UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

SUMMARIES OF TECHNICAL REPORTS, VOLUME XV
Prepared by Participants in

NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

January 1983

OPEN-FILE REPORT 83-90

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
1983



INSTRUCTIONS FOR PREPARATION OF SUMMARY REPORTS

Use 8 1/2" x 11" paper for both text and figures.
Leave at least 1" wide margins at top, sides anua bottom.
Type headings at top of first page. Headings should incluae:
Gl Project title
9 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)

Original copies of text and figures are required. No xerox copies.

Type figure captions on the same page as the figure.
Only type on one side of the paper.

Type all text single spaced.

Do not use staples.

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 XV

Prepared by Participants in

NATIONAL EARTHQUAKE HAZARDS REDUCTION PROGRAM

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 November 15, 1982 and cover the 6-montn period from
April 1, 1982 through September 30, 1982. These reports incluae 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:

Eartihquake 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. Engdanl, 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. 83-90

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 pe reevaluatea by
the investigators upon completion of the research. Readers who wish to cite
findings described herein should confirm their accuracy witn the autnor.



11.

CONTENTS

Earthquake Hazards Reduction Program

Earthquake Hazards and Risk Assessment (H)

Objective 1.

Objective 2.

Objective 3.

Objective 4.

Objective 5.

Objective 6.

Objective 7.

Objective 8.

Establish an accurate and reliable national

earthquake

data base.-=-=--=cccmmmmm e -

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

scale.-----

Delineate and evaluate earthquake hazards and
risk in earthquake-prone urbanized regions in
the western United StateS.--=--ceemmmmcccccccccceee

Delineate and evaluate earthquake hazards and
risk in earthquake-prone regions in tne eastern
United StateS.===-mmmmmmmm e

Improve capability to evaluate earthquake
potential and predict character of surface

faulting.--

Improve capability to predict character of
damaging ground shaking.------=---ccccecmmcmmccnuaa-

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

10

20

78

113

173

209

221

223




ITI.

Objective 2.

Objective 3.

Objective 4.

Obtain definitive data that may rerlect 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

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

Develop tneoretical and experimental moaels
to guide and be tested against observations
of strain, seismicity, variations in
properties of the seismic source, etc.,

prior to large earthquakes.-------------ccou-

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

Measure physical properties including

stress, temperature, elastic and anelastic
properties, pore pressure, ana material
properties of the seismogenic zone and the
surrounding region.-=------ccemcmccmcmcnnooo

Global Seismology (G)

Objective 1.

Objective 2.

Objective 3.

Operate, maintain, and improve standard networks

of seismographic stations.-------c-cmccccmcmcccnana

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

Improve seismological data services through basic
and applied research and through application of
advances in earthquake source specification and
data analysis and management,----=--ceccccccccncan-

ii

Page

342

394

429

464

476

480



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.----======-==-mm==--o=-====- - 485
Index 1: Alphabetized by Principal Investigator------=-=-===---=-===-=-" 509
Index 2: Alphabetized by Institution------------=--==------o==-==-omoos 514






H1

Reanalysis of Instrumentally-Recorded U.S. Earthquakes

9920-01901

Je 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 riske.

Results

David W. Gordon has continued analysis of over 240 instrumentally recorded
Central U.S. earthquakes that he has relocated:

1. The accuracy of the results have been tested by comparing the calculated
coordinates of events that have independently known positions with the
corresponding known hypocenters. Twenty events, including 10 regionally
recorded explosions, were available to check the accuracy of the revised
epicenters. In 18 of 20 cases, the 95% confidence ellipse of the revised
epicenter covered the independently known epicenter. To test the
reliability of the recomputed focal depths, the results obtained in this
study were compared to 34 events with known or independently estimated
focal depths. Although most of the focal depths computed in this study
are not estimated to be precise to within 10 km, they are consistent with
the independent focal depths within the estimated precision of the
solutions.

2. Comparison of the revised epicenters with previously accepted locations
indicates that about 25% of the new epicenters differ from the old
locations by 0.2° or more in lat or long. Nearly all of the old locations
of this group are not covered by the 95% confidence ellipses associated
with the new epicenters. In many instances, specific reasons for the
differences between the old and new epicenters can be deduced. The two
most common reasons for these differences are: (a) the epicenters of
events through the early 1960's were often based primarily on intensity
data, and (b) 1locations originally computed with a minimum number of
observations sometimes changed appreciably when new data were added to the
solution. Mislocations due to traveltime bias are also apparent among the
previously accepted epicenters.
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3. In the New Madrid zone, the revised epicenters show hetter agreement than
do the old epicenters with seismicity patterns defined by recently
recorded microearthquakes. In the vicinity of Marked Tree, Arkansas, the
revised epicenters suggest a seismic trend transverse to the main axial
trend of the New Madrid zone.

4. At least 80% of the relocated epicenters in the mid-continent region with
Mplg 2 4.5 correlate with ancient plate tectonic elements, such as
conginental rifts, aulacogen's, transform faults, and suture zones.

Reports

Gordon, D. W., 1982, Recomputation of earthquake locations in the central
United States, Abstracts of the 54th annual meeting, Eastern Section of
the Seismological Society of America.

Choy, G. L., Boatwright, John, Dewey, J. W., and Sipkin, S. A., =
A teleseismic analysis of the New Brunswick earthquake of January 9, 1982,
submitted to J. Geophys. Res.

Engdahl, E. R., Dewey, J. W., Fujita, Kazuya, » Earthquake location
in island arcs, Phys. Earth Planet Interiors, (in press).

Montero P., W., Dewey, J. W. 1982, Shallow-focus seismicity, composite focal
mechanism, and tectonics of the Valle Central of Costa Rica, Bull. Seism.
Soc. Am. 72, p 1611-1626.
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Seismic Data Library
9930-01501

W. H. K. Lee
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, MS 77
Menlo Park, California 94025
(415) 323-8111, ext. 2630

This is a non-research project and its main objective is to provide access
of seismic data to the seismological community. This Seismic Data Library was
started by Jack Pfluke at the Earthquake Mechanism Laboratory before they
joined the Geological Survey. Over the past ten years, we have built up one
of the world's largest collections of seimograms (almost all on microfilms)
and related materials.,

Major holding of seismograms are:

(1) WWNSS film chips and fiches (1963-present) —-- about 4,000,000 seismograms.

(2) USGS local network develocorder films (1966-1979) —-- equivalent to about
1,500,000 seismograms.

(3) Historical seismograms (1903-present) —- about 300,000 seismograms so far.

The historical seismograms were made through an international effort in
filming "o0ld" seismograms (anything prior to 1963). The goal is to build up a
library of a few million seismograms containing all available records from 30
or so key stations around the world, and selected seismograms for some 2,500
selected earthquakes. Key stations selected for U.S. are:

College, Alaska (1935-63)

Denver, Colorado (1909-45)

Honolulu, Hawaii (1903-21, 1933-63)

Mt. Hamilton, Calif. (1911-63)

Pasadena, Calif. (1923-63) -- being filmed now
Tucson, Arizona (1910-63)

Vieques/San Juan (1903-63)

In addition, we have also filmed several other U.S. stations for selected
events. Filming seismograms in other countries has just begun. A camera has
been set up in China, and another one is on its way to USSR. However, it will
be a few more years later before we will have any significant amount of
seismograms from other countries.

We have also an extensive collection of station bulletins and related
materials. In particular, we have filmed all the available phase cards from
Caltech (1927-69).
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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

l. Collected, verified and corrected earthquake event lists for the catalog.

2. Developed and tested a calibrated method of relative and joint magnitude
determinations.

3. Completed collection of phase data for Southern California earthquakes
with M > 5.

Results

During this reporting period Carol Thomasson corrected 15,000 event listings
in four VAX 11/780 source files of Alaskan earthquakes. Several thousand
unverifiable listings in the CGS file were replaced with data published in the
CGS Seismological Bulletin for 1944-1950 and 1954-1966. Sparse data for 2500
previously uncompiled Alaskan earthquakes were entered in new files and a
considerable amount of intensity data were added to the original source
files. Multiple verification procedures identified nearly all correction and
data entry errors.

The primary event-list data base for New England, New Jersey, New York and
Pennsylvania was assembled by adding regional network bulletin data to the
published state files of Stover and others. The data base contains 1440
earthquakes (through 1980), but does not include 1locally recorded
microearthquakes for which only origin times were listed in the bulletins.

Seismograms from the WWSSN station GOL were used by Taggart to estimate the
magnitudes of 130 aftershocks (1.5 < mbLg < 3.6) relative to the independently
determined magnitude (mbLg 4.0) of the largest aftershock of the 23 January
1966 Dulce, New Mexico, earthquake. Statistical data were obtained from joint
magnitude determinations (JMD) of 18 aftershocks using six well distributed
WWSSN stations (including GOL). The standard errors of the station
corrections and the event magnitudes were < 0.2 units, which is comparable to
the JMD standard errors from Nevada Test Site data reported by von Seggern.
The estimation of relative magnitudes is rapid, accurate, and especially
practical where network data is limited.

Karen Meagher completed collection of phase data from nearly 600 southern
California earthquakes with M > 5. These data will be prepared for input to
HYPO79, which will be used by W. H. K. Lee to relocate the hypocenters with
appropriate velocity models. Meagher also has assembled and deleted
redundancies from an extensive descriptive file of pre-instrumental
earthquakes in California.




H1

Areas Damaged by California Earthquakes, 1900-1949
Contract No. 14-08-0001-19934
Tousson R. Toppozada
and David L. Parke
California Division of Mines and Geology
2815 "O" Street, Sacramento, CA 95816
(916) 322-9309

Summary :

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, 61 earthquakes meet these criteria. The areas shaken
at Intensity V or greater were 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 are included for the 39 most damaging earthquakes in the
Annual Technical Report. This provides the relative sizes of the earthquakes

independently of the variations in seismographic instruments.

About 2,300 newspaper issues were searched, and one-third provided
earthquake reports. A bibliography of the newspaper issues searched is
included. Summaries of the reported effects that were used to determine

values of intensity are also included.
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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 J. Olson
Department of Geology
Oregon State University
Corvallis, Oregon 97331
(503) 754-2484

Investigations

1. Completed USGS semi-annual technical report, ''Surface and Subsurface
Geology of the Santa Barbara-Goleta Metropolitan Area, Santa Barbara County,
-California, by Daniel J. Olson, to be submitted as a possible open-file
report.

2 Completed first draft of a manuscript, '"Early-Stage Thrust Faults and
Deformational History in San Miguelito 0il Field, Ventura County,
California," by Lu Hua-fu and Robert S. Yeats.

3. Collected additional data from the Rincon, Padre Canyon, and San
Miguelito oil fields for further structural analysis of the late Quaternary
Ventura anticline-thrust system.

Results

We have completed a map showing recency of faulting in the Santa Barbara-
Goleta metropolitan area, shown here as Figure 1. The youngest bedrock is
the Santa Barbara Formation (Qsb) of Pleistocene age. The Santa Barbara
rests with angular unconformity on folded and faulted strata as young as
the Pliocene Sisquoc Formation. It is deposited in a half-graben basin in
which gently south-dipping Santa Barbara Formation is cut by south-dipping
reverse faults, some of which (More Ranch, Mesa faults) have large separa-
tion and terminate the basin on the south (Figure 2). The Santa Barbara is
overlain with angular unconformity by fanglomerate and by marine terrace
deposits, one of which has an estimated amino-acid age of 40,000 years.

We mapped those faults which post-date fanglomerate or the 40,000 year
terrace on the basis of (1) a faulted contact between bedrock and terrace,
(2) a fault scarp, more or less dissected, in fanglomerate, or (3) steeply
dipping fanglomerate. Critical localities are shown on the map where
evidence is found for a young age of faulting.

Faults which pre-date the 40,000 year terrace and pre-date the Santa
Barbara Formation are also shown. The evidence for faults which pose a
seismic shaking and/or ground-rupture hazard is tabulated below:
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Fault Evidence for youthful activity

Cameros Mainly and possibly entirely pre-Santa Barbara,
but affects ground-water contours

Goleta Same as Cameros
Modoc Same as Cameros
More Ranch Cuts 40,000-year terrace in sea cliffs at Elwood

field; forms north-facing scarp; prominent 1929
air photo lineations 0.8 km NNW of Coal 0il Point

Lavigia Monterey faulted against terrace deposits in
trench northwest of Hope Ranch

Mesa Steep, north-facing scarp; steeply dipping
fanglomerate

Mission Ridge Fault scarp in fanglomerate

San Jose Deforms fanglomerate

Reports

Jackson, P. A., and Yeats, R. S., 1982, Structural evolution of Carpinteria
basin, western Transverse Ranges, California: Am. Assoc. Petroleum
Geologists Bull., v. 66, p. 805-829.

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



FIGURE |I. RECENCY OF FAULTING IN THE SANTA BARBARA-GOLETA METRO-

POLITAN AREA.
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FIGURE 2. DIAGRAMMATIC CROSS SECTION ACROSS MISSION RIDGE AND
SANTA BARBARA PLAIN (modified from Dibblee, 1966).
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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. Continuing 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. Analysis of seismic source zones in the Eastern United States for mapping
long return-period earthquake ground motion hazard.

3. Analysis of 1980 census data for estimation of economic loss from
potential earthquake activity in selected cities in the western and midwestern
United States.

4, Refinement 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).

5. Continuing review of intensity data for damaging earthquakes in the
Mississippi Valley connection with a FEMA supported disaster preparedness
study in the Midwest. A maximum Modified Mercalli intensity map is being
constructed for the Mississippi Valley.

Results
l. Text and maps showing probabilistic estimates of maximum acceleration and
velocity in rock in the contiguous United States have been completed (0.F. 82-

1033) and supporting sensitivity studies to various input parameters are
discussen and illustrated in the text.

10
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Documentation of finite fault rupture models (0.F. 82-292) and a revised
probabilistic ground motion computer program (0.F. 82-293) have been completed
and serve as supplementary texts to O0.F, 82-1033 by having more detailed
information concerning the fault rupture model.

Refinement of text and figures describing sensitivities to fault rupture
models has been completed and submitted for journal publicaton.

2. A text that summarizes a series of meetings convened to provide the
project with a consensus viewpoint on new information and other factors that
were considered in defining seismic source zones of O.F. 82-1033, is through
technical review and very near completion of technical editing as a U.S.
Geological Survey Circular. Regionalization of the Basin and Range Province
according to age of fault displacements has been completed (O0.F. 82-742).

Seismic source zones in the eastern United States for estimating ground motion
values having low annual probabilities of exceedance are currently being
analyzed.

3. A series of maps with accompanying text have been completed for the Basin
and Range Province showing historical seismicity, strain-release, and
probabilistic ground motion values. The report is in technical review.

4. Progress has been made in developing utility programs for operating on
large files of earthquake and census information (0.F. 82-929) for earthquake
loss studies.

5. Reevaluation of intensity data for the 1872 Washington earthquake has been
completed and emphasis of study has shifted to historical seismicity in the
central United States. Intensity data for the 1843, Arkansas earthquake and
the 1895, Missouri earthquake are currently being reevaluated. Histories of
shaking (Modified Mercalli Intensities) are being compiled on a county basis
throughout a large portion of the central United States in conjunction with
the FEMA supported disaster preparedness study in the Midwest.

Reports

Algermissen, S. T., Perkins, D. M., Thenhaus, P. C., Hanson, S. L., and
Bender, B. L., 1982, Probabilistic estimates of maximum acceleration and
velocity in rock in the contiguous United States: U.S. Geological Survey
Open-File Report 82-1033, 99 p., 6 pls., scale 1:7,500,000.

Askew, B., 1982, Transformation of mapped data to grid systems with
applications to earthquake data: U. S. Geological Survey Open-File report
82-929, 47 p.

Bender, B., 1982, Flowchart: A computer program for plotting flowcharts:
U.S. Geological Survey Open-File report 82-999, 20 p.

Bender, B., 1982, Sensitivity analysis for seismic risk using a fault-rupture
model: U.S. Geological Survey Open-File report 82-294, 74 p.

11
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Bender, B., and Perkins, D. M., 1982, Seisrisk II: A computer program for
seismic hazard estimation: U.S. Geological Survey Open-File report 82~
293, 103 p.

Hopper, M. G., Algermissen, S. T., Perkins, D. M., Brockman, S. R., Arnold, E.
P., 1982, [Abstract], The earthquake of December 14, 1872, in the Pacific
Northwest: Seismological Society of America, 1982 Annual Meeting April
19-21, Anaheim, California.

Thenhaus, P, C,, Algermissen, S. T., and Perkins, D. M., 1982, [abstract], A
new seismic source zone map for the conterminous United States:
Geological Society of America Abstracts with Programs, v. 15, no. 7, p.
630.

Thenhaus, P. C., and Wentworth, C. M,, 1982, Map showing zones of similar ages
of surface faulting and estimated maximum earthquake size in the Basin and
Range Province and selected adjacent areas: U.S. Geological Survey Open-
File report 82-742, 18 p., 1 plate, scale 1:2,500,000.

12
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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, 00 80225
(303) 234-5077

Results

1. Data analysis of 72 events recorded by the New England short-period
network for L -waves have been completed. The matrix formulation (Dwyer,

Herrmann and ﬁuttli, 1981) have been used to determine the attenuation of L -
waves at 1 sec. Our results for y, are lower than those of Chiburis and
others. A report is in the process of being written on this topic.

2. A report entitled "An Algorithm to Compute a Multiple Volterra Rectangular
Dislocation: Strike-slip, Dip-slip, Normal- and Reverse-faulting Cases," by
A. F. Espinosa, S. McKay, Chalermkiat Tongtaow, and R. Yeatts is in the
process of being written.

3. Two foreign scientists completed their training under this program: Ms.
L. Casaverde, an Organization of American States Fellow recipient from Lima,
Peru, South America, received an intense program training in Seismic Data
Analysis Techniques. The other scientist Ms. C. Fernandes, an International
Atomic Energy Agency Fellow from Brazil, received similar training plus the
usage of digitizing and plotting procedures.

4, A report on lg—wave attenuation in conterminous USA is in the process of
being written.

5. A. F. Espinosa was invited as a visiting professor to the First Interna-
tional Course in Geophysics sponsored by the International Center of
Theoretical Physics, Trieste, Italy; the Universite Pierre et Marie Curie,
Paris, France; and the International Center of Physics, Bogota, Colombia, held
in Bogota, Colombia. Participants from Central and South American countries
attended this course.

6. An Open-file Report on L _-wave data tabulation has been finished entitled
"1 _-wave Data-Base Tabulation Recorded on the: I. LRSM Stations in the

Conterminous United States, II. New England Stations," by A. F. Espinosa and
J. Michael.

13
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Strong-Motion Interpretations for Structural Engineering

9910-02759

Joseph J. Fedock
(R. B. Matthiesen)
Branch of Seismic Engineering
U.S. Geological Survey
345 Middlefield Road, MS-78
Menlo Park, CA 94025
(415) 323-8111, ext. 2881

Investigations

The direction of these research efforts is oriented towards obtaining
information concerning the strong-motion response of engineering structures.
Although the goal of these studies is to improve the current understanding of
fundamental problems in earthquake engineering, the scarcity of sufficient
strong-motion records has impeded that effort. Consequently, these
investigations have concentrated in the area of strong-motion data acquisition
from engineering structures.

Results

Continuing studies in the area of instrumentation of earth dams are being
conducted. In particular, guidelines pertaining to the implementation, cost,
and maintenance of strong-motion and other instrumentation at dam sites are
being developed.

A specific earth dam (Leroy Anderson Dam) has been identified as being
suitable for instrumentation according to the guidelines reEorted here1n
Coordination with the various agencies involved is being established.
preliminary strong-motion instrumentation scheme for the dam site has been
developed. An evaluation of the suitability of downhole instrumentation at
the dam is also being conducted.

Analysis of existing strong-motion data obtained from structures is
continuing. The response records from Long Valley Dam during the May 1980
Mammoth Lakes Earthquakes are under investigation.

Additional engineering structures are being analyzed for planned strong-motion
instrumentation. Various building projects in the San Francisco Bay region
have been selected for both free-field and structure strong-motion
instrumentation. Preliminary design schemes for the instrumentation of these
projects are being formulated.

ReEorts

Matthiesen, R. B., and Porcella, R. L., 1982, Strong-Motion Data Recorded in
the United States during the 1979 Imperial Valley Earthquakes: U.S.
Geological Survey Professional Paper 1254.

Fedock, J. J., 1982, Strong-Motion Instrumentation of Earth Dams: U.S.
Geological Survey Open-File Report 82-469.
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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, 00 80225
(303) 234-5087

Investigations

1. Continued to collaborate with Kaye Shedlock in the processing of the
Mississippi River high resolution seismic reflection survey.

2, Collected and processed Mini-SOSIE high-resolution seismic reflection data
across known surface lineations in the Mississippi embayment. The purpose was
to determine if these features are controlled by subsurface movements or by
the dynamics of the Mississippi River.

3. Collected and processed Mini-SOSIE high-resolution seismic reflection data
across known scarps in Utah. The purpose of the survey was to determine if
the fault scarps are of a non-tectonic origin or of recent tectonic movement
such as a deep—-seated fault.

Results

1. About 2/3 of the Mississippi River survey is processed and interpretations
are beginning.

2, Preliminary processing was compiled on eight lines of the Mini-SOSIE data
which was collected in the Mississippi embayment. Dave Russ was able to make
a selection for trenching based upon the data.

3. Mini-SOSIE high-resolution data was collected.
l. Across the Drum Mountain scarp system.
2. Across the fault scarp near Clear Lake, Utah.
3. Across the fault scarp near Scipio, Utah.
4, Two lines were run across a fault lake scarp near Kaysville, Utah,

Reports

Shedlock, Kaye M., and Harding, Samuel T., 1982, Mississippi River seismic
survey: Geophysical Research letters, v. 9, no. 11, p. .
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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 6.4 Mbytes and disk
space will be approximately 2.2 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. Users may access any of the
systems through a Gandalf terminal switch. Operating systems used are RSX1l
(11/40 and 11/34), Unix (11/70), RT11l (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 Tectonic 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 spupported 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. Under development is a portable microprocessor based system
to be used by the field investigations group to do preliminary analysis and
editing of temporary local networks.

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. Central California deep-crustal reflection profiling: 240 miles of
existing reflection profiles were selected and purchased, an RFP for 70 miles
of new profiling was issued, and a contractor was selected for the new work.

a. Northern Sacramento Valley - 100 miles of 5-second primacord data
were purchased from Seisdata Corp. These lines extend across the northern
Sacramento Valley between Willows and Red Bluff and abut Cretaceous outcrop on
the west.

b. Southern San Joaquin Valley - 120 miles of 6-second Vibroseis data
across the southern Coast Ranges and San Joaquin Valley from Moro Bay to
crystalline basement east of Delano were purchased from Western Geophysical
Co. The central 60 miles are being reprocessed to recover an additional 6
seconds of record.

c. Northern San Joaquin Valley - A contract has been signed with
Geophysical Systems Corp. to collect and process 78 miles of 15-second, 100-
fold Vibroseis data and 30 miles of U4-fold dynamite data along a line
extending east from the crest of the Diablo Range north of Pacheco Pass
through Chowchilla. Field acquisition is planned for late 1982.

2. Work continued (Menges) on late Cenozoic tectonic history of Arizona.

3. Work continued (Mayer) on estimation of age of fault offset from scarp
morphology, and a major report on relative ages of fault scarps using
regression and discriminant analysis is largely completed.

4, A temporary b-station seismic net with a station spacing of about 10 km
was operated over a 25 x 65 km area west of the Hurricane fault in
southernmost Utah for 6 weeks in June-July, 1982 (Sbar and Johnson) to
investigate the transition from Plateau to Basin and Range Provinces. Against
a background of 0.5 to 1 event per day, a large swarm of about 40 events was
recorded south of Enterprise and lesser swarm activity was detected elsewhere
on a number of occasions. Locations to + 1 km and a number of fault plane
solutions will be possible from the data.

Results
1. Mark Zoback's realization that deep data can be recovered from shallower

Vibroseis profiles where the sweep is long and upward across the frequency
range has proved valuable. Western Geophysical's line SJ-6, originally
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recorded to 6 seconds, has been reprocessed under contract to 12 seconds.
Numerous deep events are evident, although they are continuous only over short
distances and are interrupted by large areas of noise.

2. Within the Salinian granitic block at about 35°30' N lat. abundant short
and discontinuous subhorizontal reflections occur throughout the crust and
stronger reflections appear at about 4.7 and 9.2 seconds (two-way). Assuming
a velocity increasing from 6.0 km/sec near the basement surface to 6.5 at 8
seconds, these stronger reflections occur at depths of 10 3/4 and 28 1/4 km.
The deeper one must be the base of the crust; the midecrustal reflector is of
unknown origin, but raises again the question of Salinian granitic terrane
thrust over some underlying (Franciscan ?) mass.

3. The San Andreas fault is not evident at all in the 12-second record, at
least in its present, preliminary state of processing.

4, Discontinuous reflections are evident between 6 and 7 seconds beneath the
southern tip on the Diablo Range (McClure Valley) that are aligned (in time)
with the west-dipping basement surface beneath the Cretaceous-Cenozoic section
to the east of Kittleman Hills (South Dome). This relationship, together with
evidence of detachment between the Cenozoic folds and deeper strata, suggests
that the crystalline rock and unconformity on which the Valley sediments were
deposited has been thrust westward at least 10 km beneath the Coast Ranges.

5. Scarp-profile studies in Arizona (Menges) indicate numerous faults having
offsets in the range 5-20 thousand years. These are scattered along the whole
length of the seismic zone that eﬁtends northwestward across the state. The
shortest return times (perhaps 10" yrs) and longest fault histories ogccur in
the northwest; elsewhere recurrence intervals are longer (perhaps 10° yrs) and
faults tend to lack pre-late Quaternary activity.

Reports

Mayer, Larry, and Wentworth, Carl M., 1982, Geomorphologic differences east
and west of the Stafford fault system, Northeastern Virginia (abs.):
Geological Society of America, 1983 southeast section meeting (in press).

Nakata, J. K., Wentworth, C. M., and Machette, M. N., 1982, Quaternary fault
map of the Basin and Range and Rio Grande Rift provinces, western United
States: U.S. Geological Survey Open-File Report 82-579, map scale
1:2,500,000.

Thenhaus, P. C., and Wentworth, C. M., 1982, Map showing zones of similar ages
of surface faulting and estimated maximum earthquake size in the Basin
and Range province and selected adjacent areas: U.S. Geological Survey
Open-File Report 82-TU42, map scale 1:2,500,000.

Yeats, R. S., 1982, Large-scale Quaternary detachments in Ventura Basin,
southern California: Journal of Geophysical Research (in press).
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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

Geologic mapping and 14¢ dating of lava flows in the Hilo quadrangle
is nearing completion.

Results

More than three quarters of the geology of the Hilo 7 1/2' quadrangle has
been mapped at a scale of 1:24,000, Of the 25 Mauna Loa flows identified
thus far, one is historic, the 1880-81 flow, and twelve have been dated

by 14C techniques. The flows range in age from 100 years to 24,000 years.

A11 of the Mauna Kea flows within the quadrangle are overlain by a thick
section of ash. A Mauna Loa flow on top of the ash has been dated at
14,300 years; hence the Mauna Kea flows are older than this date,

Two flows from Kilauea Volcano have been identified but no charcoal has
been found beneath either. 1In reconnaissance mapping by Holcomb (1980),
these flows are considered to he between 350 to 500 years old. A slurry
of mud and rocks is being deposited on the Kilauea flows to convert the
land to agricultural use. This modification will make the mapping of a
contact between the units very difficult.

