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Microearthquake Activity on the Orozco Fracture Zone:
Preliminary Results From Project ROSE

PROJECT ROSE SCIENTISTS'

We present preliminary hypocenter determinations for 52 earthquakes recorded by a large multi-
institutional network of ocean bottom seismometers and ocean bottom hydrophones in the Orozco Frac-
ture Zone in the eastern Pacific during late February to mid-March 1979. The network was deployed as
part of the Rivera Ocean Seismic Experiment, also known as Project ROSE. The Orozco Fracture Zone is
physiographically complex, and the pattern of microearthquake hypocenters at least partly reflects this
complexity. All of the well-located epicenters lie within the active transform fault segment of the fracture
zone. About half of the recorded earthquakes were aligned along a narrow trough that extends eastward
from the northern rise crest intersection in the approximate direction of the Cocos-Pacific relative plate
motion; these events appear to be characterized by strike-slip faulting. The second major group of activ-
ity occurred in the central portion of the transform fault; the microearthquakes in this group do not dis-
play a preferred alignment parallel to the direction of spreading, and several are not obviously associated
with distinct topographic features. Hypocentral depth was well resolved for many of the earthquakes re-
ported here. Nominal depths range from 0 to 17 km below the seafloor.

INTRODUCTION

The Rivera Ocean Seismic Experiment (ROSE) is a multi-
institutional study of the structural evolution of young oceanic
crust and mantle and of the structure and tectonics of an ac-
tive transform fault [Wilson, 1965] using a large network of
ocean bottom seismometers (OBS) and ocean bottom hydro-
phones (OBH) [Ewing, 1979]. The field work for Project ROSE
consisted of two phases during January to March 1979. In
Phase [ a number of seismic refraction lines were shot both
parallel and perpendicular to isochrons on 0- to 4-m.y.-old
seafloor near the East Pacific Rise at 11° to 13°N latitude.
Phase II consisted of a predominantly passive survey of mi-
croearthquake activity on the Orozco transform fault and ad-
jacent rise axis areas. Groups from 12 institutions, including
the University of California at San Diego and at Santa Bar-
bara, University of Hawaii, Instituto Oceanogrdphico at Man-
zanillo, Lamont-Doherty Geological Observatory,
Massachusetts Institute of Technology (MIT), Naval Ocean
Research and Development Activity, Naval Research Labora-
tory, Oregon State University, University of Texas, University
of Washington, and Woods Hole Oceanographic Institution
(WHOI), participated in the field work, conducted from five
research vessels (R/V Robert Conrad, R/V Kana Keoki, R/V

! Project ROSE scientists providing data for this study include J. L.
Ewing and G. M. Purdy at the Department of Geology and Geophys-
ics, Woods Hole Oceanographic Institution, Woods Hole, Massachu-
setts 02543; A. M. Tréhu and S. C. Solomon at the Department of
Earth and Planetary Sciences, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139; T. Ouchi and A. K. Ibrahim at the
Marine Science Institute, University of Texas, Galveston, Texas
77550; J. F. Gettrust and K. Furukawa at the Hawaii Institute of Geo-
physics, University of Hawaii, Honolulu, Hawaii 96822; S. P. Nish-
enko and P. W. Pomeroy at Lamont-Doherty Geological Observa-
tory, Columbia University, Palisades, New York 10964; W. A.
Prothero at the Department of Geological Sciences, University of
California at Santa Barbara, Santa Barbara, California 93106; J. D.
Garmany and B. T. R. Lewis at the Department of Oceanography,
University of Washington, Seattle, Washington 98195; and S. H.
Johnson and L. D. Bibee at the School of Oceanography, Oregon
State University, Corvallis, Oregon 97331. Epicenter locations were
calculated by A. M. Tréhu.

Copyright © 1981 by the American Geophysical Union.
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Thomas Thompson, USNS De Steiguer, USNS Hayes). A total
of 67 ocean bottom seismometers and hydrophones as well as
several hydrophone arrays were deployed, and several multi-
channel seismic lines were also run. This paper presents the
preliminary locations of the largest microearthquakes re-
corded by the OBS and OBH array in the Orozco Fracture Zone
during phase II of ROSE.

The Orozco transform fault, at approximately 15.25°N lati-
tude, offsets the East Pacific Rise left laterally by about 90 km
(Figure 1). The local spreading rate is 49 mm/yr (half-rate)
with an azimuth of N85°E, based on the Cocos-Pacific pole of
Minster and Jordan [1978]. Thus the maximum age contrast
across the transform is about 2 m.y. at present. The large-scale
topographic manifestation of the Orozco Fracture Zone (Fig-
ure 1) belies this modest offset and is a reflection of a past tec-
tonic configuration. The complicated bathymetry to the west
of the current spreading center has been interpreted to contain
the signature of a number of eastward jumps of the spreading
center [Sclater et al., 1971; Lynn and Lewis, 1976]. Before a
proposed jump 4-5 m.y. ago, the Orozco Fracture Zone may
have marked the boundary between the Rivera and Pacific
plates, a role currently played by the Rivéra Fracture Zone
[Klitgord and Mammerickx, 1979].

A number of microearthquake surveys in oceanic transform
fault and ridge crest areas have been conducted with so-
nobuoys and with ocean bottom seismometers [Francis and
Porter, 1973; Reid et al., 1973, 1977, Reid and Macdonald,
1973; Spindel et al., 1974; Macdonald and Mudie, 1974; Pro-
thero et al., 1976; Reichle et al., 1976; Reichle and Reid, 1977,
Solomon et al., 1977; Francis et al., 1977, 1978; Lilwall et al.,
1977, 1978; Johnson and Jones, 1978; Jones and Johnson,
1978]. Because all such previous studies have been conducted
with at most a few stations, the epicentral location capabilities
have been quite limited, and the focal depth resolution gener-
ally poor. Thus the detailed relationship between epicenter lo-
cations and specific physiographic features has often been sus-
pect, and the important information from focal depths on
deep thermal and mechanical structure has typically been ab-
sent in such surveys. Project ROSE is unprecedented in the
large number of ocean bottom stations deployed in concert for
a dedicated experiment of oceanic earthquake character-
ization. Because of the large OBS and OBH network the epi-

3783



"¢ 2INS1] JO BaIE AU SUWIAP MoS01 ‘NoS1 18 PAIRIULd X0q YL, “LL61-H961 poirad awn ayy Suunp ury (L ueys sso] yidep [8I0] Y SHUIAD
Papi0da1 AJ[BOTWISIASA[] IPNIUI PUE $I9UIdY JOo uoneUTIIRS( Aleurmi[ald AoAIng [esifojoan ‘g 2yl wolij o1e siajuaoida ayenbyley
‘(pepnjoul jou aIe SIUNOWEAS PAIR[OSI [[BWS) Papeys ApjIep are swoyley 0007 ueyl 1o1eaid syidep pue ‘papeys AYS 218 Wy Q9] UBY) SS3[
sydap ‘wotdar ay Jo sarniesy orydesSorsAyd tofew oy a1ensny[r 01 1enbape 218 SINOTWOD (W (§LE) WY-000T PUE (W 000E) WY-0091 YL “[6961]
I 12 aspy) woilj paidepe sinoluod duPWAYIRg uswadxs IS0 241 Jo uoidar [erouad oy urgum Ayprusies pue Anowkyieg [ Sig

MoG8 «06 0S6 =00}

Helol <Ol

PROJECT ROSE SCIENTISTS: MICROEARTHQUAKES ON OROZCO FZ

H3INIOG3 DIVNOHLIVI -
(wos.€) w000z < [N

(wooog) wy009i> [ ]

3784

0l

oGl

002



PROJECT ROSE SCIENTISTS: MICROEARTHQUAKES ON OROzCO FZ

central locations, focal depths, and other source parameters of
the earthquakes recorded during ROSE phase II are unusually
well constrained.

