UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

SUMMARIES OF TECHNICAL REPORTS, VOLUME XIV
Prepared by Participants in

NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

July 1982

OPEN-FILE REPORT 82-840

This report (map) is preliminary and has not been reviewed for conformity with
U.S.Geological Survey editorial standards (and stratigraphic nomenclature).
Any use of trade names is for descriptive purposes only and does not imply

endorsement by the U.S.G.S.

Menlo Park, California
1982



INSTRUCTIONS FOR PREPARATION OF SUMMARY REPORTS

ds Use 8 1/2" x 11" paper for both text and figures.
2. Leave at least 1" wide margins at top, sides and bottom.
3. Type headings at top of first page. Headings should include:

a. Project title

b. Contract, grant or project number
c. Name of Principal Investigator(s)
d. Name and address of institution

e. Telephone number(s) of Principal Investigator(s)

4, Original copies of text and figures are required. No xerox copies.
Ss Type figure captions on the same page as the figure.

6. Only type on one side of the paper.

Fs Type all text single spaced.

8. Do not use staples.

9. A1l figures must be in black and white. No color figures

(color, weak or grey lines will not photo-reproduce).



UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

SUMMARIES OF TECHNICAL REPORTS, VOLUME XIV

Prepared by Participants in

NATIONAL EARTHQUAKE HAZARDS REDUCTION PRUGRAM

Compiled by

Muriel L. Jacobson
Thelma R. Rodriguez

Wanda H. Seiders




The research results described in the following summaries were submitted by
the investigators on May 15, 1982 and cover the 6-month period from

October 1, 1981 through March 31, 1982. These reports include both work
performed under contracts administered by the Geological Survey and work by
members of the Geological Survey. The report summaries are grouped into the
four major elements of the National Earthquake Hazards Reduction Program:

Earthquake Hazards and Risk Assessment (H)
Robert D. Brown, Jr., Coordinator
U.S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, California 94025

Earthquake Prediction (P)
James H. Dieterich, Coordinator
U.S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, California 94025

Global Seismology (G)
Eric R. Engdahl, Coordinator
U.S. Geological Survey
Denver Federal Center, MS-967
Denver, Colorado 80225

Induced Seismicity (IS)
Mark D. Zoback, Coordinator
U.S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, California 94025

Open File Report No. 82-840

This report has not been reviewed for conformity with USGS editorial standards
and stratigraphic nomenclature. Parts of it were prepared under contract to
the U.S. Geological Survey and the opinions and conclusions expressed herein
do not necessarily represent those of the USGS. Any use of trade names is for
descriptive purposes only and does not imply endorsement by the USGS.

The data and interpretations in these progress reports may be reevaluated by
the investigators upon completion of the research. Readers who wish to cite
findings described herein should confirm their accuracy with the author.



11,

CONTENTS

Earthquake Hazards Reduction Program

Earthquake Hazards and Risk Assessment (H)

Objective

Objective

Objective

Objective

Objective

Objective

Objective

Objective

s

2s

3.

Establish an accurate and reliable national

earthquake data base.------------ccmmmmmcmcmccee

Delineate and evaluate earthquake hazards
and risk in the United States on a national

Delineate and evaluate earthquake hazards and
risk in earthquake-prone urbanized regions in

the western United States.-----=-===-------c----um-

Delineate and evaluate earthquake hazards and
risk in earthquake-prone regions in the eastern

United States.------==-mccmmmmmcmmm e oo

Improve capability to evaluate earthquake
potential and predict character of surface

faulting.---------c-m-mmmmm e e

Improve capability to predict character of

damaging ground shaking.---===-=--c-ce--c—cceccnna-

Improve capability to predict incidence, nature
and extent of earthquake-induced ground failures,

particularly landsliding and liquefaction.---------

Improve capability to predict earthquake losses.---

Earthquake Prediction (P)

Objective

1.

Obtain pertinent geophysical observations
and attempt to predict great or very damaging
earthquakes.

Operate seismic networks and analyze data
to determine character of seismicity
preceding major earthquakes.

Measure and interpret geodetic strain and
elevation changes in regions of high
seismic potential, especially in seismic

Page

14

23

74

101

164

194

211

215




Objective 2.

Objective 3.

Objective 4.

Page
Obtain definitive data that may reflect precursory
changes near the source of moderately large
earthquakes. Short term variations in the strain
field prior to moderate or large earthquakes
require careful documentation in association with
other phenomena.

Measure strain and tilt near-continuously to
search for short term variations preceding
large earthquakes. Complete development of
system for stable, continuous monitoring of
strain.

Monitor radon emanation water properties

and level in wells, especially in close

association with other monitoring systems.

Monitor apparent resistivity, magnetic

field to determine whether precursory

variations in these fields occur. Monitor

variations in seismic velocity and

attenuation within the (San Andreas) fault

ZONE, === === e e e 324

Provide a physical basis for short-term earthquake
predictions through understanding the mechanics of
faulting.

Develop theoretical and experimental models

to guide and be tested against observations

of strain, seismicity, variations in

properties of the seismic source, etc.,

prior to large earthquakes.----=====-e-eeeo-- 380

Determine the geometry, boundary conditions, and
constitutive relations of seismically active regions
to identify the physical conaitions accompanying
earthquakes.

Measure physical properties including

stress, temperature, elastic and anelastic

properties, pore pressure, and material

properties of the seismogenic zone and the

surrounding region.-==-==---mmmmmmmoccmmemaoo 405

III. Global Seismology (G)

Objective 1.

Objective 2.

Objective 3.

Operate, maintain, and improve standard networks
of seismographic stations.--=====-=c-mmmoomeoooooo- 420

Provide seismological data and information services
to the public and to the research community.------- 433

Improve seismological data services through basic

and applied research and through application of

advances in earthquake source specification and

data analysis and management,-------c--=mececoeam—- 438

i



Page
IV. Induced Seismicity Studies (IS)
Objective 1. Establish a physical basis for understanding the

tectonic response to induced changes in pore
pressure or loading in specific geologic and

tectonic environments.-------====m===-m=m-cmmoooon- bbb
Index 1: Alphabetized by Principal Investigator-----------=--=-------- 463
Index 2: Alphabetized by Institution---------==cmmmmmocmmmmcmoommmmm- 468







H1

Portable Broad-Band Seismic Systems
(Northeastern United States Seismic Network)

14-08-0001-18262

Shelton S. Alexander
Geosciences Department
Geophysics Program
The Pennsylvania State University
University Park, Pennsylvania 16802
(814) 865-2622

Investigations

1. To assemble two 12-element portable broad-band digital systems
that can be used in a variety of deployment configurations.

