The research results described in the following summaries were submitted by
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Southern Califormia Seismic Arrays

Contract No. 14-08-0001-21854

Clarence R. Allen
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6904)

Investigations

Despite the fact that promised USGS funds to support this work have
not yet been received after 7 months of effort (funded in the interim by
Caltech), this semi-annual report summary covers the six-month period from
1 October 1983 to 31 March 1984. The proposed contract's purpose is the
partial support of the joint USGS-Caltech Southern California Seismographic
Network, which is also supported by other groups as well as by direct USGS
funding through its own employees at Caltech. According the the proposed
contract the primary visible product will be a joint Caltech-USGS catalog
of earthquakes in the southern California region; quarterly epicenter maps
and preliminary catalogs are also required and have been submitted as would
have been due during the proposed contract period. About 250 preliminary
catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that have
been located during the 6-month period from 1 October 1983 to 31 March
1984. Some of the seismic highlights during the period are as follows:

Number of earthquakes entered into the catalog: 9029

Number of earthquakes of M = 30 and greater: 219

Number of earthquakes of M = 4.0 and greater: 9

Largest shock within network area: M = 4.5 (21 October, Walker Pass
area)

Number of shocks reported felt: 40

Smallest felt earthquake: M = 2.1 (7 March, SW Long Beach)

Number of earthquakes for which systematic telephone notification to

agencies was made: 5

This was not a period of unusual seismic activity, although the
activity in the southern Sierra Nevada along the general alignment of the
Kern Canyon fault became even more obvious than before (Fig. 1). This
activity is clearly distinct from that of the Coso region to the east and
represents somewhat of a quandary, because the Kern Canyon fault in this
area is allegedly truncated by unbroken Pliocene volcanic rocks. Two
significant advances in processing procedures occured during the reporting
period: This was the first period during which all of the timing was done
with the new CUSP system, and most large events have been assigned final My

magni tudes .
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Fig. 1.--Epicenters of larger earthquakes in the southern California regiom,
1 October 1983 to 31 March 1984.
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REGIONAL SEISMIC MONITORING ALONG THE WASATCH FRONT URBAN
CORRIDOR AND ADJACENT INTERMOUNTAIN SEISMIC BELT

14-08-0001-21857
W.J. ARABASZ, R.B. SMITH, J.C. PECHMANN, and W.D. RICHINS*
Department of Geology and Geophysics
University of Utah

Salt Lake City, Utah 84112
(801)581-62T74

Investigations

This contract supports "network operations" (including a compu-
terized central recording laboratory) associated with the University
of Utah 80-station regional seismic telemetry network. USGS support
focuses on the seismically hazardous Wasatch Front urban corridor of
north-central Utah but also encompasses neighboring areas of the
Intermountain seismic belt (ISB). The University of Utah maintains de
facto responsibility for earthquake surveillance, including emergency
response and direct public interface, for an 800-km-long segment of
the ISB between Yellowstone Park and southernmost Utah. The State of
Utah, the U.S. Bureau of Reclamation, and the U.S. Park Service also
contributed support to operation of the University of Utah network
during the report period. Primary products of this USGS contract are
quarterly earthquake catalogs and a semi-annual data submission, in
magnetic-tape form, to the USGS Data Archive. Following the October
1983 Borah Peak, Idaho, earthquake (M 7.3), supplemental funds were
received from the USGS (1) to carry Sout aftershock recording with a
12-station temporary seismic network, and (2) to compile a summary
listing of earthquakes for the central Idaho earthquake sequence.

Results

The University of Utah operated 12 portable seismic stations in
the Borah Peak, Idaho region for a period of three weeks following
the M_ 7.3 mainshock on October 28, 1983. Approximately U45 addi-
tlonaf instruments were deployed by other institutions during this
time including the U.S. Geological Survey, the 1Idaho National
Engineering Laboratory (INEL), Boise State University, the University
of Washington, Montana Bureau of Mines and Geology, and the Univer-
sity of Wisconsin at Madison (Figure 1). We have merged arrival time
and first motion data contributed by other investigators with our own

#p, J. Oehmich and L. L. Sells also contributed significantly to
this project during the report period.



data to create a master data set containing over 7,000 arrival times
from more than 80 different instrument sites. These data have been
used to locate 374 aftershocks. Station delays for permanent sta-
tions in Idaho, Montana, and Wyoming were calibrated using 6 of the
larger, well-located aftershocks. These station delays were used to
relocate the mainshock and 47 aftershocks larger than magnitude 2.7
that occurred before the portable instruments were installed.
Details of the aftershock distribution are discussed in the report
for Contract No. 14-08-0001-21856.

Local magnitudes have been determined using the Wood-Anderson
- instruments at Dugway and Salt Lake City for 21 events that occurred
during the first three weeks of the aftershock sequence. Our minimum
magnitude threshold on the Wood-Anderson instruments in Utah is about
3.7 for the Borah Peak area. Only three aftershocks over magnitude 5
occurred (5.8, 5.8, and 5.4). Preliminary size estimates for the
smaller events have been determined from duration measurements on
INEL helicorder records using the duration magnitude scale of Griscom
and Arabasz (1979) pending systematic reevaluation of magnitudes for
the Borah Peak sequence.

Final analysis of Utah earthquake activity for the six-month
reporting period is not yet complete due to the large number of
earthquakes associated with the Borah Peak sequence. Figure 2 shows
Utah seismicity for the period October 1, 1983, to February 17, 1984.
The largest event was an 4.3 earthquake on October 8, 1983,
located 3 km south of the 1t Lake International Airport. This event
was widely felt throughout north-central Utah. Other felt earth-
quakes during this report period include an 4.0 event on November
19, 1983 in Pocatello Valley near the Idaho-UtZh border and an ML 3.6
event on December 9, 1983, near Cove Fort in southwestern Utah.

. Reports and Publications

Richins, W. D., Smith, R. B., King, J. J., Langer, C. J., Meissner,
C. W., Pechmann, J. C. Arabasz, W. J., and Zollweg, J. E., 1984,
The 1983 Borah Peak, Idaho, earthquake: A progress report on the
relationship of aftershocks to the mainshock, surface faulting,
and regional tectonics (abs.), Earthquake Notes 55 (1).




44 .50
+ Iﬂ Challis + A + +3
i
A A
A
Surface Rupture
+ A + +
A
A
\\ m Mackay‘ A
| A
/A
A
A . *

Arco

114.50

+
43.50

km

Figure 1, Locations of portable stations deployed in the vicinity of
the Mg 7.3 Borah Peak earthquake of October 28, 1983 (triangles), The
circled station is the closest permanent station that was operating

at the time of the main shock,



x 111
A=l o o
0ga

4
Bx 0%

X

Ogden &
® ]

Qalt Lake City
©
verfkt

8 0 Provo
- + wo Q@ + + +

@ 8
+ + éP + +

+ ul
(o}
% Cedar City G

O

St George Kanab
37 4 —— L0 -

magnitude scale (ml):
0 50 100 O O o x
HEEEN ikm <:)
6 4 2

1 <1.0

Figure 2, Utah region earthquakes, October 1, 1983 to February 17,
1984,



Seismic Source Mechanism Studies
In the Anza-Coyote Seismic Gap

14-08-0001-21271

Jonathan Berger and James N. Brune
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

Investigations

This report covers the progress of the research investigating the
Anza-Coyote Canyon seismic gap for the period of the second half of 1983.
The objectives of this research are: 1) To study the mechanisms and
seismic characteristics of small and moderate earthquakes; 2) To deter-
mine if there are premonitory changes in seismic observables preceeding
small and moderate earthquakes. This work is carried out in cooperation
with Tom Hanks, Joe Fletcher and Linda Haar, of the U.S. Geological Survey,
Menlo Park.

Network Status

During the period of this report, up to ten stations of the Anza
Seismic Network were telemetering three component data. The network was
set at a low gain to try to record earthquakes up to magnitude 4 occurring
inside the array.

After the problems of the previous winter, we spent much of the summer
and fall modifying various aspects of the data acquisition equipment.
Modifications were made to the radio telemetry and to the digitizing com-
ponents. We rebuilt the antenna array at our central receiving site,

Toro Peak, to improve radio reception and make it structurally stronger.
The radio transmitters and receivers were modified to extend their opera-
tional temperature range in the digitizers. Several boards were modified
to reduce the instrument generated noise. By the end of 1983, there were
apparently no more critical improvements necessary for the remote telemetry
system. In the future, we need to improve the interface unit between the
microwave equipment and the data logging computer to allow implementation
of better array diagnostics.

Seismicity

In the six months of summer and fall, the Anza Network recorded 42
events which were large enough to locate and determine source parameters.
These events had moments ranging from 6.8 x 1017 to 1.4 x 102! dyne-cm
and stress drops ranging from about 1 to 240 bars (Brune model). The
seismicity pattern seems unchanged from what has been observed before.
The seismicity does not appear to be associated with the main trace of
the San Jacinto fault on the north-west end of the array. These events
in this area tend to be between the Hot Springs fault at depths of 12 to
19 km. The events on the south-east end of the array near the trifurca-
tion of the San Jacinto fault also do not have any obvious associations
with the identified fault traces. These earthquakes are occurring at
depths between 8 and 12 km. The shallowest events are still occurring
in the Coahuilla area. Events have been located with depths of 3 km.

One other trend is noticable. The events with the larger moments

(>1020) and larger stress drops (>50 bars) all appear to be near major
faults. The next problems which need to be addressed will be to improve

the velocity structure and attempt to get an attenuation versus depth model.



Glen Canyon Dam
9920-01211

Marvin A Carlson
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
National Earthquake Information Service, MS 967
Box 25046, Denver Federal Center
Denver, Colorado 80225
(303) 234-3994

Investigation

Glen Canyon Dam - Recorded, compiled, interpreted and reported local
earthquakes in the vicinity of the dam and reservoir to attempt to determine
whether there are detectable influences on the seismicity by the dam and/or
reservoir.

Results

Glen Canyon Dam - Memorandum type reports are being submitted to the Bureau of
Reclamation periodically concerning status of local earthquakes recorded at
seismograph station "GCA."

The goal of the Glen Canyon Project is to record, compile, interpret, and
report local earthquakes in the vicinity of the dam and reservoir to
accumulate data to aid in determining whether there are detectable influences
on the seismicity by changes in water level in the reservoir.



U.S. Seismic Network
9920-01899

Marvin A. Carlson
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
National Earthquake Information Service, MS 967
Box 25046, Denver Federal Center
Denver, Colorado 80225
(303) 234-3994

Investigations

U.S. Seismicity. Data from the U.S. Seismic Network are used to obtain
preliminary locations of significant earthquakes worldwide.

Results

As an operational program, the U.S. Seismic Network operated normally
throughout the report period. Data were recorded continuously in real time at
the NEIS main office in Golden, Colorado. At the present time, 100 channels
of SPZ data are being recorded at Golden on develocorder film. This includes
data telemetered to Golden via satellite from both the Alaska Tsunami Warning
Center, Palmer, Alaska and the Pacific Tsunami Warning Center, Ewa Beach,
Hawaii. A representative number of SPZ channels are also recorded on
Helicorders to give NEIS real time monitoring capability of the more active
seismic areas of the United States. In addition, 15 channels of LPZ data are
recorded in real time a multiple pen Helicorders.

Data from the U.S. Seismic Network are interpreted by record analysts and the
seismic readings are entered into the NEIS data base. The data are also used
by NEIS standby personnel to monitor seismic activity in the U.S. and
worldwide on a real time basis. Additionally, the data are used to support
the Alaska Tsunami Warning Center and the Pacific Tsunami Warning Service. At
the present time, all earthquakes large enough to be recorded on several
stations are worked up using the "Quick Quake'" program to obtain a provisional
solution as rapidly as possible. Finally, the data are used in such NEIS
publications as the "Preliminary Determination of Epicenters'" and the
"Earthquake Data Report."

Objectives

The U.S. Seismic Network is an operational program as the data generated are
routinely used to support the NEIS operational requirement of timely location
and publication of earthquakes worldwide. Also, the network data directly
support the NEIS standby personnel who are responsible for locating and
reporting to the media, disaster agencies and other organizations all
significant earthquakes worldwide. Thirdly, support is given to the Alaska
Tsunami Warning Center and the Pacific Tsunami Warning Service as network data
are exchanged with both organizations.



Reanalysis of Instrumentally-Recorded U.S. Earthquakes
9920-01901

J. W. Dewey
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 234-4041

Investigations

1. Relocate instrumentally recorded U.S. earthquakes using the method of
joint hypocenter determination (JHD) or the master event method, using
subsidiary phases (Pg, S, Lg) in addition to first arriving P-waves, using
regional travel-time tables, and expressing the uncertainty of the computed
hypocenter in terms of confidence ellipsoids on the hypocentral coordinates.

2. Evaluate the implications of the revised hypocenters on regional
tectonics and seismic risk.

Results

Jim Dewey has used locally-recorded aftershocks of the Mg = 7.3 Borah Peak,
Idaho, earthquake of October 28, 1983, to calibrate the determination of
epicenters of early aftershocks in the Borah Peak sequence and to calibrate
the determination of epicenters of regionally recorded earthquakes in
central Idaho that occurred prior to the Borah Peak earthquake. The
locally-recorded aftershock data had been collected by research groups from
the U.S. Geological Survey and several universities; a number of the
locally-recorded aftershocks were recorded at regional and teleseismic
distances, enabling station delays to be computed for the stations at
regional and teleseismic distances.

Dewey also computed my, magnitudes for regionally recorded central Idaho
earthquakes that occurrgd in the period from 1963 through mid-1983.

The following conclusions result from the reanalysis of the central Idaho
earthquakes:

1. A plot of cumulative-frequency versus magnitude for the central
Idaho earthquakes suggests that the catalog of regionally recorded

central Idaho earthquakes is essentially complete above magnitude
3.5 for the period 1963-1983.
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2. None of the regionally recorded earthquakes occurred within 20 km
of the Borah Peak mainshock hypocenter prior to the mainshock. The
Lost River fault (on which the Borah Peak earthquake occurred) is
therefore a clear example of a major, previously quiescent, normal
fault that produced a large earthquake without having first entered
a period of increased moderate-magnitude earthquake activity.

3. The epicenter of the Borah Peak mainshock is at the southernmost
end of the aftershock zone and its position is consistent with the
mainshock rupture beginning at depth on the Lost River fault
approximate 7 km southwest of the southermmost associated surface
faulting.

Reports

(0) Dewey, J. W., 1983, A global search of continental midplate seismic
regions for specific characteristics bearing on the 1886
Charleston, South Carolina, earthquake, in Hayes, W. W., and Gori,
P. L., eds., Proceedings of Conference XX, A workshop on '"The
Charleston earthquake and its implications for today": U.S.
Geological Survey Open-File Report 83-843, p. 391-426.

(A) Dewey, J. W., 1983, Analysis of the seismicity of central Idaho using

data from the Borah Peak earthquake sequence of 1983, EOS, 65, p.
239.
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WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
Contract 14-08-0001-21887

A.S. Ryall, W.F. Nicks, and E.J. Corbett
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4975

Investigations

This program supports continued operation of a seismic network in the
western Great Basin of Nevada and eastern California, with research focused on:
(1) rccording and location of carthquakcs occurring in the western Creat Basin;
(2) possible precursory seismicity patterns in the White Mountains gap; and (3)
evaluation of the contribution that high-quality digital broad-band seismic sta-
tions can make to regional network-seismic studies.

Results

A. Seismiic Network Operation

During the last half of 1983 we deployed eight additional seismic stations
north and east of Long Valley caldera. The US Geological Survey has con-
currently installed 12 new stations in the caldera region. This brings to 33 the
number of seismographic stations recording in and around the Long Valley cal-
dera. All of the University of Nevada stations and rnany of the USGS stations are
being recorded on analog magnetic tape at Reno. Station spacing in the
southwest part of the caldera is less than 10 km; north of the caldera it is 15-20
km. This network is sufficient to provide at least 20 readings for the location of
all earthquakes in the Mammoth Lakes area with magnitude > 1.5 M|,

The University of Nevada has developed and tested a digital seismographic
system for remote operation. The digital station is a data acquisition system
that provides broad-band (0.05-30 Hz), wide dynamic-range (98 dB) digitization
of signals from a three-component set of seismometers, and telemeters the data
to a central facility where it is continuously recorded. This system has been
tested in an experiment in Hot Creek Valley, central Nevada, and three stations
are now operating in mine-tunnels at Mina, Bodie, and Washoe Lake. A fourth
station is to be installed in the Las Vegas area in the near future. These stations
will be used to determine spectral characteristics of seismic signals affected by
attcnuation in Long Vallcy caldcra.