ReEorts

Buchanan-Banks, J. M., and Lockwood, J. P., 1982, Geg]ogic map of the.
Alenaio-Waipahoehoe Stream drainage area, Hilo, Hawaii: U. S. Geological
Survey Open-File Report 82-655, scale 1:24,000.
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Earthquake Effects, Tomales Bay Sediment
9830-02890

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

Investigations

Geophysical surveys were continued in Tomales Bay, California, augmenting
the reconnaisance lines run earlier in the year, and were also conducted in
Bodega Bay between Tomales Point and Bodega head. Approximately 58 nautical
miles of high resolution seismic reflection profiles and side scanning sonar
lines were collected in Tomales Bay, bringing the total of geophysical lines
in Tomales Bay to about 80 nautical miles (fig. 1). In addition approximately
51 nautical miles of high-resolution seismic reflection and side scanning
sonar profiles were run in Bodega Bay (fig. 2). Sixty-one cores were also
collected during the summer (fig. 3) in the continuing effort to locate
stratified bay sediment which might bear the imprint of earlier earthquakes in
the area. Three underwater profiles were run using scuba on the western side
of Tomales Bay to assess the effectiveness of waves at redistributing the
sediment.

Results

Wherever stratified sediment appears in the seismic reflection profiles,
possible faults appear, manifested by the abrupt appearance of internal
reflectors, or by their offset. Some of the apparent breaks in the
geophysical records are associated with scarps on the seafloor. Preliminary
analysis of the breaks suggests that recent offset on the San Andreas fault
occurs in a zone of discontinuous fractures. Some of the fractures associated
with the 1906 earthquake can be identified by their tie to the observed break
on their shorelines of Tomales and Bodega Bay. A map delineating probable
recent fractures in the two Bays is under preparation.

Cores of the sediment taken in Tomales Bay during the summer confirm that
very little stratification exists within modern bay sediment. Other than in
the tidal channels in the north end of the bay, where strong tidal flow
actively reworks the sand, or very close to the western shore of the bay,
where waves redistribute the sand locally on a small scale, the abundant
infauna totally bioturbate most of the deposits within the bay. Layered
deposits produced by the January 1982 floor remained discernible in cores
taken 6 months later. The fact that the sediment displayed only those layers
deposited in this recent flood suggests that even these strata are unlikely to
be preserved for more than a few years. The general absence of stratification
greatly limits the possibility of identifying the effects of previous
earthquakes, such as that of 1906, within Tomales Bay sediment.
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Geophysical tracklines across the
San Andreas rift zone in Bodega
Bay.
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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
Menlo Park, California 94025

(415) 323-8111, ext. 2951

Investigations

1.

2.

A search for recently active faults in the northeastern and southwestern
San Francisco Bay area was reopened following discovery of several

previously unrecognized, potentially active faults in those areas.

A map synthesis (scale 1:250,000) of the principal recently active faults
in the San Francisco Bay area (encompassing the entire central California
Coast Ranges and offshore continental borderland between latitude 36015' N,

and 39000' N., and longitude 120045' W, and 124000'W) was prepared with
D. S. McCulloch (Branch of Pacific-Arctic Geology, Menlo Park).

New address: Office of Earthquake Studies

U.S. Geological Survey
905 National Center
Reston, Virginia 22092
(703) 860-6471
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Map synthesis (scale 1:250,000) of the principal recently active faults

and earthquakes (1969-1980) in the San Francisco Bay area and surrounding
Coast Ranges of central California--which is being prepared in cooperation
with W. L. Ellsworth and L. N. Shijo (Project #9930-02103, Seismic Studies

of Fault Mechanics, Menlo Park)--was corrected and revised.

A cooperative investigation of the landslides that were initiated in the
San Francisco Bay area during an exceptionally intense rainstorm on

January 3-4, 1982, was continued.

Results

Several heretofore unknown, recently active faults were recognized by Herd

in the northeastern and southwestern San Francisco Bay area in an aerial-

photographic search for evidence of later Quaternary faulting.

a. A nearly continuous, north- to northwest-trending line of recently
active reverse faults (west-side down) was discovered within the
easternmost flank of the northeastern California Coast Ranges. The
line of faults can be traced northward from Lagoon Valley (latitute
38020' N.) through the mountains to at least latitude 39010'N. The
line of faults locally runs along the west side of Vaca Valley and
Capay Valley, and everywhere closely follows the stratigraphic contact
separating the Cretaceous Great Valley Sequence rocks of the interior
Coast Ranges from the Tertiary and Quaternary rocks at the west side
of the Sacramento Valley. The line of faults appears to be

predominately bedding-plane in character, seemingly identical in
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strike and dip (?) with beds of the Great Valley Sequence. The fault
offsets gravels of Pliocene and Pleistocene age (and erosional
surfaces of probable mid-Pleistocene ége) in west-facing escarpments
that are locally tens of meters in height. Late Pleistocene terraces,

however, do not appear broken by the faults.

A number of secondary reverse faults of mid- to late-Pleistocene age
were discovered east of the above described line of reverse faults,
within the Pliocene- and Pleistocene-age gravels at the west side

of the Sacramento Valley. These north- to northwest-trending faults
basically parallel the main line of reverse faults, similarly
offsetting the gravels in west-facing escarpments. Most of these
secondary reverse faults occur on the flanks of Bald Mountain
northwest of Esparto. They include the Sweitzer fault, a reverse
fault that had been mapped several decades ago on the west flank of

Bald Mountain.

An east-trending thrust fault was discovered near Monterey, locally
paralleling California Highway 68. The thrust fault, dips to the
south, and can be traced eastward several kilometers to at least

E1 Toro Creek. The thrust fault bounds the north side of an east-
trending ridge that is underlain by folded Tertiary rocks; locally,
beds are overturned at the fault. The fault appears to be continuous
with a thrust fault recently discovered by W. Dupre' in the suburbs
east of Monterey. There, the thrust fault offsets a marine terrace of

mid- to late-Pleistocene age in a north-facing cliff,
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2. Traces of recently active faults on the central California continental
borderland (mapped by D. S. McCulloch and others in oceanographic cruises
conducted during the last several years) have been compiled together with
traces of recently active faults in the adjoining central Coast Ranges
(mapped by Herd and others). The map compilation (scale 1:250,000)
provides a new synthesis of the many recently active faults that have been
discovered both onshore and offshore in the San Francisco Bay area, as
well as new mapping of previously identified, recently active faults. The
offshore mapping reveals the San Gregorio fault to be a line of en echelon
fault segments not unlike that pattern of faulting now recognized along
the Maacama and Green Valley faults. The San Gregorio fault joins the San
Andreas fault west of San Francisco in a complex intersection of

branching, discontinuous fault breaks.
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Ground Response Along the Wasatch Front
9940-01919

K. W. King
Office of Earthquake Studies
Branch of Ground Motion and Faulting
Denver Federal Center
Denver, Colorado 80225
(303) 234-5604
and
W.W. Hays
Office of Earthquake Studies
905 National Center
Reston, Virginia 22092
(703) 860-6473

Investigations

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

2. Compresional and shear velocities were measured at approximately 1/3 of
the sites under investigation in the Wasatch area. The remaining sites and
specific geologies will be investigated in the coming year.

3. A surface to subsurface ground motion investigation was made at a
potential nuclear waste repository site.

Results

l. The maximum contrast in ground motion response values across the period
band width of 0.2 to 6.0 seconds in Cedar City relative to an adjacent site
underlain by rock is 4.0. A 43 meter length refraction survey made at the
sites tested for site response in Cedar City did not record refraction
arrivals from the underlaying bedrock and did not indicate any large velocity
contrasts. The average Vpl is 380 to 500 m/sec, Vsl is 240 to 360 m/s and Vp2
is 710 to 1220 m/s Vs2 is 440 m/s to 960 m/s.

2. The surface-subsurface ground motion study at Calico Hills was
finalized. The results generally indicate that the subsurface motions have
frquency characteristics similar to the surface motions and the subsurface
motions have a velocity spectral ammplitude that is less then the surface
velocity spectral amplitude by a factor of 1.5.

3. The Wasatch seismic data report was finalized. The data is somewhat
comparable to the seismic data reports from the San Francisco and Los Angeles

areas.
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Reports

1. King, K. W., 1982, Ground response in the Cedar City, Utah area [abs.]:
Seismological Society of America, Feb. 1, 1982,

2. King, K. W., 1982, A study of surface and subsurface ground motion at
Calico Hills, Nevada Test Site (directors approval Oct. 22, 1982).

3. King, K. W., Hays, W. W., McDermott, P. J., 1982 Wasatch front urban area
seismic response data report (in final review.)
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Alaska Seismic Studies
9940-01162

John C. Lahr
Christopher D. Stephens
Branch of Ground Motion and Faulting
U. S. Geological Survey, MS-77
345 Middlefield Road
Menlo Park, California 94025
(415) 323-8111, ext. 2510

Investigations

1. Beginning in October 1982, the scope of seismic monitoring in southern
coastal Alaska was reduced in order to concentrate very limited funds on the
areas of prime concern. Monitoring has been discontinued in southern Cook
Inlet with the removal of six stations from Develocorder film; reduced in
Prince William Sound and near Valdez with removal of four stations from film;
discontinued between Yakutat Bay and Sitka with removal of stations at Juneau
and Sitka from film; and terminated north of the Wrangell Mountains with
closure of the station at Alcan. The remaining USGS network of 46 stations is
focused on four areas of interest:

a) VYakatut Bay to Prince William Sound, centered on the Yakataga seismic
gap.

b) Anchorage and the surrounding region of rapid growth and development.

c) The active Cook Inlet volcanoes-Iliamna, Redoubt and Spurr. Two of
three stations near Mt. Spurr are funded by the State of Alaska as
part of their geothermal program.

d) The region of the proposed Bradley Lake hydroelectric project on the
Kenai Peninsula. This area is monitored by five stations with funds
from the Army Corps of Engineers.

2. There are 42 strong motion instruments operated in Alaska by the USGS,
including 13 between Icy Bay and Cordova in the area of the Yakataga seismic
gap. Fourteen of these instruments are co-located with telemetered high-gain
stations and are interconnected so that absolute time can be obtained on the
strong motion record. Maintenance of the remaining instruments is shared
between this project and the Seismic Engineering Branch.

3. Four Sprengnether DR-100 digital event recorders were deployed near Mt.
Spurr volcano from August 8 to August 11, 1982 in an effort to learn more
about the numerous nearby events that produce emergent low-frequency (2-4 Hz)
signals. Due to inadequate weather protection, the instruments did not
operate correctly and very few events are recorded on more than one
instrument. It is still hoped, however, that analysis of the data obtained
will provide some insight into the source of the local events.
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Results

1. During the past six months, data processing has remained on schedule and
preliminary earthquake locations have been obtained for March through August
1982 (Figure 1). Except for May, the monthly average of located events was
414, A total of 895 events were located for May due to a particularly
energetic aftershock sequence following a shallow magnitude 5.1 (5.0 my, NEIS)
shock that occurred May 2 near Icy Bay within the aftershock zone of the 1979
St. Elias earthquake. The aftershock activity from the May 2 earthquake
continued for several days and was confined to an area with dimensions of
about 5 by 10 km. On May 3, a magnitude 4.4 (5.0 my NEIS) shock occurred
southeast of the May 2 event, and initiated a less prominent aftershock
sequence adjacent to but spatially distinct from the aftershock zone of the
May 2 event. During June and July of 1980 a third sequence of activity
occurred adjacent to the northeast boundary of the May 1982 activity within an
area with dimensions less than about 10 km. These observations of non-
overlapping aftershock zones with similar dimensions suggests that the spatial
occurrence of these earthquakes is being controlled by asperities or fracture
barriers with dimensions on the order of 5 to 10 km.

Other significant events which occurred during the past six months
include a magnitude 4.5 (4.8 m,, NEIS) shock 20 km east of Anchorage on May
5. This event was 1ocated at 23 km depth which would place it within the
Benioff Zone. The lack of any significant aftershock activity for this
subcrustal event, in contrast to the prominent aftershock sequences observed
for shallow events near Icy Bay, is consistent with the observations of Page
(1968). This event was felt with MM intensity V at Anchorage and triggered

ten strong motion recorders at seven sites (G. Brady, personal communication,
1982).

The regional pattern of seismicity for March through August 1982 is
generally similar to that observed over the past few years. Except for the
unusually high level of activity in the St. Elias aftershock zone during May,
no significant changes were recognized in the spatial and temporal patterns of
seismicity in and near the Yakataga seismic gap.

2. Earthquakes located within 100 km of Anchorage during 1972-82 were
reviewed, utilizing local seismograph stations. The seismicity pattern is
dominated by events within the Pac1f1c plate that define a Benioff zone about
15 km thick d1pp1ng toward N. 75° W, Below Anchorage the Benioff zone
activity ranges in depth from 30 to 55 km. The dip of the Ben1off zone
increases smooth]y from 5° 100 km ESE. of Anchorage through 12° below
Anchorage to 40° 100 km to the WNW. Focal mechanisms were determined for
nine Benioff zone events. These mechanisms can be divided into three types:
two were thrust mechanisms compatible with underthrusting of the Pacific plate
in a WNW. to NW. direction on a shallow-dipping plane; two had tension axes
alined approximately downdip, and nearly horizontal pressure axes oriented NE.
-SW.; and the remainder, which included the May 5 event, had nearly horizontal
tension axes oriented E.-W. to SE.-NW. and steeply dipping pressure axes.

At depths between about 90 to 140 km the Benioff zone activity appears to
define two parallel planes separated by about 12 km. This feature persists
even for carefully selected and relocated events. It is not yet clear whether
this structure represents a double Benioff zone, as reported for some other
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areas, or is fine structure within a single Benioff zone. Whereas double
Benioff zones are characterized by a systematic variation in the orientation
of focal mechanisms between the upper and lower zones, no clear evidence of
this type has been found for the Benioff zone northwest of Anchorage.

Seismicity within the North American plate is generally limited to depths
shallower than 20 km. The rate of shallow seismicity is approximately 15
times lower and the distribution is more scattered than within the Benioff
zone. The pattern of shallow seismicity is dominated by: a diffuse NNE.-
striking zone of events bounded approximately by upward projections of the 20-
and 50-km depth contours of the upper surface of the Benioff zone; a band of
activity along the volcanic axis; a cluster of events 50 km NE. of Mount
Spurr; three clusters 90 km NNE. of Anchorage; and a cluster near the
intersection of the Turnagain Arm with the Eagle River fault.

3. Continued study of shallow seismicity along the Cook Inlet volcanic axis
from Mt. Spurr to Mt. Iliamna for the period October 1980 through May 1982
reveals that nearly all the shocks occur at depths between 5 and 20 km with
two notable exceptions. First, most of the earthquakes located within 5 to 10
km of the active volcanoes--Spurr, Redoubt, and Iliamna have depths less than
5 km. Second, focal depths in a pronounced cluster of shocks about 15 km
south of Spurr range from the surface to about 10 km. This concentration of
activity lies in the vicinity of the proposed Chakachamna Hydroelectric
Project and raises the possibility that faulting and highly fractured rock
could be encountered in tunneling between Lake Chakachamna and the MacArthur
River.

4, Five strong motion records were obtained for five different earthquakes
that occurred near Icy Bay and Yakutat Bay, east of the Yakataga seismic gap,
between September 1981 and August 1982. Preliminary results obtained from
these records, all of which were triggered by S-wave motion, are summarized
below:

Origin Magnitude Depth  Recording Epicentral Max. Horiz.
Date Time (UT) M. 4a Mp(NEIS)  (km) Station Distance (km) Acc (g)
09/11/81 05:02 3.6 4.0 7 BCP 12 0.06
09/17/81 00:18 8.3 3.8 9 BCP 11 0.05
05/03/82 10:14 4.4 5.0 6 GYO 27 0.02
08/07/82 08:37 4.1 4.6 | BCP 28 0.04
08/25/82 15:05 4,2 4.7 12 BCP 18 0.10

The four peak horizontal accelerations recorded at BCP are typical of values
measured at comparable distances from other western U.S. earthquakes; whereas

the one peak value from GYO lies more than one-standard deviation below the
mean,

References

Page, R., 1968, Focal depths of aftershocks: Journal of Geophysical Research,
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Application of Private Site-Specific Data to Regional Evaluation of
Earthquake and Faulting Potential in Southern California

Contract No. 14-08-0001-20513

D. L. Lamar and J. L. Smith
Lamar-Merifield, Geologists
1318 Second Street, Suite 25
Santa Monica, California 90401
(213) 395-4528

Investigations

Comprehensive reports evaluating seismic conditions at nuclear power
(NP) plant sites, and engineering geology reports prepared to satisfy the
Alquist-Priolo Special Studies Zones Act (AP) along major faults in southern
California, are being reviewed; an annotated bibliography of these reports
is in preparation. The AP reports are usually fairly brief and cover limited
areas within individual fault zones, whereas the NP reports are more compre-
hensive and cover relatively large areas around individual sites and deal
more with regional geology and tectonics. Detailed studies of seismic con-
ditions extend to active features within 100 miles of the San Onofre and
Diablo Canyon nuclear power plants and proposed Bolsa Island, San Joaquin,
Sundesert and Vidal sites (Fig. 1). AP reports include detailed trench logs
across the following active faults in southern California: San Andreas,
San Jacinto, San Fernando, Newport-Inglewood, Whittier-Elsinore, Garlock
and White Wolf (Fig. 1).

Results

An annotated bibliography of AP reports on file at Riverside County is
complete; all reports on the Elsinore and San Jacinto faults have been re-
viewed. Figure 2 shows an example of reports listed in the bibliography.
The reports are identified by county file number and, where available, by
the California Division of Mines and Geology (CDMG) file number (Lo and
Moreno, 1980); the date and title of the report, and name of geologist or
consulting firm who prepared the report, are also given. The locations of
areas studied are plotted on maps with the symbols shown on the left column
of Figure 2; these symbols summarize the results of the investigation. A
number "1" with an asterisk outside the circle means that physiographic
evidence of faulting is present. The numbers inside the circle represent
ages of earth materials exposed in the trenches: 1 - Holocene, <10,000
years old (recent alluvium); 2 - upper Pleistocene, 10,000 to 500,000 years
old (older alluvium and alluvial terrace deposits); 3 - lower Pleistocene,
500,000 to 3,000,000 years old; 4 - pre-Pleistocene, >3,000,000 years old.
For Riverside County report 45 (Fig. 2), the symbol indicates physiographic
evidence of faulting (1*) and faulted older fan deposits (2) in the trench.
The symbol for report 190-S indicates Holocene alluvium (1) faulted against
Pauba Formation (2). The trenches for report 197 revealed faulted Temecula
Formation (3) and possibly Pauba Formation (2?) overlain by unfaulted Holo-
cene alluvium (1). The symbol for report 202 indicates no evidence of
faulting in Holocene alluvium (1) across the fault and no older units pene-
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trated by the test trenches. The trench for report 231 was located south-
west of the fault in unfaulted bedrock (4).

The preparation of an annotated bibliography of reports for the selected
six nuclear power plant sites has proceeded in two phases: (1) Locating
documents for each site, identifying and listing reports and maps, and
establishing a priority of reports to summarize. (2) Summarizing each report
and copying particularly relevant and informative maps. The number of reports
varies from about 20 to 50 for each NP site; the reports describe the regional
and site stratigraphy and structure, seismic history, foundation conditions
and ground-motion characteristics. Phase 1 has been completed for all sites.
Phase 2 is about half finished on the Diablo Canyon and San Onofre sites and
will begin shortly on the remaining sites. A third and fourth phase will
proceed more or less concurrently with Phase 2 and will consist, respectively,
of preparation of index maps for each site and a brief description of the
salient tectonic aspects of each site.
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County County CDMG

(City) (City) AP 7% Date of Investigating
of File File Minute Report(s) Firm or
‘ Jurisdiction Number Number Quadrangle(s) (Mo/da/yr) Geologist Title of Report
1 Riverside 45 Corona South, 2/13/76 Pioneer Consultants Geologic investigation,
Lake Mathews Tract #7240, Job #2316-001
| 1* Trenches to a depth of 12 feet across strands of Glen Ivy North fault (Weber, 1977;
CDMG, 1980cg). Fault gouge and slickensides reported in older fan deposits (Qof,
Weber, 1977). "Rift valley" (30 ft deep, 100 ft wide); water line in vicinity of
Hunt Road requires annual repair; may be caused by continuous creep; parallel cracks
in asphalt of Lawson Road.
Riverside 190-S Murrieta 3/7/78 F. Beach Leighton Geologic seismic investigation,
and Associates Tract #3587 and property south-
west of intersection of Rancho
California and Ynez Roads,
Job #678043-01
Trenches, 5-8 feet deep, across Wildomar fault (Kennedy, 1977; CDMG, 1980d).
Alluvium faulted against Pauba Formation (Qal and Qps, Kennedy, 1977).
w  Riverside 197 Murrieta 12/14/79 James P. McGold- Geologic and seismic investiga-
= rick, Con. Eng. tion, PM #13648, Murrieta, CA

offsetting Temecula (?) and possibly Pauba (?) Formations (Qt and Qp, Kennedy, 1977).

Seven trenches, maximum depth 15 feet, northeast and across Wildomar fault (Kennedy,
@ 1977; CDMG, 1980d). Trench 1: well-developed, iron-stained reverse fault plane
No faulting in overlying alluvium (Qal, Kennedy, 1977).

Riverside 202 1232 Murrieta 1/19/79 Pioneer Consultants Geotechnical evaluation, PM

#14933, Job #1208-156,157,158,159
Two trenches, 12-15 feet deep, across strands of Willard fault (Envicom, 1976).
No faulting in alluvium (Qal, Kennedy, 1977).

Riverside 231 Alberhill 11/80 Richard D. Merker A geological fault location sur-
vey (on tentative PM 16615 and
including portion of tentative
PM 15778)

"Shallow trench" southwest of Glen Ivy North fault (Weber, 1977; CDMG, 1980e). No

fault in extremely deformed and gouged metamorphosed shale bedrock (Jb, Weber, 1977).

Fig. 2 - Examples of entries in annotated bibliography of engineering geology reports prepared to satisfy
Alquist-Priolo Special Studies Zones Act in Riverside County. See text for explanation of symbols
on left used to summarize results of investigation.
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Applications of Mathematical Modeling
9540-03301

Robert K. Mark
Branch of Western Regional Geology
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111, ext. 2059

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 of selected parts of California and adjacent states.

2. Accelerated our investigations of the historic deformational history of
‘'southwestern Arizona and southeastern California in order to better define the
boundary between tectonic activity and inactivity recognized in the late
Quaternary geologic record.

3. Continued our studies of the magnitude of the residual refraction error in
geodetic leveling. These studies are based on an examination of the existing
geodetic record and designed to systematically search for correlations between
those parameters that are thought to control the accumalation of this error
and apparent tilt.

Results

1. Presented two unscheduled papers at the International Association of
Geodesy meeting in Tokyo showing: (1) that even in the absence of any
leveling along the supposedly refraction-prone survey route between Sangus and
Palmdale our reconstuction of the southern California uplifts would remain
virtually unchanged; and (2) that the so-called Sangus-Palmdale field
experiment is contaminated by error(s) unrelated to refractions, and, hence,
that the results of this experiment provide a questionable basis for either
modeling or confirming models of unequal refraction error.

Reports

Castle, R. 0., and Elliott, M. R., 1982, The sea slope problem revisited:
Journal of Geophpical Research, v. 87, p. 6989-7024,

Gilmore, T. D., and Castle, R. 0., A proposed tectonic contribution to the

preservation of the divide between the Salton basin and the Gulf of
California: (approved by Director; submitted to Geology) .
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Earthquake Hazards Studies, Upper Santa Ana
Valley and Adjacent Areas, Southern California

9540-01616
Jonathan C. Matti
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111 ext. 2353, 2358

Investigations

1. Studies of the Quaternary history of the upper Santa Ana Valley. Emphasis
currently is on: (a) generation of liquefaction susceptibility and
liquefaction opportunity maps; and (b) the three-dimensional distribution of
the valley fill and its lithologic, lithofacies, and pedogenic character.

2. Studies of the Banning Fault zone. The study has focused on: (a) mapping
fault strands that deform crystalline basement rocks, Tertiary sedimentary
rocks, and Quaternary surficial units; (b) identification of Quaternary units
to establish Quaternary depositional patterns and the relative ages of fault
displacement along fault strands within the Banning Fault system; and (c)
interpreting inter-relationships between the Banning Fault system and the
South Branch of the San Andreas Fault.

Results

1. Our regional study of seismic ground response has focused on the
acquisition of subsurface geologic data. For six weeks in July and August,
1982, Scott E. Carson and Curtis M. Obi visited municipal and county agencies
in the upper Santa Ana River Valley area to compile geotechnical data for the
shallow subsurface that are available in the public domain. These data
consist chiefly of lithologic logs, shear-strength determinations, and grain-
size data derived from test borings and shallow excavations prepared by
engineering and geoscience consultants during foundation investigations that
are required for building permits and subdivision applications. Additional
subsurface data were obtained from the California Department of
Transportation, from the San Bernardino County Flood Control District, and
from the U.S. Army Corps of Engineers.

The data pool derived from these sources consists of over 3,000
geotechnical site investigations from throughout the upper Santa Ana River
Valley region. The locations of these sites are being plotted on 1:48,000-
scale base-stable maps. We presently are evaluating the quality, consistency,
and suitability of these geotechnical data for their applicability to ground-
response studies and to studies of Quaternary stratigraphy. Although the data
are variable in quality, we are optimistic about their potential application
to our ongoing regional evaluation of liquefaction potential. For larger
commercial properties, geotechnical data usually extend 40 to 60 ft
subsurface, and usually include standard penetrometer data. For smaller
commercial properties and for subdivisions, test borings and excavations range
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from 12 to 40 ft subsurface, and occasionally include standard penetrometer
data. Geotechnical data obtained from Caltrans, San Bernardino County Flood
Control District, and the U. S. Army Corps of Engineers extend as deep as 100
ft subsurface, and include standard penetrometer data and (or) other types of
penetrometer-resistance data.

Preliminary evaluation suggests that some subsurface data are too
generalized or too shallow to be of much value for evaluation of liquefaction
potential. However, many of the site investigations have produced lithologic
data, grain-size data, and penetrometer data that can be correlated between
local sites and that can be related to the stratigraphy we have observed in
natural exposures and road cuts.

Areas in the upper Santa Ana River valley area that are underlain by
young alluvial deposits and that have ground water shallower than 50 ft below
land surface (Carson and Matti, 1982) are areas that are most susceptible to
liquefaction-related ground failure. Fortunately, these areas have a high
density of geotechnical site investigations. When these geotechnical data are
integrated with our unpublished mapping of Quaternary surficical materials and
with data derived from our in-house drilling program planned for FY 1983, we
will be able to provide a regional evaluation of liquefaction potential
comparable to the evaluation provided for the San Fernando Valley by Youd,
Tinsley, and Perkins (1978).

2. We are continuing our neotectonic studies of the Banning fault zone in San
Gorgonio Pass, where Leslie D. McFadden, Jonathan C. Matti, and John C.
Tinsley have conducted reconnaissance studies of pedogenic soils developed on
alluvial terraces that are cut by thrust- and reverse-fault strands of the
Banning-B fault system. Two ideas are evolving from these tectonic and
pedogenic studies: (1) As with Quaternary faulting within the Cucamonga
fault zone, reverse and thrust faulting on the Banning-B system has recurred
intermittently throughout late Quaternary time as evidenced by progressively
higher fault scarps in progressively older alluvial deposits. We are working
toward an estimate of faulting recurrence on the Banning-B system. (2) North
of San Gorgonio Pass, from Beaumont on the west to Cabazon on the east,
foothills of the San Bernardino Mountains that are underlain by crystalline
rocks and by Tertiary sedimentary rocks form a dissected ramp-like surface
that has rolling hill-and-valley geomorphology. This dissected lowland
surface rises gradually northward to the main physiographic mass of the high
San Bernardino Mountains. Throughout much of its extent, the dissected
lowland surface is covered by relict Pleistocene alluvial-fan deposits that
have soil profiles containing well-developed argillic-B horizons. We
interpret the ramp-like surface as a former piedmont foreland for the main
physiographic mass of the San Bernardino Mountains. During early Pleistocene
time, this piedmont foreland locally was buried by aggrading alluvial fans
that headed to the north in the rising San Bernardino Mountains. During late
Pleistocene and Holocene time, the former piedmont foreland has become coupled
tectonically to the main San Bernardino Mountains as a result of reverse and
thrust faulting along strands of the Banning-B system. Uplift of the former
piedmont foreland along these reverse and thrust faults has led to dissection
of the piedmont and to its incorporation within the high San Bernardino
Mountains. Ongoing neotectonic, pedogenic, and geomorphic studies in the
southeastern San Bernardino Mountains and in San Gorgonio Pass will clarify
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the timing and origin of Quaternary Transverse-Range type tectonism on the
Banning-B system, and will clarify the relationship between reverse and thrust

faulting on this system and right-lateral faulting on the South Branch of the
San Andreas fault.

