-^^*^^^

-W*4j^^

^^

-^^1^^

vy^*||^

-^t^^

Hiir^|\|^^^ 

-^^^^

- M^l^

1 ^t^l^^

i i i i i i i i i i i i i i i i i i i i i i i

33

O

ho  * 

CD

-X-

CO
» »

K) 
O

CO

265



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O
I *)

: °?E  m>

I I

^^Wif^^   

^^/\^^

W^^   ^^vyV   v  

  yv~v~v.   ^2

  ^1^   ^

    Y^ll^    ^

ft^  

 i^^v^^  

^yf^^
    r     v | - |

^fft^h^     r »

~-Jj^>1^^

  M^V^^^

  vV^4W^^

  ^j|Jyjj|^^^

  >*k^*{W^^

_ri i i

33

ho 
OJ

CD

-X-

CJi 
O

O

00

ho
O 
CD

266



012345678 9101112131415161718192021222324252627282930

f#ll^^

^^^

zo
I X)
m>

53

O
1C

N) 1 

OJ

CO 

^f

267



01 2345678 9101112131415161718192021222324252627282930
I I I I I I i I . I II I . I I . I I

\\^\l\^^

268



012345678 910111213141516171819202122232425262728293031323334353637383940 ZO
I I I I I I I I I I I I I

"/w^A^/-^^/^^Vv^^

 >-~N^\A \>WU^^

--^v^wvvVl^^ 

A^^Vl/ll^^

-^^^^^r^^

^A/Y>JVl^^ 

   ^f^^T^^^

^^^^^^^

 ^-^V\Ar^A^\/\Aj^/\J\rJ^^^

m>

I

s

F

CD

-X-

CJi

i

O
» »

K) 
K)
» »

Cn 
C>J

00

269



012345678 910111213141516171819202122232425262728293031323334353637383940 o

^\r\!^\^/\^^

-^W^A^\iVW^^ ^^\l\/\^^

-*~s*Ww**v^

'-\/V^jily^^fl^^

  ^W\l\ivv^^

-^4^^^

-v^/y^^
 ^v-MAn^/V^/^^  ^/\^

i i i i i i i i

5 m>

-x-

O
» »

OJ

O

270



012345678 910111213141516171819202122232425262728293031323334353637383940 Z O

2 i i ^"
5 m> 

-^^V|^

s ^/^^^

- vvl^IwiA^
^wlHf^^

~^t\fJ\^^^

 ^vvwiv|^

--VVN/^^^

 ^vwvW^

-^i^^
->AA^^^
 -H\r^/l^

--AA^4M^^

 HW\^^

 ~-VVNfyy^Yi|W^

  ^|M|^^^

-VN^^^

-vWl/Vv^iiy^^^
  ^N^^

5 o

en
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CHAPTER IV

A PC-Based Seismic System for Armenia

W. H. K. Lee and E. Cranswick, 
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(Small Systems Support, Big Water, Utah)
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INTRODUCTION

Personal-computer-based seismic systems are playing an increasing role in seismic data 
acquisition and processing. In the past the computer used was usually a mini-computer with 
specialized hardware and software (costing hundreds of thousands of dollars, and taking several 
weeks to install). Because personal computers (PCs) are now inexpensive, a PC-based seismic 
system can be implemented for as little as $5,000 and requires less than one hour to install.

A PC-based seismic system expects multiple channels of analog signals (either hard-wired or 
telemetered) as inputs. The analog signals are usually a few volts in amplitude (peak-to-peak), and 
will be digitized at aprescribed sampling rate. The system records the digital data either continuously 
or by event trigger.

THE PC-QUAKE SYSTEM

The PC-Quake system (Lee, 1989) is a general-purpose seismic system, with the following 
characteristics:

(1) Uses IBM-compatible 286, 386sx, 386, or 486 PCs with an 8-MHz AT bus.
(2) Uses analog-to-digital (A/D) boards (DT 282x series) made by Data Translation, Inc.

(3) Digitizes 16 analog channels (upgradable to 128 channels) at user selectable rate.
(4) Digitizes up to a few thousand samples per second per channel.
(5) Displays digitized data continuously and in real time.
(6) Saves digitized data continuously or by event triggering.
(7) Automatically picks P-arrivals and locates events.

(8) Offline analysis includes manual picking, filtering, FFT, and coda Q.