Fifty-two earthquakes which occurred during the 2-week pe-
riod from February 27 to March 13 have been located using
arrival times from the OBS and OBH network during the second
phase of ROSE. All of the well-located events are within what
one would expect to be the active portion of the transform,
and many are clearly associated with topographic features.
More detailed analysis of our data and discussions of the tec-
tonic significance of our findings will be presented in later
publications.

DATA

Data from 26 instruments belonging to 8 institutions were
used for the locations. The important features of these in-
struments and their geographic coordinates during deploy-
ment are summarized in Tables 1a and 15. This data set repre-
sents approximately two thirds of the instruments operating
during the second phase of the ROSE project. Figure 2 shows
histograms of the number of events per 12-hour period ob-
served by these instruments. P-wave arrival time readings
were obtained from all stations; S-wave arrival times could
only be picked to the desired accuracy from those stations
equipped with two horizontal components.

Depth corrections were calculated to normalize all stations
to a water depth of 3000 m. A P-wave velocity of 6.5 km/s
was assumed in making this correction, and S-wave arrival
times were corrected by assuming a ratio of P-wave to S-wave
velocity of 1.75. All times were also corrected for clock drift
assuming a constant drift rate during the time of deployment.
Total clock drift over a period of a month was on the order of
0.25 seconds for most instruments.

Reading errors in picking the arrival times were less than
0.04 s for most of the events and most of the instruments. Pos-
sible nonsteady clock drift and errors in the instrument loca-
tion, however, increase the effective arrival time errors to
about 0.08 s when the whole network is considered.

LOCATION METHOD

Earthquakes were located using the computer program HY-
POINVERSE developed by the U.S. Geological Survey [Klein,
1978]. The nonlinear nature of the earthquake location prob-
lem is well known, as is its linear approximation in the form
[A4] - [x] = [b], where [4] is an n X 4 matrix of the travel time
derivatives, [x] is a 4-dimensional vector of adjustments to an
assumed hypocenter and origin time, and [b] is an n-dimen-
sional vector of differences between the observed arrival times
and those calculated for the assumed hypocenter. Because HY-
POINVERSE solves for [x] by doing a singular value decompo-
sition on [4] and calculating the generalized inverse of [4], the
method provides the resolution, covariance and data impor-
tance matrices. Moreover, by explicitly calculating the singu-
lar values and singular vectors of [4], the method points out
small singular values representing directions in which the
hypocentral adjustment vector is poorly constrained by the
data. The capacity to truncate small singular values and to
damp adjustments in such directions increases the stability of
the inversion. A reading error of 0.08 was assumed for the cal-
culation of the covariance matrix.

Another important feature of the location algorithm is that
it assigns weights to the observed arrival times as a function of
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Fig. 2. Histograms of earthquake activity per half day observed
during phase II of ROSE. The instrument identification codes are
given in Table 1. Histograms for all instruments providing readings
for this study are included and are stacked from top to bottom in or-
der of decreasing latitude. The hatched area represents all events re-
ported for the instrument, whereas the solid area represents only thoge
earthquakes located in this study and listed in Table 3. No arrival
times from T13 were used for the locations. The great number of
events reported from the WHOI instruments is partly an artifact of
the method of defining an ‘event.’ For the continuously recording
WHOI instruments, any discrete event with a maximum amplitude of
at least twice the background noise level was defined as an event; for
many of these it is impossible to pick a first arrival. For the other in-
struments, only those events whose arrival time had been determined
were included. Note also that instruments SB1, SB2, T2, and T14 re-
corded many, presumably very nearby events which were not re-
corded by enough instruments to permit a location to be calculated.
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TABLE la. Characteristics of Ocean Bottom Seismometers and Hydrophones Used for This Study

Institution
Abbrevia-
Institution tion Components* Recordingf Reference
University of California at SB V,HH D,E Prothero [1979]
Santa Barbara
University of Hawaii H Y. BEP AC Sutton et al. [1977]
Lamont-Doherty Geo- L V,P A C Bookbinder et al. [1978]
logical Observatory
Massachusetts Institute of M V.HH D,E Mattaboni and Selomon
Technology [1977]
Oregon State University O v.p AC S. H. Johnson et al. [1977]
University of Texas at T v AE Latham et al. [1978]
Galveston
University of Washington w V.H:H A,C R. V. Johnson et al. [1977]
Woods Hole Oceano- WH P AC Koelsch and Purdy [1979]

graphic Institution

*V, vertical geophone; H, horizontal geophone; P, hydrophone.
1D, digital; A, analog; E, event detection; C, continuous.

the residual from the previous iteration. This provision is use-
ful for pointing out arrival time readings which are grossly in
error, such as in the case of a misidentification of phase. For
the first iteration, P-wave arrival times were assigned a weight
of 1. To compensate for larger arrival time reading errors
combined with the inherently greater importance of these read-

ings toward the solution, S-wave arrival times were weighted
by a factor of 0.75. A complete description of the location pro-
gram is given by Klein [1978].

The assumption that [4] is known implies that the velocity
structure is known. We assumed that the P-wave velocity
structure was a stack of 9 homogeneous, flat layers approxi-

TABLE 1b. Geographic Coordinates of Instruments During Phase II of ROSE

Latitude Longitude Depth
(Corrected
Instrument Degrees Minutes Degrees Minutes Meters)
L1 15 30.30 105 25.98 2800
H516 15 29.60 105 5.30 2842
SBI 15 26.20 105 4.40 2801
H517 15 25.40 104 56.60 3883
T2 15 25.20 105 15.10 3010
SB2 15 21.70 105 2.00 3032
T3 15 18.16 105 12.76 3041
WHI1 15 13.98 104 54.72 2678
WHT7 15 13.98 104 54.48 2740
H520 15 12.70 104 55.10 2725
w2 15 10.50 105 18.50 3388
M3 15 9.30 104 55.32 2855
WH7 15 9.18 104 50.58 2863
WHI1’ 15 9.12 104 52.38 2890
TS 15 8.70 105 11.30 3572
TI13 15 6.92 104 38.73 3214
T4 15 6.67 104 31.27 2791
T4 15 6.10 105 27.10 3090
M2 15 5.58 104 56.22 2856
WH6” 15 3.42 104 45.18 2203
WHS5 15 1.98 104 44.88 2517
WH3' 14 59.88 105 16.50 3013
WH2 14 59.10 105 16.98 2996
03 14 5843 104 50.14 4068
WH4 14 54.90 105 8.52 3098
WH4 14 53.82 105 8.01 3090
L6 14 52.38 104 30.00 2966
WHS5’ 14 51.00 104 44.40 2678
WH6 14 50.52 104 44.40 2715
WHS 14 49.68 105 22.62 3184
TI0 14 48.43 104 59.43 3347
WH2' 14 40.80 105 15.00 3311
WH3 14 40.38 105 15.72 3329
L4 14 3132 105 15.35 3203

