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Seismicity and Related Data for Hazard Analyses
9950-02145

S. T. Algermissen
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4014

No report received
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Reanalysis of Instrumentally-Recorded U.S. Earthquakes
9920-01901

J. W. Dewey
Branch of Global Seismology
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

1. D. Gordon has completed relocation of 240 instrumentally recorded earthquakes
that occurred in the central U.S. (between 85° W. and 104° W.) in the period
1930-1980 and that had magnitudes (m 1 ) of 3.0 or greater. The completeness of
this catalog of instrumentally recorgeﬁ earthquakes may be estimated by comparing
it with catalogs of felt earthquakes, most of which would have had magnitudes
greater than 3.0. For 1930-1960, only about 5 percent of felt earthquakes

listed by Nuttli (1979, Geological Society of America, Reviews in Engineering
Geology, volume IV, p. 67-93) could be located with instrumental data. For
1960-1969, we were able to instrumentally locate about 50 percent of the felt
earthquakes reported by Nuttli, and we relocated over 75 percent of the shocks

in Nuttli's list for 1970-1975. For 1976-1980, nearly 95 percent of felt
earthquakes reported to the National Earthquake Information Service of the USGS
could be located with instrumental data. For the entire period 1930-1980, the
largest earthquakes that could not be instrumentally located occurred in the
1930's and had m z 4.7, as estimated from the total felt areas reported in
Nuttli's catalog.

2. Seventy-five percent of Gordon's reliably determined focal depths are
shallower than 10 km. The percentage of shocks computed to be shallower than

10 km is nearly identical to that computed for the United States and adjacent
Canada east of 85° W. (see report for this project in USGS Open-File Report 81-167,
Summary of Technical Reports, National Earthquake Hazards Reduction Program,
volume IX, p. 9-10). The focal depths computed for Central U.S. earthquakes

are additional support for the hypothesis of Sbar and Sykes (1977, Journal of
Geophysical Research, p. 5771-5786) that small and moderate shocks having depths
greater than 10 km are atypical in eastern North America and may indicate the
presence of deep-seated fractures capable of causing large earthquakes.
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Strong Ground Motions in Two Seismic Gaps: Shumagin Islands, Alaska,
and Northern Lesser Antilles, Caribbean

14-08-0001-19744
K. H. Jacob, and W. R. McCann

Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964

Investigations

A program to establish a strong-motion recording capability in two
seismic gaps has been implemented. A total of 12 stations in the
Shumagin seismic gap, and one on Unalaska Island, eastern Aleutian arc
of Alaska, are now operative since August 1981. 1In the seismic gap in
the northeastern Caribbean a total of 5 SMA sites are operated since
early 1981. 1In the Shumagin gap 10 strong motion instruments are now
interfaced with the network to transmit exact SMA-trigger times to the
central recording site. Furthermore, time-code generators were
installed at a total of 12 sites that print internal time on any
future records.

Results

A magnitude 5.3 event on August 23, 1980 provided a test for the then

partly installed Shumagin Island strong motion network. Central
monitoring of SMA operation indicated 4 triggered instruments from
this event. A total of six records were retrieved from the remote

stations during the summer field season of 1981.
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National Earthquake Catalog
9920-02648
J. N. Taggart
Branch of Global Seismology
U. S. Geological Survey

Denver Federal Center, MS 967
Denver, Colorado 80225

(303) 234-5079

Investigations

1. Coordinate the preparation of a national earthquake
catalog.

2. Collect earthquake event lists for the catalog and check
them against original sources.

3. Confirm locations and origin times and estimate magni-
tudes of poorly described western United States earthquakes
that occurred between 1920 and 1960.

Results

1. The design and development of software for the project
data base has advanced to the point where preparation of
standardized files can begin during the next reporting
period. W. H. K. Lee and J. N. Taggart discussed events
list data bases at meetings in Golden, Colorado, in August,
1981. Lee uses the universal data base format available on
the SLAC Computer at Stanford. Taggart designed a specific
data base which can be used on VAX computers. Minor adjust-
ments in parametric dimensions were made that will permit
transfer of data between the data bases. The VAX data base,
developed by Glen Reagor, contains a main character-string
file of parameters, error estimates and references keyed
chronologically to the combined date-origin time. The pre-
ferred data set for individual earthquakes is indicated by a
flag. An editing program, developed to overcome many data
entry errors, automatically replaces or deletes designated
parametric substrings. More limited files, also keyed to
date-origin time, contain comments, statistical data, focal
mechanisms, source parameters and pointers to associated
phase and waveform data.

Carl Stover and his coworkers (Project 9920-01222) con-
tinue to make excellent progress in the preparation of state
seismicity maps. They have now published or have in review
maps for all states east of the Rocky Mountains and are
checking event lists for the tier of states from Montana to
New Mexico. The event listings from the state seismicity
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maps, augmented by many additional parameters, will be the
preferred data set for a majority of the earthquakes in the
data base.

2. The collection, verification and correction of event
lists for the catalog continues to be given the highest
priority because the data base and research on estimation of
errors depend upon these listings. Carol Thomasson and
Frank Baldwin checked an additional 19,000 listings against
original references during this reporting period, bringing
the total number of verified earthquake listings to 41,000,
exclusive of California. Taggart checked intensity refer-
ences for about 3000 earthquake listings in the Rocky Moun-
tains region. Karen Meagher assembled phase data for 200
California earthquakes with ML > 5 that will be relocated by
W. H. K. Lee. -

3. Lee has made preliminary HYPO79 relocations of 200 Cali-
fornia earthquakes with ML > 5. These preliminary results
should provide information on data quality and aid the
development of schemes for weighting phase arrrival times
and distribution of stations.

Taggart and Baldwin have identified nearly 400 earth-
qguakes in a 1938 - 1939 sequence that occurred 1in
southwestern New Mexico. Phase arrival times and amplitudes
at the Tucson Observatory (TUO) were used to improve epi-
center locations and origin times, and estimate magnitudes
for more than 100 of the earthquakes. The TUO seismograms
also were useful for separating spurious events from previ-
ous listings of the sequence.
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Preparation of Isoseismal Maps and Summaries of
Reported Effects for Pre-1900 California Earthquakes
Contract No. 14-08-001-19200

Tousson R. Toppozada, Charles R. Real, and David L. Parke
California Division of Mines and Geology
2815 '"O" Street
Sacramento, California 95816
(916) 322-9309

This is the third annual report of a three year project to clarify the
earthquake history of California for the period before 1900. One hundred and
thirty seven earthquakes were studied. Nearly twelve thousand newspaper
issues were searched for earthquake reports. About one quarter of the issues
searched have provided earthquake reports. Summaries of these reports,
emphasizing the information used to assign Modified Mercalli intensities, are
appended to the report. The strength and spatial distribution of the
reported earthquake effects were used to estimate the magnitude and
epicentral location of the earthquakes. The report provides one hundred
isoseismal maps showing the distribution of the intensity reports which
control the estimates of magnitude and epicenter.

The epicentral distribution of pre-1900 earthquakes is generally similar
to that of twentieth century earthquakes. Comparison with the Epicenter Map
of California (Real et al., 1978), which displays post-1900 epicenters, shows
that the following areas were more strongly affected by earthquakes before
1900 than after 1900:

AREA DATE MAGNITUDE Imax
San Diego County 24 February 1892 6.7 VIII-IX
Santa Barbara Channel 21 December 1812 7.1 VIIL
Los Angeles County 8 December 1812 6.9 VII
Los Angeles County 9 February 1857 7.9 IX+
Inyo County 26 March 1872 7.8 IX+
Western Stanislaus County 10 April 1881 5.9 VI
East San Francisco Bay Jun.1836 & Oct.1868 6.8 VIII & IX+
Yolo and Solano Counties 19 April 1898 6.4 X
San Pablo Bay 31 March 1898 6.2 IX
Mendocino County 15 April 1898 6.4 X
Lassen and Plumas Counties 24 January 1875 5.8 VII
Del Norte County 23 November 1873 6.7 VIII
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Other significant findings include information suggesting surface faulting,
that was not previously recognized, during the following earthquakes:

DATE

11-31 October 1800
8 October 1865

2 February 1881

3 June 1887

19 May 1889

24 February 1892

19 April 1892

20 June 1897

25 December 1899

M

6.3
5.6
6.3
6.0
6.7
6.4
6.2
6.6

Imax

VII

IX

VIII
VIII
VIII
VIII-IX
IX
VIII-IX
IX

POSSIBLE FAULT RUPTURE

San Andreas, Santa Cruz County

San Andreas, Santa Cruz County

San Andreas, Monterey County

Near Carson City, Nevada

Antioch, Contra Costa County

Near Jacumba, San Diego County

Between Vacaville & Winters, Solano County
Calaveras,Santa Clara County

San Jacinto, Riverside County

Serious doubts have been raised as to the occurrence of an earthquake
reported to have caused fault rupture on the Big Pine fault in southern

California in 1852.