(9) Channel to digitize, or display, or trigger is user selectable. 

Readers are referred to Lee and Dodge (1992) for more detail.

A PC-BASED SEISMIC SYSTEM FOR ARMENIA

In 1990, a PC-Quake system was implemented in Armenia. This system consists of two identical 
IBM-compatible 286 PCs with 12-bit, 16-channel A/D boards made by Data Translation. One PC 
is used for on-line data acquisition and the other PC is used for off-line data processing and analysis. 
The two PCs are linked by a high-speed local area network (LANtastic kit by Artisoft), and an optical 
WORM drive (IBM 3363) is used to archive the digitized data on 200-megabyte removable 
cartridges. The off-line PC also serves as a backup to the on-line unit. A multiplexer could be used 
to increase the number of channels to a maximum of 256 channels for the 12-bit A/D board (or 
64 channels for a 16-bit A/D board).

Table 4-1 lists the events recorded on the PC system from 21 September 1990 through 
1 January 1991. For those events simultaneously recorded on the GEOS systems the GEOS event
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name is indicated. Magnitudes as found in the USGS's National Earthquake Information Center's 
(NEIC's) monthly Preliminary Determination of Epicenters, Arefiev et al. (1991), or as determined 
in Chapter V of this report are also provided. Note that PC trigger times are based on the relatively 
inaccurate PC internal clock that drift by several seconds per day.

Plots of the PC-XDETECT records follow this chapter. Start-of-record times are indicated on 
the upper left corner of each plot page (e.g. 09/21/90 07:15 30.359). The plots show the IRIG time 
signal, ten vertical components (GlAZ to G5BZ), the horizontal components from GlA and G4A 
(G1AN, G1AE, G4AN, and G4AE), and the sine-wave trigger signal that is activated by a multi- 
component algorithm. "N" and "E" components are nominally north and east; refer to Table 2-1 for 
their true orientations. Peak digital counts and relative component scaling factors are indicated at 
the left of each trace. The time scale shown at the bottom of the page is in seconds. Long events 
can appear as multiple records across several pages.
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Table 4-1. Events Recorded by the PC-XDETECT System.

PC Trigger Time 
day hr mn sec

264 07 15 30.359
265 02 46 27.049
267 06 36 05.487
278 07 55 09.042
282 20 53 57.755
288 07 46 41.022
288 18 39 27.696
291 11 18 33.428
292 13 57 52.289
300 05 44 32.206
312 19 29 39.690
312 20 37 18.465
320 06 53 07.991
320 07 03 03.516
320 14 53 36.909
320 14 59 19.400
325 12 24 02.742
345 08 23 13.789
349 09 38 49.638
349 10 38 12.568
349 15 40 52.267
350 15 45 43.419
351 01 16 40.201
351 17 42 49.379
354 13 02 22.628
357 21 27 09.430
359 13 18 53.218
360 10 27 22.928
363 11 52 03.405
001 19 17 34.945

GEOS Event 
dayhrmn

2650246

2780757

2880749
2881842
2911121
2921401
3000549
3121935

3200659
3200709
3201500

3251224
3450823
3490939
3491038
3491541
3501546
3510116
3511742
3541304
3572129
3591320
3601029
3631154
0011919

Magnitude

1.2
4.3
4.6

0.8
0.9
1.7
2.3

3.0

1.6
1.8
1.8
2.2

3.3

5.2

3.5
4.1

4.9

PC trigger times are much less accurate than the GEOS times. 
Magnitudes above 4 are MB from NEIC Monthly Listings. 
Other magnitudes above 3 are from Arefiev et al., 1991. 
Smaller magnitudes are ML from Chapter V of this report.
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Plots of PC-XDETECT records 

from 21 September 1990 through 01 January 1991
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ABSTRACT

P- and S-wave arrivals from local earthquakes were studied using an array of ten three- 
component instruments in and around a tunnel at Garni Observatory, Armenia. The array has a three- 
dimensional configuration with lateral dimensions of 300 to 500 m and a depth extent of 100 m. 
Estimates of the horizontal and vertical components of slowness for P and S wavefronts were used 
to determine the angles of approach and the propagation velocity. The results show that the region 
around the array has low average velocities for both P (1.43 km/sec) and S (0.61 km/sec) waves, so 
wavefronts approach the array at steep angles of incidence. Waveforms from one event show clear 
reflections from the free surface for both P and S waves. The timing of these reflections gives the 
velocity variation with depth within the array. We estimate a P-wave velocity of 0.33 km/sec within 
a few meters of the surface increasing to 6.0 km/sec for the deepest portion of the array. Local site 
variations can greatly complicate the high-frequency waveforms even for tunnel stations in bedrock. 
The S waves exhibit stronger site-dependent waveforms and time delays than do the P waves.