Reports

Carson, Scott E., and Matti, Jonathan C., 1982, Contour map of minimum depth
of Ground Water, upper Santa Ana River Valley, California, 1973-1979:
U.S Geological Survey Open-file Report 82-1128.

McFadden, Leslie D., Matti, Jonathan C., and Tinsley, John C., Implications of
soil-geomorphic studies for latest Cenozoic landscape development in the
San Bernardino Mountains, Southern California: 1983 Proceedings of the

American Association of Geographers, Annual Meeting, Denver, Colorado.
Submitted 9/30/82.
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Seismicity and Earthquake Source Properties
in the Yakataga Seismic Gap, Alaska

9940-03005

R. A. Page
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, California 94025
(415) 323-8111, ext. 2567

Investigations

1. M, C. Astrue continued effort to fill gaps in the existing data base for
earthquakes in and around the Yakataga seismic gap recorded by the USGS
southern Alaska regional seismograph network prior to the February 1979 St.
Elias earthquake.

2. In cooperation with George Zandt at the University of Utah, J. R. Pelton
continued investigation of crust and upper mantle velocity structure beneath
southern coastal Alaska by inverting arrival times of teleseismic P-waves
recorded by the southern Alaska network.

3. J. R. Pelton began estimating the focal depths of moderate-sized
earthquakes in and around the Yakataga gap by modeling long-period teleseismic
P-waveforms.

4, R. A. Page, M, H. Hassler and C. D. Stephens precisely delineated the
spatial distribution of aftershocks occurring near the center of the
aftershock zone of the 1979 St. Elias earthquake on the eastern edge of the
Yakataga gap.

Results

1. Earthquakes from November and early December 1976 were scaled and located
using the four-film digitizing table and interactive microcomputer. The
quarterly earthquake catalog for April-dJune 1978 was distributed. Completion
of the catalog for July-September 1978 was delayed by having to move computer
programs from one computer to another. Shocks from early December 1976
through September 1977 remain to be located to complete the microearthquake
record in the seismic gap area for the interval from the installation of the
regional network in 1974 through the 1979 St. Elias earthquake.

An operator's manual for the four-film digitizing system has been prepared for
publication as an open-file report.

2. P-wave travel times were measured for 53 teleseisms recorded by the USGS
southern Alaska seismograph network, extending from Yakutat Bay in the east to
the Cook Inlet volcanoes in the west. A total of 1570 residuals were
calculated and inverted for a block model of 3-D velocity structure,.

ha



H3

In the crustal layer (0-40 km) large negative velocity (slow) anomalies
coincide with the Cook Inlet lowlands, and the Gulf of Alaska Tertiary
province from Kayak Island to Icy Bay. Positive (fast) anomalies mark the
Cook Inlet volcanic chain, the SE half of Kenai Peninsula, Prince William
Sound, and the Yakutat Bay region. These velocity variations appear to
reflect changes in crustal composition.

In the upper mantle (3 layers from 40-440 km), west of about 147°W longitude,
velocity anomalies define linear features that persist to the bottom of the
model. The velocity anomalies have a NE-SW trend that changes farther north
to a N-S grain and can be related to the subduction of the Pacific Plate.
East of this line, the upper mantle is relatively homogeneous indicating that
if the Pacific Plate is subducting beneath this area, as some have proposed,
then the plate does not penetrate deeply into the upper mantle; however, the
presence of low-velocity pockets (40-140 km deep) beneath the Wrangell
Mountains and the Yakutat Bay area might be indicative of some sort of
convective instability related to past or present subduction.

3. Modeling of long-period far-field P-waveforms from seven earthquakes (5.8
< my < 6.5) in south-central and southeastern coastal Alaska was carried out
using the procedure of Kanamori and Stewart (Physics of the Earth and
Planetary Interiors, 11, 312-313, 1976). This procedure assumes a point
double-couple source with a trapezoidal moment rate function, and includes the
ef fects of the direct P, pP, and sP phases. Data available for each
earthquake included the fault plane solution (various authors) and the ISC
epicenter and focal depth. Preliminary results indicate: (1) focal depth is
the most signficant factor in determining the position of peaks and troughs in
the first 40 seconds of the long-period P-waveform, but trapezoidal rise time
is also a factor; (2) waveforms to be modeled should be chosen from stations
located away from the nodal planes of the radiation pattern on the focal
sphere; (3) focal depths necessary to achieve optimum waveform fits (by eye)
are in many cases different from the published ISC focal depths. The
preliminary data set of seven earthquakes is not sufficient to bring out any
systematic regional differences between ISC focal depths and those deduced
from waveform modeling. In general, the waveform focal depths, which are for
larger earthquakes between 1964 and 1973, appear to be consistent with depths
of recent small earthquakes determined from local data recorded by the
regional seismograph network. Future plans include modeling of additional
earthquakes from coastal Alaska, and possible development of "characteristic"
P-waveforms for different regions and focal depths that could be used
routinely for estimating precise depths by visual inspection of long-period
seismograms of southern Alaskan earthquakes.

4, Tectonic models proposed for the region of the Yakataga seismic gap are
very general, relating the dominant thrusting inferred from fault plane
solutions for large earthquakes to large-scale plate motions. Because of
limitations in the available data, existing tectonic models lack details. For
example, distances between adjacent stations in the regional seismograph
network are typically 30-50 km, and thus routinely located hypocenters do not
afford the resolution needed to delineate the shallow thrust faults along
which much of the deformation in the region is assumed to occur.

To obtain precise information on the geometry of faulting the gap region, a
unique set of aftershock data from the St. Elias earthquake (MS 7.1) of
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February 1979 have been analyzed. A few months after the main shock, a
temporary array (dimensions 4-7 km) of four three-component seismographs was
deployed near the center of the St., Elias aftershock zone. Hypocenters have
been determined for about 70 shocks recorded between July 26 and August 15 by
both the temporary array and the regional seismograph network. All well-
located aftershocks occurring within a 24-km diameter circle centered on the
array at 60°13'N, 140°52'W lie in the depth range 10-15 km. Within the
resoultion of the data, the hypocenters define a single horizontal or gently
dipping (less than 5°) planar zone less than 1 or 2 km thick, which is
inferred to be the principal surface on which slip occurred during the main
shock. Possible error in the velocity model used in locating the shocks
probably introduces no more than 1 or 2 km of bias in the calculated depths.

Observations of travel times from shocks within the temporary array to
surrounding stations of the regional network indicate the presence of a major
lateral variation in crustal velocity in the Icy Bay-St. Elias region. Over
the distance range 75-150 km, travel times are significantlly less to stations
on the Yakutat block to the southeast than to stations to the west and
northwest. This finding is consistent with the results from the 3-D velocity
inversion of teleseismic travel times reported above in item 2.

Reports

Page, R. A., Hassler, M. H., Stephens, C. D., and Criley, E. E., 1982, Focal
depths of aftershocks of the St. Elias, Alaska, earthquake [abs.]: EOS,
Transactions, American Geophysical Union, v. 63, in press.

Pelton, J. R., and Page, R, A., 1982, Focal depth estimates from long-period
P-waveform modeling of selected Alaskan teleseisms [abs.]: EOS,
Transactions, American Geophysical Union, v. 63, in press.

Zandt, G., and Pelton, J. R., 1982, Three-dimensional crust-upper mantle

velocity structure of southern Alaska [abs.]: EOS, Transactions, American
Geophysical Union, v. 63, in press.
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Geologic Earthquake Hazards in Alaska
9310-01026

George Plafker
Branch of Alaskan Geology
U.S. Geological Survey
345 Middlefield Road, MS 90B
Menlo Park, CA 94025
(415) 323-8111, ext. 4103

Investigations

The long-term goal of this project is to study and evaluate risk in
Alaska from tectonic displacements, seismic shaking, and secondary geologic
effects.

1. An evaluation was made of the tectonic deformation related to the 1899
Yakutat Bay earthquakes as well as the earthquake recurrence interval in
Yakutat Bay (with Wayne Thatcher and Meyer Rubin).

2. Continued study of the extent and nature of pre-1964 earthquake vertical
tectonic movements in the area of coseismic uplift within Prince William Sound
and eastward to Kayak Island (with Meyer Rubin).

3. Working on the neotectonic map of Alaska and active fault data file (with
Susan Hunt).

Results

1. Geologic studies in the Yakutat Bay region indicate that (a) the emergent
shorelines along Yakutat Bay define a broad upwarp roughly 50 km by 30 km that
is primarily related to slip on both the east-west-trending Esker Creek thrust
fault and the concealed northwest-trending Yakutat Bay thrust fault; (b) there
was no significant tectonic submergence of shorelines; (c) the apparent
interval since the last comparable uplift event, as determined by radiocarbon
dating of shells from a terrace deposit, is 380+70 years; (d) assuming average
relative plate motion of about 6 cm/yr, net slip in 1899 was on the order of
22.8m+ 4.2 m at 350° azimuth. These data, together with seismic moment
data, suggest that deformation at Yakutat Bay in 1899 was mainly related to
slip on faults having approximately the following parameters:

Total Dip Vertical

Fault Strike Dip Slip Slip Slip
Esker Ck. 909 40° N. 22.8 m 22.5 m 15.0 m
Yakutat Bay 320° 300 NE. 22.8 m 11.0 m 5.5 m

2. In the region affected by coseismic uplift during the 1964 Alaska
earthquake, there is clear evidence of widespread, gradual pre-seismic
submergence of shorelines. Previously available radiocarbon dates from
drowned shorelines indicated that in the Prince William Sound region tectonic
submergence prevailed for at least 930 years prior to the 1964 earthquake
(Plafker, 1969, p. 157, 160-162). New data, from the area of maximum 1964
uplift, indicate that the duration of pre-seismic submergence at Montague
Island in Prince William Sound was at least 1140+70 years with an average
submergence rate close to 6 mm/yr (fig. 1). Data on pre-seismic submergence
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provide independent support for the conclusion, based on dating of marine
terraces at Middleton Island, that the last earthquake that involved tectonic
deformation comparable to the 1964 event occurred approximately 1350+200 years
ago (Plafker and Rubin, 1978).

3. Work on the active fault data file for Alaska approximately 70 percent
complete and the neotectonic map is 50 percent complete.
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Seismic Zonation Studies in Ilos Angeles
9940-01730
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Branch of Ground Motion and Faulting
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Investigations

1) Clustering of stations based on their geologic parameters.
2) Computation of mean site respounse in 3 period bands for each cluster.

3) Construction of mean site response maps in 3 period bands for 2 test
regions in Los Angeles Basin.

4) Preparation of manuscript for professional paper on los Angeles Basin
entitled "Prediction of Site Response Employing Geologic Site Parameters
in Three Period Bands of Engineering Significance."

In an effort to improve understanding of the controlling factors in site
response, we reduced the site transfer functions to a manageable set of
numbers by computing mean site transfer functions over ten period bands. A
large body of geotechnical data describing site conditions underlying each
station was also assembled. Data were chosen that have either been reported
to have some relation to site response in the past or that, on the basis of
simple physical models, are expected to control shear velocity and the
resonance characteristics in the site transfer function. Thus, parameters
such as 7% silt-clay, 7% saturation, and depth-to-water table have been reported
previously to influence site response, while shear velocity (or void ratio
which strongly influences shear modulus), Holocene thickness, Quaternary
thickness, and depth-to—-cementation are all parameters that might be used
directly in a theoretical model to compute a site transfer function. Most of
these kinds of data are obtainable from geologic maps, well logs, and city
files containing engineering boreholes for construction projects. The data,
therefore, would be of great value if quantifiably related to site response.

In developing an empirical method a great deal of experimentation was
conducted using cluster analysis and discriminate analysis of cluster trials
to try and identify groups of sites whose geologic properties are most nearly
alike. Although these methods are not strictly applicable to data in which
the functional relationships between dependent and independent variable is
non-linear, such as with these data, it is possible to approximately linearize
the problem by codefying some variables with properly choosen cluster
parameter break points. The clustering variables chosen are those having the
largest influence on response in a given period band, and the break points
chosen for a given variable are the result of examination of the physical
dependencies between response and geology. Once a set of clusters is formed,
the mean response for each generic site type in the various period bands can
be computed.
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Figure 1 shows a plot of short-period cluster number at the bottom with
median cluster properties, their ranges, and 90% confidence intervals plotted
vertically above each cluster number. For example, cluster 4A includes sites
with depth to basement greater than 0.5 km, Holocene thickness greater than 20
m, void ratios averaging 0.67, and short period response of about 3.6. Note
that mean response, the top scale in the figure, varies from factors of 1 for
the crystalline rock cluster to about 2 for the lowest alluvium cluster to
6.5 for the highest alluvium cluster. The figure shows that we settled on two
clusters for rock and 8 clusters for alluvium. This result is a compromise
between the many clusters that would be required to preserve all the
complexity in the STF’s as a function of geology, and the requirement that
enough data reside in each cluster to estimate its mean response. However,
even with only ten clusters, as shown, a useful result is obtained. That is,
if we consider a factor of 2 in mean spectral level to approximately equal one
MM intensity unit increment, then these clusters predict the true site
response to within a fraction of one MM intensity unit 90% of the time. The
response predicted by these clusters also preserve the important features of
the physics of the problem. For instance, as void ratio increases from 0.5 to
0.65 to 0.8, mean response increases in rough proportion. Or for the same
void ratio increasing the Holocene thickness to the critical value (see the
last semi-annual report) increases response. Cluster 2A has a significantly
higher response than 1A because 2A contains sites that are essentially thin
alluvium sites overlying crystalline rather than sedimentary rock, and the
resulting large velocity contrast induces large amplitudes.

For the long-period data (figure 2) 3 rock clusters and 8 alluvium
clusters were used. The principal feature of this figure is that as depth to
basement and Quaternary thickness increase the long-period response increases
from about 1 to 5. Notice that as DTB increases beyond 6 km the long-period
response begins to decrease. This effect is likely due to material
attenuation in both the alluvium section and the sedimentary rock section.
The effect is predicted for SH body waves by the theoretical results, which
are not shown here.

These results were used to construct the three response maps shown in
figure 3. The long-period map (figure 3) shows low response characterizes
areas underlain by rock and thin alluvial deposits and highest levels of
response in areas where the basin depth ranges between 4 and 6 km. Slightly
lower levels of response are observed in the deepest parts of the basin (10
km). Geographically, the lowest response is in the Santa Monica Mountains and
Verdugo Mountain areas. Response increases to the northwest (San Fernando
Valley) and South (la Basin). In the southwestern part of the map, the
response is relatively low where basement is about 3 km subsurface along the
Newport-Inglewood structural zone. The short-period response map (figure 3)
was prepared from a series of overlays on which each geologic parameter was
delineated. The area illustrated is the central third of the area shown in
the long-period response map. The map strongly resembles a surficial geologic
map: the lowest response occurs in areas underlain by crystalline and
sedimentary rock, and the highest response in regions where thickness of

Holocene sediments are critical (11-20 m) and where void ratio values are
highe.
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FIGURE 1.--Short-period clusters 1R thru 3A. The vertical bars
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the 90% confidence intervals on each variable, and
the solid dots indicate the median value of each
variable.
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Earthquake Research in the Western Great Basin
Contracts 14-08-0001-17237 and 14-08-0001-21248

Alan Ryall and Ute Vetter
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4975

Investigations

This project supports continued operation of a seismic network in the
western Great Basin, and research to: (1) refine earthquake hazard assess-—
ment along the Sierra Nevada frontal fault zone; (2) complete a comprehen—
sive investigation of premonitory seismicity patterns preceding the 1980
Mammoth Lakes earthquakes; (3) study seismicity associated with possible
magma injection in Long Valley caldera during the recent Mammoth Lakes
earthquake sequence; (4) analyze stress changes associated with observed
systematic changes in focal mechanism with depth in the Great Basin; (5)
evaluate the contribution that high—quality digital broadband seismic sta-
tions can make to improve research in the western Great Basin.

Results
1. Mammoth Lakes Sequence

Intensive microearthquake swarms that have the appearance of spasmodic
tremor have been observed in the southwest part of Long Valley caldera,
near Mammoth Lakes, California. This type of activity, possibly associated
with magma injection, began six weeks after the occurrence, on 25-27 May
1980, of four ML 6+ earthquakes, and has continued sporadically to the
present time. On 25 May 1982, the U. S. Geological Survey issued a Notice
of Potential Volcanic Hazard for eastern California, citing uplift of the
resurgent dome, observation of spasmodic tremor at a site near Mammoth
Lakes, movement of earthquakes toward the surface at the same site, and
formation of new fumaroles as reasons for issuing the Notice. To date, at
least eight bursts of spasmodic tremor have been observed, the last occur-
ring on 7-8 May 1982. Over the last two years, events in the swarm area
have moved progressively to the north; depth of the activity has also
changed, but not in a strictly progressive sense: minimum depth for events
in the swarm area prior to 1981 was 7 km, while numerous events have had
depth less than 5 km since then. In the most recent swarm on 7-8 May 1982,
many events had relatively low-frequency P- and S-waves that were too emer-
gent for analysis —-—- characteristics of the so-called "B-type" earthquakes
in volcanic regions. In recent months the level of seismic activity in the
Mammoth ILakes area has gradually decreased, and swarms with the appearance
of spasmodic tremor have not been observed for seven months at the time of
this writing.

The Mammoth Lakes earthquake sequence and associated volcanic activity
are part of a broader increase in tectonic activity in a 15,000-sq. km.
region surrounding the "White Mountains Seismic Gap," the area between the
north end of the 1872 Owens Valley rupture zone and the south end of the
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1932 Cedar Mountains zone. Since 4 October 1978, 47 earthquakes with ML
4.0-5.3 have occurred in the following zones: NE-trending zone between
Mono Lake, California and Luning, Nevada; NE side of Fish Lake Valley,
Nevada; and in the area around Bishop, California. Another 104 shocks with
ML 4.0-6.3 have occurred in the Mammoth Lakes area. In comparison, only 19
events with ML 4.0 or greater were observed in this region during the pre-
vious nine years. Taken together with the cbservation of a two-year period
of quiescence and an eight-year period of reduced b-value for this region,
the relatively high level of seismicity from 1978 to the present indicates
that the potential for a major earthquake in the White Mountains Gap may be
relatively high.

2. Change in Focal Mechanisms with Depth

Focal mechanisms for 130 earthquakes in western Nevada and the eastern
Sierra Nevada indicate a systematic change, from strike-slip movement for
shallow events to oblique and normal slip for deeper events. The change in
mechanism begins at depth of about 6 km, while normal faulting is found
only for earthquakes deeper than about 9 km. The change in mechanism may
be related to increasing overburden pressure with depth, resulting in rota-
tion of the maximum compressive stress (P-axis) from horizontal at shallow
depth to vertical at larger depth. Based on published stress measurements
at shallow depth in the crust, together with our observation of different
focal mechanisms at 5 and 10 km, we made a rough estimate of the individual
principal stresses at both depths. Assuming hydrostatic pressure to depth
of at least 10 km, we calculate the minimum, intermediate and maximum
compressive stresses at 5 km to be about 750-1,000, 1,300 and 1,750-2,000
bars, respectively; at 10 km depth the minimum and maximum stresses are
estimated at about 1,300 and 2,700 bars.

The systematic change in mechanism with depth may also explain
discrepant mechanisms reported by different workers for strong earthquakes
of the Mammoth Lakes series. For example, short—period seismograms from
stations in Nevada and California indicate that the first ML 6 shock at 16h
33m on 25 May 1980 began at relatively shallow depth as a strike-slip
event; however, analysis of long-period data (Wallace et al, 1982) requires
a significant component of normal faulting for the integrated motion in the
earthquake, which may be explained by the rupture propagating to greater
depth. The combination of right- and left-lateral shear on nearly vertical
fractures striking respectively WNW and NNE suggests that shallow earth-
quakes of the Mammoth Lakes sequence may be associated with the formation
of clusters of magma-filled dikes, in agreement with a model proposed by
Hill (1977) to explain earthquake swarms in volcanic regions.

3. Dixie Valley Study

A ten-station seismic network was operated in and around the Dixie
Valley area from January 1980 to MNovember 198l. Analysis of the network
data indicates that seismicity in the Dixie Valley-Fairview Peak area is
almost exclusively confined to the rupture zone of large earthquakes that
occurred there in 1954. The few microearthquakes that occurred in northern
Dixie Valley had focal depth of 7.2 km or less, compared to mean focal
depth of 11.3 km for events in the 1954 rupture zone to the south. Focal
mechanisms for larger events in the area studied are consistent with
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regional extension in a WNW-ESE direction, as found by a number of previous
investigators.

The possibility of a large earthquake in northern Dixie Valley, as
suggested by Wallace (1978) is supported by the observation of very low
seismicity in the area north of Dixie Meadows (so-called "Stillwater
Seismic Gap"), and by the observation of a decrease in b-value starting in
the mid-1970's and continuing to the present time. On the other hand some
of the evidence argues against an impending large shock in this area:
Earthquakes in northern Dixie Valley are very shallow, and could even be
associated with 1listric faulting in a shallow crustal section overlying a
zone in which deformation does not involve brittle fracturing. In northern
Dixie Valley and other areas characterized by high heat flow, maximum mag-
nitude of earthquakes may be limited due to the weakening of crustal rocks
by fracturing in the vicinity of intrusive bodies, or by the effects of
stress corrosion and leaching due to geothermal fluids.

Reports
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Earthquake Hazard and Prediction Research in the
Wasatch Front—-Southern Intermountain Seismic Belt
14-08-0001-19257
April 1 to September 30, 1982

R.B. Smith, W. J. Arabasz, G. Zandt, and W.D. Richins*

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

Investigations

1. Subsurface geometry of major normal fault zones based on high-resolution
seismic reflection data and correlation with seismicity..

2. Subsurface geometry of major normal fault zones--and correlation of seismi-
city with fine structure--based on earthquake field studies.

3. Geodetic measurements of horizontal strain across the Wasatch Front near
Salt Lake City, Utah.

" 4. Mechanical model for the interrelationship of seismicity, strain patterns, and
tectonic deformation in the northern Wasatch Front area.

5. Geologic and earthquake estimates of moment rates, strain rates, and con-
temporary deformation of the Great Basin.

6. Digital seismic-data analysis.

7. Instrumental calibration program and developmental work towards digital
telemetry stations.

8. University of Utah network operations and seismicity for the period: April 1-
September 30, 1982.

Results 1. Within intraplate extensional domains, such as the Great Basin, a
direct correlation between epicenters and surface faults is generally not
observed. To examine this problem several hundred kilometers of seismic
reflection data in Utah have been examined to evaluate the geometry and loca-
tion of faulting and its spatial relationship to seismicity. Data have been made
available by the oil industry for the Wasatch Front and other areas of the
eastern Great Basin. Interpretations of the reflection data reveal several impor-
tant features that relate to the style and mode of Cenozoic deformation: (1)
normal-faulting related to back-slip along Cretaceous and Early Cenozoic low-

McPherson, G. Randall, and M. Swing.

57




H3

angle thrust planes in the northern Wasatch Front area; {2) low- to high-angle
normal faulting and concomitant asymmetric basin formation along the Wasatch
Front; (3) several low-angle normal faults that bound the western sides of range
fronts in central and western Utah; and (4) wide-spread, low-angle reflections
beneath the eastern Great Basin at shallow crustal depths that can be inter-
preted as a basal detachment that dips westerly from depths of ~3 km on the
east to ~10 km on the west. Where welldefined refiections from the interpreted
detachent underlie major range fronts in western Utah they do not appear to be
displaced, implying that the higher-angle normal faults terminate or flatten at
shallow depths. Refiection interpretation of Early through Late Tertiary basin-
sediments indicates that significant Basin-Range type extension has been
accommodated on low-angle faults that were initiated in Early Cenozoic time.

2. Results of extensive portable-network field studies in central Utah-- an area
of important historic seismicity characterized by complex subsurface
structure--provide new insights into the correlation of diffuse seismicity with
geologic structure in the Utah region. After special efforts to model upper-
crustal structure, refine spatial precision of earthquake foci, and unravel
single-event focal mechanisms, we find: {1) a predominance of seismic slip on
fault segments with moderate to high-angle dip, (2) clustered seismicity com-
monly on secondary (including transverse)faults--rather than on first-order,
valley-bounding faults, and (3) spatially discontinuous seismicity above and
below a level that correlates with an inferred upper crustal, near-horizontal
detachment (~8 km deep) beneath the Sevier Valley and flanking mountain
blocks near Richfield. In the vicinity of the southern Wasatch fault, we inadver-
tently "captured" episodes of swarm seismicity (ML < 2.0) induced by the injec-
tion of fluid at 5 km depth into an oil-exploration well located within a dense
temporary network. We’re pursuing correlation of the earthquake data with the
injection/pressurization history of the exploration well and implications for
stress state.

3. Using a new compilation of modern seismic network data for the western U.S.
(~14,000 earthquakes of >M3) and a compilation of data on Late Cenozoic fault-
ing (>300 data points) we have calculated seismic and geologic moment rates.
These data provide estimates of contemporary (historic seismicity) and Quater-
nary {(geologic) strain rates and moment release rates. When modeled with vari-
ous fault geometries, they allow a determination of contemporary and Quater-
nary deformation patterns. East-west extension due to seismicity (elastic
release) occurs non-uniformly across the Great Basin, from 0 to 3.9 mm/yr, with
maximum values across the central Nevada seismic zone and along the scuthern
Intermountain seismic belt. Quaternary, east-west extension also varies
laterally across the Great Basin with rates of 0 to 1 mm/yr--remarkably similar
to that inferred by the active seismicity. These data are consistent with a model
of contemporary extension of the eastern Great Basin and oblique slip along the
Sierra Nevada front and the Mojave desert. An early stage of extension in the
Great Basin appears to have occurred in Early to Middle Cenozoic time associ-
ated with low-angle faults. Historic seismicity appears to release elastic strain
in a complexly faulted and folded, elastic upper-lithosphere that is only 9-10 km
thick.

4. Background seismicity in northern Utah is characterized by generally diffuse,
yet locally clustered, epicentral patterns. Also, major normal faults with surface
expression, such as the Wasatch and East Cache faults, currently are unusually
aseismic, despite geological evidence of repeated, large normal displacements.
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Focal mechanisms and geodetic data indicate a spatially complicated strain field
with 90° changes in P and T axes over short distances of several kilometers. The
enigmatic Ogden strain reversal can be modeled as due to aseismic movement of
a Wasatch Mountain block along a low-angle normal fault beneath the mountain
range. Geological evidence supports an interpretation that the low-angle fault
could be the down-dip portion of a back-valley listric normal fault whose surface
trace lies along the eastern Morgan Valley east of Ogden, The upper crust of this
region appears to respond in a complicated, irregular manner to regional tec-
tonic extension, controlled to a major extend by pre-existing heterogeneities in
the crust. Thus, rapid changes in strain fields can be attributed to the different
local responses of partially-coupled crustal blocks to regional stress and the
ensuing "jostling" and settling of these blocks. This type of "block tectonics" is
very similar to that proposed by Hill {1982) for California and Nevada, except
here the extensional aspects are dominant.