2. To develop utility software for data collection, storage and
retrieval.

3. To obtain improved crustal models from wide angle reflection and
refraction data from regional quarry explosions and earthquakes.

Results

In co-operation with Princeton University (R. A. Phinney, Principal
Investigator) two l2-element portable broad-band seismic systems have been
assembled and field tested. Each system consists of a central recording
system (PDP 1103 special purpose processor with dual floppy disks, 16
channel A/D converter, CRT and hard copy display, and 800 or 1600 bpi mag-
netic tape unit), Geotech S-500 seismometers (interchangeable as verticals
or horizontals), and telemetry.

Utility software for data acquisition in either a continuous or event-
detection mode have been developed and tested. Data storage and retrieval
software have also been developed and tested.

A user's manual describing the Seismic Event Detection and Analysis
System (SEDAS) software has been prepared. SEDAS is a software package
written for the PDP 1103 computer. SEDAS can collect data from up to 16
analog input channels and, optionally, display the data graphically, record
the data on magnetic tape and perform event detection analysis. Data on
magnetic tapes previously recorded by SEDAS can also be graphically dis-
played. In addition, SEDAS has an assistance capability which can provide
online information pertaining to the operation of the system. SEDAS is
interactive, command driven, and intended to be "user friendly". A sep-
arate programmer's manual is provided for those who may need to make pro-
gramming modifications.
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Field applications in progress using the systems include recording of
wide-angle reflections and refractions from timed quarry explosions on a
linear spread and three-component recording of regional and teleseismic
signals both for crustal phases and mode-converted (P-SV) teleseismic body
waves. Data from these systems are being used as part of three M.S. theses
at Penn State and one Ph.D. thesis at Princeton.

One complete system will be operated by Lamont-Doherty Geological
Observatory during the coming year.

Reports

Alexander, S. S., 1981, Lateral Variations in Crustal Structure from Combined
Use of Wide-Angle Reflections, Refracted Arrivals and Mode-Converted
Phases, EOS, Vol. 62, No. 45, p. 962.

Gross, P., 1982, Seismic Event Detection and Analysis System (SEDAS).
User's Manual, Geophysics Program, The Pennsylvania State University.

Sienko, D. A., 1982, Crustal Structure from Wide-Angle Reflections and
Refractions, M.S. Paper, The Pennsylvania State University, 125 pp.
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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

Jim Dewey has computed preliminary epicenters and magnitudes (m ) of over
200 instrumentally recorded earthquakes from Colorado, New Mexicoj; and southern
Wyoming. The following conclusions are based on these data:

(1) Because of radical differences in properties of seismic wave attenuation
across the Rocky Mountain front, regionally dependent and azimuthally dependent
attenuation functions must be used to estimate m, (Nuttli, JGR, p. 876, 1973)
for Rocky Mountain earthquakes. If attenuation o%ng waves propagating to the
east from the Rocky Mountain.front is described by an anelastic attenuation
coefficient (y) of 0.07 deg ~, a value typical of the Central U.S., then
attenuation coeffigients for Lg_fo the west of the mountain front must have
values of 0.3 deg or 0.4 deg =, if the m values computed for westerly
traveling waves are to agree with those compu%ed for easterly traveling waves.

(2) The list of relocated earthquakes should be essentially complete above
magnitude (mblg) 3.5 for the period 1964-1980.

(3) Forty percent of the earthquakes of magnitude (m ) 3.5 or larger occurred
in the man-induced sources at Rangely and Denver, Colorddo. Another 25 percent
were part of the aftershock sequence of the magnitude 5.1 Dulce, New Mexico,
earthquake of January 23, 1966.

(4) Excluding the man-induced earthquakes and the Dulce aftershocks, the
seismicity data for 1964-1980 suggest a recurrence time of between 500 and
2000 years for a magnitude 6.5 earthquake occurring anywhere in southern
Wyoming, Colorado, and New Mexico. This recurrence time seems unexpectedly
long, in view of the number of late Cenozoi¢ faults in the region. In fact,
Kirkham and Rogers (Colorado Geological Survey, Bulletin 42, 1981) estimate

a similar recurrence time for magnitude 6.5 earthquakes on a single trenched
scarp of the Sangre de Cristo fault in Colorado. It may be that the recent
instrumentally-recorded seismicity has been anomalously low compared to the
long-term seismicity.
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(5) The recent moderate earthquake activity is not well correlated with
mapped Late Cenozoic faults. The Sangre de Cristo fault, cited in the
previous item, was aseismic at the magnitude level of this study for the
period of this study. In order to reconcile the recent aseismicity of

the Sangre de Cristo fault with the high activity suggested for the Holocene
by trenching studies (ibid), it is necessary to postulate that the Sangre de
Cristo fault is currently in the quiescent stage of its seismic cycle.

(6) The New Mexico earthquakes of Jan 06, 1976 (m, = 5.0) and Mar 05, 1977

(m, = 4.5) are reliably located at focal depths of about 41 km beneath the
surface of the Colorado Plateau near Gallup. These depths are substantially
greater than focal depths usually observed away from current subduction zones.
They indicate that the crust beneath the Colorado Plateau is stressed at great
depth and that it is unusually strong, since otherwise the stress would be
relaxed aseismically.

Reports

Choy, G. L., Dewey, J. W., Needham, R. E., Sipkin, S. A., and Zirbes, M. D.,
1982, Teleseismic study of the central New Brunswick earthquake of
9 January, 1982 (abs.): Earthquake Notes, v. 53, no. 1, p. 18.

Dewey, J. W., 1982, Instrumental seismicity of New Mexico, Colorado, and
southern Wyoming (abs.): Earthquake Notes, v. 53, no. 1, p. 86.

Montero, P. W., and Dewey, J. W., Shallow focus seismicity, composite focal
mechanism, and tectonics of the Valle Central of Coast Rica: Bulletin
of the Seismological Society of America (accepted for publication).
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Strong Ground Motions in Two Seismic Gaps: Shumagin Islands, Alaska,
and Northern Lesser Antilles, Caribbean

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

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

Investigations

This program, to establish a bare-bone strong-motion recording
capability in two seismic gaps, nears completion. A total of 12 sites
are now monitored by analog accelerometers in the Shumagin seismic
gap, and one on Unalaska Island. Five sites were occupied in the
Lesser Antilles but high attrition of instruments due to some adverse
site «conditions requires frequent replacemente with refurbished
units. Two triaxial digital accelerometer units (PDR-1) have been
acquired, are lab-tested, and are scheduled for deployment during the
summer of 1982. One unit will be installed at the central recording
site at each network. Their installation completes the purely
technical program.