The 1869 earthquake that was reported to have ruptured the

Olinghouse fault in western Nevada about 30 kilometers to the northeast of
Reno, appears from the felt effects to be centered about 20 kilometers south of
Reno. The 1875 earthquake that was reported to have ruptured the Mohawk Valley
fault zone in northeastern California appears from the felt effects to be
centered about 50 kilometers to the north, near Honey Lake Valley.

Some earthquakes that were previously thought to be destructive were proven
to be small, and other large earthquakes were identified for the first time.
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Regional and National Seismic Hazard and Risk Assessment
9950-01207

S. T. Algermissen
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4014

Investigations

1.

Assessment of sensitivity studies of regional probabilistic ground motion

values to changes in the following input parameters:

A. Finite fault rupture models
1) Fault rupture length
2) Multiple fault spacings and rupture length variability
3) Site-to-source rupture aspect for homogeneous rupture regions

B. Various published ground motion attenuation models.

C. Parameters of magnitude-frequency relationships as a function of

catalogue completeness and fitting technique.

2.

Continued analysis of regional seismic source zones of the country with

particular emphasis on the Pacific Northwest and Great Basin regions.

3.

Continued investigation of the correspondence between average large-

earthquake recurrence intervals developed from analysis of historical
seismicity and those developed from field investigations of fault slip.

4.

Collection of 1980 census data for economic loss studies in selected

cities in the western and midwestern United States.

5.

Refinement of data obtained from a field study of Modified Mercalli

Intensities of the April 26, 1981 Westmorland, California earthquake.

6.

Calculation of probabilistic seismic liquefaction intensity maps for

southern California for three different return periods. The calculation used
a liquefaction intensity attenuation devised by Youd (9950-01629).

7.

Review of intensity data for earthquakes in central Washington is

underwaye.

8.

Intensity data for damaging earthquakes in the Mississippi Valley are

being reviewed in connection with a FEMA supported disaster preparedness study
in the Midwest. A maximum Modified Mexcalli intensity map is being
constructed for the Mississippi Valley.
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Results

l. Sensitivity studies resulted in an improved probabilistic ground motion
model for those regions in which fault ruptures are expected but where faults
have an arbitrary location. The improved model was used in recalculation of
ground motion values for areas east and west of the Wasatch fault, the Nevada
Seismic Zone, central and southern California and western Montana. These
recalculations have been incorporated into the new national seismic hazard
maps.

Because of the controversy over ground motion attenuation in the east, tables
were prepared comparing ground motion values for various attenuation functions
and fault rupture models for the New Madrid and Charleston areas. These and
other studies are contributing to an evolving text supporting the new national
seismic hazard maps.

Two other related texts are in technical review; one describes a revised
probabilistic ground motion computer program, the other is a detailed analysis
of the consequence of fault-rupture models in ground motion hazard estimation.

2. A text that summarizes a series of meetings convened to provide the
project with a consensus viewpoint on new information and other factors to be
considered in seismic source zone determination is in technical review.
Regionalization of the Basin and Range Province according to age of fault
displacements has been revised and updated in a second text that is now in
technical review.

The seismotectonic and geologic basis for the seismic source zones used in
production of the new national probabilistic hazard maps is being compiled for
publication. The neotectonic evolution of the Pacific Northwest is being
studied, making use of additional data that has become available as a result
of reactor siting investigations.

3. A series of maps have been prepared for the Basin and Range Province
showing historical seismicity, strain-release, and probabilistic ground motion
values. Comparison of these maps to such geologic information as age-of-
faulting, geologic recurrence of faulting events and products resulting from
field investigations of fault slip is in progress.

4. Data entry and development of utility programs for handling large files of
census information have been developed.

5. Evaluation of Modified Mercalli Intensity for the April 26, 1981
Westmorland, California earthquake has been completed. The maximum intensity
was VII (in Westmorland and Calipatria). The felt area did not differ
significantly from the areas shaken in 1979 (ML = 6.6) and in 1940 (M = 7.1).

6. Calculation and computer plotting of probabilistic seismic liquefaction
intensity maps for return periods of 100, 500 and 2500 years has been
completed and the maps have been turned over to project 9550-01629. These
maps are expected to give a more complete description of liquefaction hazard
than the liquefaction "opportunity” map technique.

10
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7. Intensity attenuation in Washington east and west of the Cascades is being
investigated. The intensity data from twelve Washington earthquakes and nine
shocks from adjacent states have been studied. Preliminary results have not
revealed any significant differences in areas shaken east and west of the
Cascades.

Reports

Algermissen, S. T., and Steinbrugge, K. V., 1981, [abstract], Estimation of
earthquke losses, in, Hays, W. W., ed., Proceedings of conference XIII,
Evaluation of regional seismic hazards and risk, 25-27 August, 1980: U.
S. Geological Survey Open-File Report 81-437, p. 162-163.

Algermissen, S. T., Thenhaus, P., Askew, B., 1981, [abstract], New
Probabilistic hazard maps for the United States, in, Hays, W. W., ed.
Proceedings of Conference XIII, Evaluation of ReéTShal seismic hazards and
risk, 25-27 August, 1980: U. S. Geological Survey open-file report 81-
437, p. 137.

Barnhard, L. M., Thenhaus, P. C., and Algermissen, S. T., 1981, [submitted],
Letter to the Editor, Earthquake Engineering Research Institute
Newsletter, concerning the April 26, 1981, Westmorland, California
earthquake.

Khattri, K. N., Rogers, A. M., Perkins, D. M., and Algermissen, S. T., A
seismic hazard map of India and adjacent areas, [submitted], Bulletin of
the Seismological Society of America.

Perkins, David M., 1981, Effect of changing return periods on probabilistic
ground motion: Proceedings of the workshop on seismic performance of
underground facilities, Augusta, Georgia, February 11-13, 1981, 23 p. (in
press).

Perkins, D., Bender B., and Shedlock, K., 1981, Rules of thumb relating to
issues in probabilistic ground motion mapping in Hays, W. W., ed.,
Proceedings of Conference XIII, Evaluation of Regional Seismic Hazards and
Risk, 25-27 August, 1980: U. S. Geological Survey Open-File report 81-
437, p. 107-110.

Reagor, B. G., Stover, C. W., and S. T. Algermissen, 1981, Seismicity map of
the state of South Dakota, MF-1325.

, 1981, Seismicity map of the state of North Dakota, MF-1326.

Reagor, B. G., Stover C. W., Algermissen, S. T., Steinbrugge, K. V., Hubiak,
P., Hopper, M. G., Barnhard, L. M., 1980, Preliminary Evaluation of the
Distribution of Intensity (for the October 15, 1979, El1 Centro, California
earthquake), in, Rojan, C., ed., Selected Papers on the Imperial Valley,
California, Earthquake of October 15, 1979: U. S. Geological Survey Open-
File Report 80-1094.

11
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Stover, C. W., Reagor, B. G., and S. T. Algermissen, 1981, Seismicity map of

the states of Delaware and Maryland,
, 1981, Seismicity map of the state
, 1981, Seismicity map of the state
, 1981, Seismicity map of the state
, 1981, Seismicity map of the state

, 1981, Seismicity map of the state

MF-1281.

of Iowa, MF-1324.

of Minnesota, MF-1323.
of Nebraska, MF-1350.
of Oklahoma, MF-1352.

of Kansas, MF-1351.

Thenhaus, P. C., Ziony, J. I., Diment, W. H., Hopper, M. G., Perkins, D.
Hanson, S. L., and Algermissen, S. T., 1981, Probabilistic estimates of
maximum seismic horizontal ground motion on rock in Alaska and the

adjacent outer continental shelf, in, Coonrad, W., ed., United States

Geological Survey in Alaska: Accomplishments in Alaska during 1980:
S. Geological Survey Circular 844 (in press).
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Seismic Wave Attenuation in Conterminous United States
9950-01205

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

Investigations

1. Data reduction and analysis of 136 events in the magnitude range of 2.0 to
6.4, recorded on short—-period instruments throughout the United States, for
the Pg and Lg phases is in progress.

2. Data reduction and analysis of 29 NTS events recorded on strong-motion
instruments in the near-field (1 to 20 km) is in progress.

3. Data analysis of the October 10, 1980, El Asnam earthquake is in progress.

Results

1. On a regional basis, for the Northeastern United States, 50 events in the
magnitude range of 1.8 to 3.2 have been used to derive a mean y-value. The
distance range is between 30 to 400 km.

2. Preliminary results of the mean y-value distribution for L_-waves, with a
period of 1 second, have been derived from the recordings on s%ort period
seismograph systems throughout the United States. The data base used in
constructing the y-distribution consists of 136 events with magnitudes from
2.0 to 6.4, and recorded in the distance range of 1° to 40°. Six magnitude
scaling laws, on regional basis, have been derived from this data-base.

Reports

Espinosa, A. F., 1981, M; determination and horizontal ground acceleration
from strong-motion accelerograms: in the Imperial Valley, California,
earthquake of October 15, 1979: U.S. Geological Survey Professional
Paper, No. 1254.