5. Estimates of horizontal strain rates in the vicinity of Salt Lake City, Utah,
were derived from triangulation-trilateration data observed by the National
Ocean Survey/National Geodetic Survey (NOS/NGS) between 1962 and 1974. The
data span a 70 km N-S extent of the Wasatch fault zone in central Utah. Around
and south of Salt Lake City these data produce an estimate of 79°+14° for the
direction of maximum extensional strain in an area of E-W extension across the
fault zone. To the north of the city, however, the estimated direction of max-
imum extensional strain is 148°+11°, almost orthogonal to the direction
expected from geologic evidence. Nevertheless, the northern NOS/NGS estimate
is consistent with an azimuth of 163°+ 10° derived from the 1972-1978 U.S. Geo-
logical Survey (USGS) trilateration data. These USGS data are sufficiently pre-
cise to demonstrate that the Ogden region experiences essentially E-W compres-
sion, opposite to that expected for E-W extension on the Wasatch fault. Fault
plane solutions derived from earthquake studies further document the spatial
variability of the regional strain field orientation throughout northern Utah.
Discrete fault segments, tens of kilometers in length and separately activated,
provide a possible mechanism for the observed spatial variability. This mechan-
ism suggests that the contemporary strain field may be ephemeral. Another
possibility is that the strain accumulation may shift E-W from one N-S fault zone
to another. This effect may concentrate the stress potential at the ends of the
active segments.

6. As part of a coherent program to develop software for extracting information
from our digital seismic network. We have recently developed and/or imple-
mented routines for: calculating double couple radiation fields, estimating
moment tensors from digitized seismograms, calculating source-spectra esti-
mates employing corrections for radiation-pattern and attenuation effects,
estimating local attenuation from spectral ratios, calculating pseudo-Wood-
Anderson seismograms from available calibrated digital data, calculating syn-
thetic seismograms with a variety of techniques for forward crustal modeling
studies, and digitizing existing analog seismograms to permit digital analysis of
historical earthquakes of interest.

7. Complete frequency response measurements have been made in the labora-
tory on representative samples of all components in current use in the Univer-
sity of Utah seismic network. All components proved to be well behaved linear
devices as anticipated, so the response of any particular seismograph system
can now be predicted by summing the responses of its component devices. As a
follow-up, we decided to initiate in sifw field calibrations using discrete-
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frequency sine wave inputs to the seismometer calibration coils--with the plan of
later changing the input signal to one that can be digitally analyzed to provide
continuous amplitude and phase response curves. A remote computer trigger
system was developed and tested that now is used by a field crew to trigger the
computer at any time for recording a calibration sequence. Calibration of sta-
tions using the simple discrete- frequency method is presently continuing. Pro-
grams for analyzing the calibration data, digitally recorded on our 11/34 com-
puter, have been developed and used to calculate a measured total-system fre-
quency response for specific telemetry stations. Developmental work towards
conversion of a small subset of stations to broadband digital telemetry has
focused on building a system around an established microcomputer. The
NSC800 system from National Semiconductor was chosen from several available
systems because of the capabilities of its new processor and its potential for low-
power battery operation.

8. During the six month period April 1 - September 30, 1982, 312 earthquakes
were located within the Utah region. The largest event was a magnitude (M;) 4.0
earthquake in central Utah near Richfield on May 24, 1982. This earthquake
caused minor local damage {maximum M.M. intensity of VI) and was widely felt
near Richfield. Aftershock field studies (10 portable seismographs, eight-days
duration, 250 hypocenters) were carried out by the University of Utah. Other
felt earthquakes during the report period included: (1) a shock of M; 2.7 on
August 29, 1982, 20 km northeast of Salt Lake City, where it was felt in the east-
bench area, and (2) a shock of My 3.3 on August 23, 1982, felt at Cedar City and
located about 20 km to its south.
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Zandt, G. and W. D. Richins, 1982. Block tectonics: An example from the
northern Wasatch Front, Utah (preprint).
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Quaternary Framework for Earthquake Studies
Los Angeles, California

9540-01611

John C. Tinsley
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, x 2037

Investigations

1. Continued loading geotechnical data into the USGS computer from the
Pasadena, Burbank, and Van Nuys 7.5' quadrangles (M. Nicholson, J. Tinsley).

2. Continued 1/24,000 geomorphic/photogeologic/soil stratigraphic mapping of
the surficial geology in the Los Angeles area (J. Tinsley).

3. Continued analyzing relations among geologic map units and potential
indicators of ground response, such as shear wave velocity, void ratio,
granulometry and geologic age. Revised ground motion geotechnical data
base. (J. Tinsley, A. M. Rogers, J. F. Gibbs, T. Fumol, D. Ponti, and R.
Borcherdt).

4, Constructed maps (1:125,000) of a part of the L. A. Basin centered at
34°00'N. 118°15'wy, showing predicted ground response in three period bands:

T = 0.2-0.5 seconds, T = 0.5-3.3 seconds, T = 3.3-10 seconds. The methodology
incorporats empirical studies of geologic and geotechnical parameters to
characterize the latest Cenozoic deposits in the Los Angeles region. The
ground motion was generated by nuclear tests at the Nevada Test Site and was
recorded at 98 sites across the Los Angeles basin. Comparisons of the
alluvium -to- crystalline-rock spectral ratios provide calibration for the
estimates of ground response. Testing of the technique continues.

5. Continued appraising regional liquefaction potential in the Los Angeles
area. (J. C. Tinsley, T. L. Youd, and D. M. Perkins). Sediment most likely
to contain materials susceptible to liquefaction is that deposited during the
past few hundred years (latest Holocene) and, to a lesser degree, that
deposited during the past 10,000 years (earlier Holocene). Latest Holocene
deposits are readily distinguished from the earlier Holocene deposits by
historical accounts of flood deposition and by buried inceptisols and
entisols. Pleistocene deposits typically have pedogenic soils that have a
textural B horizon. Designations of high, moderate, and low susceptibility
reflect the age of, depth to, and penetrometer resistance of the water-
saturated sediment.

The regional distribution of these geologic conditions indicates that the
areas most likely to undergo liquefaction during future earthquakes lie in
parts of the flood plains of the Los Angeles, Santa Ana, and San Gabriel
Rivers and their principal tributaries; in flood-control basins and ground-
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water-percolation complexes; in coastal dune and beach areas; and in
"shoestring sand" deposits in the western San Fernando Valley. Eight decades
of pumping of the ground-water basins has lowered water tables and reduced the
extent of susceptible areas. In addition, variations in rainfall and changing
management practices profoundly affect the liquefaction hazard. Due to wet
winters since 1978, ground water levels in certain areas are approaching
historical highs and artesian conditions noted there in the early 1900's are
recurring. Development of the ground water resource and the resultant
lowering of water levels by pumping simultaneously reduced the liquefaction
hazard to a minimum. To the extent that water levels return to historical
high levels, the greater will be the areas susceptible to liquefaction.

6. Continued revising a paper entitled, "Simulated calcic-horizon development
in alluvial soils" (senior author: Dr. L. D. McFadden, Dept of Geology,
University of New Mexico, Albuquerque, N. M., 87131. Paper has received
technical review and will be submitted to TRU review in November, 1982,

Results

1. Data base compilation is 50% complete in the Van Nuys and Burbank
quadrangles.

2. Surficial geologic mapping is 90% complete.

3. Thickness of a geologic unit is an important parameter, in addition to
shear wave velocity, void ratio, and granulometry, that must be considered in
evaluating ground response. When thickness is considered, over 90% of the
ground motion sites in the short period band can be grouped consistently
according to geotechnical parameters (J. Tinsley and A. M. Rogers).

4, The 1:125,000-scale regional microzonation mapping delineates the
following alluvium:bedrock median spectral amplification ratios within the
three spectral bands. The maps reflect relations among the geotechnical
parameters as noted in (3) above.

Period= Period= Period=

Unit 0.2 - 0.5 sec 0,5 =.3.3 3.3 - 10 sec
e 1.3 1 T3

24 1.8 2.1 A

3. 2.4 3.6 3.4

L, 3.6 4.5 4.6

B 4.6 — SHES

6. 5.1 —-— —

7. 6.5 —_— —_—
Reports

Tinsley, J. C., Youd, T. L., and Perkins, D. M., 1983, Evaluation of
liquefaction potential in the Los Angeles area, California: Geological
Society of America, Cordilleran Section, Abstracts with Programs. Invited
paper - Symposium on Liquefaction Potential in the Western United
States. Submitted Oct. 1982.
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McFadden, Leslie D., Matti, Jonathan C. and Tinsley John C., 19&__,
Implications of soil-geomorphic studies for latest Cenozoic landscape
development in the San Bernardino Mountains, Southern California: 1983
Proceedings of the American Association of Geographers, Annual Meeting,
Denver, Colorado. Submitted 9/30/82.

U.S. Geological Survey Staff, 1982, Seismic zonation of the Los Angeles Region

-- a progress report in Third International Earthquake Microzonation
Conference Proceedings, Seattle, WA, volume 1, p. 157-172.
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USGS/Alaska Division of Geological & Geophysical Surveys
Cooperative Earthquake Hazards Project:
Geotechnical Mapping and Testing Programs,

Upper Cook Inlet, Alaska

Randall G. Updike
Alaska Division of Geological and Geophysical Surveys
P.0. Box 2116
Eagle River, Alaska 99577
(907) 688-3555

The Upper Cook Inlet area of south-central Alaska, which includes
the Anchorage and Matanuska-Susitna Municipalities, is the most populous
area of the state and sustained considerable damage and loss of life as a
result of the 1964 Prince William Sound Earthquake. Much of the result-
ant destruction was attributed to massive ground failure of Quaternary
soils. Subsequent to the investigations conducted in the years immedi-
ately following that major event, very little research has been conducted
on earthquake hazards in the region. The present study involves (1) de-
tailed determination of present-day susceptibility for ground failure in
response to a seismic event, (2) characterization and mapping of soil
units exhibiting failure potential modes, and (3) establishing an engi-
neering soils data bank of geotechnical borehole logs and associated test
results for the Upper Cook Inlet Region.

Results

(1) The Bootlegger Cove Formation, which underlies much of Anchorage,
has been found to consist of eight discrete geologic facies which
vary in their engineering characteristics based upon differing geo-
logic histories and modern ambient conditions. I have been able to
characterize these engineering geologic facies in terms of both
static and dynamic behavior. The Quaternary geology of the Govern-
ment Hill area (north Anchorage) and south Anchorage have now been
mapped in three-dimensions at a scale of 1:10,000 to a depth of 50 m
below sea level, and incorporate the engineering parametric charac-
terization of the facies of the formation. Geologic cross-sections
and derivative maps showing facies distributions, formational
structure, and thicknesses have been produced. The Government Hill
mapping project has resulted in two manuscripts in press with the
USGS. The south Anchorage mapping project has generated two manu-
scripts presently in press with the Alaska Geological and Geophys-
ical Survey. A third mapping project in downtown Anchorage will be
initiated during FY 83.
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State-of-the-art dynamic testing on the Bootlegger Cove Formation
has been seriously lacking since the early efforts immediately after
the 1964 earthquake. I have initiated a series of testing programs
at two high-rise building sites in downtown Anchorage. The studies
focus on the Bootlegger Cove Formation and include: (a) a series of
deep geotechnical stratigraphic boreholes, (b) a laboratory program
of static engineering tests on core samples, (c) resonant column
tests, (d) cyclic triaxial tests, and (e) cyclic simple shear tests.
Independent runs of the SHAKE program were made before and after the
dynamic testing. Multiple publications are forthcoming.

During April, 1982, the Electric Cone Penetration Testing System
(Ertec CPT) was brought to Alaska and utilized at selected sites in
the vicinity of the 1964 Turnagain Heights, "L" Street, and 4th Ave-
nue landslides. The CPT data has been processed to (a) further
characterize the pre-defined Bootlegger Cove Formation facies, (b)
calibrate the CPT data with existing SPT data, geotechnical logs,
and static laboratory testing results, and (c) enhance geologic
mapping. Alaska Geological and Geophysical Survey publications will
be written prior to June, 1982.

Bedrock and surficial geologic mapping has been intitiated at
1:25,000 scale along the west front of the Chugach Mountains. One
aspect of that mapping has been to identify active faults along the
trend of the Border Ranges Fault System. Two high angle normal
fault scarps, believed to be splays of that system have been mapped
traversing both McHugh Complex (Jurassic/Cretaceous) bedrock and
late Quaternary glacial/periglacial surficial deposits. The bedrock
geologic maps of three quads along the west Chugach Mountain Front
are nearly complete; the surficial geology will be finished during
FY 83.

The engineering soils data bank for Anchorage and vicinity has now
been on line for three years and is continuously being updated with
new borehole and testing information provided by municipal, state,
and federal agencies, and by industry. Presently the information
for several thousand sites has been catalogued and is being stored
in the original report format, but these data will eventually be
transferred to a computer-based retrieval system. The data are used
as an integral part of the three-dimensional geologic mapping
discussed above.
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Geothermal Seismo-tectonic Studies

9930-02097

Craig S. Weaver
Branch of Seismology
345 Middlefield Road
Menlo Park, CA 94025

lnvestigations

1. St. Helens seismic zone (SHZ) studies. Seismicity along the SHZ contin-
ues to be concentrated in the Elk Lake area. Earthquakes with magnitudes
greater than 1.5 are being analyzed in an effort to detect changes in selismi-
city in the EIk Lake area that could be related to a forthcoming moderate
earthquake. Parameters being monitored include the orientation of the P and
T axes, the distribution of earthquakes, and the b-value.

2. Olympic Peninsula-Washington Coast Range seismicity and velocity struc-
ture studies. The Olympic Peninsula subnet of the University of Washington
statewide network continues to record low rates of both subcrustal and cru-
stal seismicity. Focal mechanisms for small magnitude (2+) earthquakes on
the Olympic Peninsula continue to be routinely calculated. Crustal structure
studies on the Olympic Peninsula have advanced to the stage of ray-tracing
and synthetic seismograms in an effort to better resolve velocity models.

3. A teleseismic P-delay study, initiated in 1981, has been completed.
Teleseismic residuals were used to constrain the geometry of the subducting
Juan de Fuca plate beneath the North American plate. Simple residual
analysis, ray tracing, and 3-D inversion methods have been employed.

4. Puget Sound/Western Washington seismicity studies. Seismicity since 1954
has been examined prior to three periods of increased seismic energy release
in western Washington in a search for recognizable precursor patterns.
Earthquake catalogs since 1970 have been used in a study to attempt to define
potentially active faults in the crust of Puget Sound that could generate
moderate earthquakes (magnitudes 5-6.5) similar to those recorded Iin
southwest Washington in 1981 (Elk Lake, magnitude 5.5; Goat Rocks, magnitude
5.0).

Results

1. No significant changes in seismicity have occurred in the Elk Lake area
during this report period. Focal mechanisms continue to be show nearly pure
strike-slip faulting, on fault planes striking a few degrees west of north.

2. Earthquake catalogs were searched for possible precursor activity before
the three largest Puget Sound earthquakes since 1964 (Bel|lingham, 1964, mag-
nitude 4.8; Seattle, 1965, magnitude 6.5; Kitsap, 1978, magnitude 4.6). We
have searched for seismic precursors in the form of: 1) immediate foreshock
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activity; 2) increases in seismicity in epicentral regions months and years
prior to larger earthquakes; 3) changes in regional seismicity months and
years before larger earthquakes; and 4) quiescence at small magnitude levels
in epicentral regions (a Mogi gap of the second kind). Prior to 1970 our
search was confined to precursory earthquakes with M>3.5-4.0. After 1970 the
search could be conducted at the M>2.0 level and often at even smal ler magni-
tudes. No definitive and distinctive seismic precursors were found for these
three events.

We have discovered a 2500 kmZ zone of quiescence in the NE portion of
the Puget basin (Figure 1). This area has been aseismic at the M>2.5 level
since 1974. |t has probably been an area of low seismicity at the M>3.5
level since 1960. A large part of the north zone's boundary can be associ-
ated with either mapped faults or structures inferred from gravity data. The
northern zone of quiescence has a companion zone In the SE Puget basin, that
has an area of 3000 kmZ2 (Figure 1). This southern zone has been aseismic at
the M>2.5 level since 1976. The implications of these two quiescent zones
for the location and time of future large earthquakes in the Puget basin are
uncertain.

The most Important seismogenic structure that has been identified in the
Puget basin Ilies 1In the southern Kitsap peninsula (Figure 1). A Mc=4'6
earthquake and aftershock sequence occurred along part of this structuré in
1978. A narrow, 35 km long NNW striking zone of earthquakes, which includes
the 1978 sequence, has been active at the M>0 level since the early 1970's.
Preliminary results indicate that earthquake focal mechanisms In the northern
and southern parts of the zone are significantly different. The implications
of this zone for earthquake hazards has not been determined.

Reports

Weaver, C. S. and Smith, S. W., 1982, Regional tectonic and earthquake hazard
implications of a crustal seismic zone 1In Southwestern Washington:
(accepted pending revisions, Journal of Geophysical Research).

Weaver, C. S. and Zollweg, J. E., 1982, Deep earthquakes and possible mag-
matic gas transport at Mount St. Helens, Washington (abs): EOS, Transac-
tions of the American Geophysical Union, (in press).

Yelin, T.S., 1982, Earthquake mechanisms In the Puget Sound basin and thelr
tectonic Implications (abs): EOS, Transactions of the American Geophysi-
cal Union, (in press).

Michaelson, C. A., 1982, Crust and upper mantle structure from teleseismic

P-wave residuals (abs): EOS, Transactions of the American Geophysical
Union, v. 63, 379.
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Figure 1: Earthquakes in western Washington located between

1974 and 1982. Earthquakes are scaled by magnitude,
with three symbol sizes: smallest- less than 3.0,
medium- between 3.1 and 4.0, largest- greater than 4.0.
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Earthquake Hazards Studies, Metropolitan Los Angeles-
Western Transverse Ranges Region

9540-02907

R. F. Yerkes
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111 ext. 2350

Investigations and results

1. Historic earthquake data (W. H. K. Lee). The Archives Institute of
California Institute of Technology has filmed and transmitted to the U.S.
Geological Survey approximately 400,000 "phase" cards containing all data from
routine processing of southern California earthquakes since the mid 1920s. 1In
addition, all existing seismograms from all stations (except Pasadena) since
the beginning of the Seismological Laboratory through 1933 have been filmed
and transmitted. All seismograms from the Pasadena station are being filmed
under a cooperative project. During the filming project the Archives
Institute recovered a series of Richter notebooks that contain a wealth of
unpublished data, pertaining especially to the 1933 Long Beach earthquake on
the Newport-Inglewood zone. We have extracted phase data for some 200 shocks
of the sequence, but many problems of timing and picking phases remain to be
resolved.

2. Late Cenozoic ashes (Sarna-Wojcicki).

a. Bishop ash bed identified in deep-ocean sediments of the Pacific
Ocean.

We have identified the Bishop ash bed from core samples obtained from
deep-ocean (D.S.D.P.) hole U470, in the Pacific Ocean near Guadalupe Island,
300km west of Baja California (fig. 1). The glass composition of this ash,
determined by electron-microprobe analysis (EMA), is identical within the
error of analysis to that of the Bishop ash bed (table 1). However, several
Quaternary ash beds erupted from the Long Valley-Glass Mountain volcanic
complex east to the central Sierra Nevada are very similar in chemical
composition to the Bishop ash bed, and thus cannot be distinguished on the
basis of EMA along.

The ash bed in hole 470, however, (1) has the diagnostic chemical
signature of ash layers erupted from the Long Valley-Glass Mountain complex,
(2) is thus over 1000 km away from its source area (fig. 1), and (3) is 10 cm
thick in the D.S.D.P. core, thus indicating that it was produced by a very
massive eruption. The Bishop ash is generally the thickest and most
widespread ash bed erupted from the Long Valley-Glass Mountain complex (Fig.
1., triangle). Furthermore, the ash bed in hole 470 is situated in the upper
part of the Quaternary section, as indicated by independent biostratigraphy.
If we arbitrarily assign the widely-accepted 1.8 MA (million year) age to the
Quaternary/ Pliocene (Q/P) boundary independently identified in the bore hole
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on the basis of nannofossils, and if we assume a constant sedimentation rate
at site 470, we calculate an age of 0.71 MA for this ash bed--an age very
close to the isotopically-determined 0.73 MA age of the Bishop ash bed
(Dalrymple, 1980). Conversly, if we apply the 0.73 MA age to the ash bed in
hole 470, we obtain an age of 1.85 MA for the biostratigraphically-designated
Q/P boundary.

The ash in hole 470 represents the southernmost documented locality of
the Bishop ash bed. Identification of this and other ash beds in deep-ocean
cores (see Sarna-Wojcicki, this volume) permits correlation of deep-ocean
biostratigraphic zones with provincial on-land marine and continental faunal
chronologies and magnetostratigraphy. (We gratefully acknowledge the
assistance of the D.S.D.P. Program of Scripps Institute of Oceanography and
the National Science Foundation for donation of core samples).

b. Bishop ash in the Saugus Formation, Newhall area, southern Calif.

Our analyses of glass samples from two ash exposures in the Saugus
‘Formation near Newhall, Calif., identify them as the Bishop ash bed. Samples
collected by Jerry Treiman (C.D.M.G.), and Shaul Levy (0.S.U.), were analysed
by EMA (table 1) and energy-dispersive X-ray fluorescence spectrometry.
Magnetostratigraphic work by Levy indicates that the ash is normally
magnetized and overlies a magnetic reversal about 150-200 m stratigraphically
lower in the section, supporting the identification (all major Quaternary ash
beds erupted from the Long Valley-Glass Mountain complex are reversly
magnetized except for the Bishop ash bed). Identification of this ash bed in
the Saugus Formation demonstrates the time-equivalence of the continental
Saugus and the marine Santa Barbara Formation situated further to the west.
The correlation also provides an important age and stratigraphic horizon that
provides an age constraint on the deformation of the Saugus Formation in the
Newhall area.

¢. Magnetostratigraphy and a putative Huckleberry Ridge ash bed in
Balcom Canyon, southwestern Calif.

Magnetostratigraphic work by J. C. Liddicoat (Lamont-Doherty Geological
Observatory, in cooperation with our project) has resulted in the
identification of a magnetically normal-polarized stratigraphic interval
beneath the Bailey ash bed (1.2 MA), in the Pico Formation near Santa Paula.
This normal interval coincides stratigraphically with the Q/P boundary, as
identified by J. Ingle (Stanford Univ.) on the basis of foraminiferal zones,
and thus probably represents the Olduvai event. We have found a volcanic ash
bed near the base of the Pico Formation further down in the section in Balcom
Canyon that we tentatively identify as the Huckleberry Ridge ash bed on the
basis of EMA analysis and shard morphology. This ash is somewhat lower in the
section than the position of the Q/P boundary as inferred from
biostratigraphy. We are doing further analyses on this ash bed to determine
whether it has been correctly identified, or whether the foraminiferal zones
are somewhat time transgressive.

3. Fault and epicenter maps (Yerkes). Completed initial classification and

compilation of Quaternary/Holocene fault map at 1:250,000, including results
of all cooperative trenching/dating investigations through 1981. Monitoring
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continues. Obtained print at 1:250,000 of 1970-1981 epicenters of earthquakes
M, = 1 as recorded by CIT for the Los Angeles region.

4, Vp sections, Los Angeles basin (Yerkes). Completed structure sections at
1:250,000 of inferred V_ across Los Angeles basin as derived from 3-D density-
gravity model of T. H. ﬁcCulloh.

5. Lompoc earthquake (Yerkes). Completed and submitted for outside
publication a journal report on the April 1981 reverse fault and
microearthquake near Lompoc (see Yerkes and others in GSA Abs. with Programs,
vol. 13-7, p. 586, for abstract). -—_

6. Los Angeles region earthquake hazards (Yerkes). Completed through
technical review a chapter on geologic and seismologic setting for a multi-
disciplinary Professional Paper report on earthquake hazards of the Los
Angeles eegion (J. I. Ziony, editor).

Reports

Sarna-Wo jeicki, A. M., Bowman, H. R., Meyer, C. E., Russell, P. C., Asaro,
Frank, Michael, Helen, Rowe, J. J., Jr., Baedecker, P. A.,, and McCoy,
Gail: Chemical analyses, correlations, and ages of late Cenozoic tephra
units of east-central southern California. (For U.S. Geol. Survey Prof.
Paper. Approved).

Morrison, S. D., and Sarna-Wojcicki, A. M., 1981, Time-equivalent bay and
outer-shelf facies of the Neogene Humboldt Basin, Calif., and correlation
to the north Pacific microfossil zones of D.S.D.P. 173: Proceedings of
the International Workshop on Pacific Neogene Biostratigraphy, 6th
International Working Group Meeting, Nov. 25-29, 1981, Osaka, Japan.
Osaka Museum of Natural History, p. 130-131.

Liddicoat, J. C., 1982, Paleomagnetism of the Pliocene-Pleistocene Pico
Formation in Balcom Canyon, Ventura Basin, California: Geol. Soc. of
America, Abstracts with Programs, v. 14, no. 7, p. 546-547,

Yerkes, R. F., Ellsworth, W. L., and Tinsley, J. C., New reverse faulting and

crustal unloading, northwest Transverse Ranges, California approved and
submitted to Geology.
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Table 1.

ash b
basis

Electron-microprobe (EMA) analysis of volcanic glass of the Bishop
ed. Analyses are recalculated to 100 percent, water-free
. C. E. Meyer, U.S.G.S., analyst.

Sample 3102 A1203 Fe203 MgO MnO Ca0 Ba0 Ti0, Na20 K50 Cl
Ts T7.60 12.45 0.84 0.05 0.03 0.48 0.02 0.08 3.67 4,72 0.06
2. 77.81 12.22 0.79 0.04 0.04 0,47 0.02 0.05 3.T2 4,80 ND
3s T77.25 12.89 0.78 0.04 0,02 0.4 0.00 0.07 377 b.77 ND
by, T7.15 12.83 0.78 0.04 0.01 0.4 0.01 0.07 3.81 4,77 0.09
Se T7.37 12.82 0.76 0.03 0.04 0.4 0.02 0.05 3.76 4,66 0.07
6. T7.T1 12.54 0.74 0.03 0.04 O0.40 0.00 0.06 3.80 4,60 0.08
s T7 .47 12.T4 0.76 0.03 0.03 0.48 0.00 0.06 3.56 4,83 0.05
1. Ash bed in D.S.D.P. hole 470 west of Baja California (see fig. 1).
2. Ash bed in Santa Barbara Formation, Ventura, southwest Calif.
3. Ash bed in Saugus Formation, southern Calif., coll. by Jerry Treiman (C.D.M.G.).
4, Ash bed in Saugus Formation, southern Calif., coll. by Shaul Levy (0.S.U.).
5. Ash bed in beds of Pleistocene Lake Tecopa, southeastern Calif.
6. Air-fall ash bed at base of ash-flow Bishop Tuff, 10 km.north of Bishop

east-central Calif.
T. Ash bed of reworked, fine ash at Friant, central Calif.
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Figure 1.
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Figure 1. Left side: Open cirecle - location of D.S.D.P. hole 470; closed

circles - locations of exposures of the Bishop ash bed in
triangle - Long Valley - Glass Mountain voleanic complex from which Bishop ash
was erupted. Right side - biostratigraphic zonation in D.S.D.P. hole U470.
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Earthquake Hazards
Puget Sound, Washington

9540-02197

J.C. Yount
Branch of Western Regional Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94025
(415) 323-8111 %2905

Investigations

Historically, foci of large earthquakes in Puget Sound occurred at depths
between 50 and 70 km, and resultant damage has been attributed to amplified
ground shaking and ground failure (liquifaction phenomena and landsliding).
Little, if any, evidence for ground rupture along faults at the land surface
has been documented from past well-located earthquakes. Therefore the major
investigations of this project have concentrated on:

1. Delineating and characterizing the major Quaternary stratigraphic units in
the central Puget Lowland.

2. Developing an understanding of the seismotectonic setting of Puget Sound
and the major tectonic forces responsible for earthquakes in the region.

3. Searching for evidence of recent differential vertical motion across major
aeromagnetic and gravity discontinuities (interpretated as faults) running
through the Puget Lowland.