INTRODUCTION

An array often three-component instruments was installed in and around a 200 meter horizontal 
tunnel (Figure 5-1) at Garni Observatory, Armenia (40.136°N, 44.724°E). The Garni array is located 
on the lower southwestern slope of Mt. Azhdahak in the Gegham Range of central Armenia. 
Mt. Azhdahak is a Cenozoic volcanic center with layered tuffs dominating the geology near the 
tunnel. With horizontal spacings of 60 to 480 meters and vertical spacings of 14 to 100 meters, this 
dense array provides one of the few opportunities to record three-components of ground motion in 
a three-dimensional array. We have used these data to make measurements of the three-dimensional 
slowness for incoming P and S arrivals from eleven earthquakes at distances of 10 to 60 km. These 
three-dimensional slowness estimates are useful because they show the angle of incidence with which 
the wavefront approaches the array and also directly give the velocity of the material in the region 
of the array. The predominant frequencies of the data used in this study are from 3 to 20 Hz which 
correspond to wavelengths of 90 to 570 meters for the P wave and 30 to 170 meters for the S wave. 
The instrument spacing is comparable to these wavelengths, so we are able to accurately map 
wavefronts as they pass through the upper 100 meters of the near-surface material.

The first part of this paper treats the data as single incoming wavefronts and we estimate the 
directions of approach and the average propagation velocity across the array. The second part of 
the paper looks at one specific detail of the waveforms, the free-surface reflections. The relative 
arrival time of the reflection as a function of station depth gives more information about the depth 
dependent velocity variation within the array.

DATA

The data for this study were recorded by 1 Hz (Mark Products L4C) velocity transducers both 
on a triggered IBM-compatible personal computer (PC) system at 200 samples/second/channel with 
12-bit resolution (Tottingham and Lee, 1989) and on the General Earthquake Observations System

417



(GEOS) recorders (Borcherdt et al., 1985) at 200 samples/second/channel with 16-bit resolution. 
The PC system recorded all ten vertical and four horizontal components with a common time base. 
The five GEOS instruments recorded the complete three-component data for all ten sites. Compari­ 
sons between the two systems show spectral coherence above 0.9 in the frequency range of 1 to 50 
Hz. The P-wave data used in this study were primarily taken from the PC system. The S-wave data 
were taken from horizontal components recorded by the GEOS system.

We studied eleven earthquakes recorded by the array from September through November 1990 
(Table 5-1). Approximate hypocentral distances (km) were determined by multiplying the S-P time 
(seconds) by 7.8. Magnitudes were determined by convolving a Wood-Anderson instrument 
response with the data to produce equivalent Wood-Anderson amplitudes (Kanamori and Jennings, 
1978). Amplitudes from all the available horizontal components (four to twenty per event) were used 
with the Richter (1937) distance correction to obtain the magnitudes. Based on the similarity of the 
waveforms and the relative arrival times, three of the earthquakes were located closely together at 
a hypocentral distance of about 12 km, nearly under the array (events 4, 5, and 8 in Table 5-1). 
Another two events (9,10), located 20 km to the east, also have similar hypocenters. The remaining 
6 earthquakes arrived from a wide spread of azimuths (Table 5-1).

Figure 5-2 shows an example of the data for event 11. The P waves show similar impulsive 
waveforms across the array that are well suited for timing arrivals. The S waves on the horizontal 
components are also fairly clear, although some procedure of waveform matching is needed to 
accurately estimate arrival times. There are significant differences both in waveform and amplitude 
among these sites, which are located within a few hundred meters of each other. Differences in site 
response for closely spaced stations have also been noted at other arrays, such as in New York state 
(Menke etal., 1990) and southern California (Vernon etal., 1991; Mori, 1993). These site-response 
characteristics, especially for the S wave, are an indication of the problems that will be encountered 
in studying coherent wavefronts across the array.