B. On-line System

A computer-based earthquake recording system has been installed that will
provide on-line event detection and digitization of the analog seismic signals
transmitted to the Reno data facility. This will facilitate analysis of large
numbers of earthquakes and will allow waveform analysis of the network data.
The on-line system is currently up and running and triggering successfully on
local events, teleseisms, and nuclear tests at NTS. We are currently correcting
some hardware-software interaction problems and are tuning the triggering
algorithm to be more responsive to our network geometry. We anticipate that
within a féw weeks the on-line system will replace our current system of record-
ing data on analog magnetic tape.

12
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C. Data Analysis

Our routine analysis is complete through January 1984, and we are in the
process of finalizing the 1983 catalog prior to publication. During 1983 the
Seismological Laboratory registered 1,711 earthquakes (Fig. 1). Of these events:

573 were magnitude 2 or greater;
117 were magnitude 3 or greater;
20 were magnitude 4 or greater;
3 were magnitude 5 or greater.

The vast majority of the recorded earthquakes {(73%) occurred within 30 km
of the town of Mammoth Lakes (Fig. 2). Much of the Mammoth Lakes activity was
part of an intense swarm that occurred January 7-11 along the south rim of the
Long Valley caldera.

13
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Figure 1. Map of eastern California and western Nevada showing all earth-

quakes located by the University of Nevada Seismological Lab in
1983.

14



0 ) 10 ken
[ =
Figure 2. Map of the Long Valley region showing all earthquakes located by

the University of Nevada Seismological Lab in 1983. Most of the
activity occurred along the south rim of the Long Valley caldera
during an intense swarm in mid-January.
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EARTHQUAKE HAZARD STUDIES IN THE NORTHEASTERN UNITED STATES
USGS 14-08-000-21876
L. Seeber and L. Sykes
Lamont-Doherty Geological Observatory
Palisades, New York 10964
(914) 359-2900

INVESTIGATIONS

The New York - New Jersey Seismic Network Project includes systematic
earthquake data collection and analysis as well as basic investigations on the
neotectonics and earthquake hazard of this area along the Atlantic seaboard.
Studies include the comparison of hypocentral and first-motion data with geo-
logic structure directed at testing models of Appalachian intraplate neotec-
tonics, attenuation and source characteristics using digital data, velocity
structure, intensity distribution and historic seismicity, to establish the
long-term level of activity and/or establish whether secular changes in the
pattern of seismicity have occurred.

RESULTS

1) Hypocenter distribution and fault-plane solutions suggest that two
seismic zones can be distinguished. One of these zones is in the pre-Appa-
lachian (Grenville) basement, primarily active where this basement is either
exposed, such as in he Adirondacks, or where it is under a relatively thin
cover, in the Appalachian Plateau and outer fold belt, such as in western New
York. TFault-plane solutions for earthquakes in the pre~Appalachian basement
are consistent with ENE axis of maximum horizontal compressive stress.
Another seismic zone is spatially correlated with allochthonous crystalline
slabs of the Appalachians, such s the Hudson Highlands/Redding Prong. Compar-
ing hypocenters and subsurface structural data suggest that this seismicity is
confined above the master detachment. Fault-plane solutions in this =zone
suggest a non-uniform pattern of stress.

2) Seismic zones can be recognized in the Adirondacks from ~ 10 years of
epicentral data produced by a reginal network. Two arcuate E-NE epicentral
belts are correlated with structural trends of Grenville age. One is near the
adjacent to the root zone of the Wakely Mt. nappe. Individual earthquakes in
these belts are found, however, to rupture NNW striking faults with reverse
slip consistent with ENE subhorizontal P-axes. These faults cannot be related
to any known Grenville structural trend. Thus the corntrol of the seismicity
by the Grenville structure is not by simple reactivation of weaknesses
directly associated with this structure, but must be indirect, possibly
through the control that structure has on the spatial (depth) distribution of
particular rock types.

3) The aftershock sequence of the Oct. 7, 1983 Goodnow earthquake in the
central Adirondacks is well constrained by data from a temporary network and
conforms with the pattern of earthquake faulting found in the Adirondacks
(Figs. 1 and 2). The time-space distribution of 96 aftershocks delineate a
circular zone dipping ~ 60° with a diameter of ~ 1.5 km, extending from a
depth of =~ 7 to ~ 8.5 km (Figs. 3 and 4). 1If this small aftershock zone is an
upper-limit of the size if the main rupture, a relatively high stress-drop is
obtained for the main rupture. The moment of the main shock, M, = 2.5 x
1023, is determined from surface waves and is somewhat low compared with M,

= 5.1 (PAL). From this value of the moment and the aftershock area we obtain
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a lower bound for the stress drop of 140 bars. Both the fault-plane solution
from the main shock and the composite solution for most of the aftershocks
indicate reverse faulting on a N 10°-20° W plane dipping 60°-70° west. On the
1oth day of the aftershock sequence an apparently conjugate fault became
active and the activity migrated up and west from the main aftershock plane
(Fig. 5). This shallow-dipping '"conjugate" fault is subparallel to and dis-
placed by only a few kilometers from a 20 km downdip extrapolation of the Blue
mt. Lake fault active during swarms in 1971-1973 (Fig. 2). The Goodnow and
Blue Mt. Lake faults, if extrapolated beyond the currently active segments,
delimit a wedge-shaped block that is being uplifted by the fault movement.
The high topography that characterizes this block may be related to this
motion (Fig. 2). The 40 km long NNW Catlin Lake lineament is subparallel to
the inferred Goodnow rupture zone and close to the surface intersection of the
planar extrapolation of this fault (Fig. 9). The rapidly growing constraints
on active faulting from seismicity and on Grenville structure from surface
mapping are expected to improve our understanding of the complex interactin
between Precambrian structure and the current state of stress to generate
seismicity in the Adirondacks.

Selected Reports

Kafka, A.L., E.A. Schlesinger-Miller, N.L. Barstow, D. Cramp, and L.R. Sykes,
Earthquake magnitudes and seismicity in the New York City Metropolitan
Area, submitted to Bull. Seismol. Soc. Am., 1983.

Kafka, A.L., N.L. Barstow, and E.A. Schlesinger-Miller, Earthquake activity
and state of stress in the Newark Basin and surrounding geologic
provinces, N.E. Geol. Soc. Am. Abstr. with Programs, 1983.

Seeber, L. and J.G. Armbruster, Time-varying distribution of seismicity and
thin-skin model of intraplate Appalachian neotectonics, Abst., Seismol.
Soc. Am., Eastern Section, p. 3, 1983.

Seeber, L., A.L. Kafka, S.G. Ambruster and S. Nishenko, A comparison of
the seismotectonics of the northern and southern Appalachians, GSA
Abstract, North Eastern Section, 1983,
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Pig. Blue Mi. Lake - Goodnow area of the central Adirondacks. Seismicity 1972-83
(aquares) as located by the regional aeismic network and Oct. 7-29, 1983 (circles) as
located by a network of temporary stations (triangles; L-DGO and USGS). The area of the
197] and 1973 Blue Mt. Lake swarms is also iandicated. Large triangles are stations of
the permanent network after Wov. 1, 1983. Catlin Lake and long Lake are part of lipear

topographic features possibly associated with brittle faults,

CATLIN LAKE
GOODNOW POND

BLUE MY. LAXE
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rig. 2 Section through the Goodnow and Blue Mt. lake area (located in Pig. 2; mo
vertical exaggeration). Seismicity in Fig. 2 ¢+ 20 km from plane of section is
included (same symbols). Hypocenters for the 1971-73 Blue Mt. Lake swarms are from Yang
& Aggarwal, 198l1. Active faults delineated by spacial and temporal distribution of
hypocenters and by first-motion data are indicated. Dupth control for events located
only by the regional network is generslly poor. It is possible thst seismicity sfter the
Blue Mt. Lake swarms snd before the Goodnow event (squarcs) was on the same system of
faults active during Lhe intensely studied sequences in 1971, 1973 and 1983.
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Fig. 5. Time-space data suggesting the propagation of slip along a conjugate fault away
from the main rupture. A is a time-space plot of the Goodnow epicenters projected on the
line of the section in B (view along main rupture as in Fig. 3). Most of the earthquakes
in a tight westward migratiang sequence occur on a plane dipping eastward and extending
about 1 km from the main rupture (blackened symbols). This migration seems to take about
4 days.
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Earthquake Hazard Studies in Southeast Missouri
14-08-0001-21262

William Stauder
Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Goals
1. Monitor seismic activity in the New Madrid Seismic Zone, using data
from a 60 station regional seismic array sponsored by the USGS and the

USNRC.

2. Conduct research on eastern United States seismic sources using
array and supplemental data.

Investigations

1. The project consists of monitoring data from a network of 32 USGS
and 16 NRC seismograph stations located in the central Mississippi Val-
ley. In addition telemetered data from eight Tennessee Earthquake
Information Center stations in the southern part of the New Madrid
Seismic Zone are recorded digitally. The seismic data are also recorded
on 16mm film and on a PDP 11/34 digital computer. Operation, analysis
and publication of quarterly bulletins are an ongoing task. Cooperative
arrangements with other organizations, such as the Tennessee Earthquake
Information Center and the University of Kentucky, have been made in
order to make the quarterly published Central Mississippi Valley Seismic
Bulletin as complete as possible.

The 192 earthquakes located by the USGS and other cooperating networks
during the year 1983 are given in the attached figure. The size of the
symbols is scaled to the magnitude of the events. Of particular
interest is the tight grouping of events on the Ohio River, 25 km
upstream of its confluence with the Mississippi River. An extensive
swarm with several magnitude 3+ earthquakes occurred at the same place
in February, 1984.

2. We are continuing to function as a 'beta' site for the new Berkeley
2.9BSD version of the UNIX (TM ATT Technologies) operating system. In
addition we have upgraded the Version 7 license to a UNIX System V
license to acquire advanced software. The 2.9BSD system is adequately
supporting a 2 Mbyte memory system with load averages often above 20.

Results

1. A Master's Thesis by L. Himes has been submitted. This thesis con-
sists of a JHD inversion for earthquake locations, station corrections
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and velocity model for earthquakes on the main seismicity trends. Digi-
tal waveform data were used in a composite focal mechanism study of the
relocated earthquakes. The effort of carefully sieving the earthquake
data has provided good three-dimensional patterns of earthquake loca-
tions compatible with the composite focal mechanisms.

2. Spectral scaling studies of the Miramichi, New Brunswick, earthquake
sequence continues using Canadian ECTN data. Lg attenuation in several
frequency bands is defined. A comparison of near—-field and far-field
spectra is also a subject of investigation.

3. Major research results are listed in the paper below.

Publications

Herrmann, R. B. and A. Kijko (1983). Short period Lg magnitudes: Instru-
ment, attenuation and source effects, Bull. Seism. Soc. Am. 1835~
1850.
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United States Earthquakes
9920-01222

Carl W Stover
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 234-3994

Investigations

1. Ninety-five earthquakes in 24 states and Puerto Rico were canvassed by a
mail questionnaire for felt and damage data. Twenty-five of these occurred

in California and 16 in Idaho. The most significant event was the Borah Peak,
Idaho earthquake of October 28, 1983 which was located at 44.058°N., 113.857°W.,
fixed depth of 10 km.,, magnitude 6.2mb and 7.3MS. There were four events that
caused damage in the United States; one each in Hawaii, Idaho, New York, and
Utah. The most damaging were the Hawaii and Idaho earthquakes with a maximum
intensity of VII.

2. The United States earthquakes for the period October 1, 1983 through March
31, 1984, have been located and the hypocenters, magnitudes, and maximum inten-
sities have been published in the Preliminary Determination of Epicenters.

3. Preliminary reports and isoseismal maps for the May 3, 1983, Coalinga, Cali-
fornia; the October 7, 1983, Blue Mountain Lake, New York; and the October 28,
1983, Borah Peak, Idaho have been published.

Results

A maximum Modified Mercalli intensity of VII was assigned to November 16, 1983
Hawaii and the Borah Peak, Idaho earthquakes. Two deaths and $12.5 million
damage was attributed to the Idaho earthquake and about $6 million damage to
the Hawaii event. Most of the damage in Idaho occurred in Challis and Mackay,
in Hawaii the damage was mostly in the Hilo area.

United States earthquake data for April-September 1982 has been published in
circular 896-B and 896-C. The data for October-December 1982 has the Director's
approval and is being printed.

United States earthquake data for 1981 has been published in the first annual
issue of "United States Earthquakes', a U.S. Geological Survey Special Publi-
cation.

Reports

Reagor, B.G., Stover, C.W., Minsch, J.H., and Brewer, L.R., 1983, Earthquakes
in the United States, April-June 1982: U.S. Geological Survey Circular
896-B, 28 p.

Stover, C.W., 1983, Intensity distribution and isoseismal map, in the 1983 Coal-

inga, California Earthquakes: California Department of Conservation, Divi-
sion of Mines and Geology, Special Publication 66, p. 1-4.
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Minsch, J.H., Stover, C.W., Brewer, L.R., and Baldwin, F.W., 1984, Earthquakes

in the United States, July-September 1982: U.S. Geological Survey Circular
896-C, 30 p.

Stover, C.W., Reagor, B.G, and Algermissen, S.T., 1984, United States earthquake
data file: U.S. Geological Survey Open-File Report 84-225, 123 p.

Stover, C.W., 1984, Preliminary isoseismal map for the Blue Mountain Lake, New
York, earthquake of October 7, 1983: U.S. Geological Survey Open-File Re-
port 84-263, 6 p.

Stover, C.W., 1984, Preliminary isoseismal map and intensity distribution for
the Borah Peak, Idaho, earthquake of October 28, 1983: U.S. Geological
Survey Open-File Report 84-297, 6 p.

Reagor, B.G., and Baldwin, F.W., 1984, Intensity survey of the Borah Peak, Idaho,
earthquake of October 28, 1983: U.S. Geological Survey Open-File Report
84-166, 79 p.
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The Historical Seismicity of Central United States: 1811-1928
14-08-0001-21251

Ronald L. Street
Department of Geology
University of Kentucky
Lexington, KY 40506
(606) 257-4777

Objective

The objective of this project is to upgrade the record of
seismicity for the central United States, consisting of earthquakes
that occurred prior to 1928 when the U.S. Coastal and Geodetic
Survey began to systematically collect such data.

Discussion

For the purposes of this study, a total of eighty-one earth-
quakes that occurred in the seven state area of Kentucky, Tennessee,
Arkansas, Missouri, Illinois, Indiana and Ohio were selected for
detailed documentation. Table 1 is a list of those earthquakes
being studied: data sources for the indicated dates, origin times,
epicentral locations, and felt areas are Nuttli (1979), Street
(1980 and 1982), and personal notes that will be fully documented
in the final report. The earthquakes studied were selected on the
basis of their published felt areas.

The plan for the study consists of four phases: organization,
documentation, interpretation and presentation of the results. The
first two phases have been completed, while the third and final phases
of the study are nearing completion. The results of the work completed
to date indicates that sufficient evidence exists that many of the
earthquakes parameters listed in Table 1 will need to be revised.