Results

Since installation of the Shumagin accelerometers in 1980/81 at least
six triggers occurred for which records have been retrieved and of
which five were earthquakes. By station (see Figure 1) and triggering
wave (P or S) they comprise the following set

No. of Records Station Trigger Phase
3 BKZ 28, 1P
1 CNB S
1 SGB S

Additional triggers have been noted since the last station visits and
include events as small as M, = 3.8 (on 12/28/81 near SAN). An
example of a processed record from BKZ of a M, = 4.8 earthquake of
June 8, 1981, is shown in Figure 2. ©No triggers are reported from the
Lesser Antilles. The next data retrieval for Alaska is planned for
=~July 1982.
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Figure 1. Distribution of sgtrong motion stations near the Shumagin seismic
gap, Alaska, as of August 1981. Stations indicated by triangles transmit
trigger moment through telemetry of Shumagin seismic network to central
recording site at Sand Point (SAN). Squares indicate strong motion sites
unrelated to telemetered short-period network.
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Figure 2. Example of digitized and processed strong motion records of station BKZ (see Figure 1) of a M;, = 4.8 earth-
quake of June 8, 1981, about 30 km from the site. The up direction of the traces (from left to right) represents: Up,

S70°W and S20°E; and their traces display (top to bottom): acceleration (cm/sec?), velocity (cm/sec), and displacement
(cm). Time units on abscissa is in seconds.
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National Earthquake Catalog
9920-02648

J. N. Taggart
Branch of Global Seismology
U. S. Geological Survey
Denver Federal Center, MS967
Denver, Colorado 80225

(303) 234-5079

Investigations

1. Coordinate the preparation of a nationl earthquake catalog.

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

3. Confirm locations, origin times and magnitudes of poorly described
western United States earthquakes.

4. Convert codes written for the SLAC SVS operations system to the new
VM operations system.

Results

1. During this reporting period emphasis was placed on the collection of
high quality earthquake data for the national events list data base.
Carl Stover and coworkers have now completed seismicity maps for the 37
states east of the Rocky Mountains. The event lists for these maps have
been assembled into a single large computer file in a standard data base
format. This file will be slightly modified and expanded by adding
earthquake data through 1979 from research investigations, local network
bulletins and the USGS Monthly List of Hypocenters. The research
investigations include a major contribution by J. W. Dewey and D. W.
Gordon (Project 9920-01901) on relocation of most of the larger
instrumentally recorded earthquakes that occurred in the eastern United
States since 1930. Gordon 1is nearing completion of a similar
investigation for the central United States.

An editing routine (NEQREV) developed by Glen Reagor was used to
correct listings in one or more large standard format files for New
England, Montana, Alaska, Puerto Rico and Guam. Reagor has also
developed a versatile manipulative code (AXX) that will create, merge,
modify parameters or list the standard format files.

2. Carol Thomasson, James Taggart and Frank Baldwin checked an
additional 12,000 1listings against original references during this
reporting period, bringing the total verified earthquake 1listings to
53,000, exclusive of California. About 700 previously unlisted Alaskan
earthquakes have been identified from the bulletins of the ISS, BCIS and
the USCGS for the years prior to 1960.
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With funding from Project 9940-02907 (R. F. Yerkes) W. H. K. Lee has
duplicated event 1lists and phase data for local southern California
earthquakes from C. F. Richter's notebooks (1926-1939) and the Cal Tech
bulletins (1932-1963). These will serve as the basic references for
verification of southern California event list files for 1926-1963.

Karen Meagher has collected and evaluated a large amount of phase
data from pre-1960 California earthquakes (M > 5). Meagher also is
assembling a file of newspaper descriptions of historical earthquakes.

3. Taggart and Baldwin have submitted for publication an investigation
of a 1938-1939 sequence of earthquakes in the Mogollon Mountains of
southwestern New Mexico. Taggart has completed the collection and
analysis of data for a similar investigation of the Dulce, New Mexico,
earthquake sequence of 1966-1967. Both investigations are based on the
measurement of Lg amplitudes relative to calibration events. The mbLg
magnitude of the largest event in each sequence 1is about 5.1. The
Mogollon Mountains sequence has the characteristics of an earthquake
swarm (30% of the total seismic energy or moment in the largest event),
whereas the Dulce earthquakes are a main event and aftershock sequence
(96% of the total seismic energy or moment was released in the main
event).

4, The SVS Operations System is being phased out at the SLAC Computer
Facility. W. H. K. Lee has nearly completed the massive, but unwanted
job of converting his codes and data files to conform with the VM
Operations System.
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Areas Damaged by California Earthquakes, 1900-1949
Contract No. 14-08-0001-19934
Tousson R. Toppozada
California Division of Mines and Geology
2815 "0" Street, Sacramento, CA 95816
(916) 322-9309

The purpose of this investigation is to define the areas in California that
were most damaged by earthquakes during the first half of the twentieth
century. The earthquakes selected are those of magnitude 5.5 or greater
that caused damage of intensity VII Modified Mercalli or greater in California.
From 1900 through 1949 about 50 earthquakes meet these criteria. The areas
shaken at intensity VI or greater will be determined by interpreting the
earthquake effects reported in the seismological literature, supplemented
by newspaper reports from the damaged areas. Isoseismal maps showing the
areal extent of the areas damaged will be included in the annual technical
report scheduled for completion in October 1982. This will provide the
relative sizes of the earthquakes independently of the variations in
seismographic instruments.

The newspaper search of the State Library was almost complete at the end of
March 1982. About 1,800 newspaper issues were searched, and one-third
provided earthquake reports. A bibliography of the newspaper issues searched
is being compiled. The process of drafting isoseismal maps has begun.
Summaries of the reported effects that were used to determine values of
intensity are being prepared.

10
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Subsurface Geology of Potentially Active Faults in the Coastal Region
between Goleta and Ventura, California

14-08-0001-19173

Robert S. Yeats, Principal Investigator
Lu Hua-fu
Bryan Grigsby
Daniel Olson
Department of Geology
Oregon State University
Corvallis, Oregon 97331
(503) 754-2484

Investigations

1. Completed surface geologic map of Goleta-Santa Barbara-Montecito metro-
politan area on Kronaflex base at a scale 1:24,000 and sent to USGS for com-
pletion.

2. Constructed cross sections across Coal 0il Point, Mesa, More Ranch,
and Lavigia faults in Santa Barbara area.

3. Continued detailed structural analysis of San Miguelito and Rincon late
Quaternary anticlines to test hypotheses of structural evolution based on
Ventura Avenue anticline.