Specific studies undertaken during this past year include completion of
1:24,000 scale mapping of surficial deposits in the Uncas, Center, Mt. Walker,
Bothell, Edmonds East, Kirkland, Snohomish, Everett, and Maltby quadrangles.
Synthesis and compilation of these data onto the Seattle 1:100,000 base map
has begun. In addition, logs from nearly 200 geotechnical boreholes in the
Seattle 1:100,000 map area have been examined in order to characterize the
physical properties (grain size, water content, bulk density, penetration
resistance, cohesion) that might be useful in studies of seismic ground
shaking or liquifaction potential; this has been done for each mappable
Quaternary unit.

Results

1. Thickness variations of individual Quaternary units and topography
developed on the top of the Tertiary bedrock surface are large. More than
1000 meters of relief exists on the Tertiary bedrock surface in parts of the
Seattle 1:100,000 quadrangle. In addition, as much as 200 meters of relief
was sculpted into the Quaternary sediments of Puget Sound during the last
invasion of continental ice into the region. The resulting succession of
unconsolidated glacial and alluvial facies nested inside semi-consolidated
older Pleistocene glacial and nonglacial units, often along sloping to near-
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vertical contacts, makes horizontal layer models of seismic ground response
difficult to apply in many parts of Puget Sound.

2. Mappable Quaternary units can be grouped by similarities in physical
properties into a few broad categories that are useful for ground response or
liquifaction potential evaluation. Units with the highest water content, and
lowest penetration resistance, bulk densities, and cohesions are muddy to
sandy Holocene alluvium and fill, late-Wisconsin recessional lacustrine sand
and silt, and some advance outwash sand of the last glaciation. Units with
intermediate properties include coarse-grained sand and gravel of both
recessional and advance stages of the last glaciation, sand and silt of
nonglacial intervals that preceeded the last glaciation, and some coarse-
grained Holocene alluvium. Lodgement till of the last glaciation, and till
and associated outwash deposits of previous glaciations generally show low
water contents and high bulk densities and resistances to penetration. These
values are near or in excess of values observed for older Tertiary sedimentary
and volecanic rocks.

3. Radiocarbon ages of 3260+80 YBP (USGS-7) and 1350455 YBP (MT484) on shells
from uplifted marine terrace deposits at Blakely Harbor and Alki Point,
respectively, suggest at least 3 meters of differential vertical motion across
the large east-west trending gravity gradient (interpreted as a fault in Gower
and Yount, in press) passing from Eagle Harbor through southern Seattle.

These marine terrace deposits are restricted to the south side of the gravity
gradient. The terrace is cut into Oligocene marine siltstone and sandstone in
the Blakely Harbor area, and previously it was thought that the lack of a
terrace north of Blakely Harbor could be explained by the inability of
Quaternary sediments to maintain a wave-cut terrace, thus restricting the
feature to areas underlain by bedrock. The dated locale approximately 1 km
south of Alki Point is cut into Quaternary nonglacial fluvial sand and silt
that underlie deposits of the last glaciation. Thus, it appears that bedrock
presence is not necessary to preserve the terrace, and that the restriction of
the feature to the region south of the Seattle-Bremerton Fault may be the
result of differential vertical uplift, rather than an artifact of
preservation.

Reference
Gower, H, D. and Yount, J.C., in press, Seismotectonic Map of the Puget Sound
Region, Washington: U.S. Geological Survey Miscellaneous Investigations

Map, Scale 1:250,000.

Reports not previously listed

Yount, J. C., in press, Earthquake Hazards of the Puget Scund Region:
Proceedings of Conference XIV of U.S. Geological Survey Earthquake
Hazards Reduction Program, U.S. Geological Survey Open-File Report.

Minard, J. P. , 1980, Distribution and description of the geologic units in

the Snohomish quadrangle, Washington: U.S. Geological Survey Open-File
Report 80-2013, Scale 1:24,000.
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Minard, J. P., 1981, Distribution and description of the geologic units
Maltby quandrangle, Snohomish and King Counties, Washington: U.S.
Geological Survey, Open-File Report 81-100, Scale 1:24,000.

Minard, J. P., 1981, Distribution and description of the geologic units
Bothell quadrangle, Snohomish and King Counties, Washington: U.S.
Geological Survey Open-File Report 81-106, Scale 1:24,000,

Minard, J. P., 1981, Distribution and description of the geologic units
Everett quadrangle, Snohomish County, Washington: U.S. Geological
Open-File Report 81-248, Scale 1:24,000.
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Minard, J. P., 1982, Distribution and description of the geologic units in the

Mukilteo quadrangle, Snohomish County, Washington: U.S. Geological

Survey Miscellaneous Field Investigations Map, MF 1438, Scale 1:24,000.
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Regional Syntheses of Earthquake Hazards in Southern California
9940-03012

Joseph I, Ziony
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, California 94025
(415) 323-8111, ext. 2944

Investigations

1. Analysis of the geologic and seismologic character of late Quaternary
faults of the Los Angeles region, as determined from published and unpublished
sources and from limited field investigations, continued. Our emphasis is on
obtaining: (a) quantitative data on offsets of deposits or geomorphic
features younger than about 700,000 years in order to provide a reasonably
uniform basis for estimating rates of geologically-recent slip along
individual faults, and (b) geologic constraints on the recurrence of large
earthquakes. The long-term objectives are to estimate the relative activity
of these faults, and, where possible, their earthquake and surface faulting
potential.

2. Coordination of the preparation of a professional paper on the earthquake
hazards of the Los Angeles region continued. This comprehensive report will
summarize the current methods and conclusions of USGS investigators concerning
the major earthquake-hazard factors for the region.

Results

1. A report summarizing our current understanding of the fault hazards of the
region has been submitted for technical review. Detailed information on the
geometry, style and amount of offset during late Quaternary time, and
associated seismicity is presented for 96 faults of the region that have been
active during the past 700,000 years; the sparse geologic evidence on
recurrence of large earthquakes along individual faults is summarized; and
constraints on the size of future events to be expected along these faults are
discussed.

2. Approximately half of the 15 chapter contributions to the proposed
professional paper on the Los Angeles region are in technical review, and the
remainder are expected to be submitted by February, 1983. Results of these
studies pertinent to methods for mapping of fault-, shaking-, and ground-
failure hazards were summarized at the Third International Earthquake
Microzonation Conference.

Regorts

U. S. Geological Survey Staff (Ziony, J. I., coordinator), 1982, Seismic
zonation of the Los Angeles region - a progress report: Proceedings of
the Third International Earthquake Microzonation Conference, June 28 -
July 1, 1982, Seattle, Washington, Vol. 1, p. 157-172.
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Tectonic Tilt Measurements Using Lake Levels

9950-02396
Spencer H. Wood
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Mailing Address: Department of Geology and Geophysics
Boise State University
Boise, Idaho 83725

(208) 385-1631

Investigations

1. Completed an analysis of NGS and USGS level lines in the Salt Lake
City to Brigham City, Utah, area run since 1950. The extent of possible survey
error in the data is being evaluated. Procedures for future releveling of the
Weber Canyon Tine across the Wasatch Fault zone are being studied.

v Lake-Tevel measurements were made on Great Salt Lake and on Utah
Lake, Utah. New recording sites were established and documented in September
by Kirk Vincent.

3. Lake-level measurements were made on Kenai, Skilak, Tustamena, and
Harlequin Lakes, southern Alaska in August. Several 1964 reference bench marks
were recovered on Tustamena Lake that were under water during a previous search
in 1979.

Results

L Comparisons of 1953 and 1967 NGS level surveys on railroad routes along
the Wasatch Mountains front between Salt Lake City and Ogden, show elevation
changes of at least 80 mm that can be interpreted as movement on Wasatch Fault
Zone. Similar results are cbtained from a comparison of 1958 NGS with 1974 USGS
leveling across the Wasatch Fault Zone in Weber Canyon near Ogden. Elevation
change shows as surface tilt of 6 to 30 microradians within a 12-km-wide zone
centered on the fault zone. The possibility of refraction and rod-calibration
error as a cause of these apparent elevation changes is being considered for
this data set and also for future releveling. Magnitude of the surface tilt and
the coincident results from two independent surveys argue that these may be real
tectonic movement along a strained normal-fault zone.

2 Recovery of 1964 bench marks on Tustamena Lake, Alaska, show that about
200 mm of down-to-the-southeast tilt occurred across Tustamena Lake on the Kenai
Peninsula since the 1964 earthquake and before 1979. This is similar to the
result reported by Wood (1981) for Kenai Lake. These measurements suggest that
the post-seismic movement reported by Brown and others (1977) extended over much
of the Kenai Peninsula.

From 1979 to 1982, apparent tilt is less than 35 mm across Kenai and Tusta-
mena Lakes and probably within the noise level of the measurements. This year's
survey showed an apparent elevation change of about 70 mm (down to the south)
across Skilak Lake that occurred between 1979 and 1982.
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An investigation of Holocene Neotectonic Deformation
‘in the
Charleston, S.C.,, Region, Compared to Areas to the
North and to the South

Contract No, 14-08-001-20515

Donald Colquhoun
Geology Department
University of South Carolina
Columbia, S.C. 29208
(803) 777-2600

Investigations

1. Regional Cretaceous and Tertiary stratigraphic studies compiling data
developed in seven theses and dissertations of limited areas have revealed
a discontinuity on structure contour and isopach maps in the Charleston
region.

Results

1. Displacement of unconfogmity surfaces is noted on seven contour maps
along a line extending N 45 W from Charleston in Charleston and Dorchester
Counties.

2. Isopach maps constructed of intervals between the unconformities
indicate faulting was active in Median Eocene time. Faulting may have
occurred earlier, but deep data is insufficient for proof. Growth fault-
ing on the order of 100 feet displacement is shown for Base Lutetian-Base
Priabonian. The fault appears hinged to the northwest, and is downthrown
on its southwest side. Displacement appears greatest in western Charleston
and Dorchester Counties, and curiously is not supported in Charleston
Medical Center nor adjacent Mount Pleasant holes.

3. Recognition of this discontinuity introduced a change in our Holocene
investigation area during the summer of 1982 to attempt to refine our
results, within the Charleston Study Area (figure 1).

Reports

1. Colquhoun, D.J., Woollen, I.D., Van Nieuwenhuise, D.S., Padgett, G.G.,
0ldham, R.W., Howell, P.D., Bishop, J.W., and Boylan, D.C., 1982, Tectonic
framework development and initial glacio-eustatic sea level change east
Georgia embayment, U.S.A., Abstracts with Programs, 1982, Geological
Society of America Annual Meeting, vol. 14, no. 7, p. 466.

2. Boylan, D., Thunnell, R., and Colquhoun, D., 1982, Stratigraphy, water
depth, erosional unconformities and time of emplacement of the South
Carolina Coastal Plain, Charleston to Hilton Head Island, in program NE-SE
Sections, Geological Society of America Meetings, Washington, S.C.
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Investigations

2. Holocene stratigraphic and archeologic studies proceeded in the Winyah
Bay Area (40 miles northeast of Charleston); in the Cooper River Valley
(at Charleston) and in the North and South Edisto River Estuaries (30 miles
southwest of Charleston) in order to draw up sea level change curves in
each region for comparison in the time interval 0-6000 radiocarbon years
before present. The stratigraphic studies included coring in marshes to
provide records from the present high marsh surface to the Pleistocene-
Tertiary. Intertidal peats as opposed to salt marsh clays were collected,
analyzed for diatoms and pollen, and submitted for C i dating at fresh-
salt water boundary transitions in cores, to indicaté previous high marsh
surfaces., The archeologic studies included 1) interrivering sites and

2) coastal-estuarine middens to indicate limiting high marsh elevations
and trend of sea level change. In addition midden stratigraphy was inves-
tigated to indicate successive midden submergence by higher sea levels
during the Holocene,

In the Winyah Bay area 22 cores were taken and logged. From these, inter-
tidal basal peats were identified by pollen and diatom analysis. We await
& dating on four of these. Seven archeologic Cy, datings have been
received from midden materials related to marsh stratigraphy. A large
number of interriverine sites have been investigated.

In the Cooper River Valley (Charleston) 15 cores were taken and logged
in addition to our previous published investigations. Four additional
intertidal basal peats are being C14 dated to add to our published dates
in this area.

In the Edisto River Estuaries 39 cores were taken and logged. From these
we await dating on seven intertidal basal peats. Nine middens were
examined and five C14 dates are in process.

In order to refine our measurements with respect to the discontinuity
reported in 1, we have begun studies in the Ashley River Valley (Charleston)
where three cores were taken and logged. No intertidal basal peats were
confirmed by diatom and pollen analysis. We are commencing investigations
in the Stono and Wando River Valleys.

Results

1. Archeologic and Holocene stratigraphic studies in the Winyah Bay
region of the Coastal Zone have indicated additional sea level change

data for the radiocarbon year interval 2000-0 B.P. Sea level drops near
500 and again near 1200 years B.P. are noted, with rises occurring between.
This result has been confirmed by other studies to the south, near Beaufort
by other workers, in South Carolina. (figure 2)

2. Interrivering site clusters near Georgetown are noted for the intervals
2750-3050, 1950-2250, 1250-1750, 950-1050 and 250-350 radiocarbon years B.P.
(through ceramic seriation). The first three of these are nearly identical
with similar clusters noted in the Cooper River Valley near Charleston S.C.,
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where they were assigned to times of rising sea level in marsh strati-
graphic studies (Brooks et al 1978). The Georgetown observations differ
from the Charleston observations in that 1) more clusters are apparent
near Georgetown and these occur at times of rising sea level as indicated
in the Beaufort data (1 above), and 2) the number of sites identified

in the 1250-1750, 950-1050 and 250-350 clusters at Georgetown are signif-
icantly more than have been measured in the Cooper River Valley near
Charleston. Near Charleston Brooks et al 1978 noted the number in inter-
riverine sites seemed to correlate with the relative change of sea level
occurring during the cluster intervals. The greater the change in sea
level, the greater the number of interriverine sites. (figures 3 & 4)

Our present observations in Georgetown and in Charleston would indicate
therefore that sea level changes in the Cooper River Valley (Charleston)
were not as severe in the Charleston area, than as at Georgetown, from
1750 radiocarbon years B.P. until the present. The trace of the fault
induced from the studies noted in Investigation 1 (above) together with
the displacement noted on that discontinuity (upthrown on the northeast
side) would support elevation of the Cooper River Valley observation
area, a reduction in relative sea level changes during this portion of
the Holocene, and a consequent decrease in the number of clusters and
the number of sites within clusters noted for Charleston as compared
with Georgetown. It would indicate displacement first noted in the
Lutetian continuing in the Holocene from 1750 radiocarbon years before

the present, and possibly, from present archeologic data sporadically
in time.

Reports

1. Colquhoun, D., Brooks, M., and Michie, J., Evidence for little Ice
Age sea level change in the southeastern U.S. accepted for program, XI
Congress, International Union for Quaternary Research Moscow, U.S.S.R.
August 1982.

2, Colquhoun, D.J., Brooks, M.J., Michie, J., Abbott, W.B., Stapor, F.W.,
Newman, W.H., and Pardi R.R., 1981, Location of archaeological sites with
respect to sea level in the southeastern United States in Florilegium
Florinis Dedicatum. Striae, vol. 14, pp. 144-150.
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Seismotectonics of Northeastern United States
9950-02093

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

Investigations

l. Compilation and interpretation of regional earth science information
relevant to the seismicity and seismic zoning of the eastern United States
continued. Particular attention is being given to thickness of the
seismogenic layer and its relation to seismicity.

2. Construction of additional average elevation maps using various averaging
schemes was initiated. These maps will supplement GP-933, which has well
received in several quarters.

3. Examination of some characteristics of the New Brunswick earthquake of
January 9, 1982 was undertaken, the results were presented at the SSA meeting
in Anaheim.

Results

1. A final draft of a Bouguer gravity anomaly map of Pennsylvania at a scale
of 1:250,000 with a contour interval of two milligals is being prepared.
Progress has been slowed by the necessity of making terrain corrections for
some stations.

2. An average elevation map of the conterminous United States was produced at
a scale of 1:2,500,000; 20 m contours in the east, 100 m in the west. This
map has now been printed and distributed, as GP-933. Additional maps using
different averaging schemes are under construction.

3. Several regional cross-trending gravity features were identified from a

new regional gravity map of New York and Pennsylvania and their relationship
to seismicity explored. Additional geophysical information regarding these

features is being evaluated, particularly in the vicinity of the Adirondack

Mountains.

4. A continuing study of thermal convection in water-filled holes has begun
to reveal some information on the nature of the fluid motions. This
information may be useful in interpreting temperature-time data in terms of
crustal strain. It may also be useful in assessing the accuracy of other in-
hole measurements that are sensitive to small fluid motions. An opportunity
arose to examine the phenomena in some holes of intermediate diameter (~4 in.)
over a wide range in gradient (0-1000°c/km).
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5. Comparison of precision temperature logs made in a deep (2 km, 165°C)
geothermal well (East Mesa 31-1) in 1977(2), 1978(2), and 1982(1) exhibit
little sensible change above the slotted interval (~1.6 km). Changes in the
slotted interval may partly reflect fluid motion along faults induced by the
nearby Imperial Valley earthquake of October 15, 1979. Small changes slightly
above the slotted interval probably resulted from slumping of the hole wall
into uncement parts of the annulus between hole and casing. An important
point is that small differences between temperture logs obtained at different
times in deep high temperature regimes can be interpreted in terms of physical
changes provided proper attention is given to instrumentation and

calibration. The point is further illustrated in the study made in a deep
hole near Desert Peak, Nevada under more extreme conditions (reference below).

6. A brief period of time was spent helping to evaluate one aspect of a 200
million dollar sewage diversion project near Rochester, NY based on new data
acquired by others as compared with that we had acquired a decade ago
(reference below).

Reports

Diment, W. H., and Urban, T. C., 1981, An average elevation map of the
conterminous United States (Gilluly averaging method): U.S. Geological
Survey Map, GP-933,

Diment, W. H., Urban, T. C., Nathenson, M., Nehring, N. L., Shaeffer, M. H.,
1981, Thermal convection in cased water—-filled drill holes: effects of
small quantities of gas: EOS, American Geophysical Union Transactions,
ve 625 P. 392,

Urban, T. C., and Diment, W. H., 1980, Thermal convection in cased, water-
filled drill holes: observations over a wide range in conditions: EOS,
American Geophysical Union Transactions, p. 1130.

Robertson, E. C. (Chm.), Diment, W. H., Hemingway, B. S., Johnson, C. B.,
Shankland, T. J., Stottlemyre, J. A., and Rov, R. F., 1981,
Thermophysical, thermomechanical, and thermochemical properties, chapter
8, in Rock-mechanics research requirements for resource recovery,
construction, and earthquake hazard reduction: National Academy of
Sciences Press, National Technical Information Service, Report No.
NRC/AMPS/RM-81-1-1, Springfield, VA 22161, p. 140-171.

Muller, O. H., and Diment, W. H., 1981, In the Scranton gravity high part of
the central North American rift system?: Geological Society of America
Abstracts with Programs, v. 13, p. 516.

Muller, O, H., and Diment, W. H., 1981, Persistent zones of weakness in North
America: EOS, American Geophysical Union Transactions, v. 63, p. 1032-
1033.

Diment, W. H., Stover, C. W., Kane, M. F., 1982, The central New Brunswick

earthquake sequence of 1982: History, distribution of intensity and
tectonic environment: Earthquake Notes, v. 53, n. 1, p. 17.
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Diment, W. H., and Urban, T. C., 1982, Temperature changes with time in the
slotted interval of a deep, shut-in geothermal well near thermal
equilibrium: East Mesa well 31-1, Imperial County, California, 1977-
1982: Geothermal Resources Council Transactions, v. 6, p. 249-252.

Urban, T. C., and Diment, W. H., 1982, An interpretation of precision
temperature logs in a deep geothermal well near Desert Peak, Churchill
County, Nevada: Geothermal Resources Council Transactions, v. 6, p. 317-
320.

Burton, R. S., Bubeck, R. C., and Diment, W. H.,, 1982, Effects of decreased
load of deicing salts on Irondequoit Bay, Monroe County, New York: EOS,
American Geophysical Union Transactions, v. 63, no. 18, p. 326.

Diment, W. H., Urban, T. C., and Muller, O. H., 1983, Notes on the thickness
of the seismogenic layer in the eastern United States and its relation to
seismicity: Geological Society of America, Abstracts with Programs, v.
15, (submitted).

Muller, O. H., Diment, W. H., and Urban, T. C., 1983, The geophysical nature
of the Adirondack Mountain block: relation to seismicity: Geological
Society of America, Abstracts with Programs, v. 15, (submitted).

Urban, T. C., and Diment, W. H., 1983, Thermal conductivity profiles of the
Appalachian Basin: Application to identification of anomalous geothermal
conditions and to estimation of deep temperatures: Geological Society of
America, Abstracts with Programs, v. 15, (submitted).
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Shear Wave Velocity Models Near New Madrid,
Inferred from USGS Refraction Data

14-08-0001-20527

Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3120

Goals

Infer shallow shear wave structure and shear wave anelastic
attenuation from high frequency surface waves recorded at short
distances as part of the 1980 USGS Mississippi Embament refraction
project.

Investigations

Two USGS refraction profiles have been examined, Data have been
analyzed using multiple filter analysis and p-tau stacks. In addi-
tion a pseudo Monte Carlo technique has been used to match observed
waveforms by adding surface wave modes together,

Results

Preliminary results are not yet available due to the nature of the
sediments, e.g. little dispersion. Modeling indicates that the pre-
cise nature of both the shear wave velocity and anelastic attenua-
tion are required to model the data. A 77 page report on a suite of
computer programs for f-k and p-tau methods of synthesizing seismo-
grams has been prepared.
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Earthquake Hazard Studies in Northeastern United States
USGS-14-08-0001-19750
A. L. Kafka and L. R. Sykes
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

During the past decade Lamont-Doherty Geological Observatory
(LDGO) has been operating a network of short period seismic stations
in the states of New York, New Jersey, and Vermont. The present con-—
figuration of this network consists of 38 stations and two SMA-1

strong-motion accelerographs. Two stations are currently three-
component sites, and we plan to convert two additional stations to
three-component sites. Data for local earthquakes and quarry blasts

recorded by this network and other networks in New England and adja-
cent Canada are analyzed to study the earthquake hazard, the seismi-
city, the relationship of earhquakes to geologic structures, the state
of stress, and the crustal and upper mantle velocity structure in the
northeastern United States and adjacent Canada. The results of
studies of the network data are helping to enhance our knowledge of
seismic phenomena and earthquake hazard in the Northeast.

Results

During the first quarter of this year our efforts were primarily
directed towards preliminary studies of a number of relatively large
earthquakes that recently occurred in the Northeast. These studies
involved preliminary hypocentral locations, aftershock monitoring, and
intensity surveys for the following events:

(1) Long Island Sound - 21 October 1981;

16:49:07.1 UT; 41.1N, 72.6W; mp =~ 3.5
(2) New Brunswick, Canada - 9 January 1982;

12:53:52 UT; 47.0N, 66.5W; mp =~ 5.7
(3) New Hampshire - 18 January 1982;

00:14:43.2 UT; 43.5N, 71.6W; mp =~ 4.8

We have completed our study of earthquake magnitudes and seismi-
city in the New York City metropolitan area. Various magnitude scales
have been analyzed to determine an accurate measure of the size of
earthquakes in this region. A signal-duration magnitude scale is
found to be the most useful magnitude scale for the events studied,
and other magnitude scales are used to compare signal-duration mea-
sured from the local network data with my and M. During this
period of operation of dense microearthquake networks in the New York
City region (1970-present) the largest earthquake in the study area
occurred near Cheesequake, New Jersey on January 30, 1979. The magni-
tude of this event (mp) is estimated to be approximately 3.0. A
seismicity map of the larger events suggests that earthquakes in the
New York City metropolitan area are primarily concentrated in geologic
structures that surround the Newark (Triassic-Jurassic) basin.
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Determination of the crustal and upper mantle velocity structure
is a prerequisite for accurate earthquake locations and meaningful
interpretation of the seismic data. For much of New York State and
areas adjacent to it, such information was either non-existent or very
limited in scope prior to the installation of local seismic networks.
Thus far, tentative crustal and upper mantle velocities have been
deduced from P and S wave travel time studies in parts of New York
State. The resulting preliminary velocity models are used in our
earthquake location procedures. Our more recent 1investigations of
relative residuals of P-waves from distant earthquakes and nuclear
explosions indicate that residuals vary from -0.3 to +0.6 sec. The
pattern of residuals is found to be constant to within 0.15 sec in
broad subregions, but to vary markedly between subregions. Since the
transition zones between subregions are no more than 50 to 100 km
wide, most differences in velocity appear to be situated in the upper
100 km. This result appears to conflict with the limited amount of
existing refraction data which indicate that very little of the diff-
erences in travel time can be associated with the crust or uppermost
mantle.

Reports

Kafka, A. L., Barstow, N. L., and Schlesinger-Miller, E. A., 1982,
Earthquakes in New York State and adjacent areas 1980, submitted
to United States Earthquakes, U.S. Geological Survey Publication.

Kafka, A. L., Schlesinger-Miller, E. A., Barstow, N. L., Cramp, D.,
and Sykes, L. R., 1982, Earthquake magnitudes and seismicity in
the New York City metropolitan area, in preparation.

Nishenko, S. P., and Kafka, A. L., 1982, Earthquake focal mechanisms
and the intraplate setting of the Bermuda rise, J. Geophys. Res.,
v. 87, p. 3929-3941.

Peseckis, L. L., and Sykes, L. R., 1982, P-wave residuals in the
northeastern United States and their relationship to major struc-
tural features, submitted to J. Geophys. Res.

Schlesinger-Miller, E. A., Barstow, N. L., and Kafka, A. L., 1982,
Intensity surveys for three eastern North American earthquakes in
January 1982 (Abst.), Seismol. Soc. Am. Mtg.
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Earthquake Hazards in the New York City Region: Deployment of a
Portable Network of Digitally Recording Seismographs

USGS-13-08-0001-20552
A. L. Kafka and L. R. Sykes
Lamont-Doherty Geological Observatory of Columbia University

Palisades, New York 10964
(914) 359-2900

Investigations

Recent Lamont-Doherty studies of seismicity in the New York City
metropolitan area suggest that earthquakes in this region occur in
geologic structures that surround the Newark basin. Although signi-
ficant attention has been paid to seismic activity associated with the
Ramapo fault zone, other geologic structures that surround the Newark
basin appear to also have had significant earthquake activity during
the decade of microearthquake recording in this region. Our proposal
emphasized seismic activity near the southwest extensions of the
Ramapo fault =zone. Qur research since the writing of the proposal
suggests that earthquake activity is also quite significant to the
east of the Ramapo fault zone 1in the Manhattan prong and Atlantic
Coastal Plain provinces. Our revised program of research emphasizes
investigations of earth structure and seismicity associated with
geologic structures that lie to the east of the Ramapo fault zone in
an attempt to determine whether these regions are capable of gener-
ating large earthquakes.

Results

Significant changes in the scope of work and schedule for this
contract have been necessary because of late receipt of equipment and
inadequate hardware and software for the research projects discussed
in our proposal. The current configuration of stations differs from
that originally proposed for two reasons. First, the maximum pre-
event memory that we will be able to program in the PDP 11/03 system
is only about 7 sec. This limits the diameter of the array to be less
than about 70 km if event detection is to be successfully employed.
Second, the cost of telephone lines has increased significantly since
the writing of the original proposal, which also limits the diameter
of the array.

The current configuration of the portable network increases sta-
tion coverage in the Manhattan prong and Coastal Plain provinces.
Three vertical component stations are operating and a fourth station
is expected to be installed. All four stations are -eventually
expected to be 3-component sites, which will provide a complete
3-dimensional record of ground motion.

The software for the PDP 11/03 was not adequate for our purposes
for a number of reasons. For example, the pre-event memory is, at
present, only about 2 sec long, and the tape format, at present, does
not have end-of-file markers at the end of each event recorded. With-
out such end-of-file markers it becomes difficult and very time con-
suming to search for seismograms recorded on the tape. We have hired
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Phill Gross, who developed the software for this system at Pennsyl-
vania State University, to correct these problems and to finish deve-
loping the software to make the portable network more useful.