In the instrument identifications the letters refer to the institution abbreviations of Table la, and the
numbers to each institution’s numbering scheme. The ‘primed” WHOI identifications correspond to the
position of each instrument after being redeployed. Because the tape capacity of the WHOI instruments
is about 8 days, most were retrieved and redeployed midway through phase II.
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mating a two-layer crust with velocity gradients in each layer
(Table 2). This structure was based on the results obtained
from line B of Orcutt et al. [1976] and line 57 of Lewis and
Snydsman [1979], refraction profiles shot parallel to the
spreading center to the south of the ROSE study area at 9°N
and 13.5°N on crust with ages of 2.9 and 0.4 m.y., respec-
tively. The S-wave velocity model was obtained from the P-
wave model assuming a P-wave to S-wave velocity ratio of
1.75.

EARTHQUAKE LOCATIONS

The hypocentral parameters of the earthquakes located
during phase II of ROSE are presented in Table 3. All events
located with a root-mean-squared residual of less than 0.25 s
are included. Although data from 26 stations were used, no
event was recorded by all stations. Thirteen earthquakes were
located using at least 15 arrival time readings. Most locations
calculated from only four or five readings are supported by
temporal and spatial association with a larger, well-located
earthquake and by a P-S arrival time interval in agreement
with that measured on the MIT instruments. An initial hypo-
center close to the station reporting the earliest arrival was as-
sumed. The locations were calculated twice, starting from ini-
tial depths of 5 and 12 km. For most events the two initial
hypocenters converged to the same solution. For a few events,
however, two different depths were obtained. An examination
of the behavior of the root-mean-squared residual with depth
when locations were calculated for a series of fixed depths
from 2 to 20 km indicated that this behavior could be attrib-
uted to a constant residual with depth over an interval around
one of the initial depths. In these cases the solution giving the
smaller residual was chosen; with the exception of four events
(March 2, 1300 hours; March 2, 1721 hours; March 3, 1724
hours; March 4, 2010 hours) this was the shallower solution.

The axes of the covariance matrix of the hypocentral solu-
tion define the 32% confidence ellipse of the solution to the lin-
earized problem. The 95% confidence ellipse can be obtained
by multiplying the axis lengths by 2.4. Because the problem is
not linear, these ellipses provide only a qualitative measure of
the precision of the location. The projections of these axes
onto horizontal and vertical planes through the hypocenter
are listed in Table 3 as measures of the horizontal and vertical
errors in the solution. Only the larger of the two horizontal er-
rors is listed. These formal errors suggest that most of the
earthquake locations are precise to within 1 or 2 km in the
horizontal direction and point out those events for which the

TABLE 2. Layered P-Wave Velocity Model Used for Earthquake

Locations
Velocity, Depth, Thickness,
Layer km/s km km
1 4.38 0.00 0.40
2 5.00 0.40 0.40
3 5.62 0.80 0.40
4 6.05 1.20 0.80
5 6.39 2.00 1.00
6 6.73 3.00 1.00
7 7.07 4.00 1.00
8 742 5.00 1.00
9 712 6.00 0.65
10 7.84 6.65
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geometry of the available data provides little constraint on the
hypocentral depth.

Locating events with other layered crustal models or with
different subsets of the data did not change the absolute or rel-
ative locations significantly. For example, substitution of the
‘average oceanic crust’ of Raitt [1963] resulted in a change in
the calculated hypocenter of less than 1 km horizontally and
less than 2 km vertically for most events.

Although most of the earthquakes were not detected by all
of the instruments, the large number of instruments deployed
during ROSE was useful for two reasons. It obviously extended
the spatial extent of the area of good hypocentral resolving
power of the network compared to the much smaller networks
of instruments used in earlier studies. Equally importantly,
however, the large number of stations led to the detection of
errors in data processing which might otherwise have been
undetected and would have therefore led to erroneous loca-
tions. An examination of the residuals at each station for
those events located using 18 or more arrivals revealed sys-
tematic trends which could be traced to errors in the clock
drift correction for a few instruments. Small events located us-
ing only 4-6 arrival times including these erroneous data often
seemed to be well located (as indicated by small root-mean-
squared residuals and covariance ellipses) when actually their
locations were in error by several kilometers,

The calculated epicenters are superimposed on a map of the
local bathymetry in Figure 3. The bathymetric map includes
data obtained during Project ROSE and indicates a complex
tectonic environment. The transform fault is marked by a 90-
km? area of dramatic topography. Most of the earthquake ac-
tivity was localized in two areas and is visibly related to topo-
graphic features.

About one half of the earthquakes located occurred in the
northwestern portion of the transform area and were aligned
along a long, narrow trough with a strike of N80°E. That this
trend probably represents the current spreading direction is
supported by the predicted Cocos-Pacific spreading direction
[Minster and Jordan, 1978], by nearby magnetic anomalies
[Klitgord and Mammerickx, 1979], by a teleseismic study of a
large (m, = 5.1) event from the transform (A. M. Tréhu, work
in progress, 1981), and by the trend of anisotropy beneath a
possible low-velocity zone in the upper mantle (G. M. Purdy,
work in progress, 1981). During the period of the experiment,
activity was distributed along the length of the trough. During
March 1-4, activity occurred at the eastern and western ex-
tremities of the trough. Following a period of quiet during
March 5-7, a main shock-aftershock sequence occurred near
the center of the trough on the afternoon of March 8.

These events seem to have occurred over a broad range of
depths. The calculated locations of many of the events from
the westernmost end of the trough indicate a source in the up-
per mantle, whereas the events of the March 8 sequence seem
to have been very shallow, within the upper crust. This inter-
pretation is supported by the observation on the seismograms
obtained by the MIT instruments of what is interpreted to be
a mantle refraction as the first arrival from the largest events
of March 8. This phase cannot be observed from the events at
the westernmost end of the trough. Confirmation of these
depth determinations will require a reexamination of the rec-
ords in an attempt to identify characteristics diagnostic of the
source depth. The calculated depths might also be a con-
sequence of the simple layered velocity model. The polarity of
the first motion observed on the MIT, WHOI, Lamont, Ha-
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TABLE 3. Hypocentral Parameters of Earthquakes Recorded During the Second Phase of ROSE
Orgin Time Latitude Longitude nor