Results

Most of the faults of the Goleta-Santa Barbara-Montecito metropolitan
area have reverse separation, south-side-up. They cut the Pleistocene Santa
Barbara Formation, and at least some of them deform late Pleistocene terrace
deposits. They belong to the same set of faults as the Carpinteria, Hol-
loway, Rincon Creek, and Shepard Mesa faults of the Carpinteria area (Jack-
son and Yeats, in press). The largest fault in terms of separation is the
Coal 0il Point fault, in the offshore area south of Goleta, with over 1500 m
separation. There is no geological justification for connecting any of these
faults with the 1978 Santa Barbara earthquake sequence.

The Red Mountain fault loses separation and is difficult to recognize
westward from the Summerland Offshore oil field. Fault A and the Santa
Barbara fault of Hoyt (1976), 2 km south of Santa Barbara Point, appear to
have north-side-up separation; these may be related to the Red Mountain
fault. Alternatively, the main trace of the Red Mountain fault may be far-
ther south, beyond our study area.

Age-calibration of the Pleistocene sequence on the south flank of the
Ventura Avenue anticline, together with detailed subsurface structural data,
permit an analysis of the structural history of the anticline for the last
2 m.y. (Yeats, 1982; Yeats, in review, 1982). The earliest thrusting
(Taylor thrust set) occurred along weak siltstone interbeds in a sequence
dominated by competent basin-plain turbidite sandstone. Because sedimenta-

11
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tion continued during thrusting, the age, rate, and direction of thrusting
can be worked out. Faulting began 1.3 m.y. ago and ceased 0.65 m.y. ago,
with a maximum slip rate of 3.3 mm/y to the southeast. North of the anti-
cline, the fault set followed bedding. In the vicinity of the anticline,
the fault set moved up a 45° ramp and ended as a blind thrust. The ramp
had topographic expression on the sea floor, diverting turbidites around
the ramp and preserving ash beds along with other hemipelagic sediments on
its crest. The ash beds are preserved only in strata 1.2 to 0.6 m.y. old,
as dated by zircon fission-tracks and by tephrochronology; these ages are
very close to the age of faulting as based upon differences in sediment
thicknesses in the hanging wall and footwall of the Taylor thrust set.

The sediments associated with the ash beds are fine-grained hemipelagic
mudstone, in contrast to older coarse-grained turbidite sandstone and
younger coarse-grained shallow-marine sandstone and conglomerate in the
vicinity of the anticline and turbidite sandstone in the Santa Clara syn-
cline south of the anticline which are in part coeval with the ash beds

on the anticline.

Following the end of deposition 0.2 m.y. ago, the competent basin plain
turbidites underwent flexural-slip folding over an incompetent Miocene se-
quence dominated by shale; underlying competent Paleogene strata were not
folded. The south flank of the Ventura Avenue anticline tilted at 3.4
microradians per year, the anticlinal crest rose at a rate of 11 mm/y, and
the anticline and an adjacent syncline shortened at a rate of 20 mm/y. The
high rate of folding in the Ventura Avenue oil field resulted in overpres-
sured sandstone reservoirs and oil-water interfaces which have not had time
to reach gravity equilibrium. Study of Ventura River terraces folded across
the anticline suggests to E. Keller and G. Dembroff of UCSB that the uplift
rates are slowing down, as would be expected if the fold were buckling up-
ward above a ductile detachment at depth.

Reports
Jackson, P. A., 1982, Structural evolution of the Carpinteria basin, western

Transverse Ranges, California: Geol. Soc. America Abs. with Programs, v. 14,
p. 174-175.

Jackson, P. A., and Yeats, R. S., in press, Structural evolution of the
Carpinteria basin, western Transverse Ranges, California: Am. Assoc. Petro-
leum Geologists Bull.

Yeats, R. S., 1981, Classification of active faults according to seismicity:
Assoc. Engineering Geologists Ann. Mtg., Sept. 27-Oct. 2, 1981, p. 60.

Yeats, R. S., 1982, Low shake faults of the Ventura Avenue anticline, Ven-
tura basin, California: Geol. Soc. America Abs. with Programs, v. 14, p.
246.

Yeats, R. S., 1982, Low-shake faults of the Ventura basin, California: Guide-
book, Neotectonics in Southern California, Field Trip Numbers 3, 4, 14 pre-
pared for the 78th Annual Meeting of the Cordilleran Section of the Geologi-
cal Society of America, Anaheim, California, April 19-21, 1982, p. 3-15.

12
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Yeats, R. S., 1982, Reply to comment on "Low-shake faults of the Ventura
basin, California" by A. M. Sarna-Wojcicki and R. F. Yerkes: ibid., p.
21-23.

Yeats, R. S., Keller, E. A., Rockwell, T. K., Lajoie, K. R., Sarna-
Wojcicki, A. M., and Yerkes, R. F., 1982, Field trip Number 3, Neotectonics
of the Ventura basin -- road log: ibid., p. 61-76.

Yeats, R. S., Large-scale Quaternary detachments in Ventura basin, southern
California: submitted to Jour. Geophys. Research.
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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

l. Multivariate analysis of site intensity assessments.

2. Review of the probable magnitude and location of the 1872 Washington
earthquake.

3. Analysis of the sensitivity of seismic hazard maps to:

A. Magnitude - earthquake frequency relationships.

B. Various attenuation curves.
4. Intensity data for damaging earthquakes in the Mississippi Valley are
being reviewed in connection with FEMA supported disaster preparedness study

in the Midwest.

5. Development of innovative computer programs for transformation of mapped
data and improved plotting of data.

6. Continued investigation of probable future economic losses in the ILos
Angeles area.

7. Continued investigation of national probabilistic hazard assessment.

Results

1. Multivariant analysis of intensity assignments was applied to the data for
the 1872 Washington earthquake. Comparison of ten researchers’ assessments
for the location of the 1872 earthquake shows that a crucial element is the
placement of the MMI VI isoseismal. A rough comparison of the different
researchers’ isoseismal maps show that there appears to be a natural grouping
of similar assessments. Single linkage cluster analysis and priancipal
components analysis were used on the matrix of observer site intensity
assessments to objectify this grouping.