Conclusions and Recommendations

The original intent of this study was to investigate all of the
earthquakes in the seven state area that supposedly occurred in that
region prior to 1928. However, due to funding limitations, it was
necessary to restrict the work effort to just the larger events.
Based on the results of this study, it is probable that many of the
smaller central United States earthquakes are not well documented.
Therefore it is suggested that either the smaller central United
States earthquakes not be incorporated into seismicity studies of
the region, or else that an effort be made to more thoroughly docu-
ment them.
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TABLE 1

CENTRAL UNITED STATES EARTHRUAKES REVIEWED

DATE TIME (GMT) LAT/LONG FELT AREA
mo—day-—yr hr — min N /W sq- km.
12-16-1811 08-15 36.0/90.0 S5000000.
12-16—-1811 14-15 36.0/90.0 S000000.
01-23-1812 15-00 36.3/89.6 S000000.
02-07-1812 09-45 36.5/89.6 S9000000.
07-05—-1827 11-30 38.3s85.8 430000.
02—-04-1833 42.3/785.6 20000.
06—-09-1838 14-45 38.5/89.0 S00000.
12-28-1841 05-50 36.5/89.5 100000.
01-05-1843 02-45 35.5/90.5 1500000.
02—-17-1843 05 35.95/90.5 250000.
08-09-1843 35.5/88.2 40000.
12-18-1853 36.6/89.2 100000.
02-28-18354 08-45 37.6/84.5 20000.
11-09-1856 10 36.6/89.5 80000.
10-08-1857 10 38.7/89.2 200000.
08-07-1860 15-30 37.8/87.5 80000.
08-17-1865 15 36.5/89.5 250000.
05-03-1873 21 36.0/80.6 30000.
06—-18-1875 13—-43 40.2/84.0 100000.
09-25-1876 06—-15 38.5/87.8 150000.
07—-15-1877 00—-40 36.8/89.7 65000.
03-12-1878 10 36.8/89.1 40000.
11-19-1878 05-32 36.7/89.3 350000.
07-14-1880 02-30 35.5/90.3 25000.
07-28-1882 37.6/90.6 25000.
09-27 1382 10-20 39.0/89.5 100000.
10-15-1882 05—-50 39.0/89.5 20000.
10-15-1882 10-35 32.0/82.5 20000.
01-11-1883 07-12 37.0/89.2 200000.
07-14-1883 07-30 37.0/89.1 25000.
12-05-1883 15-20 36.3/91.2 250000.
09-19-1884 20-14 40.7/84.1 320000.
03-18-1886 05-59 37.0/89.2 45000.
02-06—-1887 22-15 38.7/87.5 170000,
08-02-1887 18-36 37.0/89.2 170000.
09—-27-1891 04-55 37.0/89.2 S00000.
10-31-1895 11-08 37.0/89.4 2500000.
04-26—-1897 04 35.8/89.6 20000.
06—-14-1898 15-20 36.0/89.4 120000.
04-30-1899 02-05 38.8/787.0 100000.
02-15-1901 00-15 36.0/90.0 30000.
01-24-1902 10-48 38.6/90.2 130000.
02-09-1903 00-21 37.8/89.3 180000.
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10-05-1903
11-04—-1903
11-04—-1903
11-27-1903
08-22-1905
12-28-1908
05-26—1909
07-19-1909
08—-16—-1909
09-27-1909
10-23-1909
03-31-1911
01-02-1912
12-07-1915
05-21-1916
04-09-1917
06—09-1917
10-04-1918
10-16-1918
05-25-1919
05-01-1920
03-14-1921
01-11-1922
03-22-1922
03-23-1922
03-30-1922
11-27-1922
10-28-1923
11-26—-1923
01-01—-1924
04-02-1924
06—-07-1924
04-27-1925
09-02-1925
09-20—-1925
05-07-1927
07-20-1927
08-13-1927

02-56
18—-18
19—-14
09-20
05-08
21-15
14-42
04-34
22—435
09—-45
07-10

16—-21
18-40
18-34
20-52
13-14

02-13
09-45
15-15
12-15
03—-42
22-30
21-43
16-33
03-31
17—-10
2323
03—-05
11—-18
05—-42
04-035
11-55
0909
08-28

16—-10
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37.0/90.0
36.9/89.3
36.9/89.3
36.5/8%9.5
36.8/89.6
37.0/8%9.0
42.5/89.0
40.2/90.0
38.3/790.1
32.5/87.4
37.0/8%9.35

41.5/88.95
36.7/89.1
36.46/89.5
38.1/90.2
36.8/90.4

36.0/89.2
38.4/87.95
38.5/7892.5
39.5/87.5
37.9/87.8
37.3/88.9
37.0/88.%
36.1/89.6
37.8/88.5
35.5/790.4
35.5/790.4
35.4/790.3
37.0/8%9.1
36.4/89.5
38.3/787.6
38.8/87.5
37.8/787.95
35.7/90.6
35.8/86.0
36.4/89.5

120000.
340000.
340000.
180000.
325000.

80000.
800000.
100000.

45000.
250000.
125000.

150000.
120000.
20000.
550000.
45000.

100000.
65000.
60000.
65000.
25000.

150000.
50000.
40000.

130000.

120000.
23000.

150000.
80000.
25000.

250000.

200000.
25000.

300000.

180000.
635000.



EARTHQUAKE HAZARD RESEARCH IN THE GREATER LOS ANGELES BASIN
AND ITS OFFSHORE AREA
14-08-0001-21858

Ta-liang Teng
Thomas L. Henyey
Center for Earth Sciences
University of Southern California
Los Angeles, California 90089-0741

INVESTIGATIONS

The Geophysics Laboratory at the University of Southern California is
conducting a detailed investigation of earthquake activities and related
phenomena in the greater Los Angeles basin and its offshore area. Particular
attention has been given to the evaluation of parameters of importance in
earthquake hazards along active faults in the Los Angeles basin, and the
possible causal effect on seismicity due to waterflooding in oil fields along
the Newport-Inglewood fault.

A modern 40-element seismic network has been operating in the Los Angeles
basin area for the past ten years. In addition to conventional surface
sensors, we have successfully developed and deployed downhole seismometers to
improve the detection threshold in the central Los Angeles basin area where
high urban noise prevents surface instruments from operating at high gain.

SUMMARY

The first of our seismic stations went into operation a week before the
February 9, 1971 San Fernando earthquake. During the first three years of
seismic monitoring, attention was centered on the Newport-Inglewood fault
which passes through west-central Los Angeles from Beverly Hills to Newport
Beach, As seismic data accumulated during the course of this investigation,
it became clear that several other nearby faults -- the Malibu Coast-Santa
Monica-Raymond fault, the Palos Verdes fault, and faults in the San Pedro
Channel and the Santa Monica basin -- are all potentially active tectonic
features which pose equally important earthquake hazards as does the Newport-
Inglewood fault. To more adequately cover these adjacent faults, we have been
systematically adding stations on land and offshore to close up the seismic
monitoring gaps, including placing downhole seismometers to enhance the
signal-to-noise ratio.

A seismic hazard analysis making use of all available seismic data from
1932 to the present has been made for both the Los Angeles basin area and the
coastal zone of southern California. Maximum expected earthquake magnitudes
are estimated from the historical seismicity and the mapped fault lengths. A
strain release map has been prepared for the southern California coastal zone
(Henyey and Teng, 1975).
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Based on the strong motion data from the San Fernando earthquake and the
subsurface geology from oil drilling data, a correlation analysis is made to
study the effects of sediment thickness and basement topography on strong
ground motions. The results of this analysis have been presented as a special
technical report (Cerri and Teng, 1976). Making use of seismic data from
networks in southern California, we have performed a thorough analysis of
seismicity patterns and fault-plane solutions (Figure 1); compressional stress
vectors have been derived (Buika and Teng, 1979). They are compared with the
most recent known fault displacements in order to evaluate the regional stress
field and relative hazards on the concerned faults in our monitoring area.
Based on the recorded events, a travel-time analysis is made (McElrath and
Teng, 1981) that derived the station delays as a function of epicentral
distance and azimuth to earthquakes. An extensive program of 3-dimensional
structural inversion of the Los Angeles basin is underway using the seismic
data base gathered by this network. This program represents a forthcoming
Ph.D. thesis which will be completed before the end of 1984.

RESEARCH AND DEVELOPMENT ON A NEW TELEPHONE TELEMETRY SYSTEM

There is an outstanding problem in modern seismic network operation
utilizing telephone telemetry. The dynamic range of the telemetry link
(vCO/Phone Line/Discriminator) is usually 45 dB or less. With the large
dynamic ranges for sensors and for computer-based digital recording systems,
the present telemetry link forms a bottleneck which severely limits the
seismic signal flow. Oftentimes, the networks are tuned to the highest
sensitivity permissible by the background noise in order to improve the
detection threshold. The common results are: 1) clipping of signal amplitude
begin to occur for local events larger than M3, and 2) extensive clipping
appears for events larger than M4 in records from almost all network stations
except the noisiest ones (see Figure 2 for example). This limitation presents
a great shortcoming on the operation of modern telemetered seismic networks,
as the waveform information is usually lost which otherwise can be extremely
valuable for us to Tearn more about the source and structure. Therefore,
despite the sophisticated digital recording of the entire seismogram, the
usable information is mainly furnished at the point of the onset of the P
wave. This limitation can be and must be overcome to remove this choking
point of seismic data flow.

We are developing a new generation of seismic telemetry system, i.e., a
new generation of smarter preamplifier/VCO-discriminator systems that not only
permits a larger effective dynamic range (up to 120 dB) so as to keep all
signals on scale, but also allows signal detection and some storage at the
field site so that additional earthquake signals (say, all three components
instead of one) can pass through a single * 125 Hz channel of transmission
link. Large dynamic range telemetry systems do exist, but are expensive and
require a large bandwidth only available for customized microwave links. The
new seismic telemetry system we have in mind is one that can readily be
adapted to the existing narrow band (400 Hz to 4,000 Hz) voice-grade telephone
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circuit now in use*. The research seeks an economical and practical solution
that would augment and optimize the dynamic range and the efficiency of the
transmission link. Preliminary development work on this new telemetry system
has been started at USC. Obviously, this system involves low power
consumption uProcessor-based circuitry. We are confident that our system will
accommodate 8-channel seismic signal flow. We plan to put one of our seismic
data phone lines on the new telemetry system to fully field test it later this
year. This development should also have important benefit to the current
operation of other telemetered seismic networks.
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Figure 2. a) Saturated waveform due to limited dynamic range.
b) Saturated waveform due to limited dynamic range.
c) Optimized recording full utilize the limited dynamic range.
d) Recording underutilize the limited dynamic range.
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INTEGRATED STUDIES OF EARTHQUAKE POTENTIAL, PREDICTION, AND HAZARDS
IN THE WASATCH FRONT URBAN CORRIDOR AND ADJACENT
INTERMOUNTAIN SEISMIC BELT

14-08-0001-21856
W.J. ARABASZ, R.B. SMITH, J.C. PECHMANN, and W.D. RICHINS*

Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801)581-6274

Investigations

1. Preliminary analysis of the aftershock sequence of the M_7.3
Borah Peak, Idaho, earthquake of October 28, 1983, based on Both
fixed- and portable-network recording, and implications for
analogous events on the Wasatch Front.

2. Source properties of the Ms7.3 Borah Peak earthquake from 1local
and teleseismic data.

3. Pn travel-time variations in the Wasatch Front area from 1local
and near-regional earthquakes, and implications for earthquake
studies.

4, Swarm seismicity and deep hydraulice fracturing within 10 km of
the southern Wasatch fault.

5. Instrumental calibration procedures for earthquake source stu-
dies.

Results

1. The M_7.3 Borah Peak earthquake occurred along a Holocene segment
of the LoSt River fault, a major Quaternary normal fault zone (Figure
1). Aftershocks located using a dense network of portable stations
and a velocity model from nearby refraction profiles define a NW-
irending 60 km-long aftershock zone that is 10 km wide and displaced
approximately 7 km SW from the 34 km long surface fault. The entire
aftershock zone became active immediately following the main shock.
No aftershocks larger than M,;5.8 have occurred. Hypocenters along
the NW part of the aftershock z&ne extend to depths of approximately

¥D., I. Doser and J. F. Peinado also contributed significantly to
this project during the report period.
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12 km, but do not show a planar distribution. Aftershocks in the SE
part of the aftershock zone, however, define a plane that dips
approximately 450 SW and intersects the surface near the fault scarp.
Relatively few aftershocks occurred on the shallow part of the pro-
jected fault at depths less than about 4 km and relatively few aft-
ershocks occurred within 6 km of the mainshock epicenter. The loca-
tion of the mainshock (using well-located aftershock master events)
relative to the surface faulting and the main aftershock zone sug-
gests unilateral rupture propagation to the NW. Fault plane solu-
tions for 39 aftershocks of M > 3 show a variety of fault orienta-
tions, but most indicate normal faulting along faults parallel to the
main surface break or to W- to NW-striking fault splays near the NW
end of the surface break. Vibroseis reflection data across the
mainshock area reveal a complex structure at depths of 2 to U4 km that
may relate to normal faulting in the vicinity of a pre-existing
thrust. The mainshock nucleated at a depth of approximately 16 km,
within a rheologically modeled brittle to ductile transition zone and
near the depth of an inferred shear stress maximum.

Important characteristics of the Borah Peak earthquake and simi-
larities between the Lost River and Wasatch fault zones that may
influence our understanding of future large Wasatch Front earthquakes
are: 1) segmentation of a major Quaternary fault zone with evidence
of repeated Holocene displacement along a now active segment; 2)
moderate-dip planar normal faulting; 3) nucleation of the large
mainshocks at the maximum depth of seismicity; and 4) mainshock and
aftershocks located several kilometers laterally offset from the sur-
face fault trace. The position of a projected 1location of the
mainshock-aftershock 2zone of a hypothetical Borah Peak-type earth-
quake on the Wasatch Front would be beneath the central or western
parts of the deep alluviated valleys.

2. First-motion data from short-period body waves have been used to
determine the focal mechanism for the Borah Peak mainshock (Figure
2)._ The azimuth of the u5° southwestward dipping nodal plane is
1380, consistent with the observed strike of surface faulting. The
rake angle is -60°. Modeling of 1long-period body waves from the
mainshock recorded at teleseismic distances gives a focal depth of 16
+ 4 km and a source time function of 12 seconds duration. The ampli-
tudes of P, pP and sP phases obtained in the modeling process were
used to invert for the unconstrained seismic moment tensor. The dou-
ble couple component of the moment tensor (Figure 2) is essentially
the same as the mechanism from thEGshort-period first motion data.
The average moment is 6.0 x 107 dyne-cm and the stress drop is 50
bars.

3. Pn arrivals are frequently used in earthquake locations and focal
mechanism determinations with the University of Utah seismic network
because of the large station spacing and the broad region of cover-
age. An analysis of Pn travel-times from local and near-regional
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earthquakes has therefore been undertaken in order to test the wvali-
dity of our currently used Wasatch Front velocity model at Pn dis-
tances (greater than about 130 km). The travel times recorded out to
about 250 km are consistent with velocity models derived from refrac-
tion data. These models feature a thin crust (25-28 km) and low
upper mantle velocities (7.4-7.6 km/sec). However, at distances
beyond 250 km the first arrivals have significantly higher apparent
velocities (7.8-7.95 km/sec), indicating that the P-wave velocity
increases to approximately 7.9 km/sec at a depth of about 40 km or
more beneath the Wasatch Front. Travel-time residuals for this upper
mantle arrival increase systematically from west to east across the
array. The variation in residuals exceeds 1.5 seconds across central
Utah. It is difficult to attribute more than about 0.5 seconds of
these delays to lateral crustal velocity variations and crustal
thickening across the Basin and Range-Colorado Plateau transition
zone. Thus, this wupper mantle discontinuity is inferred to have a
significant eastward dip beneath the Wasatch Front.

4, In June-July 1982, earthquake swarms (M2.0 or less) were recorded
originating within a few km of a deep exploration well (Chevron
U.S.A. #1 Chriss Canyon, TD 5,344 m), coincidentally located within a
temporary 10-station network. On April 16, 1982, an "acid-breakdown
hydrofrac" had been made in the wellbore at a depth of 5,070 m wusing
4,000 gal of 28% HCl solution. Combining the hydrofrac and earthquake
data provides the following information. An instantaneous shut-in
pressure measured during the hydrofrac indicates an in situ minimum
horizontal compressive stress of approximately 750 bars at 5,070 m
depth . Methodology outlined, for example, by Zoback and Hickman
(1982) suggests near-critical in situ stress differences at the
hydrofrac depth for frictional sliding on optimally-oriented faults.
The swarm earthquakes, accurately located with 1local velocity con-
trol, predominate at the level of the wellbore, and two-thirds clus-
ter within 3.0 km map distance of the well bottom. Corresponding
focal mechanisms based on both P-wave polarities and SV/P amplitude
inversion indicate: normal faulting, aoconsistent northerly-trending
nodal plane dipping steeply (72°-86 )E, and near-horizontal T-axes
trending WNW-ESE. Assuming causal connection between the swarm
seismicity and pore-pressure changes due to fluid injection in_the
wellbore, distance-delay times suggest a bulk permeability of 10~ ' to
10" mdarcy for pore-fluid diffusion.