Reports
Kafka, A. L., 1982, Seismicity and geologic structures in the Man-
hattan prong: Similarities and contrasts with the Hudson High-

lands (Abst.), 54th Ann. Mtg., Eastern Sec., Seismol. Soc. Am.,
Sept. 28, 1982.

Kafka, A. L., Schlesinger-Miller, E. A., and Barstow, N. L., 1982, The
Cheesequake, New Jersey earthquake of January 30, 1979: An in-
quiry into seismic activity in the Atlantic Coastal Plain province
of New Jersey (Abst.), 54th Mtg., Eastern Sec., Seismol. Soc. Am.,
Sept. 28, 1982.

Kafka, A. L., Schlesinger-Miller, E. A., Barstow, N. L., Cramp, D.,
and Sykes, L. R., 1982, Earthquake magnitudes and seismicity in
the New York City metropolitan area, to be submitted to the Bull.
Seismol. Soc. Am.

Seeber, L., and Armbruster, J. G., 1982, The August 10, 1884 earth-
quake that caused damage from Connecticut to Pennsylvania (Abst.),
EOS, v. 63, p. 383.
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Central and Eastern U.S. Tectonics
9730-03399

M. Kane
Branch of Regional Geophysics
U.S. Geological Survey
Denver Federal Center, MS 964
Denver, CO 80225
(303) 234-2623

Investigations

1. The principal activity of the report period has been in final analysis of
the data gathered in earlier stages of the project, including preparation of
reports. Simpson and Kane prepared first drafts of reports on crustal studies
and seismicity of the eastern United States that were submitted to the

Branch. Hildenbrand continued the study of basement features of the
midcontinent region using magnetic data.

Results

1. Kane concludes that much of the crustal structure underlying the
appalachian orogen may be made up of rift systems that were developed as part
of the continental shelves of the proto—Atlantic. These systems were brought
together in the continental collision (Europe-Africa, North America) that
happened in Paleozoic time. A strong regional gradient is interpreted as
marking the suture zone of the collision. Seismicity northeastward from
Virginia is concentrated along the proposed suture zone and particularly near
its offsets. The gradient offsets may be expressions of transform faults in
the plate southeast of the suture zone. Secondary features of both the
gravity and magnetic fields such as discordant trends of secondary anomalies,
and disruptions in major anomaly trends are interpreted as evidence of a
transverse structural zone extending from central Virginia to south-central
Tennessee. Correlation of the zone with the northwest edge of the southern
Appalachian allochthon and with the northwest margin of the major Appalachian
gravity low suggests that the zone may be related to the northwest boundary of
a depression of the crust caused by the load of the allochthon. A zone of
seismicity is located along and south of the zone. A transform fault is
interpreted to extend southeast from the suture zone through the vicinity of
Charleston, SC although the azimuth of the transform is not well constrained.

2. Simpson concludes that the new compilations of gravity and terrain data
suggest the presence of a plexus of interconnecting Precambrian structures
that may explain the seismic zone extending from the Gulf of St. Lawrence to
the Mississippi embayment. He suggests that the seismicity may be localized
by structural elements within the zone whose trends are at a significantly
large angle to the regional E-W to NE-SW compressive stress field.

3. Hildenbrand compiled various types of filtered magnetic—anomaly maps to
enhance lithologic and structural boundaries in the midcontinent region.
First and second vertical derivative filters were applied to the data to
resolve or sharpen anomalies of small areal extent. Directional filters
proved useful in identifying trends in magnetic basement. Lithologic

variations were enhanced by draping tha data at a constant elevation above the
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Precambrian (magnetic) basement. A map of the ratio of magnetization contrast
to density contrast was developed from the magnetic and gravity data. This
latter map exhibits many anomaly patterns that should prove useful in
identifying regions characterized by particular rock types.

Reports

Kane, M. F., and Simpson, R. W., approved by Director, Gravity evidence of the
crustal structure of the Appalachinas [abs.], in Regional trends in the
geology of the Appalachian—Caledonian-Hercyneam-Mauritanide orogen:

NATO Adv. Study Inst., Fredericton, N. B.

Hildenbrand, T. G., 1982, Model of the southeastern margin of the Mississippi
Valley graben near Memphis, Tennessee, from interpretation of truck-
mounted magnetic data: Geology, v. 10, p. 476-480.

Simpson, R. W., Hildenbrand, T. G., Godson, R. H., and Kane, M. F., 1982, A
description of colored gravity and terrain maps for the United States and
ad jacent Canada east of 104°: U.S. Geological Survey Open-File Report
82-877, 18 p.
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Quaternary Stratigraphy and Bedrock
Structural Framework of Giles County, Virginia

9510-02463

Robert C. McDowell
Branch of Eastern Regional Geology
U.S. Geological Survey
National Center, MS 928
Reston, VA 22092
(703) 860-6503

Investigations

l. A bedrock map of Giles County and adjacent areas was compiled at a scale
of 1:125,000. The map includes the currently active Giles County Seismogenic
Zone as identified and defined by G. A. Bollinger and R. C. Wheeler.

2. Reports on surficial deposits in Giles County were prepared for
publication by Hugh Mills and submitted for review.

Results

l. Analysis of bedrock structure has revealed no definite surface effect that
can be related to the Giles County Seismogenic Zone. However, a topographic
trend lies parallel to and 10 kilometers to the southeast of a vertical
projection of a part of the zone. No connection can be demonstrated as yet;
the parallelism is either a coincidence or the result of very subtle control
which is not recognizable in the bedrock compilation. Similarity of the trend
of the seismogenic zone to that of Central Appalachian structures suggests a
possible relationship, which would indicate an age of at least Late Paleozoic
for the zone. Implications for the evolution of Appalachian Foreland
deformation are under study.

2. No evidence of neotectonic activity has been discovered in the
investigation of surficial deposits. No examples of faults or of soft-
sediment structures such as sand blows or liquefaction features were found.
Terrace distribution can be explained by variations in climate during the
Pleistocene, but cannot as yet be interpreted to suggest vertical
displacement. Mapping of terrace deposits and analyses of colluvial deposits
on mountain slopes provide a record that may be used to support the assignment
of neotectonic effects in this area when such processes are better understood.

ReEorts

McDowell, R. C., 1982, The Hurricane Ridge, Glen Lyn, and Caldwell Synclines
of Southeastern West Virginia and Southwestern Virginia: a
Reinterpretation: Southeastern Geology, v. 32, no. 2, p. 83-88.

Pohn, H. A., and McDowell, R. C., in press, Structural Trends in Giles County,

Virginia: Implications for the Tectonics of the Valley and Ridge:
Submitted to Geology.
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Active Seismology in Fault Zones
9930-02102

Walter D. Mooney
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, MS 77
Menlo Park, California 94025
(415) 323-8111, ext. 2476

Investigations

1 Collection and preliminary analysis of seismic refraction data
in several locations in the Great Valley of California and
adjacent Coast Ranges and Sierran foothills (A. Walter and W.
Mooney).

2, Collaboration with C. Wentworth and others in the purchase and
processing of existing seismic reflection data in the Great
Valley and contracting for new data (A. Walter, W. Mooney, and
W. Kohler).

3. Development of traveltime and time-term maps of the Imperial
Valley region of southern California (W. Kohler and G. Fuis).

4, Continued analysis of a seismic refraction profile in the Mojave
Desert region of California (G. Fuis and A. Walter).

5 Collaboration with D, Howell and others in construction of
Continent—Ocean Transect C-3, from southern California to New
Mexico (G. Fuis).

Results

l‘

Refraction data was collected in the Great Valley between Stockton
and Fresno, California, along five reversed profiles. Three of the
profiles are subparallel to the Valley axis and are located on the
west side, at the center, and on the east side of the Valley. Two
transverse profiles extend from the Diablo Range to the Sierra Nevada
and are located near the latitudes of Tracy and Los Banos,
California. Along each profile, 100 seismic cassette recorders were
deployed at spacings of 1.0 to 1.5 km and shots were fired at
shotpoints located near the endpoints and centers of the profiles.
The collected traveltime data will be used to construct a crustal
velocity model for the Great Valley between the Coast Ranges and the
Sierra Nevada. This model will better delineate the feature
producing the aeromagnetic and gravity highs in the Great Valley.
Refraction data was also collected along two end-to—end 120-km long
profiles extending from Morro Bay, on the California coast, across
the southern Great Valley to the Sierra Nevada east of Delano,
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California. For each of these profiles, the 100 cassette recorders
were deployed at 1 to 1.2 km intervals and shots were fired at four
shotpoints spaced 20 to 50 km apart.

Vibroseis reflection data was purchased from Western Geophysical
along the route of our seismic refraction profiles from Morro Bay to
the Sierra Nevada. The refraction data are being analyzed to provide
velocity-depth functions that can be used to reprocess the reflection
data. Geophysical Systems Corporation has been contracted to collect
vibroseis reflection data along our refraction profile through Los
Banos, California. The line is east-west and 120 km long. The
reflection records will have a two-way time dimension of 15 seconds
in order to study the deeper parts of the crust.

A contour map of reduced traveltimes from our most widely recorded
shotpoint in the Imperial Valley region of California (Fuis and
others, 1983, U.S.G.S. Professional Paper 1254, Ch. 3) reveals in
plan view the trend of a number of large buried scarps in the
Imperial Valley region and also reveals something of the subsurface
nature of the known geothermal resource areas. Traveltimes from
several other widely recorded shotpoints in the Imperial Valley
region have now been contoured in a similar fashion. The new contour
maps confirm many observations made from the first map but also
reveal new features. All of the traveltime data were next integrated
to produce a time-term map, which in principle eliminates distortions
of features seen on traveltime maps and can be converted to a
sediment isopach map. Striking features seen on this map include the
following: 1) A complex buried scarp along the west side of the
Imperial Valley. This feature, seen on the earlier traveltime maps,
trends roughly north-south; it appears to be terraced and also
segmented. The Superstition Hills fault and Superstition Mountain
fault bound one segment and northwest-striking buried faults(?)
farther south appear to bound other segments. 2) A prominent scarp
is also seen northeast of the Salton Sea and appears to be a
continuation of the modern mountain front beneath the sediments. (We
had surmised earlier than such a scarp existed about 10 km farther
southwest,along the San Andreas fault.) 3) Geothermal areas are
reflected on the maps as areas of relatively low time-terms. These
areas have varied shape and relief on the map. The Salton geothermal
area has the strongest relief and is the largest areally. In
conjunction with this investigation a computer program was written
for machine contouring of data points. We have experimented
extensively with the program in order to establish optimum grid
spacing and distance weighting functions.

Ocean—-continent transect C-3, constructed for the U.S. Geodynamics
Committee's Transect Program, extends from offshore southern
California, across southern California and Arizona to central New
Mexico.
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The transect consists of: 1) a one-degree— (110-km—) wide, 1:500,000
geologic strip map, 2) two 1:500,000, ve 1l:1 geologic cross sections,
one colored by age, the other by lithotectonic "kindred", 3) gravity,
magnetic, heat flow, and seismic-velocity profiles, and 4) ancillary
diagrams explaining the progressive tectonic development of the
region. The major tectonic provinces crossed by the transect
include, from west to east, the southern California borderland, the
Transverse Ranges, the Peninsular Ranges, the Salton Trough, the
southern Basin and Range, the northern Sierra Madre Occidental, and
the Rio Grande Rift provinces.

Reports

Andrews, M. C., and Mooney, W. D., S-P conversion in the Mississippi
embayment: (submitted to Bulletin of the Seismological Society of
America).

Boken, A., and Mooney, W. D., A Refraction study of the Santa Cruz
Mountains, west—central California (abs): (submitted to American
Geophysical Union for the fall 1982 meeting).

Fuis, G. S., 1982, Crustal structure of the Mojave Desert, California
(abs.): Geological Society of America Abstracts with Programs, v. 14,
no. 4, p. 164.

Fuis, G. S., and Mooney, W. D., 1982, Amplitudes and velocity gradients
in seismic refraction (abs.): Earthquake Notes, v. 53, no. 2, p. 21.

Howell, D. G., Fuis, G. S., Haxel, G. B., and Keller, B. R., 1982,
Terrane accretion and dispersion, southern U.S. Cordillera (abs.):
Geological Society of America Abstracts with Programs, v. 14, no. 7,
pe 519,

Howell, D. G., Gibson, D., Fuis, G. S., Haxel, G., Keller, B., McCulloh,
T. H., Sbar, M. L., Silver, L. T., Vedder, J. G., and Vedder L.,
1982, Continent-ocean transect C-3, southern California to New Mexico
(poster): Geological Society of America Abstracts with Programs, V.
14, no. 7, p. 519.

Mooney, W. D., Andrews, M. C., Ginzburg, A., Peters, D. A., and Hamilton,
R. M., 1982, Crustal structure of the northern Mississippi embayment
and a comparison with other continental rift zones (abs.): Earthquake
Notes, Seismological Society of America (Fall 1982 Meeting).

Peters, D., Mooney, W. D., Andrews, M. C., and Ginzburg, A., The deep
crustal stucture of the northern Mississippi embayment (abs):
(submitted to American Geophysical Union for the fall 1982 meeting).

Sutton, V. D., and Mooney, W. D., A Seismic-refraction study of the

northern Diablo Range, central California (abs): (submitted to
American Geophysical Union for the fall 1982 meeting).
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Northeastern U.S. Seismicity and Tectonics
9510-02388

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

Investigations

1.

Relationship of ductile and brittle faults in southeastern New York
and New Jersey to zones of seismicity in and around the Newark
Basin.

2. Core drilling in the vicinity of the Ramapo fault.

3. Detailed gravity modeling of the northern end of the Newark Basin.

4, Tectonic framework of Mesozoic rift basins in southern New England
and relationship to current seismicity.

Results

1. Bedrock mapping of the West Point quadrangle, N.Y., was completed in

August by H. Helenek and Ratcliffe. Our results reveal abundant
development of Mesozoic(?) horst and graben tectonics within
Proterozoic Y basement of the Hudson Highlands. Locally the course
of the Hudson River (N,NNW) is controlled by closely spaced brittle
fracturing associated with "dog legs'" in the general northeast
trending fault patterns. A major zone of Mesozoic(?) right oblique-
normal or strike slip fault, the Beacon-Lagrangeville fault marks
the northwest border of the Hudson Highlands from Cornwall, N.Y.,
and extends northeastward to Stissing Mountain. From Cornwall
southeastward, this fault appears to be continuous with the
southeastern border of the Green Pond syncline in New Jersey and
with the Flemington fault of New Jersey. The strike length of this
Mesozoic(?) fault is about 200 km. The 150 km segment southwest of
Lagrangeville is spatially associated with seismic activity; the
northern part is aseismic. Reconnaissance mapping by Ratcliffe in
the Lower Hudson River Valley suggests the other zones of brittle
faulting comparable strike length are present east of Poughkeepsie
as far north as Kingston, N.Y. A large area of the Hudson River
valley area appears to have been affected by Mesozoic faultinge.
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Core drilling of 480 feet of sediments on margin of the Newark Basin
shows that limestone fanglomerate unconformably overlies Cambrian
and Ordovician marble along the east-west margin of the basin at
Stony Point. Basal sediments of the Newark Basin here contain
abundant locally derived detritus from immediately north of the
basin as well as clasts of brecciated dolostone that were
contributed from a border fault that was active during
sedimentation. These results rule out a fault contact at the north
end of the basin and require that Paleozoic rocks immediately north
of the basin were beveled prior to Triassic deposition.

Three hundred and six gravity stations in a grid pattern were
surveyed and established in the northern part of the Newark Basin by
Wendy Rosov and Ken Kodoma of Lehigh University. These data points
have been integrated with earlier traverses of Marty Kane and Robert
Kucks. Data reduction (elevation, latitude, and terrain
corrections) have been completed for all 406 stations. Preliminary
geologic models utilizing available core data and density
determination have been formulated for modeling of two dimensional
gravity profiles across the Newark Basin.

Analyses of fault and fold patterns within Triassic-Jurassic
sediments of the Newark Basin and of fault-movement-plans outside
the basin suggest that the Newark Basin formed through
syndepositional right—oblique normal faulting. This pattern is
consistent with formation of the basin as a right slip pull-apart
basin rather than by listric normal faulting in a simple extensional
regime. If this model is correctly applied to the Newark Basin then
faults bounding the basin (Ramapo-Flemington faults) are not shallow
dipping listric faults at the hypocentral depth of 10-15 km beneath
the Ramapo seismic zone.

Reports

Ratcliffe, N. M., in press, Fault reactivation and seismicity in the Ramapo

seismic zone, New York-New Jersey, [abs.], Earthquake Notes, vol. 53,
no. 3, p. _ .

Ratcliffe, N. M., in press, Bedrock geologic map of the Monterey Quadrangle,

Massachussetts; U.S. Geological Survey Quadrangle Report, GQ-1520.

Goldsmith, Richard, Ratcliffe, N. M., Robinson, Peter, and Stanley, R. S.,

1981, Bedrock geologic map of Massachusetts, E-an Zen, editor, U.S.
Geological Survey Open File Report 81-1327, scale 1:250,000.
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MISSISSIPPI VALLEY SEISMOTECTONICS
9950-01504

D. P. Russ
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, Colorado 80225
(303) 234-5065

Investigations

s

An integrated geological and geophysical investigation to search for
Quaternary surface faults and to determine rates of recurrence of large
earthquakes in northeastern Arkansas is in progress. The study area is
situated in the Mississippi Valley and lies along the NE-SW trending zone
of microearthquakes that parallels the axis of the Reelfoot rift. The
study consists of four separate and sequential tasks:

1) Aerial photo interpretation
2) Field mapping of suspected faults and liquefaction features

3)  Minie-Sosie reflection seismology—high resolution seismic reflection
profiling across suspected faults

4) Exploratory trenching of suspected faults and liquefaction features.

2. Processing and interpretation of seismic reflection data recorded by the
R/V Neecho on the Mississippi River was continued.

3. Mapping was begun in northeast China of the Tanlu fault system, a
major right-lateral strike-slip fault that may be similar to large faults
in the New Madrid region of the United States. The mapping was a
cooperative venture with R. V. Sharp.

4. A geodetic level-line program to investigate recent vertical ground
deformation in the Mississippi Embayment was continued.

Results

1. A detailed analysis of 15' topographie quadrangles and multiple scales of

black and white aerial photography resulted in the identification of more
than 30 features in northeastern Arkansas that were inferred to be
possible surface faults. Many of the features were associated with, or
in close proximity to, circular and linear sand blows. Based upon careful
ground examination and mapping, the number of potential faults that
were felt to be worthy of further examination was reduced to 12. High
resolution Minie-Sosie reflection profiles were run over 10 of the 12
features. Though none of the lines displayed clear and unequivocal
evidence of surface faulting, shallow subsurface faults were evident on a
number of the lines. Shallow exploratory trenches were dug across 2 of
the lines that had showed near-surface faults. No faults were detected

99




H4

in the trenches. There was abundant evidence, however, of earthquake-
generated sand fissures, paleo-soil deformation, and sand cones produced
by the explosive force of the sand-extrusion process. Carbonaceous
material collected from the trench walls is being radiometrically dated
to determine the age of these liquefaction features. Additional trenches
are planned across other nearby possible faults.

2.  Processing of the Mississippi River boat reflection data is about 2/3
complete. The processed profiles, matching line drawings with interpreted
stratigraphy and structure, and brief texts are being published as a
series of Miscellaneous-Field Maps.

Reports

Crone, A. J., 1982, Some characteristics of post-Paleozoic faulting in the
New Madrid seismic zone, northern Mississippi Embayment (abst.): The
Geological Society of America, 95th Annual Meeting, Abstracts with
Programs 1982, p. 470.

Frederiksen, N. O., Bybell, L. M., Christopher, R. A., Crone, A. J.,
L. E., Gibson, T. G., Hazel, J. E., Repetski, J. E., Russ, D. P., Smith,
C. C., and Ward, L. W., 1982, Biostratiography and Paleoecology of
lower Paleozoie, upper Cretaceous, and lower Tertiary rocks in U.S.
Geological Survey New Madrid test wells, southeastern Missouri: Tulane
Studies in Geology and Paleontology, v. 17, no. 2, p. 23-45.

Glick, E. E., and Russ, D. P., 1982, Geology and geophysics of the Ouochita
and Mississippi Embayment (abst.): The Geological Socity of America,
95th Annual Meeting, Abstracts with Programs 1982, p. 497.

Russ, D. P., 1983, Seismotectonics of the New Madrid seismic zone, central
United States—Implications for intraplate earthquakes: Proceedings
volume of International Symposium on Continental Seismicity and Earthquake
Prediction, SSB, Beijing, PRC (in press).

Shedlock, K. M., and Harding, S. T., 1982, Mississippi River seismic survey:
Geophysical Research Letters, v. 9, no. 11, p. 1275-1278.
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Earthquake Hazard Studies in Southeast Missouri
14-08-0001-19751

William Stauder

Robert B. Herrmann

Brian J. Mitchell

Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station

St. Louis, MO 63156

(314) 658-3131

Goals

1. Monitor seismic activity in the New Madrid Seismic Zone, using data
from a 35 station regional seismic array.

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

Investigations

1. The project consists of monitoring data from a network of 26 USGS
and 8 NRC seismograph stations located in the central Mississippi Val-
ley. These will be augmented by 8 additional USGS and 8 additional NRC
stations in the near future. In addition telemetered data from eight
Tennessee Earthquake Information Center stations in the southern part of
the New Madrid Seismic Zone will be recorded digitally. The seismic
data are recorded on 16mm film and on a PDP 11/34 digital computer.
Since the initial deployment of seismograph stations in July, 1974 1718
earthquakes have been located through the end of June, 1982. The loca-
tions of these are shown in Figure 1. Operation, analysis and publica-
tion of quarterly bulletins are an ongoing task. Cooperative arrange-
ments with other organizations have been made in order to make the quar-
terly published Central Mississippi Valley Seismic Bulletin as complete
as possible,

2. The implementation of advanced analysis tools on the PDP 11/70 is
progressing. Following a modification of our hypocenter program by the
University of Washington, we are modifying ours again to take into
account their improvements as well as to make use of information on gain
changes of our network stations. During this period, considerable effort
went into making the USGS Southern Great Basin software more efficient
and compatible with our own, The device independent plot filters run-
ning under UNIX* were made much more usable, Central to this was the
implementation of an interface between FORTRAN Calcomp compatible calls
and the plot filters, A frame command was implemented as well as clip-
ping when the plot call exceeds the physical plotting area.

#UNIX is a Trademark of Bell Laboratories.
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3. Mr, E. Haug, NRC effort project engineer, has made great strides in
enabling the PDP 11/70 to perform real time seismic trace digitization
when operating under the UNIX operating system. A real time seismic
data acquisition system for the PDP 11/70 written by Herriot et al
(1982) has been installed and is being tested. We are now ready to com-
pare various algorithms for event detection,

Results

1. During the first six months of 1982, 113 earthquakes have been
located, including 17 events with mbLg > 3.0.

2. Major research results are listed in the papers below. Operational
results include upgrading of field instrumentation packages and inclu-
sion of teleseism readings in the Quarterly Bulletins. The use of a New
Madrid refraction earth model given by Mooney et al, makes most earth-
quakes locate at depths 4.5 km deep in the embayment, i.e, in the crust
and not in the sedimentary section.

Publications

Herrmann, R. B. Digital processing of regional network data, Bull.
Seism. Soc. Am. (in review),

Herrmann, R, B. and A. Kijko (1983). Modeling some empirical Lg rela-
tions, Bull, Seism. Soc. Am. 73, (in press).

Morrissey, S. T. (1982). A 50-milliwatt power converter to replace mer-
cury batteries in seismic amplifier/VCO systems, Bull. Seism. Soc.
Am. 72, 671-6TL.

Singh, S. and R. B. Herrmann (1982). Regionalization of crustal Q in the
continental United States, J. Geophys. Res. (in press).

Stauder, W., R. B. Herrmann, S. Singh, R. Perry, R. Dwyer, M. Meremonte,
V. Masih, L. Himes, E. Haug, S. Morrissey, L. Hausmann, M. Whit-
tington, P, Leu and T. Shin (1982). Central Mississippi Valley
earthquakes - 1981, Earthquake Notes (in review).
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Glacial Lake Passaic
9510-02724

Byron D. Stone
Branch of Eastern Regional Geology
U.S. Geological Survey
National Center, MS 928
Reston, VA 22092
(703) 860-6503

Investigations

Detailed mapping of the surficial geology of the Pompton Plains
7.5’ quadrangle and part of the Paterson 7.5’ quadrangle was completed in
FY 82 by G. J. Larson, assisted by J. M. Burnhard. Glacial Lake Passaic
stratigraphy and associated deposits of the Late Wiconsinan terminal moraine
were integrated with upland moraine deposits to the west, near Boonton, N.J.,
and deposits in the Watchung uplands to the east near Paterson. Continued
surface mapping in the Great Swamp basin and in the vicnity of Bernhardville
completed 40% of the mapping in the Chatham quadrangle. Shallow seismic
profiles of the Great Swamp basin were analyzed and tied to other subsurface
data.

Results

1. Mapping of deltaic and lake bottom deposits confirmed the ice-marginal
position of two compound deltas, each containing a higher Moggy Hollow-stage
and a lower Great Notch-stage delta plain, at Preakness and at Pequannock.
The amount of postglacial tilt of the Moggy Hollow-stage water plain, upward
to the north-northeast about 0.65 m/km, is consistent with tilt indicated by
surface altitudes of the younger Great Notch-stage deltas and the altitude of
Great Notch. Thus, crustal rebound probably began after ice retreat from the
basin and draining of the lake.

2. Detailed mapping of a surface fluvial sand unit which conformably overlies
varved clay in the vicinity of Green Village at the northern edge of the Great
Swamp basin, has shown that the sand thickens to more than 3 m at its northern
end. Here, the sand contains large pebbles and has been deeply incised by
subsequent erosion. Erosional channels that cut through the sand and into
underlying varved clays are filled with swamp deposits, including peat. The
sand is tentatively interpreted as a post-=lake alluvial fan that was deposited
prior to glacial crustal rebound. Organic sediments that fill the erosional
channels, which probably were cut during or after rebound, may yield a minimum
age for the beginning of crustal tilting.

3. Seismic refraction data from a 2,400-foot-long line across the eastern
edge of the Great Swamp basin, collected in a cooperative effort with

F. P. Haeni, WRD, Hartford, WRD personnel from Trenton, and New Jersey State
personnel, show less than 50 ft of relief on the bedrock surface. These lines
and other and seismic borehole data indicate that no deep buried channel
exists beneath the varved clay and sand units of the basin.
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Source Characteristics of Eastern and Central United States Earthquakes
from a Broad Band Digital Array

Contract 14-08-0001-20522
United States Geological Survey
by
George H. Sutton and Paul W. Pomeroy
Rondout Associates, Incorporated
P.0. Box 224
Stone Ridge, New York 12484
Tel: (914) 687-9150

SUMMARY

The purpose of this research is to estimate the source characteristics

of selected earthquakes in eastern and central United States and adjacent areas
in Canada, primarily, from analyses of signals recorded by the Catskill Seismic
Array (CSA). CSA is a tripartite array of digital, three-component broad-band
instruments, unique in eastern United States, that was located near the Catskill
Mountains about midway between New York City and Albany and operated by Rondout
Associates, Incorporated under contract from the Air Force Office of Scientific
Research from September 6, 1980 to November 18, 1981.

A number of appropriate earthquakes have been selected for detailed study
and initial analytical procedures such as frequency filtering, spectral estima-
tion, and correlation of signals and noise across array elements have been ap-
plied to a few events. Some representative results from four earthquakes pro-
vide an indication of the quality of the data available: New Madrid, Missouri,
A =13.1° m = 3.8-3.9; Rhode Island, A = 2.2°, m_ = 2.7; New Brunswick, & =

7.30, m, = 3.6; Keewatin, N.W.T.,A= 25.60, m, = 4.5?