Depth, mag, dcs, rmsr, erh, erd,
Date 1979 uT Degrees Minutes Degrees Minutes km P S deg km s km km
Feb. 27 2238:36.31 15 13.17 104 47.71 0.85 7 0 147 133 0.24 1.3 4.5
March 1 1150:7.12 15 4.68 104 38.14 3.56 4 2 191 12.8 0.07 0.8 pdc
March 1 1216:23.12 15 21.54 105 17.84 5.20 2 3 271 8.3 0.02 0.8 1.2
March | 1457:51.17 15 22.52 105 14.40 0.10 6 2 90 5.1 0.19 0.7 2.0
March 1 1506:34.58 15 23.14 105 13.79 8.52 3 2 199 44 0.01 22 0.8
March 2 0523:10.70 15 14.97 104 44.13 11.47 19 2 218 15.8 0.14 1.0 1.7
March 2 0718:4.85 15 24.90 104 57.76 3.00 13 2 144 22 0.08 1.1 1.1
March 2 0854:5.74 15 6.88 104 49.14 10.04 3 1 323 49 0.00 24 1.4
March 2 1300:20.92 I3 24.18 105 12.82 17.05 13 2 140 15.5 0.09 0.5 1.5
March 2 1335:1.57 15 6.47 104 49.22 10.15 3 1 322 8.5 0.00 2.6 1.5
March 2 1645:8.41 15 23.38 105 12.40 0.00 8 1 131 15.2 0.12 0.5 1.4
March 2 1721:9.48 15 24.24 105 11.96 14.18 15 2 139 14.0 0.09 0.5 22
March 3 1724:58.03 15 2472 105 13.16 12.48 6 2 224 15.9 0.09 0.7 25
March 3 2311:59.89 15 10.94 104 49.17 5.22 4 2 290 4.1 0.12 12 22
March 4 0919:23.83 15 12.35 104 47.19 335 18 3 144 8.5 0.15 0.6 1.1
March 4 0937:47.56 15 12.73 104 48.75 11.99 <4 1 216 11.3 0.11 1.0 pdc
March 4 0942:18.27 15 12.49 104 47.32 7.80 19 1 144 8.5 0.14 0.6 2.0
March 4 1001:7.85 15 12.00 104 47.27 6.16 4 1 226 14.0 0.13 1.1 pdc
March 4 1012:53.66 15 12.48 104 47.83 8.19 4 1 223 13.0 0.12 1.1 pdc
March 4 1037:12.09 ] 9.50 104 50.83 ST 4 0 199 0.8 0.00 1.4 0.7
March 4 1053:8.26 15 9.47 104 49.79 11.64 4 1 204 99 0.05 1.5 pdc
March 4 1121:17.06 15 25.62 104 59.15 0.46 8 0 174 4.6 0.11 1.1 37
March 4 1459:45.84 15 18.92 104 45.95 1.84 T 1 233 18.1 0.08 0.8 1.7
March 4 1856:5.16 15 25.24 105 0.22 2.55 15 2 163 6.4 0.10 1.0 13
March 4 2010:37.27 15 23.80 105 12.44 15.04 8 1 135 15.0 0.07 0.6 1.6
March 5 0058:14.75 15 4428 104 44.18 18.18 6 0 297 414 0.15 36 6.5
March 5 0219:4.28 15 13.08 104 47.88 8.82 9 2 145 12.9 0.10 0.6 21
March 5 1010:27.31 15 18.58 104 44.46 17.21 9 1 192 20.2 0.10 0.9 3.6
March 6 2305:13.10 15 23.65 105 0.51 8.13 3 | 356 4.5 0.09 2.7 pdc
March 7 1643:31.65 15 26.55 105 12.41 0.78 8 1 259 20.6 0.07 1.9 2.7
March 8 0002:35.97 15 13.05 104 47.67 8.81 6 1 145 8.9 0.09 0.6 2t
March 8 0023:55.33 15 12.87 104 48.46 0.08 4 1 178 7.8 0.14 2.6 2.8
March 8 0058:5.39 15 13.33 104 47.23 4.17 14 2 149 9.8 0.14 0.6 UK
March 8 0131:55.08 15 13.81 104 47.54 0.12 4 1 151 16.3 0.03 0.4 1.2
March 8 1214:26.42 15 24.06 105 7.06 0.00 18 1 88 10.1 0.08 0.3 1.0
March 8 1219:0.53 5 24.04 105 6.43 0.11 16 2 82 9.0 0.11 0.4 1.0
March 8 1238:22.63 15 24.06 105 6.90 0.30 16 3 147 9.0 0.12 0.4 1.0
March 8 1250:17.03 15 25.63 105 7.41 8.56 4 1 187 8.3 0.03 1.0 29
March 8 1258:1.94 15 6.30 104 45.38 0.93 3 1 286 18.6 0.18 1.8 53
March 8 1339:26.56 15 23.87 105 6.08 0.18 6 0 86 8.4 0.10 0.5 pdc
March 8 1432:18.41 15 24.49 105 5.32 0.06 7 0 83 7.8 0.13 0.9 6.9
March 8 1445:54.67 15 2431 105 5.50 0.79 6 0 87 7.9 0.03 0.6 34
March 8 1451:59.77 15 24.02 105 6.29 0.22 7 0 91 8.8 0.10 0.7 5.6
March 8 1452:16.69 15 24.58 105 6.60 1.41 10 1 207 30.6 0.09 0.9 211
March 8 1514:9.56 15 24.38 105 543 0.37 4 1 161 79 0.10 0.7 2.0
March 8 1601:29.79 15 24.46 105 5.88 0.06 6 0 79 8.6 0.12 0.4 1.3
March 8 1832:44.68 15 16.64 104 3157 5.01 7 0 276 36.2 0.09 4.0 pdc
March 8 2044:39.14 15 25.04 105 16.43 2.00 6 1 239 26.6 0.07 1.4 pdc
March 12 1101:54.18 15 11.53 104 45.88 4.46 13 1 211 12.5 0.08 0.6 1.0
March 13 1849:17.42 15 8.81 104 39.07 4.15 6 I 295 14.8 0.03 1.0 1.3
March 13 2342:10.64 15 9.07 104 48.09 16.15 s 0 229 20.0 0.14 24 Tl
March 14 1107:53.31 15 51.83 104 7.25 14.93 5 0 329 111.4 0.22 34 pdc

Latitudes and longitudes are in degrees and minutes N and W, respectively; nor, number of readings; mag, maximum azimuthal gap; dcs,
distance to closest station; rmsr, root mean square residual; erh, horizontal error (from projection of error ellipse onto horizontal plane); erd,
depth error; ped, poor depth control (as indicated by an eigenvalue of [4] less than 0.016, corresponding primarily to the hypocentral adjust-

ment in depth); the error ellipses are at 32% confidence.

waii, and Texas instruments for the events from this northern
area are consistent with right lateral strike slip motion along
faults parallel to the trough.