5. An indirect approach to the problem of calibrating amplitude
response for seismic network stations has been successfully tested
using amplitude displacement spectra of initial P-waves from deep-
focus teleseisms (M5.5 or greater). For a given teleseism the dis-
placement spectra from a set of stations, corrected for instrument
frequency response, are combined in the 1.6 to 3.2 Hz frequency band
to form an average, which is then compared with individual spectra to
yield relative gain values. Measurement of the absolute gain of one
or more key stations allows calibration of the entire set. This
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procedure 1is useful either for:"bootstrap" calibration of a network
or as a temporal check on the performance of previously calibrated
stations. Results show consistent relative gains from one event to
another. Relative gain from comparison of waveform amplitudes alone
showed considerable scatter. Tests made with varying window length,
from 1 to 2.5 sec, indicate that the displacement spectra are func-
tions primarily of the station gain and the source; the inclusion of
near-surface site reverberations in such a time window does not
appear to alter the spectral ratios appreciably.
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Figure 2, Focal mechanism for the Borah Peak earthquake from
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NEOTECTONICS OF NEW ZEALAND: INSIGHT TO SAN ANDREAS
FAULT SYSTEM TECTONIC BEHAVIOR )
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INVESTIGATIONS

It is generally recognized that a critical aspect of seismic hazards is a
thorough understanding of the geologic history of displacement across faults
and folds as well as regional uplift and shear patterns. The late Quaternary
history of a particular region is especially relevant in that most present-day
movements on fault zones are consistent with latest Quaternary behavior on
these same faults. So a consistent regional appraisal of late Quaternary
earth deformation is a cornerstone of seismic hazards analysis.

l. Faulted Stream Terraces

The major strike-slip faults of the Alpine shear system, South Island,
New Zealand (Figure 1) form a complex continental plate boundary as a trench-
trench transform system. The Alpine fault and its splays in Marlborough
(northeastern South Island) have a geometry very similar to the San Andreas
fault system in southern California, and even in the San Francisco Bay
region. Accordingly, an understanding of the temporal and spatial patterns of
fault slip on these New Zealand faults and the associated regional deforma-—
tional patterns can yield insight into the behavior of this complex plate
boundary, and, by analogy, to the San Andreas fault system as well.

The faults of the Alpine shear system are ideally suited for studies of
late Quaternary fault behavior, since each of the faults displaces several
sequences of river terraces formed in the last 20,000 years or less. Many
latest Pleistocene glacial moraines also are displaced. These moraines and
terrace sequences preserve details of the history of latest Quatégnary fault-
ing, since older moraines and terraces are displaced by larger amounts than
younger moraines and terraces. The purpose of our studies of faulted stream
terraces and moraines has been to decipher details of the history of latest
Quaternary slip across the complex continental Alpine shear system plate
boundary. .

This project is the second part of a New Zealand neotectonics study
initiated in 1981-82 by the co—principal investigators. The scope of our
studies of latest Quaternary slip aross the Alpine shear system has involved
two principal aspects: (1) measure latest Quaternary displacements at a large
number of sites to obtain data that are areally well-distributed and represent
at least two sites on each major fault; (2) develop and/or improve on methods
to date latest Quaternary surfaces that are displaced by active faults in New
Zealand. In our desire to study many sites we have restricted ourselves to
relatively accessible localities, many of which had already been mapped in
differing detail by members of the New Zealand Geological Survey.
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Our establishment of methods to date the terraces was motivated largely
by the failure of ourselves and others in New Zealand to find suitable
materials for radiocarbon dating at most sites. The coarse, cobbly nature of
most of the stream deposits and the high energy of most New Zealand rivers
combine to make preservation of charcoal, wood, or other datable materials the
exception rather than the rule. Thus we have used indirect relative—absolute
dating techniques calibrated at locations of known age as a basis for estimat-
ing ages of displaced geomorphic surfaces such as stream terraces or
moraines. We emphasized two techniques: the thickness of weathering rinds
developed in surface and/or subsurface cobbles of Torlesse graywacke; the
morphologic and chemical properties of soils developed on geomorphic sur-
faces. Both of these techniques are calibrated by reference to sites of known

radiocarbon age.

2, Uplifted Marine Terraces

The amounts and rates of downcutting by New Zealand rivers reflect the
magnitudes and rates of ongoing uplift as well as climatically induced changes
in discharge of water and sediment. However, it is the shore platforms that
are present along much of the New Zealand coastline that provide data to
assess late Quaternary uplit rates. They are geomorphic systems in equi-
librium where a balance exists between available energy, sediment amount and
size being transported across the platform, and hydraulic factors. Shore
platforms typically form during relative high stands of sea level character—
ized by minor fluctuations, such as during the late Holocene. Subsequent
decline of sea level terminates the construction of shore platforms and incor-
porates these coastal landforms into pre-existing fluvial systems.

Marine terrace time lines are directly tied to the chronology of major
fluctuations of late Quaternary sea level. Thus it is the assumed worldwide
general synchroneity of late Quaternary major high stands in glacio-eustatic
sea level that is of paramount importance when using marine terraces to assess
uplift rates. We believe that the flights of marine terraces on the New
Zealand coastlines are part of an overall population of global marine

terraces.

Materials for radiometric dating of the marine terraces are difficult to
obtain for buried shore platforms. Entire flights of marine terraces along
many coastlines lack either coral or volcanic materials that permit radio-—
metric age determinations older than the upper 1limit of radiocarbon dating.
However, when considered as sequences instead of single terraces, local
flights may be correlated with the overall population of dated global marine

terraces.

The objectives of this part of our investigation were to further develop
and substantiate procedures for correlation of undated flights of marine
terraces in New Zealand with the dated flights of terraces in New Guinea,
which are regarded as being representative of the overall population of global
marine terraces. Much of our recent field work concentracted on studies of
exhumed shore platforms, remnants of degraded sea cliffs, and associated beach
pebbles to altitudes of 2000 m at many locations within the Southern Alps.
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RESULTS

1. Faulted Stream Terraces

We did field work in New Zealand from 30 November 1983 through 28
February 1984. Our studies of faults of the Alpine shear system involved
three aspects:

1. Revisiting several sites first investigated in 1982 in order to map,
sample soils, and/or sample rock weathering rinds.

2. Investigate additional fault study sites to obtain more complete coverage
of the faults of interest, particularly emphasizing the obtaining of data
from the main Alpine fault.

3. Obtain additional calibration localities in Marlborough for weathering-
rind and soils analyses.

As a result of our 1983-84 field work we have expanded our number of
fault study sites from 10 to 19; in addition 6 other locations were investi-
gated but not used due to difficulties in interpretation, lack of suitability
for dating techniques, etc. We have also expanded the number of calibration
sites available for weathering-rind studies. When Chinn first described the
systematic thickening of weathering rinds in graywacke cobbles from geomorphic
surfaces, he had 10 sites as calibration points. Whitehouse and his coworkers
expanded this number to l4. Our 4 additional sites corroborate the previously
obtained data of Whitehouse and establish that rates of rock weathering in
Marlborough are similar to other South Island study areas. These new data
will be used to re-evaluate ages of faulted geomorphic surfaces and to provide
the basis for slip-rate analyses.

We also obtained soil samples from 8 fault-study sites in order to assess
time—dependent changes in soils morphology and chemistry. The results of
these studies will be combined with the results of the weathering-rind studies
to better constrain ages of faulted terraces, particularly along the Alpine
fault where two well-studied chronosequences (Franz Josef and Reefton) are
available for calibration.

2. Uplifted Marine Terraces

Flights of New Zealand marine terraces along coasts where uplift rates
range from less than 0.5 mm/yr to 9 mm/yr can be correlated and dated by
reference to the terraces in New Guinea dated in the age range of 30,000-
340,000 years. The basis for the correlation is that unique differences in
the number and altitudinal spacings of global marine terraces occur in a
diagnostic manner for each uniform uplift rate. The procedure involves
preparation of frequency-distribution plots, inferred uplift rate graphs, and
altitude-age ratio graphs. The morphologies of landscape elements along the
coasts and within the mountains of the Southern Alps are suggestive of
remnants of formerly more extensive shore platforms associated with high
stands of sea level. The most diagnostic landforms are notched spur ridges,
flattening ridge crests and flat-topped ridges, accordant summits, and accor-
dant saddles. Such landforms are present at all altitudes in the Southern

Alps. The notched spur ridges at many localities clearly represent remnants
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of exhumed shore platforms and their associated degraded sea cliffs. late
Quaternary glaciation has generally removed all traces of marine terrace
remnants in the lower portions of the intervening valleys.

A further important line of evidence for the presence of uplifted marine
terraces consists of rounded quartz pebbles. These have abrasion textures and
impact marks that are identical to quartz pebbles on the modern high energy
beaches along the northwest coast of the South Island. The rounded quartz
pebbles are most commonly associated with landforms such as notched spur
ridges; they occur at altitudes as high as 1800 m and are present on the
summits along the main divide of the Southern Alps. Origins such as deposi-
tion by streams, weathering from in place quartz veins, and gastroliths of
flightless birds such as the extinct moa seem highly improbable, given the
range of locations in which we have found such pebbles associated with the
characteristic landforms previously discussed. We conclude that these are
uplifted beach pebbles.
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Survey of helium in natural water wells and springs in southwest Montana
and Imperial Valley, California
Part VI - January 1 - December 31, 1983
W. P. Doering and Irving Friedman
U. S. Geological Survey, MS 963
Denver Federal Center
Denver, CO 80225
(303) 234-5531

Investigations 9570-00382

This report is of a continuing project begun in 1977 to evaluate a method to
predict earthquakes. It involves a comparison of significant changes in
helium found in natural water wells and springs with recorded earthquakes in
the immediate vicinity of the wells or springs. A positive correlation was
reported in the research done by Bulasevich and Bashorin (1974). Work in
previous years on this project is reported by Doering and others (Doering and
Friedman, 1980a, 1980b, 1982, 1983, and Doering and others, 1981).

Results

We received water samples from eight wells and four springs situated northwest
of Yellowstone National Park and from four wells in the Imperial Valley of
southern California. These sixteen stations located in the Hebgen Lake area
of Montana and southern terminus of the San Andreas fault zone of California
were chosen because the water contains measurable amounts of helium and they
are in active seismic regions. We received samples from all but three of
these stations during all of the year 1983. Table 1 gives a short description
of these stations and Figures 1 and 2 shows their approximate location on
maps.

The sample collectors withdraw about 9 milliliters of well or spring water
into a plastic syringe and then injected it into a partially evacuated
collection tube. A sample is usually taken once a day. When five tubes are
thus filled they are mailed to the Geological Survey laboratory at the Denver
Federal Center. There the gas in the ullage space above the water in the
sample tube is extracted and analyzed for helium on a mass spectrometer. The
method is described in Doering and others, 1981,

The analytical precision is +5% An additional +15% error is due to station
variations due to water temperature changes, amount of water collected, and
the method and daily time of sample collection. At the well stations the
helium concentrations may be affected by the quantity of water being pumped
just before the sample was taken. The daily record of the amount of heljum
present at each station is shown on Figures 3 through 19. Four scales are
used on the graphs because there are large helium concentration differences
between stations. There are a total of 8,340 individual analysis reported.
Numerical (Julian) dates are given on these graphs but they may be converted
to normally used calendar dates by use of Figure 20.

The National Earthquake Information Service located at Golden, Colorado

reported six earthquakes having a magnitude greater than 3.5 that occurred in
the reporting regions during 1983. Table 2 lists the date, epicenter location
and magnitude of the two earthquakes that occurred in the Imperial Valley and
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four earthquakes close to the Montana sampling network. These quakes are
indicated by tick marks and labeled "EQ" on the dates of occurrence on the
graphs of Figures 3 through 19,

Table 3 presents a summary of the helium data as related to changes in helium
and earthquakes. These changes are listed by station number and Julian

date. A + indicates there was a significant increase and a - indicates a
significant decrease in helium beginning with the date shown and continuing
for over 5 days. A significant change is defined as a change exceeding 20% of
the amount present that continues for at least 5 days. The date of
earthquakes are shown in column three. Column four shows the relationship of
helium changes to earthquakes. A + indicates there was a change in helium
preceeding or about the same time as the occurrence of an earthquake. A -
indicates there was a change in heljum but no earthquake the preceeding 30
days. At station 316 there was a sudden decrease in helium on day 146 (May
16) and a gradual increase beginning about day 314 (Nov. 10). This has
occurred every year since 1980 when collecting was begun. These changes
coincide with irrigation in the nearby fields.
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Table 2.--Earthquakes in reporting areas in 1983

Julian Calendar Latitude Longitude Region Magnitude
date date N. W.
12 Jan. 12 31.53 115.69 S.W. of E1Centro, CA 4,5
37 Feb., 6 44,56 110.64 N. of West Thumb, YNP, 4.7
WY
47 Feb. 16 45,94 111,51 Near Three Forks, MT 3.7
194 July 13 33.26 115,56 N. of Calipatria, CA 4,2
225 Aug. 13 44,72 111,80 W. of West Yellowstone, 3.9
MT
226 Aug. 14 44,76 111,80 W, of West Yellowstone, 4.1
MT
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Table 3.--Dates of significant He changes and correlation with earthquakes

Significant He
change and earth-

Julian date of start of quake correlation
Station significant He change Date(s) of (+ earthquake,
No. (+increase, -decrease) earthquake(s) - no earthquake)
300 37 -
300 47 -
300 59+ -
300 225,226 -
301 37 -
301 47 -
301 162+ -
301 225,226 -
305 30+ 37 +
305 34- 37 +
305 40- 47 +
307 37+ 37 +
307 43- 47 +
307 203~ 225,226 +
308 13+ -
308 27- 37 +
308 47 -
308 52- -
308 118- -
308 128+ -
308 224+ 225,226 +
313 21- 37 +
313 42- 47 +
313 49- -
313 181- -
313 225,226 -
314 37 -
314 47 -
314 58+ -
314 182+ -
314 214+ 225,226 +
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Table 3.--Dates of significant He changes and correlation with earthquakes, (Cont'd)

Significant He
change and earth-

Julian date of start of quake correlation
Station significant He change Date(s) of (+ earthquake,

No. (+increase, -decrease) earthquake(s) - no earthquake)
316 37 -
316 45+ 47 +
316 96+ -
316 134- -
316 146- -
316 225,226 -
316 314+ -
318 21- 37 +
318 31- 47 +
318 94+ -
318 106- -
318 122+ -
318 138- -
318 210- 225,226 +
318 221+ 225,226 +
318 291+ -
321 37 -
321 47 -
321 218- 225,226 +
344 12 -
344 116- -
344 164+ -
344 194 -
344 205+

348 12 -
348 26+ N
348 107- -
348 177+ +
348 190- 194 +
348 2217~ -
348 241+ -
349 355 (1982)- -
349 360 (1982)+ 12 +
349 211+ 194 -
349 271- -
349 282+ -
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Figure 13.--Helium concentrations in water samples, Ennis, Montana.
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Figure 19.--Helium concentrations in water samples, Ocotillo, CA.
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Global Seismology
9920-03684

E. R. Engdahl
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 234-4041

Investigations

1. Depth Phases Establish criteria for the proper identification of depth
phases from sub—oceanic subduction-zone earthquakes.

2. Earthquake Location in Island Arcs. Develop practical methods for
accurately locating earthquakes in island arcs.

3. Subduction Zone Structure. Develop techniques to invert for subduction
zone structure using seismic travel times.

4. Global Synthesis. Synthesize recent observational results on the

seismicity of the earth and analyze this seismicity in light of current
models of global tectonic processes.

Results

1.

Depth Phases. Broadband data recorded by the Grafenberg array were used
to study the frequency dependance of depth phases from moderate-sized
earthquakes in the central Aleutians. It was found that in the presence
of a water layer the short-period band is usually dominated by pwP energy
and the long-period band by pP and sP energy. A technical article is
being prepared on these findings.