Computer programs and procedures for further analyses such as polarization
filtering, beam-forming, and frequency-wave number (phase velocity) analysis are
being established for use during the remainder of the project.
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STUDY OF EARTHQUAKE RECURRENCE INTERVALS
ON THE WASATCH FAULT ZONE, UTAH

14-08-0001-20618

F.H. Swan, David P. Schwartz, Principal Investigators
Kathryn L. Hanson

Woodward-Clyde Consultants
One Walnut Creek Center
100 Pringle Avenue
Walnut Creek, California 94596
(415) 945-3000

Investigations

Data on Holocene slip rates and the recurrence of surface faulting events have
been obtained at locations along the Wasatch fault zone (north of Brigham
City, Kaysville, Little Cottonwood Canyon, Hobble Creek and North Creek) and
along the East Cache fault zone near Logan (Swan and others, 1980, 1981;
Hanson and others, 1981; Woodward-Clyde Consultants, 1982). These data will
be integrated with present investigations to assess the recurrence of surface
faulting earthquakes for the entire fault zone.

1. Field studies are being conducted to obtain geomorphic and structural data
along suspected transition zones between fault segments.

2. Preliminary age-dates on eight new charcoal samples have been obtained by
Dr. Allen Tucker (Department of Physics, San Jose State University) using
the accelerator mass spectrometry laboratory at the University of Arizona.

3. Mapping of the amount of cumulative tectonic displacement and the geometry
of post-Bonneville and post-Provo fault scarps was completed along the
East Cache fault.

Results

1. At least four major fault segments that exhibit different geologic and
geomorphic characteristics have been identified along the Wasatch fault
zone (Figure 1). Several sites have been selected for test pits south of
Spanish Fork that will be useful for characterizing differences in the
timing of the most recent surface faulting event on the North Creek and
Hobble Creek segments.

2. The preliminary radiocarbon dates on the eight new samples collected along
the series of short discontinuous fault scarps south of Nephi are pre-

sented in Table 1. These dates and additional dates on samples that have
been submitted for analysis permit comparison with the timing of the most
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recent faulting event at North Creek. The preliminary age dates are com-
patible with the geomorphic evidence that suggests these scarps formed at
the same time as the most recent event at North Creek (post 1110 + 60 l4c
yr B.P. and probably within the past 300 to 500 years) (Hanson and others,
1981; Schwartz and others, 1982)

3. Two surface faulting events that post-date recession of Lake Bonneville
below the Bonneville shoreline (elevation 1564 m) 14,000 to 15,000 years
ago have been identified along the East Cache fault near Logan, Utah. The
earlier event occurred before the lake receded below the Provo level (ele-
vation 1464 m) about 13,500 years ago. Scarps produced by the most recent
event, which occurred post 13,500 years ago, are completely buried by
Holocene alluvial fans along much of the fault trace suggesting a middle
to early Holocene age. At the mouth of Logan Canyon the most recent event
produced a 3-m high scarp and an associated graben across the Provo
terrace. The vertical tectonic displacement across the graben is 1.4 m.
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Figure 1 — SUMMARY OF RECURRENCE DATA AT SELECTED SITES
ALONG THE WASATCH AND EAST CACHE FAULT ZONES
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Sample No.

1-81-1

1-81-2

1-81-4

1-81-5

1-81-7

1-81-9A

1-81-9C

1-81-10

Age-Date

(14CyrB.P.)

7200 * 1200

7200 * 600

3040 * 250

1570 * 650

800 *+ 400

1750 * 350

2100 ¥ 800

2000 * 750

TABLE 1

PRELIMINARY AGE-DATES
SOUTHERN WASATCH FAULT ZONE

Pole Creek
NE%, SW%, Sec 22, T11S, R1E
Santaquin 15’ quadrangle

Pole Creek

Deep Creek
C,Sec 18, T15S, R1E
Nephi 15’ quadrangle

Deep Creek

Deep Creek

Pigeon Creek
SW%, SW%, Sec 28, T14S, R1E
Nephi 15 Quadrangle

Pigeon Creek
Crystal Springs
Ranch Road

SE%, NE%, Sec 15, T16S, R1W
Skinner Peaks 7%’ Quadrangle
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Comments

Detrital charcoal from faulted
alluvium upstream from
main fault scarp; depth ~2.5 m

Same as above; depth ~4 to 5 m

Detrital charcoal from faulted
alluvium

Same as above, sample collected
~ 1.8 m above sample 1-81-4

Detrital charcoal from unfaulted
alluvial fan that extends across
the easternmost fault scrap; this
date may provide a minimum
limiting age for the most recent
surface faulting event

Detrital charcoal from faulted
alluvium, depth 1.18 m

Same as above, depth 0.8 m

Detrital charcoal from below
strath terrace inset in faulted
alluvial fill
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Structural Framework of Eastern United States Seismic Zones

9950-02653

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

Investigations

The overall project goal is to help provide a geologic basis for hazard
evaluation in the East. The justification for a geologic basis is that the
record of seismicity is too sparse to characterize hazard by itself. The
strategy is to identify types of structures or structural associations that
are seismogenic, and to map their areas of occurrence.

Work continued to use new and existing data and understanding of Appalachian
structures and tectonics, to identify and map the types ot faults most prob-
ably responsible for seismicity in and near Giles (ounty, southwestern
Virginia. Work also expanded to apply results to other areas in the East.
Efforts were coordinated with faculty at Virginia Polytechnic Institute and
State University (especially G. A. Bollinger), other USGS projects, and other
pertinent investigators in state surveys, universities, and elsewhere. Work
included, in decreasing order of time spent:

l. Compilation and interpretation of a map of known continental rifts in
the central and southeastern U.S., to test the suggested association between
damaging seismicity and rifts. See Results 1, 2, 3, and 4.

2. Descriptions of seismicity in and near Giles County, Virginia, and
geological evaluations of the most probable types of causative faults, have
been published as an Open-File Report. The OFR is being edited for publica-
tion as a Professional Paper, probably in late calendar 1983. A summary
report has been accepted for publication by Science. See Reports 1 and 2.

3. Analysis of stratigraphic data to seek evidence of Devonian tectonism
at the Allegheny Front in Maryland, West Virginia, and Virginia. A manuscript
of 55 pages is in review for a Festschrift honoring W. Iowry, and a supporting
Open-File Report of 43 pages is also in review.

4, Initial planning of a multi-sheet seismotectonic map of the East.
The intent is to examine and test spatial associations of geologic,
geophysical, and other factors that are thought to contribute to damaging
eastern seismicity, and to identify complexes of factors that are necessary
and sufficient for seismicity. Each map sheet will show one or more
factors. All sheets will be at a scale and projection that allow them to be
overlain on existing or planned geologic and tectonic maps.
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Results

l. A compilation of known continental rifts of the central and south-
eastern U.S. shows that as much as one third of the present continental crust
may be underlain by rifts of Keweenawan, early Paleozoic, and Mesozoic ages.
Some aborted their openings, to remain as graben systems in continental crust.,
Others continued to open, to become systems of normal faults embedded in pas—
sive continental margins of the lapetus and Atlantic Oceans. No one type of
data can map or distinguish rifts of the three ages reliably, because they
differ in geological and geophysical characteristics. This is well illu-
strated in central Kentucky, where Ke weenawan and Paleozoic rifts cross. The
older rift is recognizable by Bouguer gravity highs and flanking lows, and by
short wavelength, high amplitude magnetic anomalies, both produced by its
mafic filling. The Paleozoic rift has little or no expression in either
potential field because it is filled with nonmagnetic clastic and carbonate
rocks of roughly the same density as the surrounding basement.

2. In the three most seismically active areas in the central and south-
eastern U.S., dense local networks have established spatial patterns of seis-
micity that are clear enough to test geological interpretations. In each
area, the seismogenic faults most probably originated or were reactivated as
portions of rifts: (1) an early Paleozoic graben system that extends from the
Mississippi embayment at least through western Pennsylvania and includes the
seismicity near New Madrid, Missouri, (2) an early Paleozoic passive margin
that extends the length of the Appalachians and includes Giles Oounty,
Virginia, and (3) the early Mesozoic passive margin of the Atlantic Ocean that
includes Charleston, South Carolina. A subjective list of the nine most
active areas in southeastern North America, including the three just named,
includes eight that fall in aborted rifts and successfully rifted terrains of
all three ages, and one area that falls far from known rifts or rifted ter-
rains. If there were no association between rifts and seismicity, three of
the nine areas should fall in the rifts or rifted terrains. For eight to do
so is significant at 0.00l. Thus the association appears worthy of further
investigation, and may apply over much larger areas than hitherto thought.
JHD relocations of instrumental earthquakes by D. Grdon and J. Dewey (Project
9920-01901) show a strikingly high proportion of the new locations falling in
rifts or rifted terrains. Hwever some segments of rifts are not known to be
active, and some seismicity occurs outside rifts, so that other factors must
also be involved in the production of damaging seismicity.

3. A large eastward rise in the Bouguer gravity field runs the length of
the Appalachians, and reaches amplitudes as large as 150 mgal. At least south
of Vermont, it is widely interpreted as the southeastern edge of relatively
intact North American continental crust, left from the rifting that gave rise
to the Iapetus Ocean. Thus the gravity rise approximates the southeastern
edge of the realm of expected Iapetan normal faults, which are embedded in a
passive margin of early Pa leozoic age. The gravity rise also approximates the
line along which accreted terranes collected from the southeast throughout the
Pa leozoic. Today, the rise forms the northwestern boundary of the realm of
Mesozoic rifted terrains, including the Mesozoic graben and the passive margin
of the Atlantic Ocean. Thus Mesozoic extension occurred only in or immediate-
ly adjacent to accreted terrains, which therefore may comprise weaker crust.
Those observations and inferences allow the speculation that the passive mar-
gin of the Iapetus (Ocean localized that of the Atlantic Ocean.
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4, The preceding results and speculation are being presented in talks at
the meeting of the Eastern Section of the Seismological Society of America,
and in symposia on Appalachian rifts and on neotectonics at the meetings of
the Northeastern and Southeastern Sections of the Geological Society of
America. A manuscript is in review for submission to the Bulletin of the
Geological Society of America.

Reports

Bollinger, G. A., and Wheeler, R. L., 1982, The Giles County, Virginia,
seismogenic zone--Seismological results and geological interpretations:
U.S. Geological Survey Open-File Report 82-585, 136 p.

Wheeler, R. L., and Bollinger, G. A., 1981, Stress orientations on the Giles
County, Virginia, seismogenic zone (abs.): Earthquake Notes, v. 53, no.
3, Pe 32"‘330
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Neotectonics of the North Frontal Fault System
of the San Bernardino Mountains, Southern California

Contract No. 14-08-0001-19754

Clarence R. Allen and Kristian E. Meisling
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (213-356-6904)

Investigations

l. We are engaged in geologic mapping of the north frontal fault system of
the San Bernardino Mountains between Silverwood Lake and Ruby Canyon. Our
goal is to (a) establish a better constrained uplift history for the San
Bernardino Mountains, (b) elucidate the nature and modes of deformation
acting on the northern range front, (c) estimate Holocene rates of deforma-
tion along the northern range front and (d) estimate, if possible, recurrence
intervals and vertical/lateral offsets for the frontal fault system. We

have finished detailed mapping of the range front from Silverwood Lake to
White Mountain. In this report we will present the results of our detailed
mapping between Arrastre Canyon and White Mountain. The area between Silver-
wood Lake and Arrastre Canyon was discussed in detail in our first and second
Summary Repor ts.

Results

l. Well-sorted fluvial sand and gravel exposed along a prominant linear
ridge (Milpas ridge) at Milpas Road in the Juniper Riviera area can be traced
almost continuously from Ocotillo ridge in the Marianas area to the west.
These deposits constitute the bulk of the material exposed in the walls of
Arrastre Canyon, and underlie most of the Juniper Riviera, Marianas area at
a shallow depth. The Milpas and Ocotillo ridge deposits can be traced along
the Bowen Ranch Road to Juniper flats via remnants of an old alluvial fill,
defining a mid-Pleistocene(?) drainage system that was tributary to the
ancestral Mojave River and fed by the Arrastre Canyon basin.

The area east of Milpas Road is characterized by segmented alluvial
fans containing distinctive clast lithologies attributable to small range-
front drainage basins. As older segments of the fans were abandoned through
fan head trenching, younger segments emerged down-fan and buried the pre-
existing bajada. Three fan segments can be distinguished in most drainages |
east of High Road (sec 31, RIW T4N).

A change in the character and expression of alluvial deposits at High
Road accompanies the transition from Rattlesnake Mountain pluton source
terrane to more resistant hornblende-quar tz-monzonite and metasedimentary
lithologies. This change in source lithology is responsible for an increase
in range-front relief, decrease in drainage basin size, increase in supply
of soil forming elements and increase in resistance of fan material to
breakdown and erosion.

Each drainage east of High Road has three alluvial surface levels.

The fact that these three surfaces exist in all major drainages suggests
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that they record regional tectonic or climatic events, and can therefore be
correlated from one basin to another. If climatic in origin, these episodes
may correlate with similar pulses of fan building in the Ord Mountains and
Silverwood Lake areas.

2. Preliminary paleomagnetic measurements made from 39 samples collected
from the Harold Formation, Shoemaker Gravel and 0ld Alluvium in the Cajon
Pass area show that the Brunhes/Matuyama polarity reversal boundary (700,000
y.B.P.) occurs within the upper Harold Formation or lower Shoemaker Gravels.
Both chemical and thermal demagnetization show a good clustering of normal
vectors for samples from the Old Alluvium and upper Shoemaker Gravels.
Samples from the lower Harold Formation show a good clustering of reversed
paleomagnetic vectors, including reversed NRM's. Further demag steps will
be necessary to resolve the precise horizon where the reversal takes place.
We are currently extending this time-line to the range—front study area.

3. A pervasive system of NE-trending faults form lineaments on the upland
erosion surface south of Lovelace and Grapevine Canyons. Within this system,
an ENE-trending set of faults are consistently cut by members of a NNE-
trending set. One of the NNE-trending faults clearly offsets a bedrock
antiform about 1 km in a right-lateral sense, and lesser right-lateral offsets
can be observed on other members of this group. Several members of this
fault system are truncated by the range-front fault zone.

A low-angle fault zone can be traced almost continuously from Grapevine
Canyon to near White Mountain. Since it is buried by alluvial deposits and
cut by later high—angle faulting, it is probably mid-Pleistocene or older.
The relief of the range front follows the trace of the thrust, supporting
the theory put forward by Peter Sadler (1982) that uplift of the northern
range front was largely accomplished on early Pleistocene thrust faults.

The reverse fault system along the north side of Ocotillo Ridge in the
Marianas area continues east across the fan—-head trench of Arrastre Canyon
and bounds the north side of Milpas Ridge (secs 16,17, R2W T4N). Scarce
bedding attitudes in the mid-Pleistocene(?) deposits of Ocotillo and Milpas
Ridges define a tight, asymmetric anticline running parallel to, and just
south of, the fault system. A continuous zone of markedly steeper slope on
the north side of the ridge, interpreted as a degraded scarp, can be traced
into younger alluvial-fan and debris—-flow deposits just east of Milpas Ridge
(SE1/4, sec 16, R2W T4N). The reverse fault system turns southeastward and
merges with EW-trending structures southwest of Sky Hi Ranch (sec 25, R2W T4N).

A group of NE-trending faults that join the range front at Arrastre
Canyon are an apparent continuation of a prominant NNE-trending lineament
that we have interpreted as an extension of the Cleghorn fault (Summary #2;
Dibblee, 1966; MacColl,1964). One such fault clearly cuts mid-Pleistocene(?)
Milpas/Ocotillo Ridge deposits exposed in a roadcut on the Bowen Ranch
Road just east of Juniper Flats. Deflection of drainage paths and alluvial
ponding are consistent with <0.5 km left-lateral motion with a subordinate
east-block-down component. Disruption of geomorphic drainage patterns
suggests that this motion postdates incision of the Arrastre Canyon erosion
surface. Preservation of minor beheaded drainages would seem to require
some motion since the late-Pleistocene. Exposures do not permit us to establish
a connection between this fault and the reverse fault system at Milpas Ridge.

Another branch of the NE-trending system joins the range front between
Arrastre and Lovelace Canyons. Although displacement of the old erosion
surface conveys a general sense of NW-block-down motion, offsets are complex

114




H5

in detail. The linear ridge between Hill 4369 and Hill 4896 (secs 32,33,
R2W T4N) is flat on top suggesting that the erosion surface has been forced
up in a horse within the fault zone. A NW-trending antiformal structure in
the basement rocks requires a cumulative right-lateral offset of about 1 km
across the fault zone. Symmetry of this basement structure rules out any
sizeable dip-slip component of motion. Between Lovelace Canyon and High
Road the NE-trending fault system joins the frontal reverse fault system in
a highly complex zone of deformation. Basement rocks show chloritization,
shearing and brecciation characteristic of near—surface cataclasis.

Southeast of High Road (sec 31, RIW T4N) range-front structure converges
to form a single NW-trending, high—angle fault zone. Alluvial fans containing
distinctive suites of clasts suggest about 0.5 km of right-lateral offset has
occurred along this structure since the time of fan deposition. Several
streams show evidence of right-lateral offset leading to capture by an adjacent
drainage (sec 5, RIW T3N; sec 31, RIW T4N). Shutter ridges (sec 31, RIW T4N)
are underlain by alluvial fan material which has been warped up on the north
side of the fault and offset right-laterally; vertical offset has been negligible.

4, There is no clear-cut evidence for Holocene activity on the north frontal
fault system of the San Bernardino Mountains between Arrastre Canyon and
Silver Canyon. The cones of small Holocene(?) alluvial fans show no evidence
of having been broken or displaced along scarps in the Ocotillo Ridge,

Milpas Ridge and High Road areas. The possibility that young alluvial
surfaces have been warped cannot be ruled out.

East of High Road a l-meter-high, south-facing scarp was found in the
youngest abandoned fan surface (NW1/4, SE1/4, sec 31, RIW T4N)., This surface,
though relatively undisturbed, is incised to 20 meters and has a strong soil
developed on it. It is doubtful that this soil could have been formed in
the Holocene.

It will not be possible to estimate uplift or offset rates for the area
covered in this report until some age control can be established. Our paleo-
magnetic sampling effort coupled with study of soils seem to offer the best
prospects.
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Regional and Iocal Hazards Mapping
in the Eastern Great Basin
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U.S. Geological Survey
Denver Federal Center, MS 966
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Investigations

1. Evaluate the anomalously high strain rate and anomalous strain signature
northeast of Cedar City, Utah.

2. Continue map compilation and report preparation of fault scarps in the
Elko 1° x 2° quadrangle, Nevada.

3. Interpret a seismic reflection profile across the Wasatch fault zone,
central Utah.

4, Excavate and map a trench across one of the Holocene—age fault scarps in
the Drum Mountains fault scarp system, Utah.

Results

1. The data base pertaining to the anomalously high strain rate in the
Braffits Creek area, 10 km NE of Cedar City has been expanded to include:

A. data that document historic movement at three localities where faults are
crossed by fences, B. fault-slip data from 185 fault and fracture surfaces at
32 localities, and C. stratigraphic and structural data that provide critical
new insight into the nature and history of deformation in the area. Together
with previously available geomorphic, geodetic, isotopic, and geologic data,
the new data provide a basis for estimating prehistoric and historic strain
rates as well as the sense of stress in the area.

Geodetic data indicate an average rate of change in position of five monuments
within the 4 km-wide trilateration network of about 0.6 cm/km/yr ranging to as
great as almost 1 cm/km/yr. The manner in which these shifts are distributed
and the kinds of structures on which they are accomodated over the 0.65 to

2.0 km that separate station pairs is not known. In the eastern part of the
network where exposures are excellent there are many exposed faults between
any two station pairs that, collectively or individually, could have accomo-
dated the strain., Offset of 1000 year old radiocarbon-dated strata indicates
an approximate lcm/yr rate of slip on one fault, and deformation at fence
crossings indicates a comparable rate over the past 100 years or so on another
fault. These roughly comparable geodetically, culturally, and geologically
determined strain rates (representing periods of about 1000, 100, and 4 years)
are more than an order of magnitude greater than the 0.4 mm/yr uplift rate on
the nearby Hurricane fault averaged over the past 1 million years. They are
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inferred to be characteristic only of the portion of the Hurricane Cliffs in
and around the Braffits Creek area. Data from the Braffits Creek area indi-
cate highly complex deformation that includes important components of vertical
and horizontal historic and prehistoric movements. A series of en-echelon
trenches and ridges along a north-trending fault represents geomorphic evi-
dence of a dextral component of horizontal slip on that fault., Slip lines on
many fault and fracture surfaces of diverse trend indicate major components of
horizontal slip as do the orientations of some drag folds adjacent to those
faults. Horizontal striae represent the last motion on many well-exposed
faults., Shifts in the positions of surveyed monuments over a period of 4
years document important components of horizontal displacements. The dis-
placements appear to be restricted to the area bridged by the network. That
is, there is no significant postion shift between two fixed-position monuments
located in Parowan Valley at the base of the Hurricane Cliffs and the most
distant monument located atop the cliffs at the edge of the Markagunt Plateau.
All five stations between these three stations show a significant shift to the
south—--the largest is 3.9 cm. There is abundant geomorphic evidence of late
Quaternary vertical displacements in the form of fault scarps and numerous
closed basins. Slip lines on several fault and fracture surfaces indicate

ma jor vertical components of slip. The distance between one of the network
monuments and an auxillary monument located in a closed depression within the
area covered by the network increased by 18 cm in 4 years. This extreme
distance increase is probably associated with a strong component of differ-
ential vertical displacement of the two stations. Slip lines on similarly
oriented faults at some exposures record highly diverse slip directions, and
on some individual faults there is evidence of two slip episodes of highly
diverse orientation. Collectively these geomorphic, geologic, and geodetic
observations indicate very complex deformation. A preliminary effort to
extract a stress tensor from fault-slip data yields a poorly constrained least
principal stress oriented approximately north-south. The deformation is
aseismic at current monitoring thresholds.

2. The fault scarp map and accompanying report for the Elko 1° x 2° quad-
rangle is about 80% complete.

3. A 30-km-long 24-fold seismic reflection profile has been obtained across
the late Cenozoic Wasatch fault zone (WFZ). In the vicinity of the profile,
the WFZ lies near the eastern limit of major Mesozoic thrusting. The seismic
data and detailed gravity data were acquired to investigate the subsurface
geometry of the WFZ and to examine the relationships between it and the
earlier thrusts. Despite complex surface structure, including steeply dipping
to overturned beds, abundant horizontal and subhorizontal reflectors are
observed on the seismic profile. These reflectors may be thrust-related but
they cannot be correlated across the WFZ, One thrust-related (?) reflector
appears to shoal as the WFZ is approached from the west. The possibility
exists that abrupt shoaling of early thrusts created a zone of structural
weakness along which the WFZ was subsequently localized. The seismic profiles
provide no evidence to suggest that displacements on the WFZ represent/a
younger, opposite sense of motion on older thrust or reverse faults. Two
aspects of the reflection data suggest a relatively planar, high angle
geometry (as opposed to a listric and/or low-angle geometry) for the deeper
structure of the WFZ: 1) truncation of reflectors near the fault zone to

117



H5

depths of ~10 km. 2) synclinal structure of the sediments within the basin
bounded by the fault, i.e., beds dip away from the fault zone, and reverse
drag and/or antithetic faulting characteristically associated with listric
normal faulting is not observed. Microearthquake studies in the region
support this interpretation, indicating seismic strain release on relatively
steeply dipping (~ 33°-90°) planes (W. J. Arabasz, 1982, written communica-
tion).

4, Data from a 17 m-long, 3 m-deep trench and adjacent natural exposures of
one of the scarps in the Drum Mt. fault scarp system show that the scarp is
the product of a single surface faulting event. Stratigraphic correlations
across the 1.5 m-wide fault zone indicate a total vertical stratigraphic
offset of 3.71 m; this compares with a surface offset of 2.66 m determined
from nearby scarp profile measurements. The difference between stratigraphic
and surface offset is attributed to post-faulting deflation and alluviation
which tend to decrease the original surface offset with time. A natural
exposure of the fault scarp shows the buried lower part of the free-face and
the stratigraphy of the adjacent post-faulting colluvium. A comparison of
measurements from the free-face with the total stratigraphic offset of 3.71 m
suggests that between 36 and 45 percent of the original free-face has been
preserved by burial. Unfortunately, no age-datable material was found.
Preliminary comparison between the amount of pedogenic carbonate that has
accumulated in the post-faulting colluvium and the amount that has accumulated
on the ralatively stable ground surface of the upthrown block suggests that
the faulting is mid to early Holocene in age.

Reports
Zoback, M. L., 1982, Interpretation of a seismic reflection profile across the

Wasatch fault zone, central Utah: [Abs.] Trans. American Geophysical
Union, in press.
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Surface Faulting Studies
9940-02677

M. G. Bonilla
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, MS 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2245

Investigations

The investigations were focused on the study of statistical data related

to surface faulting, in collaboration with J. J. Lienkaemper and R. K.
Mark.

Results

A large fraction of the work during this period consisted of developing
and analyzing data on the statistical relations among earthquake
magnitude, surface rupture length and surface fault displacement.
Because of the problems pointed out by Bolt (1978, Geology, p. 233-235),
the data base was reexamined to estimate measurement errors in the
variables. Over 100 events have been reviewed; numerical estimates of
errors in reported surface length, displacement, or both, could be made
for about 50 of them.

To estimate the errors in surface wave magnitude for the group of about
50 events, which occurred over a period of about 75 years, a uniform
method had to be developed. Determination of magnitude for nearly half
of the events must rely heavily on the data compiled by Gutenberg and
Richter in preparing their 1954 report "Seismicity of the Earth". In
order to produce a set of magnitudes that were consistent with the
Gutenberg and Richter values, various methods of obtaining "average"
magnitudes had to be compared. To facilitate the comparison, J. J.
Lienkaemper developed an interactive computer program that accepts
various forms of amplitude data, computes the surface wave magnitude,
and performs several statistical operations on the results.

The rupture lengths, surface displacements, magnitudes, and their
associated measurement errors were statistically analyzed by R. K.

Mark. The analyses suggest that the measurement errors of the three
variables are small compared to the stochastic variation in the data.
Under these conditions, it appears that regressions based on the York
(1966, Canadian Jour. Phys., v. 44, p. 1079-1086) method, which yields a
single regression line, may not be as appropriate as methods that yield
two regression lines (y regressed on x and x regressed on y), as
suggested by Mark (1977, Geology, v. 5, p. 464-466). Whether the
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measurement errors should be used in the regressions, and by what
methods, is still under study.

Some regional differences in magnitude-surface rupture length
correlations are apparent, no matter which of the several regression
methods we use. A striking difference seems to exist between the U. S.
attenuation regions k 1.5 and k 1.75 of Evernden, et al. (1981, USGS
Professional Paper 1223); for a given rupture length, a larger Ms is
indicated in the k 1.5 region than in the k 1.75 region. Differences
are also apparent between Turkey and the western U.S.; this may partly
result from the fact that most of the Turkish events are on a plate
boundary.

The manuscript "Evaluation of Potential Surface Faulting and Other
Tectonic Deformation" was revised after review by the USGS and by
representatives of the Nuclear Regulatory Commission, Corps of
Engineers, Bureau of Reclamation, NOAA, and Department of the Navy. The
report, which is intended for eventual use as guidance for Federal
agencies in evaluating faulting and other tectonic deformation, was
released as USGS Open-File Report 82-732, and a camera-ready copy was
provided to the Nuclear Regulatory Commission for distribution through
their NUREG series.

A report titled "American National Standard--Criteria and Guidelines for
Assessing Capability for Surface Faulting at Nuclear Power Plant Sites,"
has been published by the American Nuclear Society. The project chief
was an active member of the working group that prepared the report.