THREE-DIMENSIONAL SLOWNESS MEASUREMENTS

For a plane wave traveling across a three-dimensional array of stations, the arrival time (t,) at 
station i can be written as,

t/ = Sx x/ +Sy y,+ Sz z/ ,

where Sx , Sy , Sz are the three components of slowness and x,-, y,-, z/ are the spatial coordinates 
of the i th station. With arrival times measured at four or more sites distributed in space, the slowness 
in three dimensions can be determined. For the data used in this study, we determine the slowness 
vector using a grid search method that tests the correlation of the waveform data for each value of 
the three-component slowness. This is a three-dimensional extension of the two-dimensional method 
used by Frankel et al. ( 1991) to study apparent velocities with a small aperture array. The procedure 
used in this study consists of:

1. Calculating the relative arrival times at each station for the given value of slowness.
2. Shirting the waveforms by these time lags.
3. Calculating the cross correlation of each pair of stations and summing the values. 

For 10 arrivals, this involved 45 cross correlations.
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The combined cross correlation for all the station pairs is a measure of how well the relative 
arrival times fit the given value of slowness. In this manner we searched for the three components 
of slowness that that give the highest correlation of the waveforms. After determining the slowness 
vector, the back azimuth (<|>) to the event is,

4 = arctan(Sx/Sy) . 

The incoming angle of incidence (9) from vertical is,

e = arctan((Sx2 + Sy2)1/2 /Sz) . 

The apparent velocity (VJ is,

Va =l/(Sx2 + Sy2)1/2 . 

The material velocity (V0) is,

V0 =l/(Sx2 + Sy2 + Sz2)1/2 .

We used time windows of 0.5 sec for the P wave and 0.7 sec for the S wave to compute cross 
correlations. The slowness was tested in increments of 0.03 sec/km. An example of the grid search 
for the P-wave window of the event recorded at 1500 on 11/16/90 is shown in Figure 5-3. The 
contoured values of the combined correlation are shown for horizontal and vertical slices out of the 
three-dimensional slowness space that was searched. The contour interval is 0.05. The highest values 
of the correlation for the P wave (shaded areas) show an incoming wavefront with a horizontal 
slowness of 0.12 sec/km (corresponding to an apparent velocity of 8.3 km/sec) moving toward the 
southwest in the horizontal slice. In the vertical slice the P wave is approaching the surface at an 
incidence angle of 11 degrees with a total slowness of 0.64 sec/km (P-wave velocity of 1.56 km/sec). 
The S-wave window (Figure 5-4) shows a wavefront of similar orientation moving with a horizontal 
slowness of 0.30 sec/km (apparent velocity of 3.3 km/sec) in the horizontal slice and total slowness 
of 1.71 sec/km (S-wave velocity of 0.58 km/sec) in the vertical slice.

In the horizontal slices, the contours are elongated in the east-west direction, indicating that 
there is better resolution for the north-south slowness than for the east-west slowness. This is due 
to the geometry of the array. The stations tend to be lined up in the direction along the axis of the 
tunnel, so that there is good station spacing in the north-south direction and more limited distribution 
of stations in the east-west direction. The contours in the vertical slice show contours that are 
elongated in the vertical direction, which is also probably due to station geometry. Since the vertical 
extent of the array is only 100 meters compared to the larger horizontal extent of 300-500 meters, 
there is a better constraint on the horizontal slowness compared to the vertical slowness. Another 
reason for poorer resolution in the vertical direction could be due to strong velocity variations as a 
function of depth.

In addition to the grid search method described above, we checked our results by picking the 
onset times and directly determined the slowness using a least-squares fit to the arrival times. In
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general the two methods give consistent results. The advantage of the more tedious grid search 
method is that the cross correlations look at a larger portion of the waveform and are particularly 
useful for emergent P and S waves, where it is difficult to accurately pick the onset of the arrival. 
Also, searching through the whole slowness space shows the range of values that is consistent with 
the data and is useful for identifying directions from which secondary energy is arriving across the 
array.

SLOWNESS RESULTS

Using the grid search method, we determined the P-wave slowness for the eleven earthquakes 
and also the S-wave slowness for six earthquakes. There were incomplete horizontal data to 
determine S-wave slowness for the other five events. The cross correlation values generally have 
well-defined maxima, giving good estimates of the horizontal and vertical slowness.