Analysis of depth phases recorded both analog and digitally from a large
set of moderate-sized ceatral Aleutian earthquakes has been completed.
Depths accurate to a few kilometers were determined for a large number of
events by matching theoretical times of depth phases based on local
structure to observed data. The new hypocenters provide a means to
accurately locate the plate interface across the subduction zone. A
journal article is in preparation.
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2. Earthquake Location in Island Arcs. An extended data set of central
Aleutian earthquakes, that includes events with well determined depths as
previously described, has been relocated using the JHD approach. It is
shown that by careful selection of observing stations, proper analysis of
depth phases and the availability of local network calibration events,
this approach can reduce hypocentral uncertainties to less than 15
kilometers over a broad region of the subduction zone. These results and
their tectonic significance will be the subject of a paper to be prepared.

3. Subduction Zone Structure. A cooperative project with Dr. D. Gubbins at
Cambridge University to jointly invert seismic travel times for
hypocenters and for structure in the central Aleutian subduction zone has

been undertaken.

4. Global Synthesis. A framework for this synthesis study has been
developed.

Regorts

Engdahl, E. R., Billington, S., and Dewey, J. W., 1984: Redefined spatial
distribution of teleseismically recorded earthquakes in the central
Aleutian Islands, abstract submitted to the Anchorage Seismological
Society of America meeting.
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Seismic Hazard Studies, Anchorage

9950-03643

A. F. Espinosa
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 234-5077

Investigations

1. A damage evaluation for the City of Anchorage, sustained from the 1964
Alaskan earthquake, is being performed with damage data which have not
been published previously. This information and local surficial
geological data is planned to be used in order to evaluate transfer
function amplification curves in Anchorage and to ascertain any existing
correlation between damage and soil conditions in the area.

2. A "completeness" of the seismicity catalog is being investigated in order
to use lower magnitude thresholds in (a) spatial and magnitude-temporal
distribution of shallow (h <33 km) and intermediate (34 < h < 100 km)
seismicity (Mg > 5.5) occurring within a specified area in the period of
time which uses (a) historical and (b) instrumentally recorded
earthquakes. b-values are being determined likewise for the region under
study. This effort is part of the seismicity study being carried out in
this project for the Anchorage and vicinity region in Alaska.

3. A surficial geologic map of the southeastern part of Anchorage and
vicinity is being drawn. Geologic field data is being collected and
mapped.

4, Three geological materials map for the municipality of Anchorage are being
drawn,

5. A suite of seismicity maps and depth cross sections for the Anchorage and
vicinity region in Alaska, are being plotted.

Reports

Bartsch-Winkler, S., and Schmoll, H. R., 1984, Guide to late Pleistocene and
Holocene deposits of Turnagain Arm, Alaska: Alaskan Geological Society
and Geological Society of America Bulletin, 90 p.

Espinosa, A. F., 1984, L _-wave attenuation in contiguous United States
[abs.]: EOS, Ameri gan Geophysical Union Transactions, v. 65, no. 16,
p. 233.



1984, Local magnitude determination using strong-motion horizontal
accelerograms [abs.]: Seismological Society of America Annual Meeting,
Anchorage, Alaska, May 30-June 1, 1984.

Espinosa, A. F., and Michael, J. A., 1984,Seismicity of the arctic and
adjoining regions: U.S. Geological Survey Open-File Report 84-376,
Lambert equal-area projection.

Schmoll, H. R., Yehle, L. A., Gardner, C. A., and Odum, J. K., 1984, Surficial
geology and glacial stratigraphy within the Upper Cook Inlet Basin,
Alaska: Alaskan Geological Society and Geological Society of America
Bulletin, 89 p.
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Detailed Analysis of 1906 Faulting
in Marin County, California

21242

N. T. Hall, W. R. Cotton, and E. A. Hay
Foothill-De Anza Community College District
Los Altos Hills, California 94022
(415) 948-8590

Investigation

The investigation is being focused on a 12 kilometer segment of the 1906
trace of the San Andreas fault. The research area lies between the Marin
County localities of Dogtown and the Vedanta Retreat, and is an area where
Holocene activity along the fault has occurred in a narrow zone. The inves-
tigation is designed to produce a set of detailed geologic and geomorphic
maps of the seismotectonic features. This information will be augmented

by the rich historic record of the 1906 faulting that was compiled by G. K.
Gilbert shortly after the 1906 earthquake.

Results

1. All initial phase activities are complete. A total of 110 new steroscopic
photographs have been thoroughly studied in conjunction with careful field
evaluation.

2. Thirteen (13) camera stations for G. K. Gilbert's 1906-1907 photographs of
1906 ruptures in the San Andreas fault zone have been located. We have taken
modern photographs at each locality. Significant cultural and vegetative
modifications are apparent.

3. Large scale topographic maps (1" = 100') are in preparation for three sites:
1) approximately one mile southeast of the Vedanta Retreat, 2) southeast of

Five Brooks, and 3) west of the Randall trailhead. These maps will enable us to
show the following with considerable accuracy: 1) the rupture traces of 1906;
2) additional traces active in Late Quaternary time; 3) camera stations for
Gilbert's 1906-1907 photographs and other historic data; 4) fault-related
geomorphic features; and 5) Holocene deposits associated with active faulting.

Reports
Hall, N. T.,lgay, E. A., and Cotton, W. R., 1984, Problems in the application
of

C dates to slip rate determinations of the San Andreas fault:
Seismological Society of America, Abstracts and Program.
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Investigation of Seismic Wave Propagation for
Determination of Crustal Structure

9950-01896

Samuel T. Harding
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 234-5090/5087

Investigations

1. Conducted high-resolution seismic reflection surveys.

a. Across the Borah Peak earthquake fault scarp along the Double Springs
Pass road.

b. Along the central Pacific railroad grade in Hansel Valley, Utah.
c. Along a line west of Becks Hot Springs in Salt Lake City, Utah.

2. Created synthetic seismogram for three deep wells in the Mississippi
Embayment.

Results

1. These lines have been processed and are in the process of being
interpreted. The line run from the interstate at Becks Hot Springs in
Salt Lake City is shown in figure 1. CDP 1200 is at the intersection of
the railroad tracks and Utah 249. CDP 1340 is at the intersection of Utah
249 and Redwood Drive. 1200 is at the east, and 1340 at the west end of
the line.

2. The synthetic seismograms were used to interpret the reflection profiles
recently purchased across the New Madrid fault zone.
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Postglacial uplift in northeastern United States
9510-03207

Carl Koteff
U.S. Geological Survey
National Center, MS928
Reston, VA 22092
703/860-6503 FTS 928-6503

INVESTIGATIONS

Former glacial lake sites in the Connecticut River valley of New
Hampshire and Vermont, the Champlain Valley in Vermont and New York, and the
mid-Hudson River valley in New York were examined. Altitudes of topset-
foreset contacts of deltas constructed in the former lakes were obtained in
each of these areas. The topset—-foreset contact is considered to be a
reliable indicator of the former lake level to within one meter. Glaciomarine
features in the Champlain Valley in Vermont also were examined.

RESULTS

The altitudes of topset-foreset contacts of the deltas provide a profile
of significant postglacial crustal isostatic uplift of most of New England to
the north-northwest, suggesting that the locus of depression caused by the
last ice sheet (late Wisconsinan) was centered around Hudson Bay. This
indicates that the ice sheet was not characterized by multi-centers at its
maximum thickness, as proposed by several Canadian investigators, but rather
the glacier's center was more of a saddle-shaped ridge over Hudson Bay, as
proposed by Deaton and Hughes (1981), and Walcott (1972).

Maximum uplift gradients are about 90 cm/km over most of New England.
Thus northern areas of New England have been isostatically uplifted by over
300 meters during late glacial and postglacial time. Such a large amount of
uplift indicates a thicker rather than thinner ice sheet model, perhaps more
than 4000 meters thick at the center. A thicker ice sheet, in turn, suggests
a greater rather than smaller eustatic sea-level drop of more than 135 meters
at approximately 18,000 years B.P.

The uplift profile, more than 220 km long, obtained from the ice-marginal
deltas is very straight, showing a tangent rather than being curved. The
profile is also time-transgressive, that is, the southern ead is older than
the northern end by as much as 3000 years, The antiquity and straightness of
the profile indicate two major conclusions. 1) Isostatic response of crustal
uplift was delayed for about 5000 years, until about 13,000-14,000 years
B.P. It has been suggested recently that as much as one half of the ice load
had been removed by this time. Such a slow viscous response by the mantle is
not yet clearly understood. 2) The isostatic crustal response was not
affected in any measurable way by variations of lithologic or structural
features of the crust. The profile crosses a number of lithologic and
boundaries without any change in gradient.

REPORTS
Koteff, Carl, 1984, Debris source for meltwater deposits in New England

[abs.]: Geological Society of America Abstracts with Programs, v. 16,
no. 1, p. 28.
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Determining Landslide Ages and Recurrence Intervals
9950-03789

Richard F. Madole
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 234-3573

Investigations

Because this project has been in progress only a few months, study to
date has been limited mainly to air photos. Besides selecting sites for
detailed stratigraphic study during the summer of 1984, a comparison was made
between landslides in several localities along the Wasatch Front and land-
slides in other localities in Utah and Colorado for which some age control
exists. This comparison focused on the topographic expression of landslides
as a function of age and on the relationships between landslide distribution,
altitude, aspect, and age.

Results

Three conclusions can be drawn from the differences in the topographic
expression and the altitude-aspect relations of the landslides studied.

1. The topographic expression of landslide deposits changes with time in a
manner similar to that documented for glacial deposits. Landslide
deposits of late Pleistocene age (10,000-15,000 B.P., for example) have a
sharp, distinct, apparently little modified topographic expression similar
to that of moraines of Pinedale age. Changes in morphology with increased
age include (1) a decrease in relief, (2) progressive infilling of depres-
sions, (3) a decrease in scarp slope angle, and (4) an increase in the
width of the crests of ridges within the landslide deposits. As with
glacial deposits, the topographic expression of landslides of a given age
appear to be influenced by the the lithology of the rocks composing them.

2. Crosscutting relations between landslide deposits and stream-terrace
deposits containing the Lava Creek B volcanic ash (610 ka) indicate that
some landslides retain topographic expression for longer than 610,000
years. Obviously, many landslides are relicts, products of environments
different than those of the present. The tendency for relict landslides
to accumulate in the landscape suggests that maps that show only the
distribution of landslides, with little consideration given to age and
origin, are likely to greatly overestimate the landslide hazard.

3. In many places, landslide distribution suggests that wetter climates of
the past were the principal cause of landsliding. Landslides tend to be
more common on north- and east-facing slopes than on south- and west-
facing slopes. This relationship is not as evident at higher altitudes
(greater than 2,600 m, for example) as it is at lower altitudes where the
more arid climate of the present is less conducive to landsliding. With
decreasing altitude, relict landslides appear to compose a greater
percentage of the total number of landslides present.
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Surficial Geology Along the Wasatch Front, Utah
Project: 9950-01622

Robert D. Miller
U.S. Geological Survey
Box 25046, Denver Federal Center, MS 903
Denver, CO 80225
Ph: (303) 234-2960

Continued preparation of text to accompany maps showing deposits grouped on
the basis of texture along part of the Wasatch Front, Utah. The boundaries of
the maps, already completed, coincide with the surficial geologic maps
published as Miscellaneous Investigation Maps I-1198 and I-1477, which
encompass areas along the Wasatch Front in Great Salt Lake Valley and Utah
Valley. No additional field investigations were undertaken, and the text
preparations included compilation of laboratory tests and evaluation of
physical properties of the deposits.

Publications:

Miller, R. D., 1980, Surficial geologic map along part of the Wasatch Front,
Salt Lake Valley, Utah: U.S. Geological Survey Miscellaneous
Investigations Map I-1198, scale 1:100,000. [reprinted October 1983]

Miller, R. D., 1982, Surficial geologic map along part of the Wasatch Front,

Great Salt Lake and Utah Lake Valleys, Utah: U.S. Geological Survey
Miscellaneous Investigations Map I-1477, scale 1:100,000.
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Stable Isotope Investigations of Fault Processes

9570-00383
James R. O'Neil
Branch of Isotope Geology
U.S. Geological Survey
345 Middlefield Road, MS 937
Menlo Park, CA 94025

Investigations

1.

Deuterium and oxygen-18 analyses are made of well waters and
springs sampled biweekly at several locations along the
major fault systems in north-central California. The
isotopic variations are correlated with variations in
chemical compositions of the water and radon concentrations
in soil gas in an attempt to identify possible geochemical

precursors to seismic activity.

Concentrations and carbon isotopic compositions of 002 in

soil gas from two locations in San Juan Bautista are

measured weekly as a possible monitor for earthquake

precursors.

Stable isotope compositions are measured of fault zone
materials including mylonites, gouge and entrapped waters
and clay materials in an attempt to understand the nature of
water-rock interactions in fault systems and the

temperatures generated during fault movement.
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Results

Measurements were made of the contents of D, 180. and H20+ in
fault gouge collected over a depth of 400 meters in the San
Andreas Fault near Hollister, California. The amounts and
isotopic compositions of the pore fluids, also analyzed, suggest
that formation waters from adjacent Franciscian rocks have
migrated into the gouge and mixed with local meteoric water (Fig.
1). Thus the gouge is an open system permeable to fluid flow.

This permeability has important implications concerning heat flow

along the fault zone.

Analyses of the fault gouge itself gives information on the

amounts, timing, and conditions of formations of the clay

materials:

(a) The gouge porosity of about 10 percent doesn't change

significantly with depth.

(b) Clay minerals constitute only about 42 percent of this

gouge, previously considered to be composed dominantly of

clay.

(c) The bulk of the clays grew at a former time when climate or
topography were different from those prevailing at the

present location of the Gabilan Range.

Reports

O'Neil, James R. (1983), Water-rock interactions along active
fault zones in California, Fourth International Syposium on

Water-Rock Interaction (Extended Abstracts), p. 381-384.

O'Neil, James R. (1984) Water-rock interactions in fault gouge,

Jour. Geophys. Res., in press.
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Data Processing, Golden
9950-02088

Robert B. Park
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 234-5070

Investigations

The purpose of this project is to provide the day to day management and
systems maintenance and development for the Golden Data Processing Center.
The center supports Golden based O0ffice of Earthquakes, Volcanoes, and
Engineering investigators with a variety of computer services. The systems
include a PDP 11/70, several PDP 11/03's and PDP 11/23's, a VAX/780 and two
PDP 11/34's. Total memory is 6.4 mbytes and disk space will be approximately
2.2 G bytes. Peripherals include four plotters, eight mag-tape units, an
analog tape unit, five line printers, 5 CRT terminals with graphics and a
Summagraphic digitizing table. Dial-up is available on all the major systems
and hardwire lines are available for user terminals on the upper floors of the
building. Users may access any of the systems through a Gandalf terminal
switch. Operating systems used are RSX11 (11/34's), Unix (11/70), RT11
(LSI's) and VMS (VAX).

The three major systems are shared by the Branch of Global Seismicity and
Geomagnetism and the Branch of Engineering Geology and Tectonics.

Results

Computation performed is primarily related to the Global Seismology and
Hazards programs; however, work is also done for the Induced Seismicity and
Prediction programs as well as for DARPA, ACDA, MMS, U.S. Bureau of
Reclamation, and AFTAC among others.

In Global Seismology and Geomagnetism, the data center is central to nearly
every project. The monitoring and reporting of seismic events by the National
Earthquake Information Service is 100 percent supported by the center. Their
products are, of course, a primary data source for international seismic
research and have implications for hazard assessment and prediction research
as well as nuclear test ban treaties. Digital time series analysis of Global
Digital Seismograph Network data is also 100 percent supported by the data
center. This data is used to augment NEIS activities as well as for research
into routine estimation of earthquake source parameters. The data center is
also intimately related to the automatic detection of events recorded by
telemetered U.S. stations and the cataloging of U.S. seismicity, both under
development.
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In Engineering Geology and Tectonics, the data center supports research in
assessing seismic risk and the construction of national risk maps. It also
provides capability for digitizing analog chart recordings and maps as well as
analog tape. Also, most if not all of the research computing related to the
hazards program are supported by the data center.