The second concentration of microearthquake activity is
southeast of the first and is associated with two topographic
troughs, one trending approximately east-west and the other
trending north-south. The distribution of epicenters displays a
broad north-south trend. Most of the events were clustered at
the intersection of the two troughs. The southern, deepest part
of the north-south trending trough did not manifest any seis-

mic activity during the experiment. Several of the events from
this area do not bear any obvious relationship to the topogra-
phy (e.g., March 2, 0523 hours; March 5, 1010 hours). The
depths indicated for these earthquakes are quite scattered and
some events may have been subcrustal. One event in particu-
lar (March 2, 0523 hours) was recorded throughout the array
and consistently yields an apparently well constrained depth
of about 12 km below seafloor. The first-motion radiation pat-
terns from the largest of these events do not permit a simple
determination of the source mechanism, at least not with the
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Stations (triangles) and earthquakes (large dots represent events located using at least 10 readings, small dots

104°30'

represent events located using fewer than 10 readings) from phase II of ROSE superimposed on the local bathymetry of the
active portion of the Orozco Fracture Zone. Geographical coordinates of the instruments are listed in Table 1, and hypo-
central parameters of the earthquakes are given in Table 3. The bathymetric map is a preliminary map constructed by J.
Mammerickx including data obtained by the R/V Conrad and R/V Kana Keoki during phase I of ROSE. Contours are in
corrected meters; the contour interval is 100 m. The axis of the East Pacific Rise to the north and south of the fracture zone
is at longitudes of 105°20" and 104°20', respectively. The main shock-aftershock sequence of March 8 was located at ap-

proximately 15°24'N, 105°06'W.

data currently available. They do not, however, appear to be
consistent with simple strike-slip motion.

Of the events for which arrival times are presently available
from four or more instruments, only two (March 5, 0058
hours; March 14, 1107 hours) seem to have been outside of the
active transform zone. Because these two events occurred well
outside of the station network, errors on the hypocentral
coordinates are probably larger than those listed in Table 3,
and we cannot say whether or not these events were associ-
ated with the Orozco Fracture Zone. Station T14, located near
the axis of the East Pacific Rise, recorded many near earth-
quakes (with S-P times less than 2 s), but none of these events
were large enough to have been located by the network.

CONCLUSIONS

1. Project ROSE has yielded a data set on oceanic micro-
earthquakes unique in the number of independent recordings
of the larger events and in the extent to which epicentral loca-
tions, focal depth, and other source parameters may be quan-

titatively characterized. The experiment has also demon-
strated the power of redundancy in an OBS and OBH network.

2. In the Orozco Fracture Zone during the period Febru-
ary 27 to March 14, 1979, some 50 microearthquakes were re-
corded by enough stations in the ROSE network to determine
preliminary hypocentral locations and origin times. Of the
well-located epicenters, all lie within the active portion of the
Orozco transform fault.

3. Roughly one-half of the earthquakes were aligned
along a long narrow trough that extends at N80°E azimuth
from the northern rise crest intersection. The strike of the
trough and first motions from these events support the hy-
pothesis that these earthquakes occurred by strike-slip fault-
ing with slip in the direction of relative motion of the Cocos
and Pacific plates. Well-constrained focal depths for these
events range from very shallow to subcrustal; the nominal
depth range is 0 to 17 km.

4. Most of the remaining earthquakes occurred in a topo-
graphically complicated region in the central transform, an
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area that may owe its complexity to one or more spreading
pole changes and ridge jumps in this part of the Pacific in the
last few million years. While some of these events are closely
associated with topographic features, others are not, and there
is no clear lineation of epicenters in the direction of predicted
plate motion. Well-constrained focal depths for this second
group of earthquakes also range from 0 to 17 km.

5. The preliminary hypocentral locations of Orozco frac-
ture zone microearthquakes reported here will form the basis
for further, more detailed studies by ROSE investigators of
earthquake source properties and of the propagation charac-
teristics of earthquake-generated phases.

Acknowledgments. We thank the captains and crews of the R/V
Conrad, R/V Kana Keoki, R/V Thomas Thompson, and USNS De
Steiguer and the other scientists and technical personnel who partici-
pated in phase II of ROSE. We also thank J. Mammerickx for provid-
ing the bathymetric map used in Figure 3. Financial support for this
experiment was provided by the Office of Naval Research, under con-
tract N00O014-80-C-0273 to MIT, N00014-79-C-0071 and NR-083-004
to WHOI, N00014-78-C-0570 to the University of Texas, NRO7-456
to the University of Calif. at Santa Barbara, N00014-80-C-0252 to the
University of Washington, N00014-79-C-0004 to Oregon State Uni-
versity, N00014-80-C-0098 to Lamont-Doherty Geological Observa-
tory, N00014-75-C-0209 to the University of Hawaii, and by the Na-
tional Science Foundation, under grant EAR78-23849 to Lamont-
Doherty Geological Observatory.

REFERENCES

Bookbinder, R. G., A. C. Hubbard, W. G. MacDonald, and P. W. Po-
meroy, Design of an ocean bottom seismometer with response from
25 Hz to 100 sec, in Proceedings of the 4th Annual Conference:
Oceans 78, pp. 510-515, Marine Technology Society/IEEE, New
York, 1978.

Chase, T. E., H. W, Menard, and J. Mammerickx, Bathymetry of the
north Pacific, maps 9, 10, Scripps Inst. of Oceanogr., La Jolla,
Calif., 1969.

Ewing, J. L., ROSE project overview and general results (abstract), Eos
Trans. AGU, 60, 887, 1979.

Francis, T. J. G., and I. T. Porter, Median valley seismology: The
mid-Atlantic ridge near 45°N, Geophys. J. R. Astron. Soc., 34, 279-
311, 1973.

Francis, T. J. G., I. T. Porter, and J. R. McGrath, Ocean-bottom
seismograph observations on the mid-Atlantic ridge near lat. 37°N,
Geol. Soc. Amer. Bull., 88, 664-677, 1977.

Francis, T. J. G, I. T. Porter, and R. C. Lilwall, Microearthquakes
near the eastern end of St. Paul’s Fracture Zone, Geophys. J. R. As-
tron. Soc., 53, 201-217, 1978.

Johnson, R. V,, II, C. R. B. Lister, and B. T. R. Lewis, A direct rec-
ording ocean bottom seismometer, Mar. Geophys. Res., 3, 65-85,
1977.

Johnson, S. H., and P. R. Jones, Microearthquakes located on the
Blanco fracture zone with sonobuoy arrays, J. Geophys. Res., 83,
255-261, 1978.

Johnson, S. H., M. D. Cranford, B. T. Brown, J. E. Bowers, and R. E.
McAllister, A free-fall direct recording ocean bottom seismograph,
Mar. Geophys. Res., 3, 103-117, 1977.

Jones, P. R,, and S. H. Johnson, Sonobuoy array measurements of ac-
tive faulting on the Gorda ridge, J. Geophys. Res., 83, 3435-3440,
1978.

Klein, F. W., Hypocenter location program HYPOINVERSE, 1, User’s
guide to versions 1, 2, 3, 4, Geol. Surv. Open File Rep. U.S., 78-694,
1978.

Klitgord, K. D., and J. Mammerickx, Bathymetric, magnetic and tec-

PROJECT ROSE SCIENTISTS: MICROEARTHQUAKES ON OR0OzCO FZ

tonic trends of the East Pacific Rise, 8°-21°N (abstract), Eos Trans.
AGU, 60, 888, 1979.

Koelsch, D. E,, and G. M. Purdy, An ocean bottom hydrophone in-
strument for seismic refraction experiments in the deep ocean, Mar.
Geophys. Res., 4, 115-125, 1979.