For the P waves, the results presented in Table 5-1 show a large spread of incoming azimuths 
with steep incidence angles. 6 of the events (1, 4, 5,7, 8, and 11) have large apparent velocities 
(> 10 km/sec), indicating relatively deep earthquakes with raypaths to the array that take-off upward 
from the source. The other events, even to a distance of greater than 60 km, also have steep incidence 
angles (< 20 degrees) which is an indication of low-velocity material in the near-surface region. The 
low-velocity material will bend the ray paths toward the vertical as they approach the surface. One 
consistent result for all events is the P-wave velocity for the region near the array. For the wide range 
of incoming azimuths the estimates for the P-wave velocity had a standard deviation of 15%. The 
average velocity was determined to be 1.43 ± 0.22 km/sec. The stated uncertainty is one standard 
deviation.

For the S waves, the north and east horizontal components were rotated into a transverse 
direction assuming the back-azimuth obtained from the P wave, before the cross correlation 
procedure was run on the waveforms. The estimates of the incoming S wavefronts are generally in 
agreement with the P wavefonts. However, there is more variation among the S waveforms compared 
to the P, thus the correlation values were lower indicating more uncertainty in the results. The 
determinations for the back azimuth to the event and the vertical incidence angle are within 
14 degrees of the values from the P waves. This indicates that the P and S wavefronts are approaching 
from approximately the same angle. The average S-wave velocity is 0.61 ±0.06 km/sec. This gives 
a high P to S velocity ratio of 2.3 ± 0.2.

As mentioned above there tends to be more uncertainty in the S-wave estimates because of the 
variation in waveforms across the array. At a given frequency, the S waves might be expected to show 
more variations than the P waves, because the S-wave velocity is slower than the P-wave velocity 
and the wavelength is correspondingly shorter. For this reason, the S waves might also be more 
sensitive to site-dependent time delays. Figure 5-5 shows the P- and S-wave arrivals for the event 
at 1839 on 10/15/90. Note that the pattern of relative arrival times across the array is quite similar 
for the P and S, with the exception of G5A, where the S wave arrives late. This significant S-wave 
site delay appears to be azimuthally dependent and is strong for events 5 and 8, which approach the 
array steeply from the northwest. For these two events, G5A was not used in the 
S-wave slowness analyses. There is also some evidence that the delay could be due to phase response 
problems in the instrumentation at G5A.
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FREE-SURFACE REFLECTIONS

Figure 5-6 shows the P- and S- wave arrival from the event at 1839 on 10/15/90 as recorded 
on the tunnel stations and one surface station directly above, plotted as a function of station depth. 
The instrument response was removed to convert the data to ground displacement and the waveforms 
were aligned on the first arrival. Note that there is a secondary arrival (dashed line) following both 
the initial P and S arrivals on the tunnel stations, but not on the surface station. This arrival is 
interpreted to be the downward reflection from the free surface, since it moves out with station depth. 
The timing and polarity of this arrival is also consistent with the direct arrivals at the surface station 
G4A and the tunnel station Gl A located 60 meters directly below. Between these two stations there 
is a 0.04 sec time difference in the direct P arrival which corresponds to the 0.08 sec two-way travel 
time of the surface reflection seen on G1A (Figure 5-6). This type of arrival has been previously 
observed from borehole data (Hauksson et al., 1987). The amplitude of the first arrival at the tunnel 
stations is about half that of the surface station. This difference can be partly explained because the 
energy is divided between the direct and reflected arrivals for the sub-surface stations, while for the 
stations on the surface all the energy is contained in the direct arrival. Also, there is an amplitude 
difference because the surface station is sited on lower-velocity material. At these high frequencies, 
the tunnel sites show more complicated waveforms than the surface sites. These differences in 
waveforms may affect the estimated slowness, if the waveform correlations are dominated by these 
high-frequency characteristics. To avoid this, we use relatively long (0.5 to 0.7 sec) time windows 
to give more weight to the lower-frequency components.

We can use this secondary arrival to estimate the P-wave velocity in the material between the 
tunnel stations and the surface. Assuming that the ray is traveling at a near-vertical angle of incidence 
as indicated by the slowness results, the time difference between the direct and reflected arrivals is 
the two-way travel time from the station to the surface. The measured times give average velocities 
of 0.33,0.70,1.1, and 1.5 km/sec for the material between the surface and stations G3 A, G2A, G2B, 
and G1A, respectively, as shown in the top portion of Figure 5-7. If we assume that the velocity 
structure is parallel to the topography, the data can also be interpreted as a layered structure shown 
in the bottom portion of Figure 5-7, with velocities ranging from 0.33 km/sec at the surface to 6.0 
km/sec at a depth of 60 m. The layer thicknesses in this model were arbitrarily set to match the station 
spacings. The actual velocity structure may be quite different from either of the simple models shown 
in Figure 5-7, especially given the various layers of volcanic tuff that are observed in the local 
geology near the tunnel. However, at present we do not have data to constrain the velocity of these 
more complicated structures.