The data center also supports equipment for online digital monitoring of
Nevada seismicity. Also it provides capability for processing seismic data
recorded on field analog and digital cassette tape in various formats. Under
development is a portable microprocessor based system to be used by the field
investigations group to do preliminary analysis and editing of temporary local
networks and the GOES Satellite Event Detect System. Recent acquisitions
include the replacement of the PDP 11/40 used for analog input with a

PDP 11/34, expansion of the Nevada Network 11/34 for collection of Western
Slope data for the U.S. Bureau of Reclamation, a second Versatec plotter and a
Tektronix 4014 graphic system.
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Northeastern U.S. seismicity and tectonics

9510-02388
Nicholas M. Ratcliffe
Branch of Eastern Regional Geology
MS 925, U.S. Geological Survey
Reston, VA 22092
(703) 860-6406

Investigations

1.

2.

3-

Vibroseis profiling of Ramapo seismic zone in New York State (in
cooperation with Virginia Polytechnic Institute and State University).

Detailed geologic mapping along routes chosen for Vibroseis profiles.

Examination of drill core and trenches across Mesozoic faults of the
Ramapo fault system, and siting of drill holes for in-situ stress studies.

Results

1.

Approximately 50 km of new 12-fold seismic reflection data were collected
along a route extending from near Pound Ridge, N.Y., northwestward across
the Hudson Highlands and into the lower Hudson River valley near
Poughkeepsie, N.Y. The line crosses an area of the seismogenic
Proterozoic Y basement rocks with well-located hypocenters at depth of

0 -1 km in the west, to as deep as 12 km in the east. Preliminary
interpretation of the migrated data suggests that reflectors associated
with moderately steeply southeast dipping (35° ) mylonite zones in
basement rocks are detectable.

Geologic mapping of the northern Vibroseis route is 50% complete.
Additional geologic mapping along Ramapo Vibroseis lines 1 (see previous
report for index map) and 2 are also about 50% complete.

Five newly collected cores across the Ramapo fault near Riverdale, N.Jd.,
collected in cooperation with the New Jersey Department of Transportation
completely recovered the fault zone along a 3 km length of the fault trace
south of our Riverdale site. Detailed study of these cores reveals that
the last recorded movement on the Ramapo fault surface was right-oblique
normal faulting with typical Mesozoic mineralization. These results are
consistent with our previous results from seven other sites along the
Ramapo and Flemington faults (Mesozoic border faults) indicating that
these northeast-striking, southeast-dipping gouge zones have not been
reactivated as reverse faults in the current compressional stress field.
Detailed studies of two deep 1,500 ft and 1,000 ft drill holes cored by
the U.S. Nuclear Regulatory Commission for hydrofracturing have been
completed. One of these deep drill holes at Annsville, N.Y., is located
within Annsville earthquake swarm, where hypocenters have been accurately
determined by Woodward-Clyde's 12-station network. Extensive Mesozoic
brecciation is present at the 900 - 1,000 ft level and there is clear
evidence of reactivation of Paleozoic mylonite zones as Mesozoic brittle
faults in this area.
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4, Additional Vibroseis profiles in New Jersey across the margin of the
Newark Basin and in-situ stress measurements to be conducted by Mark
Zoback in a 1-km-deep industry drill hole are being planned.

Reports

Stanley, R. S., and Ratcliffe, N. M., in press, Tectonic synthesis of the
Taconic orogeny: New England Appalachians: Geological Society of America
Bulletin.

Rateliffe, N. M., and Burton, W. C., 1983, Brittle fault fabrics, mineralogy
and geometry of the border faults of the Newark basin, New York - New
Jersey, from drill-core information: Geological Society of America,
Northeastern Section Meeting, Abstracts with Programs, v. 16., no. 1,

p. 57.

Ratcliffe, N. M., 1983, Brittle-ductile transition zone in a Barrovian
gradient: Implications for tectonic implacement of isograds: Geological
Society of America, Northeastern Section Meeting, Abstracts with Programs,
v. 16, no. 1, p. 57.

Burton, W., and Ratcliffe, N. M., Attitude movement history and structure of
cataclastic rocks of the Flemington fault based on core drilling near
Oldwick, New Jersey: U.S. Geological Survey Miscellaneous Field Survey
Report.
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Helium Monitoring for Earthquake Prediction
9570-01376
G. M. Reimer
U. S. Geological Survey, MS 963
Denver Federal Center
Denver, CO 80225
(303) 234-5531

Investigations

The variation of helium in soil-gas from sample collecting stations along the
San Andreas Fault near San Benito, California has been observed to have a
significant correlation to seismic activity recorded in the surrounding

area. In addition to monitoring helium, an expanded effort is being planned
to analyze for other gases, notably, nitrogen, oxygen, carbon dioxide and
methane. This effort will hopefully provide information to understand the
mechanisms for helium variations.

Results

Figure 1 shows the plot of the helium concentrations as a function of time.
Table 1 Tists the helium decrease beginning dates and dates of the nearby
seismic activity. For this time period, May of 1979 to December of 1983, an
empirical definition was developed to define a helium decrease and a
corresponding earthquake. The criteria are as follows:

Two successive 4 ppb helium decreases from a 3-week moving average of
all sample probes.

A 1,5 to 6.5 week leadtime from the beginning of the decrease until the
occurrence of seismic activity.

An earthquake of magnitude 4(-0.2) occurring within a fixed distance from
the center of the sample collection stations (an ellipse 160 x 80 km; the
major axis parallels the San Andreas Fault).

Using these criteria, 15 helium decreases match 25 earthquakes. By
considering some earthquakes as clusters, those that are not aftershocks but
otherwise spatially or temporally related, the correlation is 15 of 18
earthquakes. Examples of clusters are the earthquakes identified as 81007-
81015 and 80127-81062 in Table 1.

January 1, 1984 became the arbitrary date after which the empirically derived
criteria would be applied to evaluate future correlations. Of particular note
is the April M=6 earthquake near San Jose fit these criteria.

Regorts

Reimer, G. M., 1983, Prediction of central California earthquakes from soil-
gas helium fluctuations?, EOS, Transactions of the American Geophysical
Union, v. 64, p. 757.
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Table 1
Date of the beginning of the helium decrease and corres-
ponding earthquake data. The first two digits of the
date are the year of the twentieth century and the last
three digits represent the cumulative calendar day of
that year. Tie lines represent clusters.

Helium
decrease Earthquake Location
date date Lat. (N) Long., (W) Mag.
79192 79218 37.102 121,503 5.9
79297
79332 79358 36.975 122,272 4,0
80024 37,852 121,815 5.5
80027 37,737 121,740 5.8
80030 80066 36,669 121,373 4,0
80065 80104 36.762 121.548 4.8
80100
80128 80170 36.898 121,683 4,1
80191 80236 37.569 121.672 4,1
80287 36.595 121.085 4.1
80337 81007 36.866 121.630 4,5
81015 37.383 121.737 4.8
80365 81027 36.843 121,633 4,1
81062 37.548 121.945 4.4
81091 81115 37.090 121.885 4,1
81141 81160 36.747 121.362 4,2
81226 36.773 121.293 4,2
81224 81271 36.792 121.587 3.9
82007
82096
82148 82170 36.530 121,073 4,0
82180 82221 36.597 121,242 4,5
82230 37.025 121.745 4.5
82236 37.468 121.815 4.0
82240 37.845 121.782 3.8
82243 36.648 121.325 4,0
82361 83036 36.680 120.855 4,1
83108
83199 83241 35.803 121.353 5.4
83283
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Rock Deformation
9950-00409

Eugene C. Robertson
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
922 National Center
Reston, VA 22092
(703) 860-7404

Investigations

Quantitative studies of the relationship of displacement d
on faults to the corresponding thickness t of gouge and breccia
of the faults were completed and published. Measurements were
obtained on faults observed underground in mines, at outcrops,
and on laboratory specimens; about one-third of the data are from
the technical literature.

Results

The d and t of faults observed underground in mines were
obtained from geologic notes and maps of geological departments
of mining companies in Butte, MT, Coeur d'Alene, ID, Magma, AZ,
Alma, CO, and Kirkland Lake, Ontario. Only gouge and breccia are
considered to make up the fault, and thicknesses of adjacent,
jointed, undisplaced rock are not included, although sometimes
not identified in the literature sources. Of the 49 data points
and boxes which are plotted in Figure 1, 25 were obtained from
faults in mines.

The three points and boxes at the lower left of Figure 1 are
from laboratory studies of friction; rock cylinders with saw-cuts
at various angles were compressed at room temperature under low
confining pressure. The remaining 21 points and boxes are from
observations at the earth's surface of normal and small thrust
faults., No large strike-slip or overthrust faults are included
because their d's and t's are poorly determined.

Assuming their logarithms are normally distributed, the
points in Figure 1 have a high correlation coefficient,
r=0.,94, Some of the scatter might be explained if each fault
were studied more carefully; t might be too large because of
including jointed rock with gouge and breccia, or t might be too
small because splits of the fault were not included. Values of d
may be in error because of uncertainty in the rake angle or in
offset of indistinct or misidentified geologic features.
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Confining pressure, water conditions, rock type, and history
of deformation would affect d and t, and if understood, some of
the scatter of points could probably be explained. A wide
variety of igneous and sedimentary rocks were involved in the
faults shown in Figure 1, which by its uniform trend of points
indicates that the various rocks behave much alike in forming
gouge and breccia. Limestone is an exception due to its
ductility. A physical model for the brecciation process of
continued production of gouge and breccia with continued
displacement of a fault is described in Robertson (1982).

Regorts

Robertson, E. C., 1982, Continuous formation of gouge and breccia
during fault displacement, in R. E. Goodman and F. E. Heuze,
editors, Proc. 23rd Symp. Rock Mechanics, Amer. Inst. Min.

Met. Petrol. Engr., p. 397-404.

Robertson, E. C., 1983, Relationship of fault displacement to
gouge and breccia thickness, Amer. Inst. Min. Met. Petrol.
Engr., Mining Engineering, v. 35, no. 10, p. 1426-1432,
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Basement Tectonic Framework Studies
Southern Sierra Nevada, California

9910-02191

Donald C. Ross
Branch of Engineering Seismology and Geology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, ext. 2341

Investigations

1. Petrographic study of basement rock samples to be submitted for 180 and
Rb/Sr analyses.

2. Compilation of all sample data from the southern Sierra Nevada (north to
Tat. 36°00'N) on master set of 27 topographic quadrangles.

3. Preparation of a geologic map and accompanying report on tne basement rock
relations along the White Wolf, Breckenridge, and southern Kern Canyon faults,
southern Sierra Nevada, California.

4. Preparation of petrographic summaries, compositional diagrams, and index
maps for several granitic units of the southern Sierra Nevada.

Results

Several basement rock units show right-lateral strike-slip offset across a
200 km-long basement break in the Sierra Nevada batholith (the White Wolf-
Breckenridge-Kern Canyon fault zone). This master crack in the batholith may
have originated some 80 to 90 m.y. ago in response to a regional oroclinal
flexure. The recent history of the southern part of this fault zone (White
Wolf and Breckenridge faults) has produced fault displacements that contradict
the offset pattern suggested by the basement rocks. The White Wolf fault has
recently (1952) moved with a left-lateral and thrust sense, based on
measurements of surface ruptures and fault plane solutions. Left-lateral
of fsets have also been noted in some subsurface formations in this area. The
cause of this presumed change in fault style is not known, but northward
impingement by the San Andreas fault on the northeast-trending White Wolf
fault could cause left-lateral and thrust displacements on this old, right-
lateral, basement crack. Present-day topography along the NNE-trending
Breckenridge fault suggests that the most recent movements on this fault have
been normal dip-slip displacement of more than 1,000 m. This style change is
even more perplexing. The Breckenridge fault may now be responding to the
stress pattern of late Cenozoic extension in this region. Thus, the old,
right-lateral plane of weakness could now be behaving like a small Basin-Range

normal fault.
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Reports

Ross, D. C., 1983, Generalized geologic map of the southern Sierra Nevada,
California, showing the location of basement samples for which whole rock
180 has been determined: U.S. Geological Survley Open-File Report
83-904, scale 1:250,000.

---(in press), Possible correlations of basement rocks across the San Andreas,
San Gregorio-Hosgri, and Rinconada-Reliz-King City faults, California:
U.S. Geological Survey Professional Paper 1317 (Director's approval,
October, 1983).
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Earthquake Hazard of the Red River Fault and
Related Faults Deduced from Geological Field Studies
in Western Yunnan Province, P.R.C.

14-08-0001-21289

Kerry Sieh
Division of Geological and Planetary Sciences 170-25
California Institute of Technology
Pasadena, CA 91125
(818) 356-6115

In the Spring of 1983, Ray Weldon and I went to Yunnan Province, China to study
the Red River and related faults. A summary of our accomplishments in the field
appeared in the a previous "Summaries..." volume.

Since our previous summary, we have (1) submitted most of the radiocarbon
samples for analysis and (2) hosted 3 of our Chinese colleagues during a one-month visit
to Caltech this Spring. The radiocarbon dates will be available by mid-summer, and
analysis of the paleomagnetic samples was undertaken by the Chinese and Weldon during
their one-month visit. The Chinese also brought a number of soil samples we collected
from a faulted alluvial fan. The fan contains carbon that is currently being dated.
Graduate student Emelia Burt will study the chemistry of these soils at the University of
Maryland this summer. These data will enable us to begin to characterize the rate and
nature of soil formation in southern China.

79



T-2

Seismicity and Tectonics
9920-01206

William Spence
Branch of Global Seismology and Geomagnetism
U. S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 234-4041

Investigations.

Studies carried out under this project focus on detailed investigations of
large earthquakes, aftershock series, tectonic problems, and earth
structure. Studies in progress have the following objectives:

1. Provide tectonic setting for and analysis of the 1977 Sumba earthquake
series (W. Spence).

2. Provide tectonic setting for and analysis of the 1974 Peru gap-filling
earthquake (W. Spence, C. J. Langer, and J. N. Jordan).

3. Determine faulting parameters for aftershocks of the great (MS 7.7)
Colombia earthquake of December 1979 and infer rupture characteristics of
the main shock (C. Mendoza)

4. Determine the maximum depth and degree of velocity anomaly beneath the Rio
Grande Rift and Jemez Lineament by use of a 3-D, seismic ray-tracing
methodology (W. Spence, R. S. Gross, and L. H. Jaksha).

Results.

1. The great (M, = 4 x 1028 dyne-cm), normal-faulting Sumba earthquake of
1977 occurred at the Java Trench, just west of the zone where the
Australian continental lithosphere is in collision with the Java arc.
Aftershocks of the Sumba earthquake have been relocated by the joint
hypocenter method and occur in two zones: an east-west trending zone,
mostly east of the main shock, and a triggered northwest=-southeast-
trending zone located about 180 km northwest of the main shock. Focal
mechanism data for the aftershocks in the main shock zone and in the
triggered zone combined with study of the detailed tectonic setting
support the conclusion that both the Sumba main shock and the triggered
group of earthquakes occurred directly as a result of slab pull. The main
shock may be part of a continuing process of detachment of the subducted
oceanic lithosphere from the Australian continental lithosphere, rather
than being a simple plate-bending event.
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The great 1974 Peru thrust earthquake (MS 7.8, My 8.1) occurred in a
documented seismic gap, between two earthquakes each with magnitude of
about 8, occurring in 1940 and 1942, The stress release of the October 3,
1974, main shock and aftershocks occurred in a spatially and temporally
irregular pattern. The multiple~rupture main shock produced a tsunami with
wave heights of 0.6 ft at Hawaii and which was observed, for example, at
Truk Island and at Crescent City. The aftershock series essentially was
ended with the occurrence of a Mg 7.1 aftershock on November 9, 1974.

Three large earthquakes, occurring in 1942, 1958, and 1979, have
reruptured the zone of the single great Colombia-Ecuador earthquake (M
8.6, 8.8) of January 31, 1906. The last of these (December 12, 1979;
Mg 7.7) ruptured the northernmost part of the 1906 rupture. This thrust
earthquake was followed by numerous aftershocks as large as magnitude
5.5. A joint hypocenter relocation of these aftershocks indicates that
most of them occurred at or near the interface between the Nazca plate and
the overriding South American Plate. Long-period Love- and Raleigh-wave
spectra in the 30-80 second band, as recorded by the Global Digital
Seismograph Network, are being used to determine the fault parameters
(strike, dip, and slip) at the corresponding source depths of many of
these aftershocks. The procedure is to compare the observed spectra with
a suite of theoretical source models until a best fit is obtained. The
best fit is further constrained by taking ratios of the observed spectra
to that of a standard, reference event. The latter procedure serves to
remove perturbations of the observed spectra due to path effects. The
final set of aftershock magnitudes, hypocenters, and faulting parameters
will be used to infer the detailed rupture characteristics of the 1979
main shock and thus to provide insight into the nature of earthquake
occurrence at this segment of plate convergence.