Espinosa, A. F., and Michael, J. A., Tabulation and documentation of Lg—wave
data recorded on the LRSM stations for 136 selected events: U.S.
Geological Survey Open-File Report, [in preparation].

Espinosa, A. F., and Tongtaow, C., Aneslastic Q-distribution for Lg—waves in
conterminous United States, for journal, [in preparation].

13
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Investigation of Seismic Wave Propagation for
Determination of Crustal Structure

9950-01896

S. T. Harding
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5087

Investigations

1. Examined the potential of using a computer-generated Vibroseis® sweep to
recorrelate and improve the original seismic reflection data in the
Mississippi Embayment.

2. The track of hurricane Dennis of the 1981 hurricane season was plotted and
the microseisms for a number of stations in South Carolina, Tennessee, and
Virginia were recorded. This storm was not large enough to be recorded over
an extensive area, but the data should be helpful to determine the feasibility
of using hurricane generated microseisms as a zoning tool.

3. Worked with K. Shedlock in the processing and interpreting small boat
reflection profile along the Mississippi River from Osceola, Arkansas, to
Wickliffe, Kentucky.

Results

1. It was found that by using a computer—-generated vibroseis® sweep on the
seismic reflection data in the Reelfoot Rift, an improvement in reflection
quality below the top of Paleozoic could be achieved. The poor quality of the
original profiles seems to be more pervasive than previously thought.

2. A portion of the Mississippi River small boat survey was processed in
collaboration with K. Shedlock. A number of features can be seen in this data
including the extension of the Cottonwood Grove fault across the river south
of Caruthersville, Missouri. Another feature which was crossed was a ancient
deep river channel north of Caruthersville, Missouri.

Reports
Harding, S. T., D. P. Russ, and Norman Blubaugh, 1981, Need for optimized
seismic reflection processing in active and higly disturbed fault zones

[abs.]: Eastern Section Seismological Society of America, [in press].

Harding, S. T. and Kaye Shedlock, 1981, Mississippi River Seismic Survey
[abs.]: Eastern Section Seismological Society of America, [in press].

14
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Research Applications
9900-90027

W. W. Hays
U.S. Geological Ssurvey
905 National Center
Reston, Virainia 22092
(703) 860-6473

Investigations

1. The objective is to develop and to foster effective communication
between producers of information in the USGS's Earthquake Hazards Reduction
Program and users in Federal, State, and local governments, and the
academic and private sectors.

Results

1. USGS joined with FEMA and NOE to sponsor the 1981 Summer Institute on
Multiprotection Design, August 17-21, 1981, in Emmitsburg, Maryland.
Lectures were given to the 25 university and college professors who
attended the session on earthquake design. These lecturers focused on:

1) geologic hazards, 2) fundamentals of earthquake ground motion and the
uncertainties associated with definition of the seismic input and site
response in earthquake resistant design and 3) earthquake zoning research.

2. USGS and FEMA jointly sponsored a workshop on "preparing for and
responding to a damaging earthquake in the Eastern United States,"
September 16-18, 1981, in Knoxville, Tennessee. The workshop brought
together 75 participants representing officials of local and state
governments, scientists, engineers, social scientists, economists,
planners, and lawyers. A proceedings will be published in February 1982,
containing recommendations for imporving the state-of-preparedness to deal
with a damaging earthquake in the eastern United States.

15
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Neotectonic Synthesis of U.S.
9540-02191

Carl M. Wentworth
Branch of Western Regional Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, ext. 2474

Investigations

1. Work continued on earthquakes along the eastern seaboard of the U.S.,
including discussion and presentation at the special conference on eastern
earthquakes in Knoxville, TN, in September of a unified model of earthquake
generation along the eastern seaboard involving infrequent movement of
scattered reverse faults under northwest-southeast compression (see report
below, and Science, v. 214, p. 169, Assessing the risk of eastern U.S.
earthquakes).

2. Work continued on analysis of topography for tectonic inference,
particularly with respect to measures of relief and morphology of fault
scarps.

3. Work continued on neotectonics in the southwest, and included preliminary
compilation of a 1:2,500,000-scale map of Quaternary faults in the whole of
the basin-and-range province (now being reviewed), and (with Paul Thenhaus)
preparation of a map of seismic source zones of the same region, based on
meetings of experts held in 1979-80. Revision to bring map up to date is now
under way.

4, Work on neotectonics in central California was begun, directed
particularly at the postulate that present topography represents Quaternary
deformation of a subdued Pliocene landscape.

5. Coordinated the preparation of a proposal for deep-crustal reflection
profiling across central California that was submitted to the Deep Crustal
Studies Program of Geologic Division (Wentworth, C. M. (coordinator), 1981,
Central California deep crustal investigation, U.S. Geological Survey Admin.
Rept., 34 p.). The purpose is to explore the intermediate and deep
lithosphere across the San Andreas fault system and Coast Ranges onto the
Sierran crustal block. The initial phase proposed involves 140 km of deep
reflection line extending from west of the Hayward fault across the Diablo
Range by way of Livermore valley to the east side of the linear magnetic and
gravity high along the center of the Great Valley near Modesto. Principal
objectives of this phase are

a) to trace the Coast Range thrust to depth eastward beneath the Great
Valley and explore its relation to the buried boundary between Franciscan
and Sierran basements,

b) to explore the configuration and character of basement beneath the
western Great Valley,
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e) to explore the vertical extent and interrelations of contrasting
Franciscan tectono-stratigraphic terranes and any associated oceanic
crust, and

d) to begin to examine the subsurface expression of faults of the San
Andreas system and search for any evidence of a miderustal zone of
subhorizontal decoupling and-or of the deep transform boundary.

Valuable information about shallow crustal structure along the profile line
should also be obtained.

Results

1. Study of eastern earthquakes must address recent geologic or kinematic
history as well as the dynamics represented by recent earthquakes. The
interrelated low frequency of earthquakes in the region and lack of clear
geologic expression of seismotectonic structures makes such effort
particularly difficult, and tempts geologic associations for which little or
no direct causal ties to earthquakes exists. East of the Fall Line, where
Cretaceous-Cenozoic sediments raise the prospect of a record of fault offset
through time, the accepted technique of seeking youngest faulted and oldest
overlying unfaulted strata to date fault recency may be invalidated by
incomplete propagation of small basement offsets up through the sedimentary
cover,

Three types of models are now proposed to account for east-coast
earthquakes: a) local structural features associated with historic
concentrations of earthquakes, b) small infrequent movement of scattered
reverse faults operating under a systemmatic regime of northwest-southeast
compression across the continental margin, and c¢) infrequent movements of
various parts of a subhorizontal Paleozoic decollement underlying the whole
region now being driven seaward by gravity. Fundamental differences in
geologic history, regional tectonic systems and earthquake sources are
involved, but their resolution will require carefully designed studies,
particularly because of the low deformation rate.

2. Rigorous definition of topographic relief for tectonic and geomorphic
studies can be made by taking the altitude difference between the surfaces
defined by two interdigitated, branching networks, the drainage network along
the low points in the topography and the divide network along the high
points. Strahler stream order and equivalent divide order can be used to
specify the scale of relief. Inclusion of third and higher order elements
defines a fundamental local relief between adjacent ridges and valleys.
Outward termination of the networks at typical second/third order junctions
maintains consistency of the relief measure across main ridges and trunk
streams,

3. Major contrast between net deformation and true deformation history, as
demonstrated in the Ventura Basin, California, by R. S. Yeats under this
project, can pose serious problem in inferring deformation rates and styles
from the geologic record. The rich stratigraphic record of the Ventura area
allows reconstruction of a detailed displacement path for a 1-m.y.-old horizon
now eroded from the crest of the Ventura Avenue anticline. Following marine
deposition at a depth of about 250 m below sea level 1 m.y. ago, the horizon
a) subsided at 0.9 mm/yr for 400,000 yrs accompanied by horizontal
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displacement at 1.9 mm/yr across the Taylor thrust system, then b) subsided at
a greater rate of 1.7 mm/yr without horizontal displacement for another
400,000 yrs, and finally c) was uplifted from well below sealevel at 11 mm/yr
for the past 200,000 yrs. In contrast, simple comparison of initial and final
positions of this geographically young marker yields a single monotonic uplift
rate of 1.1 mm/yr and a rate of continuous horizontal displacement of 0.7
mm/yr. In the general case, where the geologic record is seriously
incomplete, we are limited to determining net deformation of imperfect,
imprecisely dated horizons. Within the resultant net deformation patterns and
rates may be hidden many complexities important to seismotectonic
interpretation. Time sequences of geologic horizons, even if of only local
extent, are needed to test for such possibilities.

Regorts

Dutech, S. I., 1981, Isostacy, speirogeny, and the highland rim of Lake
Superior: Zeitschrift fur Geomorphologie, in press.

Dutch, S. I., Lineaments and faults of Wisconsin, Minnesota, and the western
part of the northern peninsula of Michigan: U.S. Geological Survey Open-
File Report 81-977, map scales 1:500,000 and 1:1,000,000.