The S waveforms in Figure 5-6 are very similar to the P waveforms, therefore the timing of the 
reflection phases gives an S-wave velocity structure similar to the the P-wave velocity structure but 
with 0.5 times the velocity. This P to S velocity ratio of 2.0 is the same as obtained from the slowness 
analysis for this event. The ratio of 2.0 measured from the reflected arrivals is probably the more 
reliable estimate because it is a direct measurement of the time differences of P and S waves arriving 
along similar paths.
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DISCUSSION

We do not have independent determinations for the locations of these events, so it is difficult 
to judge the accuracy in the estimates for back azimuth and incidence angles. The estimates of the 
P- and S-wave velocities are much better constrained. The largest time differences are between the 
tunnel and surface stations, indicating that most of the arrivals have steep angles of incidence. 
Therefore, small errors in the back azimuth and incidence angle do not affect the velocity estimates 
significantly. This is reflected in our consistent estimates of the material velocity. Determination 
of apparent velocity for steep incidence angles are strongly dependent on the angle of incidence, so 
there is much more uncertainty in these values.

The slowness analysis used in this study assumes a plane wave incident on the array. This 
assumption breaks down for any vertical or lateral variations in velocity near the array, as was clearly 
inferred from analysis of the reflected phases. However, the values from the slowness analyses are 
still meaningful as velocities for the near-surface region averaged over the dimensions of the array. 
In particular, since the largest time differences are measured between the tunnel and surface stations, 
the velocity estimates in our study are dominated by the near-surface material above the tunnel. The 
consistent results we obtain for a wide range of P-wave azimuths indicate that lateral variations are 
not strong enough to affect the P-wave velocity estimates. However, there appear to be stronger 
lateral variations in the S-wave velocity structure to the extent that incoming wavefronts are not as 
well approximated by a plane wave.

The velocities estimated by the slowness method are also frequency dependent, since lower 
frequencies, corresponding to longer wavelengths, will sample material properties deeper in the 
crust. We see this effect in the higher P-wave velocity for event 2, which was the most distant event 
(S-P time > 9 seconds) and had P waves with the lowest frequencies. This is further evidence that 
the low velocities are associated with the near-surface material. In additon, the most direct evidence 
for the very low velocities near the surface are the time delays from the free-surface reflections at 
tunnel stations. Using four tunnel stations at various depths below the surface, we see a strong 
increase of both the P- and S-wave velocities with depth (Figure 5-7). The range of values we obtain 
are similar to the results from a borehole experiment at Anza, California (Fletcher et al., 1990) and 
show P-wave velocities near the surface of a few hundred meters per second and increasing to several 
kilometers per second at 50 to 100 meters depth. This strong depth dependence of the velocity is some 
of the detailed velocity structure that is blurred together in our average P-wave velocity of 1.43 km/ 
sec obtained from the slowness method.

This three-dimensional array experiment has been useful for making direct estimates of the P- 
and S-wave velocities and providing approximate locations of local earthquakes (Figure 5-8). 
Knowledge of the near-surface velocities is important for evaluating the site effects associated with 
strong ground-motions. However, in the slowness analysis we assume that the region around the 
tunnel was a uniform medium, and thus obtain only average near-surface velocities. Denser 
instrumentation would be useful for studying the lateral variations that exist on the scale of tens to 
hundreds of meters. These site conditions affect the ampltudes of the high-frequency waves and also 
affect our direction estimates of the incoming wavefronts. Further, for the purposes of more 
accurately locating earthquakes, the aperture of the array should be expanded to several kilometers. 
Even in that case, it would be necessary to have some indepently known source locations to detemine 
the individual site delays.
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CONCLUSIONS