To a depth of about 160 km, the upper mantle P-wave velocity beneath the
Rio Grande rift and Jemez lineament is 4-6 percent lower than beneath the
High Plains Province. A 3-D, P-wave velocity inversion shows scant
evidence for pronounced low P-wave velocity beneath the 240-km-long
section of the Rio Grande rift covered by our array. However, the
inversion shows a primary trend of 1-2 percent lower P-wave velocity
underlying the northeast-trending Jemez lineament, down to a depth of
about 160 km. The Jemez lineament is defined by extensive Pliocene-
Pleistocene volcanics and late Quaternary faults. The upper mantle low-
velocity segment beneath the Jemez lineament is at most 100 km wide and at
least 150-200 km long, extending in our inversion from Mt. Taylor through
the Jemez volcanic center and through the Rio Grande rift. A Backus-
Gilbert resolution calculation indicates that these results are well-
resolved.
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Tectonic Analysis of Active Faults
9900-01270

Robert E. Wallace
Office of Earthquakes, Volcanoes and Engineering
345 Middlefield Road, MS 77
Menlo Park, California 94025
(415) 323-8111, ext. 2751

Investigations

1. Evaluation of fault scarps and tectonics of the central Nevada and eastern
California seismic belts.

2. Active Tectonics--Impact on Society. A project under the auspices of the
Geophysics Study Group, National Research Council, National Academy of
Sciences.

3. International Geological Correlation Program - Active Faults of the World.
4. Investigation of active faults of Japan.
Results

1. Under the auspices of the Geophysics Study Group, National Research
Council, National Academy of Science, a symposium on "Active Tectonics--Impact
on Society" was held at the fall meeting of the American Geophysical Union. I
served as chairman and organizer of the symposium, and am serving as editor of
the NRC/NAS volume being prepared.

2. With the partial support of the Japanese Industrial and Technological
Association, I spent six weeks as a guest of the Geological Survey of Japan
examining active faults in western Japan. Among the faults examined were the
Median Tectonic Line, the Yamasaki fault, Atera fault and Tana fault. A1l of
these appear to have become active in late Quaternary time. Al1l have recur-
rence intervals for large displacement events measured in many hundreds to
several thousand years. Not all of the Median Tectonic Line is active, and
the greatest strike-slip displacement is probably no more than a kilometer in
central Shikoku.

Reports

Wallace, R. E., 1984, Variations in slip rates on faults in the Great Basin
Province [Abs.]: Seismological Sociey of America, May 29-June 2, 1984,
Anchorage, Alaska.
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Wallace, R. E., 1984, Fault scarps formed during the earthquakes of October 2,
1915, Pleasant Valley, Nevada, and some tectonic implications: U.S.
Geological Survey Professional Paper 1274-A.

Wallace, R. E., 1984, Eyewitness account of surface faulting during earthquake
of October 28, 1983, Borah Peak, Idaho: Seismological Society of

America Bulletin (in press).

Wallace, R. E. and Whitney, R. A., 1984, Late Quaternary history of the
Stillwater Seismic Gap, Nevada: Seismological Society of America, v.

74, n. 1, p. 301-314.

Hanks, T. C., Bucknam, R. C., Lajoie, K. R., and Wallace, R. E., 1984,
Modification of wave-cut and faulting-controlled landforms: Journal of

Geophysical Research (in press).

Hanks, T. C. and Wallace, R. E., 1984, Morphological analysis of the Lake
Lahontan shoreline and Beachfront fault scarps, Pershing County,

Nevada: Geology (in press).

Schultz, S. S. and Wallace, R. E., 1984, The San Andreas fault.
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Geophysical and Tectonic Investigations
of the Intermountain Seismic Belt

9930-02669
Mary Lou Zoback
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 77
Menlo Park, California 94025
(415) 323-8111, ext. 2367

Investigations

1)

2)

Compilation and analysis of worldwide principal stress data.

Investigation of crust and upper mantle structure beneath the western
United States using a combined analysis of gravity, seismic
refraction, heat flow and surface elevation data.

Results

1)

2)

A file of principal stress data determined from focal mechanisms, in
situ stress measurements, and geologic stress indicators, is being
compiled. One data set covers the North American plate including
oceanic areas and parts of the Pacific plate and includes the data
from the conterminous United States compiled by Zoback and Zoback
(JGR, 1980) as well as all new data published since that compilation.
This data set was published in Zoback and others (1984). Stress data
are also being compiled for the entire circum—Pacific region as part
of the Circum~Pacific Geodynamic Map Series. Most data were obtained
through collaboration with foreign scientists. However, some new
stress orientations were determined for Szechwan, China from analysis
of well bore breakouts measured on dipmeter logs provided by the
Petroleum Corporation of the People's Republic of China.

An integrated analysis of gravity, seismic refraction, surface
elevation and heat flow has been used to constrain crust and upper
mantle structure beneath the western United States. A simple model in
which the level of isostatic equilibrium lies at the base of a
thermally defined lithosphere has been found to fit the data quite
well. The model specifies surface elevation in terms of lithosphere
buoyancy, which is a simple function of lithospheric thickness, the
difference between mean lithosphere and asthenosphere density, and a
constant related to the level to which asthenospheric material would
rise if not overlain by lithosphere. This latter constant is obtained
using a mid-ocean ridge as a standard mass column. The crustal
component of lithosphere buoyancy is computed from density models
derived from seismic refraction studies. Mantle lithosphere density
is computed from thermal expansion using a mean lithospheric
temperature which is derived from the lithosphere base temperature,
(assumed to be 13500C) and a crust-base temperature estimate from

heat flow and heat production data. Lithospheric thicknesses computed
from buoyancy considerations for different regions in the Western
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United States are as follows: northern Basin and Range province, 55-65 km;
southern Basin and Range province, 50-60 km; Colorado Plateau, 90-100 km;
and the Southern Great Plains, 170 km. Four Long ( 1000-1500 km) gravity
profiles have been constructed to check the results of this
buoyancy—elevation model. All four profiles intersect near the center of
the Colorado Plateau, two originate in the northern Basin and Range
province and the other two cross the southern Basin and Range. The
computed lithosphere thicknesses and densities are shown to provide an
excellent fit to the gravity data and are also similar to thermal
lithosphere thicknesses that would be predicted from a simple downward
extrapolation of temperature gradients.

Reports

Zoback, M. L., 1984, State of lithospheric stress, in Drummond, K. J.,
Geodynamic Map of the Circum—Pacific Region, Northeast Quadrant,
American Association of Petroleum Geologists, Tulsa, Oklahoma, scale
1:10,000,000.

Zoback, M. L., and Lachenbruch, A. H., 1984, Upper mantle structure beneath
the western United States: Geological Society of America, Abstracts
with Programs, Fall Meeting, (in press).

Zoback, M. L., Zoback, M. D., and Schiltz, M. E., 1984, Index of stress

data for the North American and parts of the Pacific Plate: U.S.
Geological Survey, Open-File Report, 84-157, 62p.
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Surface Faulting Studies
9910-02677

M. G. Bonilla
Branch of Engineering Seismology and Geology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, Ext. 2245

Investigations

1. Statistical data related to surface faulting.

2. Appearance of active faults in exploratory trenches.

3. Field investigations of surface faulting.

Results

1. Two manuscripts relating earthquake magnitude to rupture length and fault
displacement at the ground surface were revised and prepared for publica-
tion.

2. The computer program to analyze the effect that material penetrated and
fault displacement have on the visibility of faults in exploratory trench-
es was debugged by J.J. Lienkaemper. Galley proofs of a report on a
trench across the 1915 Pleasant Valley, Nevada, fault were corrected.

3. With J.J. Leinkaemper, a field investigation was made of the October 1983
Idaho faulting with emphasis on fixing the 1imits of the surface rupture.

4. At the request of the U.S. Agency for International Development, a field

examination was made of the epicentral area of the Mg 6.2 Guinea, West
Africa, earthquake of December 22, 1983. This intraplate earthquake
occurred in a part of Guinea where no previous earthquakes have been re-
ported in either historical or instrumental records. About 275 people
were killed, 1,000 injured, and 4,000 houses destroyed.

In collaboration with geologists of the Guinean Ministry of Mines and
Geology, fresh surface faulting was identified and mapped in the period
January 12 through January 28. The surface faulting extends discontin-
uously for about 9 km with a W.N.W. concave-south trend from 11.886° N.,
13.394° W. to 11.912° N., 13.474° W. Displacement is consistently right
lateral with a maximum right slip of at least 13 cm on the principal
break. The maximum across the whole zone is no doubt greater, but could
not be measured because no fences, roads, or straight paths crossed the
whole zone. One segment of the fault has a small vertical component with
the southwest side down.

The surface faulting is probably on the causative fault. The
National Earthquake Information Service placed the epicenter at 11.950°
N., 13.605° W., approximately on line with but 15 km west of the surface
faulting. The distribution of damage suggests an epicenter near the
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surface faulting rather than at the instrumental location and the distri-
bution of rockfalls and liquefaction effects, to the extent known, is com-
patible with either location. For a strike-slip M 6.2 event the expected
surface rupture length and maximum displacement, based on empirical data
(Bonilla, Mark, and Lienkaemper report cited below), are 8 km and 0.8 m,
respectively. C.J. Langer deployed a net of 11 seismographs in the area
of the fault in mid-January. A preliminary examination by Langer of seis-
mograms of several well-recorded aftershocks indicates, based on S-P
times, that most of the aftershocks were probably originating on the fault
defined by the surface faulting. The various kinds of evidence taken
together strongly suggest that the surface faulting was on the fault that
caused the earthquake.

The faulting followed preexisting fractures, lines of vegetation, and
rare small scarps, but other topographic and geologic evidence of active
faulting was not seen in the sections that were examined. This indicates
that the faulting was on a preexisting fault, but one with a low slip
rate.

Reports:

Bonilla, M.G., Villalobos, H.A., and Wallace, R.E., 1984, Exploratory trench
across the Pleasant Valley fault, Nevada: U.S. Geological Survey
Professional Paper 1274-B, in press.

Bonilla, M.G., Mark, R.K., and Lienkaemper, J.J., Statistical relations among
earthquake magnitude, surface rupture length, and surface fault displace-
ment. (Approved by Director).

Lienkaemper, J.J., Comparison of two surface-wave magnitude scales: M in

Gutenberg and Richter (1954) and M. of Preliminary Determination of
Epicenters. (Approved by D1rector§
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Soil-Structure and Structural Response Studies
9910-02760
A.G. Brady and G.N. Bycroft

Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2881

Investigations

1.

Ambient (wind-excited) studies were completed, using temporary Spreng-
nether digital recorders, on the Great Western building in Berkeley, the
Hayward City Hall, and the Palo Alto City Hall. Dynamic computer study of
the Great Western building, Berkeley, confirms the mode shapes and fre-
quencies seen in the ambient study. The Hayward City Hall test used the
already permanently installed accelerometers. The Palo Alto City Hall
test, using temporary accelerometers, is designed to allow comparison of
the structure's dynamic characteristics before and after significant
stiffening of the 8-story tower.

The investigation of time-dependent structural response has been concluded
with a study of its application to the ductility requirements of struc-
tures during earthquakes.

Research on the effect of soil-structure interaction and differential
ground motions on the motion of structures was continued. The effect of
s0il structure interaction on the recording of accelerograms has been
studied further with a paper in preparation. Initial design of experi-
ments to verify corrections of accelerograms for soil structure interac-
tions was made. These experiments are to be made in conjuction with
experiments planned by S.R.I. International, who will be testing an
explosive device aimed at simulating earthquakes.

Results

1'

2.

The selected locations for temporary accelerometer placement for the
ambient study at Great Western are confirmed as the desirable location for
permanent instrumentation, which will be installed in FY 84, Three trans-
lational modes and one torsional mode of vibration are identified by
ambient and dynamic computer studies. Structural behavior during a strong
earthquake will involve all these modes.

The ductility factor for a specific structure during an earthquake is a
measure of how much ductility is demanded of a structure during an
earthquake, and may reach the value of four, for example, indicating that
the inelastic displacements within the structure were four times larger
than when the elastic limit was reached. The results of the described
investigation on structural response indicate, for example, that on the
average, such a structure will enter the inelastic regime not only once
but for a total of eight cycles of response.
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3. The differential array of accelerometers at Hollister, California was
completed. An analytical solution to the impact of an elastic column on
an elastic halfspace was developed. An analytical solution to the motion
of a truncated wedge dam including soil structure interaction when sub-
jected to simulated earthquakes was determined and it was shown that an
optimum design is achieved when the trapezoidal section of the dam has the

form of a triangle.

Reports

Bycroft, G.N., and Mork, P.N., Seismic Response of a Trapezoidal Section Dam
Including Soil Structure Interaction, to be submitted to The Journal of

Farthquake Fngineering and Structural Dynamics.

Perez, V., and Brady, A.G., 1984, Reversing cyclic demands on structural
ductility during earthquakes, Proceedings of Applied Technology Council
Seminar on Farthquake Ground Motion and Building Damage Potential, San

Francisco, in press.
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Holocene and Quaternary Geologic Studies
9540-03787

Robert 0. Castle
Branch of Western Regional Geology
345 Middlefield Road MS 975
Menlo Park, CA 94025
(415) 323-8111, ext. 2293

Investigations

1. Completed studies of uplift across the Long Valley caldera, California,
during the period 1905-1983, with an emphasis on recent (post-1975) activity.

2. Continued investigations of the magnitude and predictability of the
unequal refraction error in geodetic leveling based on an examination of the
historic record and the results of several recent experimental studies.

3. Revised and corrected edited and reviewed versions, respectively, of
reports on the southern California uplift and its early-20th-century analogue.

Results

1. Our examination of the results of repeated levelings through the Long
Valley area indicate that the post-1975 uplift centering on the resurgent dome
probably is unique within this century--certainly with respect to its
magnitude. Although a dramatic and apparently aseismic down-to-the-northwest
tilt of the order of 10 urad occurred over the reach between Toms Place and
Lee Vining during the period 1914-1932, it was apparently of tectonic origin
and cannot be directly associated with magmatic activity within the caldera.

Reports

Castle, R. 0., Estrem, J. E., and Savage, J. C., Uplift across Long Valley
caldera, California: 27 ms. p., 10 figs., 1 table (approved by
Director); submitted to Journal of Geophysical Research.

Castle, R. 0., Brown, B. W., Jr., Gilmore, T. D., Mark, R. K., and Wilson, R.
C., 1983, An examination of the southern Califoria field test for the
systematic accumulation of the optical refraction error in geodetic
leveling: Geophysical Research Letters, v. 10, no. 11, p. 1081-1084,

Castle, R. 0., Church, J. P., Yerkes, R. F., and Manning, J. C., 1983,
Historical surface deformation near Oildale, California: U.S. Geological
Survey Professional Paper, 1245, 42 p.
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Late Quaternary S1ip Rates on Active Faults of California
9910-03554

Malcolm M.Clark
Branch of Engineering Seismology and Geology
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2591

Investigations

1. Compile a table and map (1:1,000,000) of late Quaternary slip rates for
faults of California from published and unpublished data. The following
U.S.G.S. geologists act as evaluators and compilers for specific regions:
North Coast Ranges, J. J. Lienkaemper, K. R. Lajoie, K. K. Harms, J. D. Sims,
J. A. Perkins; Transverse Ranges and L. A. Basin, J. I. Ziony, A. M.
Sarna-Wojcicki, J. C. Matti, J. C. Tinsley; Peninsular Ranges, J. [. Ziony;
Salton Trough, R. V. Sharp; Mojave Desert, Great Basin, and Eastern Sierra
Nevada, M. M. Clark; Cascade-Modoc Plateau, K. K. Harms, and D. S. Harwood.
tEdited by K. K. Harms, J. J. Lienkaemper, M. M. Clark, and J. I. Ziony.