Duteh, S. I., 1981, Post-Cretaceous vertical motions in the eastern
midcontinent, U.S.A.: Zeitschrift fur Geomorphologie, in press.

Schell, B. A., and Wilson, K. L., 1981, Regional neotectonic analysis of the
Sonoran Desert, California and Arizona: U.S. Geological Survey Open-File
Report 81-1229, map scale 1:500,000.

Wentworth, C. M., and Mergner-Keefer, Marcia, 1981, Reverse faulting and the
potential for large earthquakes along the eastern seaboard, in, Beavers,
J. M., (ed.), Earthquakes and earthquake engineering: the eastern United
States: Ann Arbor Science Publishers, Earthquake Engineering Research
Institute and others, proceedings of conference, September 14-16, 1981,
Knoxville, Tennessee, v. 1, p. 109-128.,
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Southern California Seismic Arrays
Contract No. 14-08-0001-19268
Clarence R, Allen

Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (213-356-6904)

Investigations

This semi-annual report summary covers the six-month period
from 1 April 1981 to 30 September 1981. The contract's purpose is
the partial support of the joint USGS-Caltech Southern Califormia
Seismographic Network, which is also supported by other groups as
well as by direct USGS funding through its employees at Caltech.
Other supporting groups include the California Division of Mines and
Geology and the Caltech Earthquake Research Affiliates. According
to the contract, the primary visible product will be a joint USGS-
Caltech catalog of earthquakes in the southern California region;
quarterly epicenter maps and preliminary catalogs are also required
and have been submitted as due during the reporting period.

Results

Figure 2 shows the epicenters of all cataloged shocks that
were located during the period; coverage above M = 3.0 is felt to be
complete. Some of the seismic highlights in the southern California
region during the six-month period are as follows:

Number of earthquakes located: about 11,000

Number of earthquakes currently entered in catalog: 2,756

Number of earthquakes of M = 3.0 and greater: 248

Number of earthquakes of M 4.0 and greater: 17

Number of earthquakes of M = 5.0 and greater: 3

Number of earthquakes for which systematic telephone
notification to agencies was made: 9

Largest earthquake: M = 5.8 (9-30-81, near Mamnoth)

With the adoption of new data-analysis equipment and techniques,
we are now projecting to locate some 20,000 earthquakes per year, although
software remains to be developed so that all of these can systematically
be entered into the catalog. About 220 telemetered signals are being
received, but only 162 of these are currently being sytematically used
because of limited computer capacity; presumably this situaticn will be
ameliorated during the coming year.

The largest earthquake of the reporting period, M = 5.8, was
another of the continuing swarm of events near Mammoth, and its epicenter
was close to those of the larger shocks of May 1980. Of greater interest
in southern California was the M = 5.7 earthquake of 26 April near
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Westmorland, which caused some local damage in the Imperial Valley.
Aftershocks during a one-month period are shown in Figure 3, and the
northeast trend of the activity is striking. Particularly interesting
are those shocks at the northeast end of the alignment, which are on

the projected southeastward trend of the San Andreas fault -- a segment
that was conspicuously quiet prior to the 1979 Imperial Valley earthquake
but "1lit up" following both the 1979 and 1981 events. Kate Hutton and
Carl Johnson are continuing studies of the Westmorland earthquake.

Sharply felt throughout the Los Angeles area was the M = 5.3
"Catalina earthquake" of 4 September, which was actually located much
closer to Santa Barbara Island. Graduate student Edward Corbett has
been studying this event, and epicenters of the main shock and principal
aftershocks are shown in Figure 1. (Two aftershocks of M = 4.5 shook the
Los Angeles area on 23 October, following the close of the reporting
period). The marked northwest trend of the aftershock activity is
consistent with the local geology as well as with the focal mechanism,
which indicates right-slip on a vertical plane of this orientation.
Although not in an area of high continuing activity, two earthquakes of
magnitudes between 4 and 5 were located in the same area in 1952 and 1956.

OFFSHORE SEPT. 4- 0OCT. 23, 1981 MAGC 3+

¥ SHO"
\w_/ _—
+SBA1 PTD
x

\

+S8S

Fig. l1--Locations of larger Santa Barbara Island earthquakes of September-
October 1981. Main shock (M = 5.3) is indicated by star, two M = 4.5
aftershocks of 23 October by asterisks. Santa Monica area is at upper
right, Santa Catalina Island at lower right, San Nicolas Island at lower

left, Santa Cruz Island at upper left.
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Fig. 2--Epicenters of larger earthquakes in the southern California region,

1 April 1981 to 30 September 1981.

21




H3

83. §

3
Xx
~AMS
x
x
83.a = «INO
+«CAR
i
-
%, s
EL CPNTRO ‘%
82 75 X N .
]
]
«B0ON
n __-____..3

e

i o - —

USR e
MEXICE  x

D9rr-
§L °ST1-
serr-

+CH2 x

sz sr1-

Fig. 3.--Epicenters of Westmorland earthquake of 26 April 1981
and aftershocks through 25 May 1981.

22




H3

Tectonic Framework San Francisco Bay Region
9540-01618

Earl E. Brabb
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, ext. 2203

Investigations

1. Continued work on map of fault potential and epicenters for San Mateo
County seismic zonation (I-1257) series (with Jean Olson).

2. Continued evaluation of different kinds of slope maps for San Mateo County
(with Bob Mark and Evelyn Newman).

3. Continued work on map showing general direction and amount of dip of
bedrock units in San Mateo County.

4, Continued work on surficial deposits and liquefaction potential of Monterey
Bay area (Bill Dupre).

5. Continued work on map of flood-prone areas of San Mateo County (by WRD).

6. Conferred with Walter Mooney about best places for seismic refraction
profiles in the Santa Cruz Mountains.

Results

1. Two maps dealing with faults and epicenters have been completed and given
to the branch for Technical review, a map of faults and epicenters, by Brabb
and Olson, and a map by Olson and Brabb showing focal mechanisms and
discussing the seismicity in greater detail. The former map will be part of
the I-1257 series and the latter map will be in the MF series.

2. Two miles of slope profiles in a variety of terrains near La Honda were
recently surveyed to provide ground truth for a check of slope maps prepared
from a digital elevation model (DEM) and from maps prepared by photomechanical
methods. The profiles indicate that only about 55 percent of the slope
categories are correct on the photomechanically-produced maps and about 50
percent are correct on a slope map prepared from the DEM. No consistent
relations were observed between amount of slope, amount of vegetation and
amount of error. Some areas on the slope maps were in error by as many as 4
of the 6 slope categories but almost 90 percent were correct to within & one
slope category. The significance of these errors is that slope maps presently
available may not be accurate enough for slope stability studies.

3. The map showing direction and amount of bedding dip is finished and is in
branch review. The map will be used in conjunction with maps of slope and
landslide distribution to determine whether and how much the dip of bedded
rocks contributes to the formation of landslides in San Mateo County.
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4, The Seaside and Spreckles quadrangles are nearly finished but will not be
completed until next summer when Professor Dupre will be available again.

5. The map showing flood-prone areas in San Mateo County is nearly finished,
and will be submitted shortly for branch review.

6. Seismic refraction profiles are being obtained by Walter Mooney in a
northeast direction from Davenport across the Santa Cruz Mountains to the
Kaiser Permanente quarry in Cupertino, and northwest from Logan quarry to a
quarry near Half Moon Bay. The profiles are being obtained to determine the
character, depth, and configuration of basement rocks in an area of complex
geology near the San Andreas, San Gregorio, and Zayante faults.

Project termination

This project has been terminated, effective October 1, 1981. Work that
has not been completed may or may not continue under the sponsorship of other
programs.

Regorts

Kockelman, W. J., and Brabb, E. E., 1981, Two examples of seismic zonation in
the San Francisco Bay region: Earthquake Information Bulletin, v. 13,
Nnoe. 3, po 80“8”.

U.S. Geological Survey, 1981, Goals, strategies, priorities and tasks of a
national landslide hazard reduction program: U.S Geological Survey Open-
File Report 81-987, 97. p.

Brabb, E. E., 1981, Seismic zonation in the San Francisco Bay region in Jeremy
Isenberg, ed., Social and economic impact of earthquakes on utility
lifelines: American Society of Civil Engineers, p. 54-65.

Brabb, E. E., 1981, Preparation and use of a landslide susceptibility map for
a county near San Francisco, California, U.S.A. (abs.): Abstracts for
United Nations Educational, Scientific and Cultural Organization
International Seminar on water-related exogeneous geological processes
and the prevention of their negetative impact on the environment, Alma-
Ata, U.S.S.R., 12-17 October, 1981, p. U-6
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Status of Seismic Zonation Maps for San Mateo County
Miscellaneous Field Investigations I-1257 Series

Authors

Maps

Comments

Brabb, Pampeyan

Wieczorek, et al.

Mark Newman
Brabb

Brabb, Taylor

Brabb

Youd

Brabb, Olson

Olson, Brabb

Brabb, Pampeyan

Brabb, et al.