Latham, G., P. Donoho, K. Griffiths, A. Roberts, and A. K. Ibrahim,
The Texas ocean bottom seismograph, paper presented at the Off-
shore Technology Conference, Soc. of Explor. Geophys., Houston,
Tex., 1978.

Lewis, B. T. R., and W. E. Snydsman, Fine structure of the lower oce-
anic crust on the Cocos plate, Tectonophysics, 55, 87-105, 1979.
Lilwall, R. C,, T. J. G. Francis, and I. T. Porter, Ocean-bottom
seismograph observations on the mid-Atlantic ridge near 45° N,

Geophys. J. R. Astron. Soc., 51, 357-370, 1977.

Lilwall, R. C.,, T. J. G. Francis, and I. T. Porter, Ocean-bottom
seismograph observations on the mid-Atlantic ridge near 45°N—
Further results, Geophys. J. R. Astron. Soc., 55, 255-262, 1978.

Lynn, W. S., and B. T. R. Lewis, Tectonic evolution of the northern
Cocos plate, Geology, 4, 718-722, 1976.

Macdonald, K. C., and J. D. Mudie, Microearthquakes on the Gala-
pagos spreading center and the seismicity of fast-spreading ridges,
Geophys. J. R. Astron. Soc., 36, 245-257, 1974.

Mattaboni, P. J,, and S. C. Solomon, MITOBS: A seismometer system
for ocean-bottom earthquake studies, Mar. Geophys. Res., 3, 87-
102, 1977.

Minster, J. B, and T. H. Jordan, Present-day plate motions, J.
Geophys. Res., 83, 5331-5354, 1978.

Orcutt, J. A, B. L. N. Kennett, and L. M. Dorman, Structure of the
East Pacific Rise from an ocean bottom seismometer survey,
Geophys. J. R. Astron. Soc., 45, 305-320, 1976.

Prothero, W. A., Jr., An operationally optimized ocean-bottom seis-
mometer capsule, Phys. Earth Planet. Inter., 18, 71-77, 1979.

Prothero, W. A,, 1. Reid, M. S. Reichle, and J. N. Brune, Ocean bot-
tom seismic measurements on the East Pacific Rise and Rivera
Fracture Zone, Nature, 262, 121-124, 1976.

Raitt, R. W., The crustal rocks, in The Sea, vol. 3, edited by M. N.
Hill, pp. 85-102, Interscience, New York, 1963.

Reichle, M. S., and 1. Reid, Detailed study of earthquake swarms
from the Gulf of California, Bull. Seismol. Soc. Am., 67, 159-171,
1977.

Reichle, M. S., G. F. Sharman, and J. N. Brune, Sonobuoy and tele-
seismic study of Gulf of California transform fault earthquake se-
quences, Bull. Seismol. Soc. Am., 66, 1623-1641, 1976.

Reid, I, and K. Macdonald, Microearthquake study of the mid-At-
lantic ridge near 37°N, using sonobuoys, Nature, 246, 88-89, 1973.
Reid, I., M. Reichle, J. Brune, and H. Bradner, Microearthquake
studies using sonobuoys, preliminary results from the Gulf of Cali-

fornia, Geophys. J. R. Astron. Soc., 34, 365-379, 1973.

Reid, 1., J. A, Orcutt, and W. A. Prothero, Seismic evidence for a nar-
row zone of partial melting underlying the East Pacific rise at 21°N,
Geol. Soc. Am. Bull., 88, 678-682, 1977.

Sclater, J. G., R. N. Anderson, and M. L. Bell, Elevation of ridges and
evolution of the central eastern Pacific, J. Geophys. Res., 76, 7888-
7914, 1971.

Solomon, S. C,, P. J. Mattaboni, and R. L. Hester, Microseismicity
near the Indian Ocean triple junction, Geophys. Res. Lett., 4, 597-
600, 1977.

Spindel, R. C,, S. B. Davis, K. C. Macdonald, R. P. Porter, and J. D.
Phillips, Microearthquake survey of median valley of the mid-At-
lantic ridge at 36°30’N, Nature, 248, 577-579, 1974,

Sutton, G. H,, J. Kasahhara, W. N. Ichinose, and D. A. Byrne, Ocean
bottom seismograph development at Hawaii Institute of Geophys-
ics, Mar. Geophys. Res., 3, 153-1717, 1977.

Wilson, J. T., A new class of faults and their bearing on continental
drift, Nature, 207, 343-347, 1965.

(Received June 13, 1980;
revised October 27, 1980;
accepted October 30, 1980.)



MANDATORY DISTRIBUTION LIST

FOR UNCLASSIFIED TECHNICAL REPORTS, REPRINTS, AND FINAL REPORTS
PUBLISHED BY OCEANOGRAPHIC CONTRACTORS
OF THE OCEAN SCIENCE AND TECHNOLOGY DIVISION
OF THE OFFICE OF NAVAL RESEARCH

(REVISED NOVEMBER 1978)

1 Deputy Under Secretary of Defense
(Research and Advanced Technology)
Military Assistant for Environmental Science
Room 3D129
Washington, D.C. 20301

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217

3 ATTN: Code 483

1 ATTN: Code 460

2 ATTN: 102B

1 CDR Joe Spigai, (USN)
ONR Representative
Woods Hole Oceanographic Inst.
Woods Hole, MA 02543

Commanding Officer
Naval Research Laboratory
Washington, D.C. 20375

6 ATTN: Library, Code 2627

12 Defense Technical Information Center
Cameron Station
Alexandria, VA 22314
ATTN: DCA

Commander
Naval Oceanographic Office
NSTL Station
Bay St. Louis, MS 39522
1 ATTN: Code 8100
ATTN: Code 6000
1 ATTN: Code 3300

—

1 NODC/NOAA
Code D781
Wisconsin Avenue, N.W.
Washington, D.C. 20235

1 Mr. Michael H. Kelly
Administrative Contracting Officer
Department of the Navy
Office of Naval Research
Eastern/Central Regional Office
Building 114, Section D
666 Summer Street
Boston, MA 02210



UNCLASSIFIED 9/8l1

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
\. REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
WHOI-81-79
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

MICROEARTH ACTIVITY ON THE OROZCO FRACTURE ZONE: Technical
PRELIMINARY .RESULTS FROM PROJECT ROSE

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(a)
J.I. Ewing and G.M. Purdy N00014-79-C-0071;
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
- . ) AREA & WORK UNIT NUMBERS
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543 NR 083-004
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
NORDA/National Space Technology Laboratory Sept. 1931
Bay St. Louis, MS 39529 13. NUMBER OF PAGES
14, MONITORING AGENCY NAME & ADDRESS(I! different from Controlling Office) 15. SECURITY CLASS. (of thia report)
Unclassified
15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, If different from Report)

18. SUPPLEMENTARY NOTES

?ep;%nted from: Journal of Geophysical Research 86(B5): 3783-3790 (May 10,
981).