The observer clusters seem to reflect two opposing tendencies: One cluster of
observers tends to underassess the intensity reports, that is, many of the
site descriptors do not correspond precisely to items in the Modified Mercalli
Intensity (MMI) scale, or an observer is reluctant to place geologic effects

14
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on the scale because these are held to be unreliable estimates of ground
shaking. As a result many sites are unassessed or are assessed as simply
"felt" rather than assigned an MMI number. On the other hand, another
observers enthusiastically over interpret (or "fully" interpret) the site
descriptors, by placing elements at particular levels of the MMI scale by
analogy or through some sense of cross—consistency when other descriptors are
present, or by literal interpretation of the MMI geologic descriptors.

If ranked scores are averaged for the clusters, a measure showing the spatial
character of the difference in intensity assessments is possible. Preliminary
results for the 1872 earthquake show that two crescents of spatial coherence
are present: one of positive sign to the southeast of a proposed lake Chelan
epicenter, the other of negative sign to the northwest. These are the
locations of the discrepancies in assessment of the VI isoseismal., Thus the
analysis successfully explains the differences in the interpretations of the
size and location of the 1872 earthquake.

2. Intensity assignments and isoseismals for the 1872 earthquake have been
reviewed. It is concluded that the 1872 earthquake had a probable maximum
intensity of IX (MM) and an epicenter in the vicinity of Lake Chelan
Washington. These results were presented by M. G. Hopper at the 1982 annual
meeting as a paper "The Earthquake of December 14, 1872 in the Pacific
Northwest" by M. G. Hopper, S. T. Algermissen, D. M. Perkins, S. R. Brockman
and E. P. Arnold.

3. A comparison among various techniques for fitting earthquake frequency -
magnitude data with an equation of the form log N = a-b shows that many of the
resulting b-values are biased toward estimating b-values that are too low.
Maximum likelihood formulas by Aki-Utsu and Page give incorrect results if
magnitudes are grouped into a number of fairly wide intervals (as is the case
when intensity data are fitted).

For N earthquakes (restricted to occur in n magnitude intervals of width m)
the correct maximum likelihood formula permits only N(n-1) + 1 distinct b-
values to be estimated. It has been possible to obtain these estimated b-
values and their distribution for any underlying '"true" or population b-
value. The probability of obtaining a particular set of N magnitudes for any
given b-value can be determined, and assuming an apriori uniform distribution
for the population b-value, an aposteriori distribution for b can be
calculated. From these results it is possible to obtain confidence limits for
the underlying b value as a function of sample size and sample mean. For
small samples, a wide range of population b values may be about equally
likely, resulting in high uncertainty in the estimate.

The assumed magnitude range (nAm) may be important in estimating the b-
value. For a given sample of N earthquakes and fixed Am, the fitted value of
b increases to some limiting value as the maximum magnitude increases. It is
important to use the assumed maximum magnitude rather than the observed
maximum magnitude in obtaining the b value. It should also be noted that
failure to include zeroes for intervals in which no earthquakes have occurred
may result in the computer program assuming the maximum magnitude corresponds
to the last interval containing an observation.

15




H2

A paper '"Maximum Likelihood Estimation of b-Values for Magnitudes Grouped
Data" incorporating the results of these studies was presented by B. L. Bender
at the Annual Meeting of the Seismological Society of America at Anaheim,
California.

Probabilistic ground motion values were computed for the New Madrid, Missouri
and Charleston, South Carolina areas using several different acceleration and
velocity attenuation curves and the seismic source zone parameters used in the
computation of ground motion for the new national probabilistic hazard maps.
It was found that all of the attenuation curves tested yielded comparable
values of ground motion except near the center of source zones with high
seismicity.

4, Geological data on liquefaction in the Midwest has been gathered as part
of a FEMA sponsored earthquake mitigation study. Emphasis has been on cities
specified by FEMA (Memphis, TN; Paducah, KY; Poplar Bluff, MO; Little Rock,
AR; Carbondale, IL; and Evansville, IN. For purpose of an earthquake

scenario, a shock with M, = 8,7, equivalent to the earthquake of February 7,
1812 has been selected.

5. A system of computer routines have been written to plot maps of seismic
data that are of publication quality. A technical paper and computer program
for the transformation of mapped data to grid systems has been completed by
Bonny Askew. It is anticipated that this computer technique will have
considerable application in the analysis of intensity data. An Open-file
Report, "Transformation of Mapped Data to Grid Systems with Applications to
Earthquake Data'" by Bonny Askew which describes the technique has been
completed and is in review.

6. Estimated earthquake loses to single family dwellings in lLos Angeles and
Orange Counties, California are being computed for a variety of postulated
earthquakes. This work is to be a contribution to the forthcoming
Professional Paper on earthquake hazards in the Los Angeles area.

7. A paper "Probabilistic Estimates of Maximum Acceleration and Velocity in
Rock in the United States" by S. T. Algermissen, D. M. Perkins, P. C Thenhaus,
S. L. Hanson and B. L. Bender was presented by S. T. Algermissen at the annual
meeting of the Seismological Society of America in Anaheim, California.

Reports
Barnhard, L. M., P. C. Thenhaus, and S. T. Algermissen, 1982, Distribution of

Intensity for the Westmorland, California Earthquake of April 26, 1981,
U.S. Geological Survey Open—-file Report 82-485.
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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 analysis of 136 events in the 2.0 < My < 6.0 range recorded on short-

period seismographs in the United States fég-thé_?g and Lg phases 1is in pro-
gress.

2. Data analysis of 29 NTS events recorded on strong-motion accelerographs is
in progress.

3. Data analysis of 50 events in the 1.8 < Mb(L )_5_3.2 recorded in North-
eastern U.S. on short-period seismographs for the Pg and Lg phases is in pro-

gress.

4, A dislocation model for a thrust-fault representing the short-period focal
mechanism solution of the Algerian October 10, 1980, damaging earthquake is
being evaluated theoretically. The vertical displacement field for a series
of normal faults is also being computed.

Results

1. A report on L _-wave attenuation in conterminous U.S.A. is in the prodess
of being written.

2. An Open File Report on the Lg—wave data tabulation is in the process of
being written.

3. A preliminary evaluation of the intensity distribution for the Algerian
earthquake of 1980 shows similar inconsistencies in the Modified Mercalli
Intensity Scale as has been documented in past post—-earthquake studies in
Venezuela, Peru, and Guatemala.

Reports

Espinosa, A. F., 1981, Seismology and earthquake engineering in Latin
America: Earthquake Information Bulletin, v. 14, no. 1, January-February
Issue, 1-4.