Perkins (ABAG)
Uncertain

Fumal, Gibbs
Joyner, Gibbs
Uncertain

WRD

Uncertain
Wentworth, Ellen

Uncertain

Brabb

Geology, I-12574A

Earthquake induced
landslides

Slope
Geologic, scenic and
historic sites

Dip direction and
amount

Liquefaction potential

Fault potential and
epicenters

Focal mechanisms
Landslide inventory
Landslide
susceptibility
Building risk

Dam inundation
Seismic units
Ground velocity
Tsunami

Flood prone areas
Land use

Hillside materials

Vegetation

Composite hazards
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In press

In TRU review.

Elevation data in digital form.
to compare with ground data.
Finished, in press.

In branch review.

Almost ready for branch review.

In branch review.

In branch review.

Will be done when time available.

Need

Will be done by computer when land-

slide inventory and slope map
finished.

In branch review.

Available in digital form.
Nearly ready for branch review.
Will begin in 3-4 months.

Data available in digitial form.
Nearly ready for branch review.
Data available in digital form.
In TRU review.

Available in digital form. May
be used to make landslide sus-
ceptibility map.

Will begin when all other maps
are finished
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Seismic Hazards of the Hilo 7 1/2' Quadrangle
9550-02430

Jane M. Buchanan-Banks
Engineering Geology Branch
U.S. Geological Survey
Hawaiian Volcano Observatory
Hawaii Volcanoes National Park
Hawaii, 96718
(808) 967-7328

Investigations

1. Geologic mapping and cl4 dating of lava flows in the Hilo quadrangle
continues.

2. Geologic investigations, U.S. Army Corps of Engineers on the drainage
basin of the Alenaio Stream was completed.

3. A text and accompanying map showing distribution and thickness of ash
deposits, the thickness of the underlying clay bed, and the type of basement
material in portions of the Hilo, Papaikou, Akaka Falls and Pi'ihonua
quadrangles was prepared for review.

Results

Geologic mapping of the northwest section of the Hilo quadrangle was
completed and a prelimlinary geologic map and report for the U' S. Army Corps
of Engineers was prepared. A detailed geologic map of the sam. area is in
preparation. Reconnaissance geologic mapping of volcanic ash deposits in the
greater Hilo area indicates a history of eruption, deposition, and severe
weathering. Ash deposits believed to be erupted mainly from Mauna Kea Volcano
are interbedded with Mauna Loa flows in the study area.

The ash has been divided into two types that reflect an expected
difference in behavior when subjected to earthquake-induced shaking. A slight
difference in grain size and water content was observed in ash deposits th -,
in general, overlie the severely weathered Mauna Kea lava flows and those
overlying probable Mauna Loa flows. The finer-grained ash has higher
sensitivity and natural water content than the coarser-grained ash. Slopes
composed of the ash with the higher sensitivity are more likely to fail during
seismically-induced shaking. Failure would be expected along road embankments
and stream drainages where the material is unsupported. Generalized
boundaries between the deposits with different sensitivities are shown on the
map but further detailed work is needed to determine the precise distribution
of the two ashes. The old part of the city of Hilo south of the Wailuku River
is built on the less-sensitive ash deposit; the remainder of the city to the
south, is built on lava flows. The clay bed that locally underlies the ash
may also pose a geologic hazard during heavy rains as well as during
earthquake shaking. Owing to its greater impermeability and finer particle
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size, it may cause water to accumulate at the base of the overlying ash
thereby reducing the internal friction between particles and providing a
surface along which the saturated ash could slide. No geotechnical tests were
performed on the basement materials to determine their behavior during
earthquake shaking.

Radiocarbon dating of charcoal found beneaiﬂ lava flows indicates that
deposition of the ash begain more than %2,000 C'* years before present and
ended sometime between 9,000 to 3,400 C** years ago.

Reports

Lockwood, J. P., and Buchanan-Banks, J. M., 1981, Preliminary geologic report
for the Alenaio Stream flood damage reduction study area, Hilo, Hawaii:
U.S. Geological Survey Open-File Report 81-791, 12 p., map scale
1:24,000.

Buchanan-Banks, J. M., 1981, Distribution and thickness of volcanic ash
deposits in the greater Hilo area, Hawaii, and their seismic hazard
potential (abs.): American Geophysical Union, Fall Meeting, Dec. 7-11,
1981, San Francisco.
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Characteristics of Active Faults in the Great Basin
9950-01538

R. C. Bucknam
" Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5089

Investigations

1. Completion of field studies on ten fault zones in unconsolidated sediments
in the Tooele 2° quadrangle, Utah.

2. Completion of field studies on fault zones in unconsolidated sediments in
the Elko 2° quadrangle, Nevada.

3. Collection of fault scarp profiles on faults in unconsolidated sediments
in the Wasatch fault zone, Salt Lake Valley, Utah.

Results

1. Completed geomorphic and geologic investigations in the Tooele 2° quad-—
rangle indicate that the most recent major scarp-forming earthquake events on
ten fault zones in the quadrangle predate formation of the Bonneville shore-
line scarp (abandoned between about 15,000-14,000 years B.P., Scott, 1981).
Several sites in Rush Valley with reported post—Bonneville offset (Everitt and
Kaliser, 1980) were visited with B. L. Everitt during final field studies
(June, 1981). In three locations with some suggestion of post-Bonneville
offset, lack of offset on the Bonneville shoreline scarp by adjacent fault
scarps favors a pre-Bonneville age for the last event. Possible minor post-
Bonneville or Holocene offset was located on one of the ten fault zones on the
quadrangle, but the available evidence is equivocal.

Fault scarp profile data, collected in nine of the ten Tooele fault zones,
were also used for relative dating of faults. Data in five zones was suf-
ficient for statistical analysis using the methods described by Bucknam and
Anderson (1979). Three of these zones, the Mercur, Twelve-Mile Pass, and
Sheeprock (fig. 1) are relatively older than reference scarps of the
Bonneville regression line. This supports relative age assignments for the
zones based on crosscutting shoreline-scarp relationships.

Although regression lines on data from the Stansbury and Northern Oquirrh
fault zones appear close on age to the Bonneville shoreline (fig. 1.),

shoreline-fault scarp relationships indicate a pre—-Bonneville age of last
offset on these fault zones. The cause of this ambiguity is uncertain, but it
may relate to multiple—event scarps in the data sets. On the five fault zones
where profile data were insufficient for statistical analysis, relative ages
were assigned based on general geomorphic character and fault scarp-shoreline
cross—cutting relationships.
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The results of mapping and profiling in the Tooele 2° quadrangle are currently
being prepared for publication as an open-file report (Dodge, Bucknam, and
Barnhard, 1981, in review). Future investigations of the characteristics of
active faults in the Great Basin will be integrated with R. E. Anderson's
Southwestern Utah Seismotectonic Studies (project number 9950-01738).

2. Geomorphic and geologic field investigations were completed on eight fault
zones in the Elko 2° quadrangle. Geomorphic profiles were measured on six
fault zones; scarp-height-slope—angle data were sufficient on four zones for
statistical analysis and relative age comparison to the results of Bucknam and
Anderson (1979). Results indicate that the most recent fault movement on
these four zones predates formation of the Bonneville shoreline scarp (c.
15,000-14,000 years B. P, Scott, 198l). Geologic and geomorphic evidence,
supported by limited profile data, indicates that the last event on other
fault zones in the Elko quadrangle also predates 15,000 to 14,000 B. P. The
final report and map for the Elko 2° quadrangle are in preparation for
publication as an open-file report.

3. Scarp profiles were collected on fault scarps in unconsolidated sediments
along the Wasatch Front, Salt Lake Valley, Utah. This data will be used to
study the morphology of scarps on the Wasatch fault zone and the total offset
along sections of the zone. Morphology-age relationships in this zone will be
compared to those in other zones for relative dating, in conjunction with
stratigraphic studies and surficial mapping being carried out by W. E. Scott
under project number 9530-02174.

Reports

Bucknam, R. C., and R. E. Anderson, 1979, Estimation of fault-scarp ages from
a scarp-height-slope-angle relationship: Geology, v. 7, p. 11-14.

Dodge, R. L., R. C. Bucknam, and T. Barnhard, 1981, Map of fault scarps on
unconsolidated sediments, Tooele 1° x 2° quadrangle, Utah: TU.S. Geo-
logical Survey Open-File Report 81- , [in review].

Everitt, B. L., and B. N. Kaliser, 1980, Geology for assessment of seismic
risk in the Tooele and Rush Valleys, Tooele County, Utah: Utah Geo-
logical and Mineral Survey Special Study 51, 33 p.

Scott, W. E., 1981, Quaternary stratigraphy of the Wasatch Front: U.S.

Geological Survey Open File Report 81-833, Summaries of Technical
Reports, vol. XII.
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Vertical Tectonics
9950-01484

Robert 0. Castle
Branch of Earthquake Tectonics and Risk
345 Middlefield Road, M/S 77
Menlo Park CA 94025
(415) 323-8111, ext. 2482

Investigations

1. Continued studies of historic crustal deformation based on the results of
repeated levelings and both continuous and discontinuous sea-level
measurements and how this deformation may be related to the late Cenozoic
tectonics in selected parts of California.