2. Detailed study of Nunez fault and local geology northwest of Coalinga to
determine extent of fault and its history. Nine leveling lines across the
fault were remeasured (Rymer, Harms, Lienkaemper, Clark).

3. Determine age of five nested fluvial terraces of Tres Pinos Creek at
Calaveras fault, south of Hollister, California. Formation of these terraces
is related to lateral and vertical displacement along the Calaveras fault.

The investigation concentrates on detailed soil descriptions and analyses and
will yiela late Quaternary slip rates. The soils will also be useful in other
slip-rate studies nearby and in the San Francisco Bay region. T. C. Hanks and
R. E. Wallace will investigate the relation of inter-terrace scarp profiles to
scarp age at this site (J. W. Harden, K. K. Harms, S. N. Hoose, M. M. Clark).

4. Help map and photograph surface ruptures of the October 28, 1983, Borah
Peak, Idaho, earthquake (M. M. Clark).

Results

1. Our table and map of late Quaternary slip rates for faults of California,
completed in January, 1984, will appear in successively revised editions as
better data come forth and new sites are measured. Each contributor is
responsible for compiling, calculating, interpreting, and evaluating the slip
rates for all available sites within a specific geographic area of the State.
We have tried to be both informative and judgmental about each slip rate.
Where possible, we report or estimate minimum and maximum values of both slip
and age of offset features as allowed by the measurements at each site. We
then use the resulting range of values to calculate the probable range in slip
rate. In addition, each contributor makes a qualitative estimate of the
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reliability of the slip and age estimates on the basis of the data and methods
used. Although our evaluations are individual and may be somewhat arbitrary,
we believe that our informed opinions form a valuable part of the table.
Sources and comments for each site will allow users to evaluate the original
data and methods by which we or the quoted source derived the slip rates.

The resulting table lists about 150 entries showing consistent ranges of
values for a given style of faulting within structural-physiographic
provinces, but distinctly different values between some provinces and between
different styles of faults in the same province.

2. The Nunez fault, which experienced surface rupture on June 11, 1983 in
association with an aftershock of the Coalinga earthquake sequence, has an
apparent total length of 4.2 km; 3.3 km of this length ruptured in 1983. The
fault lies in Cretaceous fan deposits of the Great Valley sequence, which is
locally broken by other short (<4 km) faults subparellel to the Nunez fault.
Of interest for the history of movement along the Nunez fault is the presence
of Quaternary terrace deposits that have been vertically offset about 17 m by
movement on the Nunez fault. Age of the terrace deposit is unknown, but is
inferred to correlate with a period of increased precipitation during the late
Pleistocene.

Results from remeasurement of nine leveling lines across the Nunez fault
indicate that afterslip has added to the total vertical displacement. In the
last measurement period (July 27, 1983 to January 30, 1984) one line
experienced 26 mm of vertical offset across the fault. Earlier statements, in
Summaries of Technical Reports, volume XVII, indicated that vertical
displacement measured on the leveling lines was due to renewed rupture of the
fault by subsequent aftersnocks >M_ 5.0. However, in light of the last set
of measurements, a different process is envisioned. The good fit of all
leveling data and initial field measurements plotted on a logarithmic time
scale indicates that all offset along the fault was probably due to initial
rupture on June 11 and afterslip (with no contributions from subsequent
aftershocks). Afterslip on the Nunez fault is one of the few cases of well-
documented afterslip on a reverse fault.

3. During the late Pleistocene, Tres Pinos Creek produced at least three
distinct nested terraces, which are composed of coarse gravels intermixed with
fine sands overlain by well-sorted silts and sands. Soils developed in the
upper 2-3 m suggest the major terraces are about 10-15, 30-60, and 80-100
thousand yr B.P. in age. Offset related to the youngest terrace infers that a
major strand of the Calaveras fault has slipped at a rate of between 3 to 11
mm/yr during Holocene time. Vertical movement probably also occurred during
this time.

4. Investigations by D. J. Ponti and M. M. Clark helped establish a southern

1imit of tectonic ruptures south of Elkhorn Creek. S. K. Plymell and Clark
found and mapped diverging ruptures in Antelope Flat.
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Holocene Styles of Surface Faulting
Along the Creeping Segment of the
San Andreas Fault, San Juan Bautista

21335

W. R. Cotton, N. T. Hall, and E. A. Hay
Foothill-De Anza Community College District
Los Altos Hills, California 94022
(415) 948-8590

Investigation

This project is designed to recognize and evaluate localities along the
creeping segment of the San Andreas fault capable of yielding information
about 1) characteristics of the style of rupturing in a creeping segment

(as opposed to locked segments), 2) slip rates for creep that extend back
into pre-historic time, and 3) recurrence interval determinations if discrete
rupture events are recognizable.

Results

1. All field work conducted as part of this investigation was summarized in
Volume XVII of the Summaries of Technical Reports, December 1983.

2. Of attempts to age-date three paleostream channels located during trenching,
only one radiocarbon age, 420 - 90 years B.P., has thus far been determined.

This age is for a cobble channel that is tectonically offset approximately 20
feet. Either the creep rate Qere was considerably slower prior to 1885 than it
was since, or the age of 420 - 90 years B.P. is much too old. Although we
believe the latter to be most likely, several more charcoal samples are being
evaluated in order to clarify the discrepancy between a well determined average
creep rate of 34-35 mm/yr. since 1885 and the average value of less than iS mm/yr.
indicated after dendrochonologic corrections are made for the age of 420 - 90
years B.P.

3. Twenty (20) small charcoal samples are presently being evaluated by using the
accelerator technique. Results are expected in June, 1984. Seven (7) of these
are from the paleostream channels themselves, and thirteen (13) are from older
fan sediments into which the channels were incised.

Reports
Hall, N. T.,lgay, E. A., and Cotton, W. R., 1984, Problems in the application

of C dates to slip rate determinations of the San Andreas fault:
Seismological Society of America, Abstracts and Program.
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Seismic Hazard Investigations
in the Pacific Northwest

21861, 21862

R.S. Crosson
S.D. Malone
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

I cigati

1. Operation and routine preliminary analysis of the western Washington
regional seismograph network.

2. Study of hypocenter mislocations for a regional or local seismograph net-
work due to lateral or 3-dimensional structural variations and application to
the Washington seismograph network.

3. Interpretation of Pn observations for both eastern and western Washing-
ton.

4, Development and implementation of automated processing for digital net-
work data.

5. Crustal structure determination in the vicinity of Mt. St. Helens and in
the greater Puget Sound region from earthquakes and explosions recorded digi-
tally on the local and regional networks.

6. Locations, focal mechanisms and occurrence characteristics of subcrustal
earthquakes beneath western Washington in relationship to possible active
subduction.

7. Automated spectral analysis of digital seismic data for determination of
source parameters for local earthquakes in the Pacific Northwest.

Results

1. Network operation for stations in western Washington, eastern Washington,
and northern Oregon continued normally. No unusual regional earthquake
activity was recorded outside of the Mt. St. Helens region. Some effort was
expended to assist in recording aftershocks from the Borah Peak earthquake of
October 28, 1983. 1In early February earthquake swarm activity at Mt. St.
Helens increased to the point of creating an eruption alert; however the
eruption was predominantly endogenous with only a small lobe being added to
the composite dome. Again in late March, a dome building episode was accom-
panied by a significant increase in small earthquake activity.
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2. A linearized travel-time prediction program for a layered structure with
superimposed 3-dimensional slowness perturbations forms the basis for study-
ing mislocation errors in structures with laterally varying velocity. Artif-
icial data were generated with the 3-dimensional structure and relocated with
a conventional layered model. Quantitative evaluation of the mislocation
errors is possible and we have demonstrated, using the Bear Valley area as an
example, that the predicted errors agree with observed errors. A preliminary
evaluation of possible 1location errors for the Puget Sound region has been
performed.

3. A joint P/S layered structure inversion program was developed to use
earthquake and explosion arrival times for providing additional constraint on
structure determination where high quality S arrivals are measured. This
method uses coupled P and S models, and makes use of an an independently
determined VPVS ratio.

4, A new algorithm for phase picking has been developed and incorporated
into an automated processing program for digital network data. Work is con-
tinuing to fully automate the network processing by providing additional
feedback between the picking and locating elements. An important aspect of
the automated processing is a quantitative and consistent estimate of phase
picking errors, presently implemented for P waves only. All procedures are
currently being run in test mode or utilized for special studies. We view
these efforts as being important in the long range to improve the quantity,
quality and consistency of network data analysis. In current work on struc-
ture inversion, for example, we are utilizing auto-picked phase data and we
believe superior results are possible in comparison to hand picked data.

5. Using the joint P/S inversion program, crustal structure at Mt. St.
Helens was inverted from both earthquake and explosion arrival times. The
incorporation of S phases offers significantly greater stability to the
modeling process than the use of P phases alone. Our final model indicates
that the P velocity in the vicinity of St. Helens rises rapidly to about 6.1
km/sec at 1 km depth (very high shallow velocity) and then increases slowly
in approximately a linear fashion to about 6.5 km/sec at 20 km depth. In
comparison with the Puget Sound region, higher velocities are reached at
shallower depths but mid-crustal values are lower. Digitally recorded net-
work data are being assembled and reprocessed for crust and upper mantle
structure inversion in the greater Puget Sound region. The structure inver-
sion effort is preliminary to undertaking a careful analysis of deep earth-
quake seismicity.

6. Results from the Pn analysis reinforce the. existence of significant
differences in structure between eastern and western Washington. East of the
Cascade Range, Pn velocity averages 8.18 +/- 0.02 km/sec, whereas the average
for western Washington is T7.77 4/~ 0.02 km/sec. Anisotropy appears to be
significant east but relatively unimportant west of the Cascades. Calculated
Moho dip east of the Cascades, assuming no lateral change in crustal velo=-
city, is about 0.7 degree whereas the calculated regional dip for the west is
about 2.1 degrees in a southeasterly direction. There is thus little evi-
dence in the regional Pn data for Moho dip associated with a dipping slab
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beneath western Washington.

T. Routines for determining seismic source parameters from digital seismic
data are currently being implemented and tested. A synthetic source spectrum
is fit to the ampitude density spectrum for P, S, and Coda waves corrected
for instrument response and Q. All events located by the routine processing
will ultimately have source parameters determined by this process. Obtaining
and maintaining good station calibration is a major part of this effort.

Reports

Crosson, R.S., and D. Hesser, 1983, An algorithm for automated phase picking
of digital seismograms from a regional network, (abs) EOS, 64, p 775.

Univ. of Wash. Geophysics Program, 1984, Seismicity of the Washington and
Northern Oregon Cascades, October 1 through December 31, 1983, Quart.
Tech. Rept. 83-D, 10p.

Wu, S., 1983, Earthquake mislocation due to 1lateral heterogeneity: M.S.
Thesis, Univ. of Washington.

Wu, S., and R.S. Crosson, 1983, Effect of lateral heterogeneity on earthquake
locations (abs), EOS, 64, p 775.

Zervas, C., 1984, A Time-Term analysis of Pn Velocities in Washington, M.S.
Thesis, Univ. of Washington (in prep).
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Activity of the Santa Ynez Fault:
Continuation of Investigations

Contract Number: 21367
Principal Investigators: Arthur C. Darrow
Dames & Moore
812 Anacapa Street, Suite A
Santa Barbara, California 93101
(805) 963-9676
and Arthur G. Sylvester
Department of Geological Sciences
University of California
Santa Barbara, California 93106
(805) 961-3471

Investigations

1. This study is a continuation of our previous investigations (Darrow and
Sylvester, 1982) which demonstrated late Quaternary activity on the central
reach of the Santa Ynez fault. In our current study we have excavated several
trenches parallel and perpendicular to the fault (see Figure 1) in order to
assess the magnitude, direction and timing of recent slip events on the fault.

Results

Detailed examination and logging of the faulting relationships exposed
in the trenches allow the following interpretations:

1. The most recently active trace of the Santa Ynez fault offsets deposits of
the first three emergent stream terraces of the Santa Ynez River.

2. Stream deposits in the present river channel are not offset by the fault.
3. Recent movements along the fault have been dominated by left separation.
4, Evaluation of a buried stream bank in the vicinity of the fault suggests a

minimum of four meters of left separation in the latest Pleistocene and Holocene
time.

5. A comparison of the soils developed on the stream terraces at the trenching

site with well-dated terraces along the Ventura river suggests that the youngest
terrace deposits offset by the fault are mid to late Holocene in age.
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Tectonics of Central and Northern California
9910-01290

William P. Irwin
Branch of Engineering Seismology and Geology
U. S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
415 323-8111, ext. 2065

Investigations

1. Tectonic accretion of allochthonous terranes of northern
California, including delineation of plutonic belts through use
of isotopic ages and other data, and integration of other tectonic
features.

2. Utilization of aerial photography to correlate geologic features
that were mapped along ground traverses made during the previous
report period in the Rattlesnake Creek and Hayfork terranes of the
Hyampom and Dubakella Mountain 15-minute quadrangles, southern
Klamath Mountains.

3. Relations between seismicity and crustal out-gassing of carbon
dioxide: collaboration with Ivan Barnes. Color proof for a map
showing the global spatial relations between out-gasssing of
carbon dioxide and major zones of seismicity was approved for
printing as an [-series map.

4. Paleomagnetic study of Permian and younger strata of the Eastern
Klamath terrane: collaboration with E. A, Mankinen and
C. S. Gromme.

Results

Much effort was made to determine the times of rotation of the
Klamath terranes relative to the time of their accretion to North
America. That relationship indicates whether the rotations occurred
while the terranes were parts of oceanic plates or while part of the
North American continent. The results of our studies suggest that
nearly all the rotation of the Klamath terranes had occurred by Early
Cretaceous time while the terranes were parts of oceanic plates. The
plutonic belts and other components of the terranes must originally
have been orientated much differently than now, relative to stable
North America. Based on the available data, the primitive nucleus of
the Klamath Mountains province, the Eastern Klamath terrane, was part
of a volcanic island arc that faced SW during early Paleozoic time.
Underplating of the Eastern Klamath terrane by hornblende and mica
schists of the Central Metamorphic terrane was caused by subduction of
a NE-moving plate beneath the arc during Devonian time. Deposition of
a tnick prism of flysch-like strata (Bragdon Formation) followed
during Mississippian time, with volcanism (Baird Formation) becoming
important again in Late Mississippian to Early Permian time. A
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carbonate reef (McCloud Limestone) formed along the arc during Early
Permian time and was partly contemporaneous with the Permian Dekkas
Andesite and comagmatic plutons of the McCloud plutonic belt. The arc
continued to face SW until latest Triassic or earliest Jurassic time,
and then rotated approximately 50° clockwise to face westward during
much of Early to Late Jurassic time. Volcanism and deposition
continued in the Eastern Klamath terrane during the Early and Middle
Jurassic. The Western Paleozoic and Triassic and the Western
Jurassic terranes sequentially sutured to the developing W-facing
Klamath terrane during the Middle and Late Jurassic, accompanied by
intrusion of plutons. During latest Jurassic and possibly earliest
Cretaceous time the arc rotated an additional 50° clockwise to attain
nearly its present NW-facing orientation by the time it accreted to
North America.

Reports
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Ground Response Along The Wasatch Front
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Kenneth W. King
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 234-5087

Investigations

The objective is to improve fundamental knowledge about how the ground
response along the Wasatch Front is effected by local and regional geology.
Response data have been acquired in the Salt Lake City, Ogden, Provo, Logan,
and Cedar City areas. Preliminary soils and shallow unconsolidated sediment
data are being correlated with the response data.

A cooperative agreement was signed with the Kansas Geological Survey.
The cooperative investigation is to develop and test shallow P- and S-wave
reflection techniques. The investigation is to take approximately 1 year at
test sites in Kansas, Denver, and the Wasatch area.

The general goals and organization were worked out for the urban hazards
investigation. A committee selected several types of seismic equipment for
future site investigations. Specifications of several seismic systems were
compared for future references.

The ground motion and urban hazard investigations in Salt Lake City were
expanded to include strong motion studies. A cooperative strong motion
program with the Utah Geological and Mineral Surv<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>