19. KEY WORDS (Continue on reverse aide if necesaary and Identify by block number)

1. Orozco
2. Seismicity
3. ROSE

20. ABSTRACT (Continue on reveree eside If neceassary and identify by block number)

See reverse side

FORM
PO it LR I S s UNCLASSIFIED 9/81

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




UNCLASSIFIED _ 9/8]1

JLLURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

We present preliminary hypocenter determinations for 52 earthquakes
recorded by a lTarge multi-institutional network of ocean bottom seismo-
meters and ocean bottom hydrophones in the Orozco Fracture Zone in the east-
ern Pacific during late February to mid-March 1979. The network was deployed
as part of the Rivera Ocean Seismic Experiment, also known as Project ROSE.
The Orozce Fracture Zone is physiographically complex, and the pattern of
microearthquake hypocenters at least partly reflects this complexity. All
of the well-located epicenters lie within the active transform fault segment
of the fracture zone. About half of the recorded earthquakes were aligned
along a narrow trough that extends eastward from the northern rise crest
intersection in the approximate direction of the Cocos-Pacific relative plate
motion; these events appear to be characterized by strike-slip faulting.

The second major group of activity occurred in the central portion of the
transform fault; the microearthquakes in this group do not display a pre-
ferred alignment parallel to the direction of spreading, and several are
not obviously asoociated with distinct topographic features. Hypocentral
depth was well resolved for many of the earthquakes reported here. Nominal
depths range from 0 to 17 km below the seafloor.

UNCLASSIFIED 9/8]

....... Tw /L ASSIEICAATION AF THIS PAGE(When Data Entered)




—
I
I
|
I
I
I
I
I
|
|
|
|
|
I
|

0314ISSYIINA S p4ed siy|

#00-£80 ¥N *1L00-2-6L-%L00ON
‘W9 ‘Apang

‘I°r ‘BugMg

3504

A3101ws1ag

032040

03T4ISSYIINN St pded siy)

*J00| 43S 3Y] MO|3Q wy

L1 03 Q wodj 3buea syidap |euiwoy B4ay pajuodad sayenbuyiuea _
3y3 Jo Auew 4oy par|osad [[3M SeM yidap |edjuasodAy “S34n7eay
J1ydeabodol 32uiIS|p YILM paleLdosse A[SNOLAQO J0u aue |Rd@ARS

pue ‘buipeaads jo uoljdaulp 2yl 03 |a||eJed Juswub)ie padday _
-aud e Aeydsip jou op dnoub Siy3 uL sayenbylueacudlw Ayl 3(ney
ULOJSURLY 3Y] JO UOL3JOd [BUIUAD BY] UL PaJUnddo AFLALIDe

40 dnoJb sofew puodas ayy Buljney di|5-9%143s Aq paziday _
-JRJRYD Bq 03 Jvadde sjuaAd 353y ‘uoLIOW Aje|d BALIB[AL iy 1DRg
=5030) 8Yy3 10 u0|30aJlp 3jewixoddde ayj ul UOL}I3SIIJUL 35BUD
354 UA3YIA0U BY) WOJY PJBRMISED SPUIXD IBYD YBNOUI Moddeu ®
Buo|e paubiie 2uam SayeNbYIRa papJ0dad 8yl jO j|eY INOQY BUOZ
ainjoedy ayj Jo juawbas 3(nej uUOySURI} IALIDR BYJ ULYILM BL|

S43juad1da paeI0|~|[3M Y3 4O ||y “A}Lxa|dwod Siy3 S3ID3|4ad _

Al3aed 3sea| je s4a3uadodAy 33enbylaeacddiw 40 uaaijed ayy pue

“xadwod £ edtydeabolsAyd sL duoz adnjdedj 05zoag 3yl *3IS0N

3990044 se umouy 0S|e *juswiaadx3 JLWS|AS UBAD( BAAALY Byl 40

3ded se pako|dap seM yAoMi3U UL ‘66| YIdeW-plw 03 Aaenaqay

838| bBul4np 2141984 U4DISR3 Y UL BUO7 BUNIDRJ4 0DZOJQ BYY Ul

sauoydodpAy wO330q URBIO pue SUIIBWOWSIAS WOIJOG UBAIO JO HOM
=3au |PUOLINLISUL-13[Mw 3b4r| © Aq pap.odas sayenbylaes zg
40} SUOLIRULWISIAP JajuadodAy Adeujwi|add juasasd aM

"v00-E80 YN *1£00-2-6/-P100ON 32043U0) J3pUN YoueIs3Y [eARy

40 321330 3yl Joj paJedadd “|gel ‘31das “Apang "W'9

pue BuiMI “I°( A 3504 1I300¥d WOYd SLINSIY AUYNIWITIMd
13NOZ FYN1IVHA 0DZOHO IHL NO ALIALLIV DIVNDHL¥VIOUIIW

6-18-10HM
uoi3niiisu] diydeboueasg 3|04 SPOOM

‘4004835 3y MO|3qQ wy

L1 03 Q wody abues syjdap [eutwoy ‘auay pajJodad sayenbyluea
3y3 jo Auew Joj pan|osad [|aM sem yidap |edjuadodAy “saanjeay
94ydesbodoy 30UL}S P YILM PRIBLIOSSE A[SNOAQO 30U 4B [BJIADS
pue ‘Butpeaids jo uoi3dadip 8yl o3 |a||eded JuawubL|e pauaday
~aud © Ae|dsip jou op dnoub siyl ug sayenbyjueaosdiw 3y3 ¢3(ney
UJ0jsuRd] Y3 JO u0L340d [RJIUAD BY] U} PALINIJ0 AILALIIE

40 dnoub Jofew puodas ay)] -buijqney di|s-ayLa1s Aq paziuay
-JR4BYD aq 03 Jeadde SJUIAd 3sayl ‘uoijow aje|d aAljE(aL 31109
=5020) 3y3 40 U0L32a4Lp 2jewixoadde Byl Ul UDLIDASJIIUL 3SAUD
3514 LJIBYIIOU BY3 WO44 PABMISE3 SPUAIXD 1Ry YBNOJ] MOJJRU ®
Buo(e paubije auam sayenbylaea papaodad 3yl JO 4(BY INOQY  ‘au0Z
34n3oR44 2yl Jo JuawbAs J|Ney WMOFSURJ} BALIIR AU ULYILM 1|

Al3ded 3sea) 3@ s493uad0dAY axenbuyjdeacsdiw 40 wiajjed ayy pue

‘xa|dwod A| |eatydedborshyd si auoz aunjaedd 00zo4( 3yl “3ISOY

393foug se umouy 0S| *JudwiJadxy J4wS|a§ URSIQ BAIALY By 30

j4ed se pafo|dap seM yaoMm3au 3yl "6L6| ydJey-piu 03 Aueniqaq

@30 Butanp Jrj1oe4 wiaysea a3yl ug 3U07 B4n3ded4 03Z04Q 3Yl U}

53uoydoJpAy W03310Q URAIO PUR SIIJIUOWS)DS WOI0Q UESIO JO YJOM
-33U |euoijn3lisul-13|nw 364e| e Aq papdodau sayenbylea 2g
40} SUCLIBULWIBIAP 433uad0dAy Aueulwl|aud Juasaud am