2. Expanded investigations of the early 20th century uplift in southern
California based on the recent discovery of early surveys propagated into
southern California from stabler parts of the southwestern parts of the United
States.

3. Accelerated our studies of the magnitude of the residual refraction error
in observed elevation differences in southern California and elsewhere. Our
assessment of the magnitude of this error is based on an examination of the
tilt/slope ratio as a function of sight-length, network misclosures and such
other parameters as are believed to influence the accumulation of the
refraction error in geodetic leveling.

Results

1. Completed a brief report on a tectonic explanation for the maintenance of
the divide between the Gulf of California and the Salton Basin.

Regorts

Burford, R. 0., Nason, R. D., and Harsh, P. W., 1981, Results of fault-creep
studies in central California: U.S. Geol. Survey Earthquake Information
Bull. (approved by Director).

Castle, R. 0., Church, J. P., Elliott, M. R., Gilmore, T. D., Mark, R. K.,
Newman, E. B., and Tinsley, J. C., III, Comment on 'The Impact of
Refraction Correction on Leveling Interpretations in Southern California’
by William E. Strange (Jour. Geophysical Research, v. 86, p. 2809-2824,
1981): (approved by Director).

Castle, R. 0., Elliott, M. R., The sea-slope problem revisited: (approved by
Director).

Elliott, M. R., 1981, Digital vertical control data--past, present, and
future: Proceedings of American Congress of Surveying and Mapping,

Sept. 9-11, 1981, San Francisco, p. 232-237.
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Evans, K. F., Burford, R. 0., and King, G. C. P., 1981, Propagating episodic
creep and the aseismic slip behavior of the Calaveras fault north of
Hollister, California: Jour. Geophysical Research, v. 86, p. 3721-3735.

Mark, R. L., Tinsley, J. C., III, Newman, E. B., Gilmore, T. D., and Castle,
R. 0., 1981, An assessment of the accuracy of the geodetic measurements
that define the southern California uplift: Jour. Geophysical Research,
v. 86, p. 2783-2808.
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Earthquake Hlazard Studies
in &he Pacific Northwest

14-08-0001-19274

Robert S. Crosson
Geophysics Program
University of Washington
Seattle, WA 98195
(206) 543-6505

Investigations

The seismicity, structure, and tectonics of the Pacific Northwest with
emphasis on western Washington 1s investigated for earthquake hazard
implications. A network of 25 stations is operated in western Washington
under this project, complemented by additional stations on the Olympic
Peninsula, near Mt. St. Helens, in the south Cascade range and in eastern
Washington. Computerized recording, picking, and analysis of data are
being accomplished and several subsidiary studies are  undertaken,
including the detailed study of two sequences of earthquakes in the
central Puget Sound basin, a study of the application of pattern
recognition techniques for identification of classes of earthquakes using
the digital system, compilation of a complete historic earthquake data
file, and a review of Mt. St. Helens local seismic activity over the last
eight years.

Results

The renewal of volcanic activity at Mt. St. Helens 1is southwest
Washington has dominated our activity for the last year, necessitating
rapid growth in our seismograph station coverage of the south Cascades
area and significant changes in recording and analysis procedures. To
provide better future ability to acquire and analyze earthquake data on a
regional basis, we are integrating data formats and analysis procedures
for the UW networks on a statewlide basis, under joint support of several
projects. There has been an apparent regional increase 1in earthquake
activity in the vicinity of Mt. St. Helens and two significant
earthquakes have occurred recently -- one of magnitude near 5.5 on
February 13, 1981 north of St. Helens, and a second of magnitude 5+ on
May 28, 1981 southeast of Mt. Rainier. These earthquakes were both
shallow and, with their aftershock sequences, promise to yield better
understanding of the tectonics of the south Cascade Range of Washington.
The analysis of two long duration swarms near Seattle prior to 1975 is
not complete, but preliminary results indicate two very tightly clustered
source areas. The swarms did not occur on any known fault(s) and are not
easily understood on a regional basis. Toward the long-term goal of
improved automated detection and analysis of digital network data, we
have recently achieved some initial success with the application of
linear predictive analysis (LPA) and pattern recognition theory to
identification of certain classes of seismic events, The LPA is used for
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data compression and feature selection, and we have found that good
separation can be obtained in preliminary attempts to distinguish between
explosions and normal "tectonic" earthquakes. Ultimately, this approach
should yield reliable automated identification and classification of
seismic events by computer; however it is clear that a substantial period
of development is required to achieve full utilization of the generality
of this method. In collaboration with other investigators, a preliminary
continental margin structure model has been proposed. The seismicity gap
from 30 to about 40 km depth beneath Puget Sound is hypothesized as due
to oceanic crust overlying a subducted lithoshphere dipping at about 6 -
7 degrees initially and somewhat steeper to the northeast. Compilation of
a complete historical data base for the northwest region is being carried
out jointly with separate support. This data base will be in & newly
adopted standard format and will be compatible with our existing and
planned software for all of our network data. This will allow efficient
searching and plotting of historical and recent data in a uniform manner
for the region. A review and careful comparison of the single station
records from Mt. St. Helens and both Mt. Rainier and Mt. Baker is belng
undertaken in order to carefully document anomalous seilsmicity, 1if 1t
exists, near St. Helens over the past eight years, Although this review
is not yet complete, it appears that significant differences exist in the
level and type of activity between all three volcanoes.

Reports

Noson, L.J., and R. S. Crosson, 1980, Compilation of earthquake
hypocenters in western Washington - 1978, Department of
Natural Resources, Geolagy and Earth Resources Division,
Inf, Circ. 72., 18 pp.

Weaver, C.S., L.J. Noson, S.D, Malone, E.T. Endo, and R.S. Crosson,
1980, Eruption of Mt. St. Helens: Seismology, Nature,
285, 529-531.

Yelin, T.S., and R.S. Crosson, 1980, A significant sequence of
earthquakes in south Puget Sound, Earthquake Notes,
50, 61 (abs.).
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Anchorage-Susitna Lowlands Earthquake Hazards Mapping
9310-02078

0. J. Ferrians, Jdr.
Branch of Alaskan Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111, ext. 4108

Investigations

1. Continued office compilation of surficial/engineering geologic maps and
studies of Quaternary stratigraphy.

2. Continued collection and synthesis of subsurface engineering soils data.

3. Completed field checking of critical lTocalities with special emphasis on
active faults and Pleistocene stratigraphy.

Results

1. Completed preliminary surficial/engineering geologic maps of most of the
study area.

2. Obtained logs and soils analyses from boreholes. These data, obtained from
private, state, and federal organizations, have been cataloged in a card file
and currently are being synthesized.

3. Determined that a conspicuous lineament about 2.5 kilometers east of and
parallel to the Little Susitna River is an active fault trace. It trends
northeast-southwest and appears to splay out from the Castle Mountain Fault
to the north and to extend under Cook Inlet to the south. The character of
the fault trace is similar to that of the well-documented Castle Mountain
Fault. 1Its west side is downthrown as much as 4 meters, and the truncated
sediments are late Wisconsinan in age.

4. Found fossil barnacle shells in growth position at the top of the
Bootlegger Cover Clay unit and immediately below the "Cover Sand" unit that
blankets a large part of the Susitna Lowlands. These shells demonstrate a
marine environment of deposition for the enclosing sediments and will
provide a valuable radiocarbon age determination that should be younger
than 14,000 years B.P.
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Ground Response Along The Wasatch Front
9940-01919

W. W. Hays
Office O0f Earthquake Studies
905 National Center
Reston, Virginia 22092
(703) 860-6473

Investigations

1. The objective is to improve fundamental knowledge abhout how the around
response along the Wasatch front correlates with the local and regional
geology. Data have been acquired in the Salt Lake City, 0Ogden, Provo,
urban areas along the Wasatch front as well as in two other urban areas,
logan and Cedar City, which provide a comparison. If possible a field
experiment is planned to explain an area of anomalously low ground response
in the 0Ngden area.

Results

1. The activities this fiscal year are designed mainly to prepare and to
publish data reports and journal manuscripts. One such publication is the
fourthcoming 3rd International Conference on Microzonation.