Espinosa, A. F., 1982, Editor of a series of papers by our Latin American
Colleages (10 papers): Seismology and earthquake engineering in South,
Central America, and Mexico: Earthquake Information Bulletin, v. 14, no.
1, 46 p.
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Strong-Motion Instrumentation/Structural Engineering Studies

9910-02759

Joseph J. Fedock
(R. B. Matthiesen)
Branch of Seismic Enginearing
U. S. Geological Survey
345 Middlefield Road, MS 78
Menlo Park, CA 94025
(415) 323-8111 ext., 2125

Investigations

The principal objective of these studies is to acquire, analyze, and dis-
seminate information related to the strong-motion response of engineering
structures. This information is primarily obtained from strong-motion records
and the research is directed towards understanding basic problems in earth-
quake engineering and improving engineering analysis and design procedures.

During the first half of FY 82 the studies have concentrated in the area of
strong-motion instrumentation of earth dams.

Results

A review of existing strong-motion instrumentation programs for earth dams has
been conducted. This information, in addition to that obtained from a survey
of the dynamic characteristics of earth dams, was used as a basis for develop-
ing guidelines for the selection of earth dams to be instrumented. Guidelines
for instrumentation locations at earth dam sites were developed. Specific
recommendations regarding free-field, input, response, and potential failure
motions were established. Recommendations for instrumenting earth dams to
various degrees were also proposed.

One earth dam (Long Valley Dam) was identified as being suitable for analysis
using the procedures derived in the investigations. Strong-motion records
have been obtained for this dam for the Mammoth Lakes Earthquakes of May
1980. Preliminary analysis of these records has been made.

Additional investigations have been conducted to locate appropriate dam(s) for
strong-motion instrumentation according to the guidelines discussed pre-
viously. Communications have been established with various agencies involved
in instrumenting earth dams regarding the selection of earth dams for
instrumentation.

Reports

Fedock, J. J., 1982, Strong-Motion Instrumentation of Earth Dams, U. S.
Geological Survey Open-File Report 82-469.

18




H2

Data Processing, Golden
9940-02088

R. B. Park
Branch of Ground Motion and Faulting
U.S. Geological Survey
Denver Federal Center, MS 978
Denver, CO 80225
(303) 234-5070

Investigations

1. 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 OES investigators with a variety of computer
services. The systems include a PDP 11/40, a PDP 11/70, three PDP 11/03's and
a PDP 11/23, a VAX/780 and a PDP 11/34. Total memory is 2.4 Mbytes and disk
space will be approximately 1.8 G bytes. Peripherals include three plotters,
eight mag-tape units, an analog tape unit, three line printers, 5 CRT
terminals with graphics and a Summagraphic digitizing table. Dial-up is
available on all the major systems and hard-wire lines are available for user
terminals on the upper floors of the building. Operating systems used are
RSX11 (11/40 and 11/34), Unix (11/70), RT1l (11/03) and VMS (VAX).

The three major systems are to be shared by the Branch of Global Seismicity,
Branch of Earthquake Tectonics and Risk, and the Branch of Ground Motion &
Faulting.

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, and AFTAC among others.

In Global Seismology, the data center is central to nearly every project. The
monitoring and reporting of seismic events by the National Earthquake
Information Service is 100% 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% 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. seismicty, both under development.

In Earthquake Tectonics and Risk, 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 will be supported by the data center. '
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In Ground Motion and Faulting, the data center supports equipment for on-line
digital monitoring of Nevada seismicity. Also it provides capability for
processing seismic data recorded on field analog and digital cassette tape in
various formats.

Reports
A. M. Rogers, P. A. Covington, R. B. Park, R. D. Borcherdt, D. M. Perkins,

1980, Nuclear event time histories and computed site transfer functions
for locations in the Los Angeles Region: USGS Open-File (in press).
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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. In-house proposal for study of central California tectonics through deep-
crustal reflection profiling was successful. With working group, began search
for relevant existing data, infomation to better frame the experiment, and
acquisition of data.

2. Helped carry to completion 1:2,500,000 maps of Quaternary faults (with
John Nakata) and seismic source zones (with Paul Thenhaus) in the Basin and
Range province.

3. Through contract with Arizona Bureau of Geology and Mineral Technology
(Chris Menges), pursued late Cenozoic tectonic history of Arizona,
particularly delineation of surface breaking faults, age of faulting inferred
from scarp morphology, tectonic classification of mountain fronts, and
delineation and interpretation of topographic envelopes.

4, Continued work (by Larry Mayer) on estimation of age of fault offset from
scarp morphology and examination of the effect of variability in physical
processes on these estimates, using regression and discriminant analysis.

5. Began compilation and original photo study (with Steve Reneau) of surface
breaking faults in the Death Valley 1 x 2 degree sheet.

6. Continued efforts to have four delinquent contract reports carried to
respectable conclusion.

7. Participated in review (Behrendt committee) for the Director, USGS, of
recent work bearing on the long-standing Federal position that, for the
purpose of safety regulation of power reactors, future occurrence along the
eastern seaboard of an earthquake as large as 1886 Charleston, S.C., is
limited to the Charleston area.

Results

1. Work in compiling surface-breaking faults in the Basin and Range Province
at both 1:2,500,000 for the whole province and at 1:250,000 for the Death
Valley sheet demonstrate that available data are extremely variable in
character, quality and completeness for this purpose. As a result, the small-
scale province map represents what is now generally known, but cannot be used
to confidently identify areas lacking young faults. At 1:250,000 we found
that study of aerial photos (about 1:40,000) raised questions about almost all
compilation sources; by using the photos as a filter, test, and original

21




2

source, however, in concert with available map sources, a reasonable small-
scale fault map can be made.

2. Photo study of the western Death Valley sheet reveals the presence of
numerous large landslides expressed in the topography that have not been
incorporated in geologic mapping of the region. These landslides range in
length from 1 or 2 km to possibly as much as 50 km and extend 1 to as much as
10 km back from the range fronts; the larger ones inflict major influence on
range topography and extend to or across range crests. The slides produce
bulges and outliers along otherwise straight faulted fronts, but are most
readily recognized by topographic steps and scarps at the crown of the slide
and by internal ponding of alluvium. The landslide toes lie below the
alluvial valley floor, but only the largest landslide yet recognized, at the
north end of the Coso Range, seems to show surface deformation in the toe
area. These major landslides have formed surface scarps that must be
distinguished from fault scarps, and presumably have produced fault-like
breaks and other bedrock deformation that should be distinguished from
tectonic structure in geologic mapping.

3. Inspection of available reflection data in central California suggests
that the basement surface marked by major unconformity beneath the eastern
Great Valley extends at gentle dip continuously westward across the whole
valley and could extend beneath at least the eastern edge of the Coast Ranges.