G3I4ISSYTINN S} P2 siul

¥00-£80 ¥N *1£00-D-6L-¥LO0OON
W9 Apang

‘1°r ‘Bumy

3504

L3S Lag

032040

QI14ISSYIINN St paed spyl

10 ik i il - e il G

*400(40aS 3yl MO[3q wy
£1 03 0 wouy sbued syidap |eulwoN ‘aJay pajdodad sajenbujuea
2yl 40 Auew 404 pPaA|0Sad |[aM sem yjdap |edjusdodAy -saunjeay
J1ydeabodo] 12ULISIP YILM PIIRLI0OSSE A|SNOIAQD J0U 4R [BJ4IAIS
pue ‘Buipesuds 3o uoL32a4lp 3y3 o3 [I||eded Juswubl|e passay
-34d e Ae|dsip jou op dnoab siyy ut sayenbyjuaeacddiw auyy f3ypney
Wwiojsued] 3yl 40 U0LJ40d |PJJUID BYJ UL PAJANID0 AIlALIoR
40 dnoab aofew puodas ayy ‘buryiney di(s-ayp43s Ag pazidal _

=JedRYyd 3q 0} Jeadde sjuana asay3l ‘uoljow wum—n BALIR[34 DL}LOR4

-5020) 3Yj 4O UOLIIBJLP FjPwixoddde Y3 UL UOLJIBSJITUL 354D
B5|J UIBYIJoU BY3 WOJ) PJRMISEE Spualxa 3eUj ybnodl Moddeu ® _

buo|e paubij|e auam sayenbyjaea papdodad ayl JO 4|PY INOQyY "UOZ

84n32044 3yl Jo Juswbas J|NBJ ULOHSUBIY BALIIR YL ULYILM BL|
s4ajuadida pajedo|-|[am Y3 jo [y “K3pxa|dwod syl s333| a4
A|34ed 3seaj 3e suajuadodAy ayenbyjuaeaoddiw jo widljed ayy pue
“xa|dwod £]|ea1ydedbolsAyd s1 3uoz 3unjIedy 03Zo4Q Yl 3IS0Y
108044 Se UMOUY 0SB *Juawl4adX] J{WS|AS UBAD) BABALY Byl JO
J4ed se pako|dap sem JJoM3au 3yl "6 YoJRW=-piu 03 Kieniqay
910 Bulanp oLp1oeg UIBISEA BYJ UL JUOZ BUNJORAY 00Z04Q 3y} ul
sauoydodpAy woj30q UPAI0 PUR SJIJBWOWLSLIS WOFF0Q UBIIO JO HAOM
-33u |euoiInylysul-13|nu abae| e Aq papaodad sajenbyjaea 26
404 SUOLIBULLIPIBP JB3Uad0dAY Aarujwl|dad juasaad 3

*$00-EB0 YN f1£00-0-6/-¢LOOON 39243U0) J3pUN Yd4e3say |eAR

40 331440 3y} Joj patedaig ‘|gel  ‘1das Apind W'Y

pue buim3 “I°p A9 3504 LOIC0¥d WO¥4 SLINSTY ANYNIWITIH
13INOZ YNLOVHS 0IZOHO 3IHL NO ALIATLIY IAVNDHLYY3O¥IIW

6£-18-10HM
uoLIn3l3suy dlydeaboueadn aloy SPoOOM _

*J00[JRAs Ayl MO|3q Wy
£] 03 g wouay abuea syjdap [eulwoy "33y pajdodas sayenbyjaea
ay) jo Auew 104 paAn|0Sad [|9M Sem yidap [eJjuddodAy “saunjeay
21ydedbodoy 3ouL3sSLp Y3 LM paIeLd0SSE A[SN0LAQO JOU BJR |BJ3ADS
pue ‘buipeasds 4O UO|3OBULP BYI 03 [Bf|eded JuwUBL[R padUay
-aud ® Aedsip 30u op dnoJb Siyl ul Sayenbylueaouoiw Byl 3 ney
WI04SUBLY BY JO UOLJJod [RJJU3D BYj UL PaJAndd0 A}LAL}aR
40 dnoub sofew puodas ay] “buypy|ney di(S-a%j41s Aq pazidaz _
=JeJeyd 3q 03 Jeadde SjuaAd 253yl ‘fuoljow 3je|d BALIP|3d IiLde4
-5020) 3y3 Jo u0}3dA4Lp jRwixoddde Byl U UOLIBSAIIUL 358U
AS|J WIIYII0U 3Y) WO PARMISE3 SPURIXI 1RY] YBNOJ] MOJJBU B
Guoje paufije aiam sayenbyjdea paptodad 3yl 4o j|eY Inogy -auoz
adnjoedy 3yl jo juswbas 3|NeJ uWMOSSURAT DALIIP IUI ULYIIM B}|
sdajuadids pajeao|-||3M Ayl Jo (LY “A3pxadwod Siyj s3oa|gad —

A|3ard 3s5e3| Je S4ajud0dAY Byenbylaesoddw 4o uiaired ayy pue

‘xa|dwod £||eaydeabolshyd S| auoz s4njdeay 03ZOJ0 YL *3S0Y

329044 se umouy OS|B *JuBWLIadX3 DlWSIaS URADQ EJIALY 3yl JO

14ed se pafoydap seM JuoMIaU Y] “ELEL YIJBW-PlW 03 Auenagay

a3e| butanp 21410®4 UIBISE3 BYI UL BUOZ BUNIIRJAH 0IZOUQ Y UL

sauoydoupAy wo330g UEAIO pUP SJIJJWOWSLIS WOIIOQ UEIIO JO FIOM
=3a8u |euciinilisul-|3|nu 3bJde| e Aq papdodad sayenbyildea zg
40j SuoLjeuwaalap JejuadodAy Adeupwijaud juasaad aM

p00-E80 ¥N *1L00-D-6L-¢LOOON ~III b00-EBO N *1£00-2-6L-¥L0OON

543ju301da pajedn|-|[am Ayl o ||y “AIixa|dwod SLy3 $303[4ad _

‘9 “Apang  "11 'p00-£80 YN *L1L00-0-6/-#1000N 30043U0) J3pun ydJe3say [eAey WD “Apang g "P00-EB0 YN *1£00-2-6/-pLOOON 39BAIUO) JBpun YdJRASIY |BARN
== 40 301440 8yl Joy patedalg *|ggl  "3das “Apang W' 40 331330 3y} Joy padedasd (gl  "3d3S ‘Apungd ‘W'Y
I'r ‘Buim g pue BuiM3 “1°p Aq 3S0¥ 123C0Hd WOMA SLINSIYH AYYNIWIIIHd ‘I°F “Buimy ] pue ButmM3 *I°r Aq 3508 L19300Md WOMd SLINS3Y AYYNIWIIIWd

;|08 't *3NOZ 3WNLIVY4 0JZ0¥0 3HL NO ALIAILOY INVNDHLYYIONIIW i *3NOZ 3¥NLIIVH 0JZOHO 3IHL NO ALIAILOY XNVNDHL¥YIOUIIW
fowsiag g _ fwsias g _
; 6L-18-10HM 6L-18-10HM
037040 L uoliniLysu] diydedboueasg 3|0y spoom 03z040

e p il e el S D

uol3ngi3su] otydeabouradg 3|oH SPOOM _