Reports

1. Hays, W. W. and King, K. W., 1981, Zoning of the Earthquake ground-

shaking hazard along the Wasatch fault zone, Utah (ABSTRACT), International
Conference on Microzonation, 3rd, Seattle, Washinaton, July, 1982.
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Neotectonics of the San Francisco Bay Region, California
9540-01950

Darrell G. Herd
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, ext. 2951

Investigations

1. Work on the preparation of map syntheses (scale 1:250,000) and
interpretive reports on active faults and earthquakes in the San Francisco Bay
area was continued with W. L. Ellsworth (Proj. #9930 02103, Seismic Studies of
Fault Mechanies)

Results

1. Extensive, youthful (certainly late Pleistocene, if not Holocene)
imbricate thrust faults have been discovered in a number of areas in Santa
Clara Valley and along the foothills flanking San Francisco Bay. A system of
imbricate southwest-dipping thrust faults extending the entire length of the
eastern foothills of the San Francisco Peninsula has now been documented. The
thrust fault system includes the previously identified Serra, Monta Vista, and
Berrocal faults, as well as a number of heretofore unknown thrust faults in
the Menlo Park, Palo Alto, and Redwood City areas. The faults abut the San
Andreas fault zone. Southeast of San Jose, a similar system of youthful,
imbricate thrust faults have been found where the Hayward fault bifurcates
from the Calaveras-Paicines fault. These thrust faults, which dip northeast,
include the Evergreen, Silver Creek, and Coyote Creek faults that had been
previously mapped. Near Hollister, two smaller systems of thrust faults have
been found east and northwest of the town. To the northwest, there is a small
system of north-dipping thrust faults that lie near the Sargent fault in the
Lomerias Muertas hills. East of town, late Pleistocene fans are complexly
faulted by a system of east-dipping thrust faults that occur between the
Calaveras-Paicines fault and the Quien Sabe fault.

The thrust faults, like the Verona thrust fault in Livermore Valley, occur in
areas where there are converging strike-slip faults. Apparently, the thrust
faults permit the crustal blocks that are moving along the strike-slip faults
to pass one another by shortening the width of the blocks.

2. A map synthesis of the subsurface stratigraphy of eastern Hollister Valley
near the Calaveras fault has been completed and submitted to Branch technical
review. Prepared by Catherine R. McMasters, Darrell G. Herd, and Constance
Throckmorton, the report interprets the Holocene record of four 30- to 40-m-
long cores recovered by auger drilling along the fault. The data suggest that
there has been marked subsidence at San Felipe Lake, perhaps caused by folding
of sediments near the fault. The report is accompanied by a description of
the vegetative and climatic history of Hollister Valley that was prepared by
Linda Heusser (Department of Biology, New York University) from an
interpretation of pollen included within the core sediments.
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3. Herd and Earl E. Brabb (Proj. #9540-01618) served as expert witnesses on
surface faulting hazards at the General Electric Test Reactor (Vallecitos
Nuclear Center, near Pleasanton, California) in a hearing before the Nuclear
Regulatory Commission, Atomic Safety Licensing Board. The hearing was
convened in San Francisco in June and July 1981.

Reports

Ellsworth, W. L., Lindh, A. G., Prescott, W. H., and Herd, D. G., 1981, The
1906 San Francisco Earthquake and the seismic cycle, in Earthquake
Prediction--An International Review: American Geophysical Union, Maurice
Ewing Series 4, p. 126-140.
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Sonoran Earthquake of 1887:
Earthquake Tectonics of Southern Arizona, Sonora, and Chihuahua

9540-02685

Darrell G. Herd
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 9U4025
(415) 323-8111, ext. 2951

Investigations

1. Interpretive reports on surface faulting and ground failure in the Sonoran
earthquake of 1887 were prepared.

2. An analysis of pre-1887 fault displacements on the Sonoran earthquake
fault was continued with Robert C. Bucknam (Proj. #9950-1538, Physical and
Mathematical Description of Active Faults) and William B. Bull, University of
Arizona.

Results

1. A map of surface faulting in the Sonoran earthquake of 1887 (scale
1:50,000) was completed and submitted to Branch technical review. The map
consists of U4 sheets (topographic quadrangles Canon de Guadalupe, Dieciocho de
Agosto, Morelos, and E1 Tigre), which show the 76-km-long main fault rupture
and secondary breaks thought to have been active in 1887. An accompanying
text summarizes measurements of apparent dip-slip movement and throw that were
made systematically along the length of the main 1887 fault rupture during
field work in 1980 and 1981. The measurements are compared to those obtained
by Mexican and American scientific expeditions that were dispatched to the
epicentral area several weeks after the tremor (Aguilera, 1888; Goodfellow,
1887a, 1887b, 1887c, 1888).

2. A first draft of a journal article describing surface faulting and ground
failure in the Sonoran earthquake of 1887 was completed. The article
summarizes the pattern, extent, character, and amount of surface faulting in
1887, and discusses other fractures and faults observed in floodplains in 1887
that were undoubtedly ground failure. The article proposes that there may
have been southward-directed rupture on the main 1887 fault. Intensity
distribution maps prepared by Aguilera (1888) and more recently, by Dubois and
Smith (1980) show that ground shaking persisted great distances south of the
1887 break. The intensity isoseismals are not uniformly distributed about the
fault rupture, but are markedly skewed toward Mexico City. This apparent
focusing of seismic energy, like that seen in the Guatemala earthquake of 1976
directed away from the shock's epicenter, suggests unilateral rupture
propagation. If the 1887 rupture did propagate southward, then the epicenter
of the earthquake must have been at the north end of the fault, near the U.
S.-Mexican border. Interestingly, the greatest displacement on the 1887
rupture occurs near the north end of the fault.
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3. A first draft of a journal article discussing recurrent movement on the
Sonoran earthquake fault has been prepared by William B. Bull, Philip A.
Pearthree, Robert C. Bucknam, and Darrell G. Herd. Several lines of evidence
indicate that at least 10° years elapsed between the prior 1887 surface-
faulting events.
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Puget Sound Lowland Focused Geophysical Studies
9830-71110

Mark L. Holmes
Branch of Pacific-Arctic Marine Geology
U.S. Geological Survey
1107 Northeast 45 Street, Suite 110
Seattle, Washington 98105
(206) 442-1995

Investigations

1.

Additional marine field work for this project was conducted in June 1981, aboard the
University of Washington research vessel ONAR. Five sonobuoy refraction lines and
ten ocean bottom seismometer deployments were successfully completed using a 300
cubie inch air gun. Line lengths ranged from 4.5 to 23.5 km; the data were collected
in Lake Washington and the main basin of central Puget Sound.

Results

1.

The sonobuoy data obtained using the 300 cubic inch air gun, the largest used so far
on this project, revealed a 6.2 km/sec refractor at a depth of about 6.5 km beneath
Puget Sound. This agrees very closely with the most recent results of the least
squares gravity inversion model of the subsurface density distribution beneath Puget
Sound. The data strongly suggest that this refractor represents the Eocene Crescent
Formation.

The ocean bottom seismometer data are being processed at the Woods Hole marine
geology office. Preliminary results indicate good data recovery from the
hydrophone but noisy results on the internal geophone channel. The cause of this
could be tape recorder noise and additional processing is being done in an attempt to
evaluate this problem. The OBS hydrophone data should produce a more detailed
picture of the velocity structure beneath Puget Sound because of superior signal-to-
noise performance compared to the moored sonobuoys.

A revised Bouguer anomaly map for central Puget Sound has been prepared
incorporating all land and marine gravity data collected on this project as well as all
Washington State and Defense Mapping Agency data. This updated detailed map is
now being used for final development of the gravity inversion modeling program and
analysis of the subsurface density distribution across the large Seattle gravity
gradient.
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Paleomagnetic Dating of Holocene Deposits
Along the San Andreas Fault in Southern California

14-08-0001-19101

E. Keller, M. Fuller, R. Dodson
Department of Geological Sciences
University of California
Santa Barbara, California 93106
(805) 961-3415

Investigations

We have measured the secular variations of five cores from marine
sediments of the Southern California Borderland. A1l cores were collec-
ted by the Scripps Institution of Oceanography. Of these, three (all
gravity cores) were considered unsuitable for magnetic correlation due
to their poor physical condition and a Tack of age estimates. The re-
maining two cores (both piston cores) were collected recently from the
Santa Barbara channel.

Results

_ The two Santa Barbara channel cores consist of Holocene sediments
{younger than #8,000 years. Both cores show prominent horizontal varves
so that we conclude the sediments have suffered Tittle deformation sub-
sequent to disposition. The magnetic intensity profile of the first
core contains a number of prominent peaks (with Jppm>10 times the mean
intensity). The intensity profile of the second core is comparatively
constant, however, so that we conclude that the intensity variation is
controlled by extremely Tocalized variations in deposition and hence is
unsuitable for magnetic correlation between sites. Some correlations
between the cores can be made on the basis of the direction of magneti-
zation (inclination and declination), but our confidence in this cor-
relation is low. Age determinations (from cl4 analysis and varve
counting) on these cores are being conducted at Scripps and are sched-
uled to be completed soon. These determinations, and the measurement
of additional cores, should enable us to increase the confidei.ce of

the apparent correlations.
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Alaska Seismic Studies
9940-01162

John C. Lahr
Branch of Ground Motion and Faulting
U.S. Geological Survey
345 Middlefield Road, Mail Stop 77
Menlo Park, California 94025
415 323-8111, Ext. 2510

Investigations

1. Seismic data are collected and analyzed from a network of 54 stations
extending across southern Alaska from Juneau to Cook Inlet and as far north
as the Talkeetna Mountains. These data establish an important base of
information for the study of the tectonic deformation, the potential for
moderate-to-large earthquakes, and the nature of strong motion in southern
Alaska.