4, Statistical analyses of 200 fault-scarp profiles in the southern Basin and
Range province indicate that estimation of the morphologic age of fault scarps
are strongly, although not exclusively, affected by measurement and stochastic
errors, lithologic variations, sampling deficiencies, recurrent movement, and
fault branching. Stochastic errors in the relation between maximum scarp
angle and scarp height due to natural variations in scarp degradation render
wholly deterministic models of scarp evolution, derived from solutions to the
diffusion equation, inadequate for ranking scarp age.

Reports

Mayer, Larry, 1982, Constraints on morphologic-age estimation of Quaternary
fault scarps based on statistical analyses of scarps in the Basin and
Range province, Arizona, and northeastern Sonora, Mexico (abs):
Geological Society of America Abstracts with programs, v. 14, no. 4, p.
213.

Wentworth, C. M., and Mergner-Keefer, Marcia, 1982, Regenerate faults of small
Cenozoic offset: probable earthquake sources in the southeastern United
States: Chapter in U.S. Geological Survey Charleston Professional Paper,
in press.

22




H3

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 October 1981 through 31 March 1982. The 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 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 1 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 10,000
Number of earthquakes currently entered in catalog: 1,754
Number of earthquakes of M = 3.0 and greater: 100
Number of earthquakes of M 4.0 and greater: 12
Number of earthquakes of M = 5.0 and greater: 0
Number of earthquakes for which systematic
telephone notification to agencies was made: 8
Largest earthquake (two such events NW of Catalina -
23 October 1981): M = 4.6
Smallest felt earthquake (felt in E1 Monte -
14 November 1981): M = 1.9
Number of earthquakes reported felt: 34

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 systematically used because of limited
computer capacity; presumably this situation will be ameliorated during the
coming year.

There were no earthquakes of M = 5.0 or greater during the reporting
period. Of those sequences containing M = 4.0 and larger events, the follow-
ing are of interest:
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Two aftershocks, each with M = 4.6, of the 4 September 1981 (M = 5.3)
shock.

Two events (M = 4.5 and 4.2) on 10 November 1981 in the Wheeler Ridge
section of the Kern County aftershock alone.

High activity, peaking in early March 1982, in the Coso volcanic area
(see Figure 2).

A M= 4.5 event in the Ocotillo Wells area of the southern San Jancinto
on 22 March 1982.

The Coso activity is probably the most interesting. During the period

of high activity (20 February to 10 March) 225 events appear in the catalog.
There were four events of M = 4.0 and greater, the largest one being M = 4.5
on 7 March. During the height of the activity three of the "Coso net'" USGS
stations were recorded on helicorders as well as the computer and many events
were seen that were too small to trigger the on-line system. On 13 March a
very high b-value swarm, lasting a little over an hour, was observed on WCS,
suggesting the possibility of intrusive activity related to the volcanos in
the area.

local

The following abstracts were submitted during the reporting period, using
seismicity data from the Network:

Astiz, L. and C. R. Allen, Seismicity of the Garlock Fault
(1982 Spring SSA meeting)

Corbett, E. J. and K. A. Piper, Santa Barbara Island, California
earthquake, September 4, 1981 (1981 Fall AGU meeting)

Hutton, L. K. and C. E. Johnson, Preliminary study of the
Westermoreland, California earthquake swarm (1981 Fall AGU
meeting)

Johnson, C. E. and L. K. Hutton, Imperial Valley Seismicity
and the San Andreas fault (1981 Fall AGU meeting)

Sanders, C., K. McNally and H. Kanamori, The state of stress near
the Anza Seismic gap, San Jacinto Fault zone, Southern California
(1981 Fall AGU meeting)
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Fig. 1 Epicenters of larger earthquakes in the Southern California Region,
1 October 1981 through 31 March 1982.
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Fig. 2 Seismic activity in the Coso area during the reporting
period.
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Seismic Hazards of the Hilo 7 1/2' Quadranale

QRRN-NP43N

Jane M, Ruchanan-Panls
Enaineerina Genloay Rranch
.S, Geoloacical Survev
Hawaiian VYolcano Nhservatory
Haweii Volcannes Mational Park
Hawaii, 0F718
(eng) a67-732°2

Investinations

1. Geoloaic manpina and 17C datina of Java flows in the Hilo auadrancle
continues,

2. Geoloric investications, U, S. Armv Corps of Encineers, on the drainace
hasin of the Alenaio Stream has comnleted review.

3. A text and accomnanvina map showine distrihution and thickness of ash
deposits, the thickness of the underlvine clav hed, and, when exnosed, the
tyne of bedrnck material in portions of the Hilo, Papaikou, Rkaka Falls and
Pi'ihonua auadranales has completed review and is in TPI,

Results

A detailed aeolooic map and explanation of the northwest nortion of the
Hilo auadranale vas prepared for the U, S, Armv Corns of Enaineers ard has
completed the review nrocess. The reconnaissance oenloaic man showina the
thickness and distribution of the ash deposit in the areater Hilo area is
awaitina review hy the Technical Peports lnit.

X-rav diffraction and arain-size analvses of samnles collected from the
thick ash deposit and the vellow-arav clav bed that locally underlies it show
clear mineraleonical and nhvsical differences hetween the two units. Mo clay
minerals were detected in the ash depnsit; it is composed mainly of aihhsite
with cuartz as a minor constituent. The vellow-arav clayv hed, on the other
hand, contains an averace of nearly £0% i11ite, with Vaolinite and chlorite
as minor constituents. Grain-size analyses of ash samples taken from varvine
depths show a ranne in sand size material from as much as 40% in some lavers
to as little as 8% in others. Sand/silt/clayv ratios for the vellow arayv bed
were impossihle tn obtain because the amount of colloidal material present
in the samnles prevented them from separatinag,
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The ash, which reaches a maximum of 6 meters within the map area, is
aenerallyv believed tn an air-fall deposit erunted mainly from Mauna Kea Volcano,
with minor contributions probably from Mauna Loa and Kilauea volcanoes. The
vellow-aray clav hed which 1ocally overlies a'a flows from Mauna Kea Volcano
may also be in part an air-fall deposit. This bed is usuallv very fine-arained,
however, lava fracments similar in comnosition to the unper a'a rubhle are
present near the base, suacesting that this deposit was derived at least par-
tially from weatherino of the a'a.