Estimates of slowness for incoming P and S waves recorded on the Garni three-dimensional 
array show steep incidence angles from local earthquakes. These arrivals give average P- and S-wave 
velocities of 1.43 ± 0.22 and 0.61 + 0.06 km/sec, respectively, for the region around the array. Since 
the data used for slowness correlations have relatively high predominant frequencies (3-20Hz), these 
values reflect the material close to the ground surface. This result was confirmed by measurements 
of the time delays from free-surface reflections observed on the tunnel stations. The P-wave velocity 
profile inferred from the surface reflections varied from 0.33 km/sec near the surface to 6.0 km/sec 
at 60 meters depth. At the higher frequencies used in this study, the tunnel sites have more 
complicated waveforms than the surface sites, because of the reflection off the ground surface. In 
addition to differences in waveform and amplitude between the closely spaced instruments, there are 
also arrival-time delays which are particularly strong for the S wave and affect the ability of the array 
to resolve the incoming azimuth of seismic waves.

Despite the high frequency complexities observed in the incoming wavefronts, the array was 
still useful for giving approximate locations of small earthquakes in the immediate region, which may 
be important for seismic hazard assessments. Garni lies on the northern edge of a narrow, east-west 
trending valley, a strong topographic feature that may be due to active faulting. This feature extends 
west to the outskirts of Yerevan, a city of 1.2 million people.
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Table 5-1. Parameters of incident plane waves from events recorded on the Garni array. Distances 
were estimated from S-P times. Magnitudes were determined by convolving a Wood-Anderson 
instrument response with the data.

No. Date Time Distance Magnitude
(km)

P wave
Back Apparent Incidence

Azimuth Velocity Velocity Angle
(deg) (km/s) (km/s) (deg)

S wave
Back Apparent Incidence

Azimuth Velocity Velocity Angle
(deg) (km/8) (km/s) (deg)

1. 09/21/90 0715 16 1.2

2. 10/05/90 0755 >60

3. 10/09/90 2054 12 0.8

4. 10/15/90 0746 12 0.9

5. 10/15/90 1839 12 1.7

6. 10/18/90 1118 30 2.3

7. 10/27/90 0544 42 3.0

8. 11/08/90 2037 12 1.6

9. 11/16/90 0653 20 1.8

10. 11/16/90 0703 20 1.8

11. 11/16/90 1500 14 2.2

282 16.7 1.28

294 8.3 2.02 14

176 4.2 1.27 18

338 11.1 1.44

338 11.1 1.44

82 6.7 1.21 11

204 11.1 1.44

354 16.7 1.33

74 6.7 1.36 12

74 6.7 1.36 12

32 8.3 1.56 11

326 6.7 0.71

90 3.3 0.55 10

198 10.0 0.62

8 5.0 0.62

80 3.3 0.58 10

34 3.3 0.58 10

424



 c
o
z

G4B*

East

Tunnel

G5A

G2A

G3A

100 m
G5B

G3B
G4A

G5B G1B

 a* G3A G2A

100 m

G2B G1A 

Tunnel

G4B

North

Figure 5-1. Approximate station configuration for the three-dimensional Garni Array. 
G5B which appears to be above the ground is on a hillside slope east of the array.
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Figure 5-2. Example of the three-component velocity data for the event at 1500 on 11/16/90.
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1.0

RADIAL (sec/km)

Figure 5-3. Contoured plots of combined cross correlation values for tested values of slowness from
the P-wave window of the event at 1500 on 11/16/90. Vertical (top) and horizontal (bottom) slices of
the three-dimensional slowness space are shown. High correlation values (shaded areas) correspond

to values of slowness which are consistent with a plane-wave propagating across the array.
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Figure 5-4. Contoured plots of combined correlation values from the S-wave window of the
event at 1500 on 11/16/90.
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Figure 5-5. P- and S-wave arrivals for the event at 0746 on 10/15/90. Note that the relative 
arrivals for the P and S are similar, except at G5A where the S wave arrives significantly late.
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Figure 5-6. Ground displacements of the P and S waves for the event at 1839 on 10/15/90. 
Reflections from the free surface (dashed line) can be seen following both the P- and S-wave

arrivals at the tunnel stations.
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Figure 5-7. (Top) Average P-wave velocities between the tunnel stations and the ground 
surface from time delays of surface reflections.

(Bottom) Velocity model consistent with the time delays of the surface relections, 
assuming a layered structure parallel to the topography.
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Figure 5-8. Rough locations of the numbered events from Table 5-1 shown on a map of northern Armenia.
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Wave-slowness contour plots for selected events
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