2. A network consisting of one three-component and four vertical-component
seismic stations began operation in November 1980 with Army Corps of
Engineers funding to monitor the seismicity around the proposed Bradley Lake
Hydroelectric project. In October 1981 a Kinemetrics SMAT strong motion
instrument was added to the array. Data from this network are being
analyzed to determine the distribution and nature of the seismicity both
within the crust and within the underlying Aleutian megathrust.

3. A network of 25 Kinemetrics SMA1 strong motion instruments is being
operated in southern Alaska from Kodiak to Juneau. Sixteen of these
instruments are located in or around the Yakataga seismic gap in order to
insure that a high-quality suite of accelerograms will be obtained from the
major earthquake(s) expected within the next two or three decades.

Results

1. During the past 6 months, data processing has remained on schedule, and
preliminary earthquake locations have been obtained for March through August
1981. An average of 458 events were located each month. The catalog for
July-September 1980 has received Director's approval.

2. From continued monitoring of the seismicity in and near the Yakataga
seismic gap some interesting variations in the rates of activity over the -
past 2 years have been observed. The epicenters of the earthquakes which
occurred between October 1, 1979, and September 14, 1981, are shown in
Figure 1. As noted in earlier reports, the spatial pattern of the
seismicity is remarkably stable. Most of the activity occurs at or near the
perimeter of the Yakataga gap as defined by McCann and others (]980; and
Lahr and others (1980), and is dominated by aftershocks from the 19/9 St.
Elias earthquake. In Figure 2, the rate of activity as a function of time
is shown for various subregions of Figure 1. The most striking feature in
these curves is an increase in the monthly number of located events that
begins in about October 1980 for the Waxell Ridge, Copper River Delta,
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Saint Elias, and Wrangell subregions. The elevated levels of activity
continue for about 6 to 8 months and then, except for the Waxell region,
return to near those observed during the earlier time period. The increased
level of activity within the aftershock zone of the 1979 St. Elias
earthquakes appears to be superimposed on a long-term decay in the rate of
aftershock activity which approximates the expected time-1 decay for
aftershocks. The offshore subregion experienced a gradual increase
beginning about June 1980 and returned to normal in November 1980. A review
of the data processing procedures and station operation history for the time
period since October 1979 suggests that although these fac*crs may introduce
some apparent changes in activity rate they are not likely sources of
systematic errors that could account for the observed long term variations
in seismicity rates. The seismicity rates for the regions of Northern
Prince William Sound and Yakutat Bay were also reviewed, but actual changes
in the rates of seismicity cannot be reliably established due to systematic
biases known to exist. In the case of Prince William Sound, a change in the
timing criteria to reduce the number of small events to be located coincides
with an apparent sharp decrease in activity beginning in October 1980. For
the Yakutat Bay region, a reduction in the number of operating stations may
have introduced the apparent decrease in seismicity beginning in August 1980.

These observations suggest that a perturbation occurrea in the regional
stress field in and around the Yakataga gap. The possible significance of
the change in seismicity as a precursor to a gap-filling earthquake is being
weighed.

3. Using data from the Bradley Lake network for December 1980 through July
1981, a preliminary review was made of the first motion data for crustal
earthquakes which occurred beneath the southern Kenai Peninsula. This
review was made in conjunction with Woodward-Clyde Consultants, who are
under contract with the Army Corps of Engineers to assess the seismic
hazards in the region of the proposed hydroelectric project. Composite
focal mechanisms were made for a few of the clusters of earthquakes which
occurred near the mapped surface traces of major faults. The focal
mechanisms were clearly only consistent with normal faulting, notwithstand-
ing the usual systematic errors in properly locating the first arrivals on
the focal sphere caused by uncertainties in the velocity structure. Tthe
principal tension axis was constrained to be oriented within about 20° of
east-west. This result, in a region of northwest-directed subduction, was
not expected. One possible explanation is that the crust is locally in
tension now, following the 1964 earthquake, but that the stress pattern il]
change to northwest-southeast oriented compression in the future as stre.ses
build up prior to another large thrust earthquake.

4., With partial support from the USGS Volcano Hazards Program, seismicity
in the vicinity of three active volcanoes--Spurr, Redoubt and ITiamna--west
of Cook Inlet was examined in detail for the interval October 1980 through
June 1981. Locations were determined for all shallow-focus earthquakes with
four or more P and S phases recorded at three or more stations. During this
interval no pronounced swarms of shallow earthquakes were observed within 20
km of any of the three volcanic centers. Epicenters of five shallow shocks,
ranging in depth from O to 10 km and in magnitude from 0 to 1.0, were
located within 3 km of the summit of Spurr. In addition, a cluster of 14

44



H3

events scattered through time was located 10 to 20 km south of the summit.
Spurr, which is the closest volcano to the Anchorage metropolitan area, last
erupted in 1953 depositing about 5 mm of ash in Anchorage. On 9 September
1979 a swarm of 47 events as large as magnitude 0.7 occurred near the summit
of Spurr in an 11-hour interval. No similar activity was observed during
the recent 9-month interval. Sixteen earthquakes shallower than 20 km were
located in a diffuse pattern within 20 km of Redoubt, the largest of which
was magnitude 2.0. The most recent eruptions of Redoubt consisted of a
series of explosive ash eruptions in 1966-1968. Fewer shocks were located
in the vicinity of Iliamna Volcano, two events within 5 km of the volcano
summit but no others within 20 km. Iliamna has been quiescent over the last
three decades.

5. On August 1, 1981, a widely felt earthquake of magnitude 5.1 occurred
15 km east of Iliamna Volcano at a depth of 105 km. This earthquake is
typical of deep events that have been occurring below Iliamna since our
network was installed in 1971. A review of the NOAA earthquake data file
for felt events in south-central Alaska discloses that the deep zone below
Iliamna has been a prominent source of felt earthquakes since at least
1963. The average recurrence rate for magnitude 5 and larger events in the
Benioff zone below Iliamna volcano has been 1.5 events per year since 1969.
This is a remarkably high concentration of activity compared to that in the
Benioff zone elsewhere beneath southern Alaska. The epicentral area of
enhanced deep seismicity is approximately 70 km in diameter and is centered
approximately 15 km northwest of Iliamna Volcano. It is not known whether
the spatial relationship between the deep concentration of earthquakes and
ITiamna Volcano is coincidental or if there is some causal relationship.

References
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Figure 1. Epicenters of earthquakes which occurred in southeastern Alaska

between October 1, 1979, and September 14, 1981. The three symbol
sizes correspond to earthquakes in the magnitude ranges less than 2,
2.0 to 3.9, and greater than 3.9. The rupture zone of the 1979

St. Elias earthquake (Mg 7.1) is indicated by a solid 1ine, and the
Yakataga seismic gap is outlined by the 1ight dashed Tine. Letters
correspond to subregions of Figure 2 as follows: 0) offshore,

CRD) Copper River Delta, WR) Waxell Ridge, SE) St. Elias, W) Wrangell,
YB) Yakutat Bay, PWS) northern Prince William Sound. Depth contours
are in thousands of fathoms.
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Figure 2. Number of located earthquakes as a function of time for the
subregions indicated in figure 1. The dashed Tine in the St. Elias
graph represents a time~* decay in aftershock activity. Note the
difference in scale for the St. Elias region.
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Study of Seismic Activity by Selective Trenching
Along the Elsinore Fault Zone, Southern California

Contract No. 14-08-0001-19144

D. L. Lamar and S. C. Swanson
Lamar-Merifield, Geologists
1318 Second Street, Suite 25
Santa Monica, California 90401
(213) 395-4528
Investigations

Published literature and engineering geology reports bearing on potential
seismicity of the Elsinore fault zone were reviewed. A field reconnaissance
was accomplished to locate promising sites where trenches might reveal dat-
able Holocene fault displacement and possibly times between major seismic
events. Nine sites which have the potential of revealing ruptured Holocene
sediments across strands of the Elsinore fault zone have been identified.
Sites S-1 (Fig. 1), S-6 (results presented in Lamar and Swanson, 1981) and
S-8 along the Wolf Valley fault southeast of Temecula have been trenched.

Results

A test trench at Site S-1 across the Glen Ivy North fault revealed lake
sediments in a partially filled sag pond faulted against alluvium and lake
sediments (Fig. 2). Radiocarbon analysis of carbon residue and humic acids
in a disrupted carbonaceous layer (Fig. 2) revealed ages of 710 + 90 years
and 480 + 190 years B.P., respectively. The dated layer occurs as much as
2} meters below the surface and is truncated by the base of the soil at an
average depth of 1.0 meter. Thus, the event which ruptured the strata could
be significantly younger than the dated layer. Disrupted beds and a possible
local unconformity at -4.0 to -4.5 meters and 8 meters horizontal (Fig. 2)
indicate an earlier event. Deeper trenching and additional radiocarbon
analyses would be required to verify and date this event.

Trenches across a closed depression along the Wolf Valley fault (Site S-8)
failed to reveal any fault-disrupted beds.
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