Peports

Ruchanan-Panks, J.M., 12982, Peconnaissance map showino distribution and
thicknesses of ash denosits in the oreater Hilo area, Hawaii: U. S.
Geological Survev, MF Map - | scale 1:24,000,

Puchanan-Ranks, J. M., and Lockwond, J. P., 19892, Geolocic man of the

Alenaio-tainahoehoe Stream drainace area, MHilo, Hawaii: U. S. Geoloaical
Survey Open-file 82- | scale 1:24,000,
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Vertical Tectonics

9950-01484

Robert 0. Burford
and
Thomas D. Gilmore

Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111, ext. 2574

Investigations

1. Continued studies of historic crustal deformation based on the results of
repeated geodetic 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. Continued investigations designed to understand the nature of the drainage
divide between the Gulf of California and the Salton basin.

3. Extended investigations into western Arizona to determine the nature of
historic crustal movements and its relation to the rapid and often oscillatory
vertical movements that characterize historic tectonic activity in
southeastern California. Preliminary investigations suggest that western
Arizona has remained remarkably stable during latest Holocene time and that a
major contemporary tectonic boundary exists roughly coincident with the
California/Arizona border.

4. Acted as co-convenor and served as general chairman of the organizing
committee for a conference on earthquake hazards in the eastern San Francisco
Bay area held during March 24-27, 1982, on the campus of California State
University, Hayward.

5. Continued assistance to R. 0. Castle and R. K. Mark in investigations to
assess the accuracy of the geodetic measurement system, especially the effects
of suspected height- or slope-dependent systematic errors.

Results

1. A report concerning the nature of vertical crustal movements in Southern
California between 1974 and 1978, which is now in final stages of preparation
following technical reviews and editing, will be submitted for publication in
the near future. Some of the principal conclusions of the study are a) the
1978 leveling was conducted during a period of rapid tectonic deformation;

b) the 1974-1978 deformation consisted primarily of north to northeastward
tilting over much of the area of the southern California uplift; and c)
numerous minor earthquakes and occasional moderate shocks occurred throughout
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the region of the southern California uplift during its partial collapse, but
seismic activity was particularly intense in the regions of the eastern
Transverse Ranges and the Salton Trough, where an almost complete collapse of
the previous maximum uplift and a rapid continuation of tectonic subsidence,
respectively, occurred.

2. An abstract and a report on the nature of the divide between the Salton
basin and the Gulf of California have been reviewed and are undergoing final
revisions. Examination of the historic vertical control record suggests that
the continued maintenance of the divide is, at least in part, the result of
aseismic tectonic uplift and not simply rapid deltaic sedimentation.
Comparisons of first-order levelings referred to the virtually invariant San
Diego tide station indicate that the southern Imperial Valley, immediately
north of the crest of the Colorado River delta, rose more than 0.40 m during
the period 1926/27-73/74 and collapsed in part between 1973/74 and 1978, for a
net uplift of 0.15 m. This geodetic evidence, coupled with various geologic
and geophysical observations, suggests that crustal swelling along the deltaic
crest during latest Holocene time has biased the flow of the Colorado River
away from the Salton basin and toward the southeast flank of the delta.

3. Preliminary investigations of historic crustal deformation in southeastern
California and western Arizona have revealed the existence of a contemporary
tectonic boundary roughly coincident with the course of the Colorado River.
The boundary is defined as a sharp discontinuity in the vertical displacement
profiles at four separate crossings. That part of southwestern Arizona east
of this geodetically defined discontinuity has sustained no measurably
significant differential displacements since accurate geodetic measurements
were begun in 1905, which is in marked contrast with the large, aseismic and
oscillatory vertical movements recognized within tectonically active areas of
adjacent southeastern California.

4. A total of 62 papers on various aspects of earthquake-hazards problems in
the region northeast of San Francisco Bay were presented to an audience of
nearly 400 over a 3-day period. An excellent 1-day field trip along the
Hayward fault was held on Saturday, March 27, and the guidebook for that
excursion represents a very useful, permanent document. A proceedings volume
containing a collection of papers and abstracts presented and discussed during
the conference is in preparation at present. This volume will be published in
August or September 1982 by the California Division of Mines and Geology as a
Special Report.

Reports

Burford, R. 0., and T. D. Gilmore, Vertical crustal movements in southern
California, 1974-1978: U.S. Geol. Surv. circular.

Castle, R. 0., and T. D. Gilmore, A tectonic explanation for the persistence of

the divide between the Salton basin and the Gulf of California (abstract):
Geol. Soc. of Amer., Fall Meeting, October 1982, New Orleans.
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Gilmore, T. D., and R. 0. Castle, A contemporary tectonic boundary coincident
with the Arizona-California border (abstract): Geol. Soc. of Amer., Fall
Meating, October 1982, New Orleans.

Gilmor2, T. D., and R. 0. Castle, A tectonic axplanation for the persistence
of the divide between the Salton basin and the Gulf of California: Geology.
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Earthquake Effects, Tomales Bay Sediment
9830-~02890

H. Edward Clifton
Pacific—-Arctic Branch of Marine Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 856-7073

Investigations

l. Approximately 22 nautical miles of high resolution seismic reflection and
side-scanning sonar, and approximately 40 nautical miles of bathymetry were
collected in Tomales Bay in a preliminary reconnaisance of faulting and
earthquake features in the sediment of the bay.

2. 40 cores and 23 grab samples were collected in the weeks following the
January flooding in Marin County. The cores have been photographed and X-
rayed in an effort to outline the pattern of sedimentation and to delineate
the character of internal structure in the Bay sediment. Size and
compositional analyses have been made from selected samples.

3. Examination of the Pleistocene terrace deposits on the western side of the
bay was initiated.

Results

1. Numerous faults are evident within the seismic reflection profiles.
Because of the broad spacing of the profiles it is not yet possible to connect
these faults confidently, but the existing data will provide a framework for
the direction of further surveys this year.

2. Steep-walled closed depressions mark the bathymetry in many parts of the
bay. The largest of these are up to 7 m deep, and about 200 m across. Their
long axis, curiously, lies transverse to that of the bay, and their origin is
uncertain. More detailed surveys will better define these features and
provide a potential for palinspastic reconstructions within the bay, should
such depressions prove to be remnants of an older, fault-truncated drainage
system.

Much smaller steep-walled depressions (a few tenths of a meter deep and
approximately 10-20 m across) occur on muddy sediment in the southern end of
the bay. These features are irregularly in outline and may be collapse
depressions formed during the 1906 earthquake. Diving observations and
precise coring should further delineate their origin.

3. The January floods provided a mechanism for understanding the pattern of
sedimentation within the bay, a prerequisite for relating sedimentary features
to earthquake effects. Considerable sediment was introduced during the
episode of flood, but nearly all of it accumulated proximal to the mouths of
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contributing streams. 