Regorts:

Bonilla, M. G., 1982, Evaluation of potential surface faulting and other
tectonic deformation: U. S. Geological Survey Open-File Report 82-732.
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HOLOCENE BEHAVIOR OF THE SAN ANDREAS FAULT AT DOGTOWN,
POINT REYES NATIONAL SEASHORE, CALIFORNIA

Contract No. 14-08-0001-19841

Principal Investigators:

William R. Cotton
N. Timothy Hall
Edward A.'Hay

Foothill-De Anza Community College District
1234 E1 Monte Road
Los Altos Hills, California 94022
(415) 948-8590

GOALS

This research program was intended to use the insights gained through our
previous study of the Dogtown site to establish: 1) the style of offset and
deformation of late Holocene sediments, 2) the amount of strike-slip displace-
ment that has occurred during past seismic events, 3) the number of pre-1906
seismic events, and 4) the recurrence intervals for paleoearthquakes.

INVESTIGATIONS

In order to attain the objectives outlined above, an extensive surface and
subsurface investigative program was developed and initiated. The surface
investigation involved preparation of detailed planimetric maps showing the
San Andreas fault, exploratory trenches and offset cultural and geomorphic
features. The subsurface investigation involved excavation of deep, backhoe
exploratory trenches which were subsequently shored, examined in detail and
carefully logged. Trenches were excavated both perpendicular and parallel
to the fault. In addition, samples of carbonaceous material were collected
from key stratigraphic horizons. A representative suite of samples was
selected for radiocarbon dating.

RESULTS

Our investigation indicates that the style of offset of late Holocene sedi-
ments at the Dogtown site is predominantly strike-slip. The diverse and com-
plex stratigraphic relationships exposed during the subsurface investigation,
however, did not afford us the unique opportunity to measure the amount of
strike-slip displacement associated with paleoearthquakes recorded at the
Dogtown site. Consequently, we have not been able to establish a late Holo-
cene slip rate for this reach of the fault. Since abrupt lateral facies
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changes are characteristic of the Dogtown site, juxtaposition of dramatically
dissimilar stratigraphic units across the fault are not by themselves convinc-
ing evidence for pre-1906 seismic events as had been previously interpreted
(Hay, et al., 1981). In addition, rupture surfaces truncated by unconformi-
ties appear, in some instances, to be highly localized relationships, and
therefore, not necessarily conclusive evidence for pre-1906 seismic events.
Consequently, we appear to have "lost" two of the pre-1906 seismic events
previously thought to be recorded. We are presently of the opinion that only
four (4) seismic events (including the 1906 event) are recorded at the Dog-
town site. Unfortunately, we have not received the latest radiocarbon age
dates, and therefore, we cannot further refine our recurrence intervals for
paleoearthquakes for this reach of the fault (Hay, et al., 1981).

REFERENCES

Hay, E.A., Cotton, W.R., and Hall, N.T., 1981, Late Holocene Behavior of the
San Andreas Fault in Northern California: Geological Society of America,
Abstracts with Programs, v. 13, no. 2.
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Trenching for Seismic Activity
and 14C Dates, the Hollywood and

Santa Monica Faults, California
14-08-0001-20523

R. Crook, Jr., R.J. Proctor and C.E. ‘Bindvall

Lindvall, Richter and Associates
825 Colorado Boulevard
Los Angeles, California 90041
(213) 254-5259

Introduction

Relevant published and unpublished literature and 1920s
vintage aerial photographs and old topographic maps along
the two fault zones were reviewed and consulting and
governmental geologists were contacted regarding recent
geologic investigations near the suspected fault traces.

A field check was then made of the prospective trench sites
included in the original proposal and some additional sites
chosen during the above study. A total of seven trenching
sites were chosen; five on the Hollywocod fault and two on
the Santa Monica fault. Three sites included in the
original proposal were dropped from consideration.

Results

Three sites on the Hollywood fault were examined. Site S-4,
at Greystone Park, was a road cut excavated by hand. Evidence
for faulting was exposed but involved only materials thought
to be mid-Pleistocene and older in age. Site S-1, at
Mulholland Memorial Fountain, was excavated by backhoe. No
evidence for faulting was exposed. An unfaulted sand bed
was exposed 2.4 m below the surface for the full 52 m of
trench. Charcoal was collected near the top of this bed.

A date from this layer may provide a minimum age for the
last episode of faulting. Site S-2, at Wattles Park, was
excavated by backhoe. The entire 52 m of trench consisted
of massive colluvial sandy silt and silty sand with no
indication of faulting.
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Tectonics of Central and Northern California
9950-01290

William P. Irwin
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, California 94025
(415) 323-8111, ext. 2065

Investigations

1. Paleomagnetic study of Permian and younger strata of eastern Klamath
terrane: collaboration with E. A. Mankinen and C. S. Gromme.

2. Tectonic accretion of terranes of northern California: collaboration with
C. D. Blome.

3. Relations between seismicity and crustal outgassing of carbon dioxide:
collaboration with Ivan Barnes.

Results

1. Additional core-drilling was done during the report period to round out
our paleomagnetic study of the Redding section of the eastern Klamath

terrane. Our earlier work was in the Permian to Jurassic volcanic and
sedimentary strata exposed along the Hawkins and Nosoni Creek transects of the
Redding section. Paleomagnetic measurements on cores taken from these and
superjacent Cretaceous strata indicate (1) equal amounts of clockwise
rotations greater than 100° relative to stable North America for the Permian
and Triassic rocks, (2) clockwise rotation of about 50° for the Lower and
Middle Jurassic rocks, and (3) little or no rotation of the Cretaceous rocks.
Also, no significant Tatitudinal displacement of these rocks is indicated.
These findings suggest that the eastern Klamath terrane began rotating in Late
Triassic or Early Jurassic time and had virtually stopped rotating by Early
Cretaceous time.

2. Much effort continues to be focused on the radiolarian-bearing cherts and
tuffs of the accreted terranes of northern California because of their utility
in dating the oceanic-facies rocks and for timing tectonic events. During the
report period, the study of radiolarian chert also revealed a seeming enigma
in regard to the provenance of certain old gravel deposits that were sampled
by Irwin and B. L. Court in northwest Hyampom quadrangle. The gravels contain
pebbles of red radiolarian chert. They are associated with high-level
remnants of an old physiographic surface developed on Klamath bedrock near the
western 1imit of the province and are 2000 feet or more higher than the
present drainage base (South Fork of Trinity River). The age of the red chert
is Late Jurassic (Tithonian) based on the radiolarians. Red chert containing
Tithonian radiolarians is not found in bedrock terranes of the Klamath
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Mountains province, but is found in other provinces associated with the Coast
Range ophiolate and with the Franciscan assemblage. The concentration of red
chert pebbles suggests a nearby source. However, the nearest known suitable
source for the red chert pebbles is not only many kilometers distant, but also
would seem to require a transport regime different from that of the present
drainage. Efforts to date the gravel beds may provide information regarding
rate of tectonic uplift of the region. We also sampled basal beds of Lower
Cretaceous(?) Great Valley sequence near Beegum at the south end of the
Klamath Mountains. These beds onlap the "Nevadan" and older Klamath terranes,
and some contain radiolarians that may aid in determining a precise upper
1imit to the time of accretion.

3. A world map and report (WRI 78-39) relating zones of seismicity and carbon
dioxide discharges was revised, and has been submitted for technical review.

Reports

Mankinen, E. A., Irwin, W. P., and Gromme, C. S., 1982, Tectonic rotation of
the eastern Klamath Mountains terrane, California [abs.]: EOS (American
Geophys. Union Trans.), San Francisco meeting, in press.

Irwin, W. P., Jones, D. L., and Blome, C. D., 1982, Map showing sampled
radiolarian localities in the western Paleozoic and Triassic belt,
Klamath Mountains, California: U.S. Geological Survey Miscellaneous
Field Studies Map MF-1399, scale 1:250,000.
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Soil Chronosequences as Instruments
for Dating Holocene and Late Pleistocene Faulting,
Western Transverse Ranges, California

14-08-0001-19781

E.A. Keller, D.L. Johnson, T.K. Rockwell and G.R. Dembroff
Department of Geological Sciences
University of California
Santa Barbara, California 93106
805/961-3471

Investigations

1. Develop a soil chronosequence for use in dating late Pleistocene
and Holocene tectonism in the Western Transverse Ranges.

2. Study the tectonic segmentation of late Pleistocene terraces of
the Ventura River near Oak View, California.

3. Study the style of tectonic deformation associated with the San
Cayetano Fault on the north flank of the Santa Clara River Valley and the
upper 0jai Valley.

4. Study the uplift and deformation of late Pleistocene and Holocene
river terraces over the Ventura Avenue anticline.

Results

1. A soil chronosequence useful in dating late Pleistocene and Holo-
cene geomorphic surfaces has been developed. Table 1 summarizes the
chronosequence which is based upon relative soil profile development,
radiocarbon dates, and in limited, controlled circumstances, rates of
faulting.

2. Four terraces of the Ventura River near QOak View, California
apparently are tectonically segmented by flexural-slip faulting. The
faults are: located in a zone of deformation south of the Arroyo Parida
fault on the north 1imb of a large syncline; strike northeast to east,
parallel or nearly parallel to bedding; dip southeast to south towards
the axis of the syncline; have reversed displacement; and are marked by
abrupt Tinear scarps up to several kilometers long and locally up to
100 meters high.

Evidence for the flexural-slip hypothesis include: fault blocks,
produced by multiple vertical offsets, are tilted southeast away from
the Ventura River towards the synclinal axis; tilting generally is greater
on faults closer to the axis of the syncline; and the vertical slip rate
for individual faults decreases to the west towards the nose of the syncline.

Estimated ages of the terraces were determined by radiocarbon
dating and correlation of soils that have developed on terrace deposits
and extrapolation of the rate of vertical displacement of the Arroyo
Parida fault (which is not a flexural-slip fault) determine for younger
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dated terraces to older terraces. Resulting age estimates for the four
main late Pleistocene terraces are: Qtsp - 29,000 ybp, Qtga - 38,000 ybp,
Qteb - 55,000 ybp, and Qtg. - 90,000 ybp. These terraces and the major
faults in the Oak View area are shown on Figure 1

Assuming that the estimated chronology is correct, then vertical
slip rates for individual flexural-slip faults can also be estimated
from vertical displacements measured from topographic maps. This infor-
mation is summarized on Table 2. Vertical slip rates range from about
0.3 to 1.1 mm/yr, but may be quite variable depending upon the location
FEIiFiVS to the axis and nose of the syncline to which the faults are
confined.

The rate of downcutting of the Ventura River during the late Pleis-
tocene, and presumably into the Holocene, has been nearly constant,
suggesting that tectonic processes have been sufficiently active to mask
possible climatic effects. The rate of downcutting of the Ventura River
north of the zone of flexural-slip faulting is 0.9 mm/yr compared to 1.7
mm/yr in the deformation zone immediately to the south. This latter (and
greater) rate is nearly equivalent to the cumulative rates of vertical
slip of the faults, suggesting there is a rough balance between rates of
uplift and downcutting of the fluvial system during tectonic deformation.

3. Late Pleistocene and Holocene alluvial fans and stream terraces
are being deformed by active thrust faulting along the San Cayetano fault.
Intense folding of the footwall has resulted in the overturning of the
Pl1io-Pleistocene bedrock and tilting and faulting of late Pleistocene
and Holocene alluvial fan deposits. Deformation on the hanging wall has
resulted in back-tilting of late Pleistocene alluvial fan gravels near
Santa Paula Creek. Multiple strands of the fault are typical along its
entire length with as many as three imbrications at any one locality.

Estimated rates of faulting range from 3.6 to 8.4 mm/yr at the
central part of the fault, decreasing to about 0.5 mm/yr towards its
western terminus. The lower rate is based on presumed displacement of
Holocene alluvial fan material. The higher rate is based on bedrock
stratigraphic evidence; redbed clasts are included in the oldest fan
deposits in Timber Canyon which were derived from a source on the hanging
wall 1370 to 1680 m stratigraphically above the present level of bedrock
erosion. More than one strand has been active during the late Pleistocene
and Holocene time as demonstrated by faulted alluvium, but it cannot be
shown whether or not the strands move synchronously. Faulted Holocene
alluvium along with Holocene footwall deformation shows that deformation
continues to the present time.

Folding rates for alluvial deposits on the footwall approach 1° per
10,000 years, and associated bedding plane faulting rates are about 0.5
to 1.5 mm/yr. Folding rates for the hanging wall have not yet been
determined, but based on preliminary soils geomorphic work, they appear
to be less and only locally of significance.

4, Late Pleistocene and Holocene river terraces in the Ventura River
Basin are folded over the Ventura Avenue anticline. At least six map-
pable River terraces were cut by the Ventura River during the last 80,000
years. Soil chronosequence work, in conjunction with Carbon-14 age dating
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yields rates of uplift and folding. Figure 3 shows terrace profiles along
the Ventura River and their estimated deformation over the Ventura Avenue
anticline. Table 3 summarizes the tectonic deformation of river terraces
during the last 205,000 years. A significant observation is the fact that
uplift rates have been decreasing through time. This is interpreted to
result from the mechanics of folding rather than a decrease in the rate

of crustal shortening during the last 200,000 years. That is, assuming
that the rate of crustal shortening has been constant, then the rate of
uplift due to folding will be much greater in the early stages of folding
than later when the dips of the folds approach 45° or greater. Figure 4
shows the theoretical uplift curve for the Ventura Avenue anticline, given
the assumption of constant convergence. Also plotted on this curve are
the major river terraces that have been dated by radiocarbon or, in the
case of the 80,000 year old terrace, correlative with a marine terrace
dated by amino acid racemization.

Reports

Dembroff, G.R., Keller, E.A., Rockwell, T.K., and Johnson, D.L., 1982.
Uplift and deformation of Late Pleistocene to Holocene river ter-
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H5

Table 1. MEASURES AND INDICES OF RELATIVE AGE OF FIFTEEN SOIL PROFILES

Brightest moist mixed
color in B horizon Estimated age
Color Clay? | Clayfilm | in years before

Geomorphic Surface Hue Chroma Index! XB/XA | Index? present (BP)
Qt] Car body AC profile, no B horizon No B 0 10-20
Qt, Sespe AC profile, no B horizon No B 0 85-135%
0t3 Orcutt 0 10 YR 3 4 0.6 0 500-50005
Qt, Orcutt 1 10 YR 4 5 1.3 3.0 8,000-12,0008
Qtg, Honor Farm 10 YR 4 5 ND 4.0 15,000-20,0007
Qtg, Shell 2 10 YR 3.5 4.5 ND 4.5 15,000-20,0007
Qtg, Orcutt P 10 YR 4 5 1.1 6.0 25,000-30,0006
Qtgy, Bankamericard 10 YR 4 5 ND 7.0 29,0007
Qtg, Oak Viewl0 7.5 YR 5 7 1.4 7..25 38,0008
Qtgp Apricot} 7.5 YR 6 8 1.5 5.5 A55,000°
Qtg. La Vistal® 7.5 V7 9 1.6 7.0 90,0002
Qt; Timber Canyon* [ 5 YR 6 9 ND 8.0 160,000-200,0008,11

1Color index is computed by adding chroma number to hue (of moist mixed sample), where
10 YR=1, 7.5 YR =2, 5 YR = 3. Indices from different profiles on same geomorphic
surface are averaged. To determine color, a large air-dried bulk sample was passed
through a 2 mm seive, then fractionated in a mechanical splitter, moistened, hand
homogenized to a putty consistency and rolled to a sphere; the latter was then pulled
“into halves, and color noted from one freshly broken surface.

2Ratio of the mean percent of clay in B horizon to that in the A horizon (computed
from particle size graphs (Keller et al., 1980).

3This undex is based on clay film information contained in the profile descriptions
and is computed by adding the percent frequency of clay film occurrence to their
thickness, as follows: Percent frequency, very few = 1, few = 2, common = 3, many =
4, continuous = 5; Thickness, thin = 1, moderately thick = 2, thick = 3. For
example, in the Byt horizon of La Vista 2 there are "... many to continuous (4.5)
moderately thick and thick (2.5) clay films..." The index would be 7.0.

“This age is based on the inclusion of an abraded brick fragment in the C horizon of
the Qt, soil at Sespe Creek. This type of red fired clay brick was .introduced after

the capture of California from Mexico in 1848. A photograph taken in 1898 shows the
terrace already present.

5This age estimate is collectively based upon tree rings of a number of mature oaks
growing upon the Orcutt O surface, the degree of soil profile development, and a
C-14 date (see Timber Canyon 1 profile description) on charcoal collected from a
presumed buried soil in the lower part of the Timber Canyon profile.

6Age estimate based in part upon relative amount of displacement on flexural-slip
faults between older surfaces in Orcutt and Timber Canyons, and one C-14 date.
Also based upon soil correlation to well dated soils along the Ventura River.

7Age based on C-14 dates from correlative terraces along the lower Ventura River.

8Based on_two C-14 dates on charcoal collected at the base of the Oak View Terrace
below Oliva.1.

2Age based upon relative amount of displacement on the Arroyo Parida fault.

10These measures were taken from the buried_soil portion of the profile; only the

buried soil portion of the profiles of Oliva 1 and La Vista 3 are correlated to
the Qtg geomorphic surfaces.

1101der and more developed soils groupd with Qt7 have been sampled and described.
Thus, a 160,000 age estimate is a minimum for Qt; soils, but appears correct for
Timber Canyon 4 as discussed above.
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Table 2. Slip rates on flexural-slip faults and Arroyo
Parida fault near Oak View, California

FAULTED GEOMORPHIC SURFACE

5b 6a 6b 6c

Fault  [~29000yrs' [~38.000yrs/|~55000yrs2|~90,000yrs2
Dv3|Rv¥Rd®| Dv | Rv|Rd| Dv|Rv |Rd| Dv | Rv|Rd
s B T R P
é‘r 0" B4l 5404k 4 0af3ar6Al04
arida_ ke % SN KA
Villanova? %@04@0.3‘04 ND|ND [ND|ND|ND|ND
{/// &Q’//, - -
. 2 A
LaVista? §I1J04]05 I5<,O/940.6 4140.8 I.I%}g/l.vl.S
b&/ /i <//// ///// %///
sl y /
ge;"L?, ND [ND |ND K18405]0.73730.7)1.0|ND [ND |ND
uic //A //////
VQGk7 D N 0 [N o [ND 810 3105
lew XX

| BASED ON RADIO CARBON DATES

2 ESTIMATED -BASED ON RATE OF DIS-
PLACEMENT FOR ARROYO PARIDA
FAULT (Q5b and Q6a) .

Dv VERTICAL DISPLACEMENT (meters)
Rv VERTICAL SLIP RATE (mm/yr.)

Rd DIP SLIPRATE (mm/yr.)

FAULT THAT CUTS SECTION
FLEXURAL SLIP FAULT

~N O O p W
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Table 3. Summary of Tectonic Deformation of
River Terraces Over Ventura Avenue Anticline

Uplift Rate to
Present (mm/yr)

Surface Sea Present Displacement Degrees Tilting
Age Level (m) Above Ventura River (m) To Present
16K -120 30.5 (£10) -
20K -90 85.3 (+10) -
29K -41 120 (x10) 1.8 (£.5)
38K -38 175 (£10) -

80K -13 625 (+100) 10.6 (= 1)
205K 0 2720 (+200) 45 (+ )

Summation of tectonic deformation of river terraces in the
Tower Ventura River area. The 205,000 year surface is San
Pedro bedrock; all other surfaces are fluvial terraces.
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Figure 1. Quaternary units and faults of the
Oak View area.
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Coastal Tectonics, Western U.S.
9940-01623

Kenneth R. Lajoie
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefield Road, MS-77
Menlo Park, California 94025
(415) 323-8111, ext. 2646

Investigations

The objectives of this project are to determine patterns and rates of
quaternary crustal deformation and ground response in the coastal area of he
Western United States by mapping and dating marine terraces and associated
marine and alluvial deposits, and evaluating geotechnical data on marine and
alluvial deposits in deep sedimentary basins.

Results

1. S. Mathieson, P. Vaughan, and M, Vivrette obtained numerous well-logs from
public and private agencies for a stratigraphic study of late Quaternary
deposits in the Los Angeles basin under the leadership of D. Ponti. The
primary objective of this study is to map the extent and deformation of marine
sediments deposited during the last interglacial sea level highstand (85-125
ka BP). We hope to establish or constrain slip rates on the Newport-Inglewood
and other faults in the basin. An initial goal will be to correlate marine
deposits in the basin to emergent marine terraces at Pacific Palisades
(cooperation with J. McGill), the Palos Verdes Peninsula and the San Joaquin
Hills (cooperation with J. Vedder) using paleontological and amino-acid
racemization data.

2. P. McCrory initiated a study of the neotectonics of the Mendocino triple
junction in northern California. The objective of this study is to describe
and date the Quaternary tectonic events in this seismically active area using
stratigraphic basin analysis and geomorphic data.

3. S. Mathieson completed a study of the coastal erosion at Half Moon Bay,
San Mateo County, California, where the tectonically deformed Half Moon Bay
marine terrace is warped below sea level, thereby exposing unconsolidated
terrace deposits to wave attack. Previous data indicated natural erosion
rates (sea-cliff retreat) were about 0.3 m/yr. More accurate recent data
indicate the natural rate was actually much longer. South of the Half Moon
Bay breakwater (built in 1959) erosion rates have increased to as much as 2
m/yr.

4, K. Lajoie completed mapping of emergent Holocene marine terraces near
Ventura in southern California and Cape Mendocino in northern California. The
maximum tectonic uplift rate expressed by Sea Cliff terrace near Ventura is
5.3 m/ka. The maximum rate derived from the Ocean House terrace at Cape
Mendocino is 2.8 m/ka and the maximum rate from the Big Flat terrace south of
Cape Mendocino is 3.3 m/ka; typical uplift rates for most of coastal
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California are 0.3 m/ka. The Big Flat terrace resulted from both tectonic
uplift and rapid coastal accretion at the mouth of Big Flat Creek.

5. Paleomagnetic (J. Liddicoat) and trace-element (A. Sarna-Wojcicki) data
correlate ash #15 in the Wilson Creek beds of Mono Basin in eastern California
with the Carson Sink ash in the Sehoo Formation in Carson Sink, Nevada. This
tephra layer, which was derived from the Mono Craters south of Mono Lake, is
independently dated at 28 ka in both basins. Stratigraphic and geomorphic
data indicate that Lake Russell in Mono Basin and Lake Lahonton in Nevada had
similar fluctuation histories during late Pleistocene time. Both lakes stood
at intermediate levels during the glacial maximum about 20-15 ka BP and rose
to highstands about 13-12 ka BP. These data indicate the climate in the
western Great Basin was cold and dry during glacial maximum times, but warmer
and wetter (pluvial) at the end of the Pleistocene.
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A. M., and Yerkes, R. F., 1982, Neotectonics of the Ventura Basin--a field
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PALEOMAGNETIC INVESTIGATION OF NEOGENE DEPOSITS IN THE EASTERN UNITED STATES
WITH APPLICATION TO DATING TECTONIC DEFORMATION
IN THE ATLANTIC COASTAL PLAIN AND RAMAPO SEISMIC ZONE

14-08-0001-19746
Joseph C. Liddicoat
Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964
(914) 359-2900, Ext. 626

Investigations

1. Processed 220 samples from cores of che Atlantic Margin Coring Project
(AMCOR) for analysis by the USGS Branch of Paleontology and Stratigraphy for
ostracodes and amino acid dating at the Lamont-Doherty Geological Observatory.

2. Sampled the Upper Cretaceous in USGS Core MRN-78 (374 m) from Conway,
South Carolina, to assess the sediment for paleomagnetic analysis and to
correlate the record to magnetostratigraphy in Clubhouse Crossroads Core-1
near Summerville, South Carolina.

3. Assisted in coring the outer Atlantic Coastal Plain near Nags Head, North
Carolina, to refine the chronology in a USGS paleoclimate reference core.

4. Sampled the Chowan River Fm (Pliocene) in outcrop near Edenton, North
Carolina, for comparison with polarity in the formation measured at a quarry
near Portsmouth, Virginia.

Results

L. AMCOR cores 6009B (continental shelf) and 6021 (continental slope)
(Hathaway, et al., 1979) contain a rich fauna that is being examined for
amino acid dating by K. King (L-DGO). The D/L values will be keyed to
paleoenvironmental data (ostracodes) to correlate the marine and onshore
sedimentary record in the central Atlantic Coastal Plain.

2. The Upper Cretaceous of the lower Atlantic Coastal Plain was partially
recovered near Conway, South Carolina, in USGS Core MRN-78 (wire-line:

374 m). Paleomagnetic samples from the Pee Dee Fm (Maestrichtian: 10.7-
36.6 m), Black Creek Fm (Campanian: 36.6-175.3 m), and Middendorf/Cape Fear
Fms (Cenomanian: 175.3-266.7 m) were preliminary to assess the sediment for
paleomagnetic investigation in a follow-up and more complete core (>610 m)
drilled in the summer 1982 near St. George, South Carolina. Only sediment
in the Pee Dee Fm records reliable paleomagnetic polarity -- consecutive
samples have similar inclination (positive) and relative declination (the
core is not oriented in azimuth), and the normal polarity corresponds to that
in much of the Maestrichtian of Clubhouse Crossroads Core-1 (CCC-1)
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(Liddicoat, et al., 1980) from Summerville, South Carolina. Data from the St.
George core were to be compared with the paleomagnetic record in CCC-1 to improve
the chronology of deposits in the southeastern Atlantic Coastal Plain.

3. The USGS Branch of Paleontology and Stratigraphy cored upper Pleistocene
deposits in the Atlantic Coastal Plain near Nags Head, North Carolina. The
lowermost horizon of stable paleomagnetic polarity (normal) occurs at 27 m and
is interpreted to be Brunhes age (<0.73 myBP). The paleomagnetic data confirm
the age assignment for the stratigraphy using fauna (ostracodes) and flora from
an auger core drilled nearby in May 1981.

4. Sampled the Chowan River Fm in the bank of the Chowan River at Edenhouse
Landing and Mt Gould Landing, North Carolina. Reversed paleomagnetic polarity

at both sites matches that in the formation at a quarry near Portsmouth, Virginia.
On the basis of stratigraphic position and fauna (mollusks) (Blackwelder, 1981),
the Chowan River Fm is interpreted as Matuyama age (<2.48 myBP: late Pliocene).
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Soil Dating Techniques, Western Region
9540-02192

Michael N. Machette
Branch of Western Regional Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(303) 234-5167

Purpose: To establish data base for soil chronosequences and to conduct basic research
on soils as correlation and dating tools for Quaternary surficial deposits in the west-
ern United States.

Strategy: Fourteen numerically dated soil chronosequences from varied climatic and
geologic environments have been sampled (see previous report) and are being analysed
to determine which soil properies are the most useful indicators of soil age and how
rates of soil development vary in different environments.

Personnel: M. N. Machette, J. W. Harden, E. M. Taylor, M. C. Reheis, Glenn Dembroff,
and R. M. Burke. On contract: M. J. Singer, A. J. Busacca, and Peter Janitzky
(University of California at Davis); M. L. Gillam (University of Colorado at Boulder).

Investigations

1. Drafted preliminary outline for 14 individual chronosequences with description of
regional geology, Quaternary stratigraphy, soil sites, and soil-forming factors. The
chronosequences will be treated separately as sequential chapters in a Professional
Paper. (Harden)

2. Transferred soil-description and laboratory data from Multics system to NBI word-
processing equipment. Assembled data in table-format for microfische publication in
Professional Paper series. (Taylor and Dembroff)

3. Completed analysis of samples from the Honcut and Ventura chronosequences;
continued analysis of the Santa Cruz and Ano Nuevo chronosequences. (Janitzky,
Singer, and Busacca)

4. Completed mapping, sampling, and some initial analyses for two soil chronosequences
along the Animas River in Colorado and New Mexico. (Gillam)

5. Visited sites in the Merced River and Ventura chronosequences to ascertain whether
these soils are suitable for J‘()Be-da'cing by Milan Pavich. (Harden)

6. Field reconnaissance of Quaternary deformation at various points along the Garlock
fault between Mohave and Death Valley, California. (Machette and Taylor)

7. Lead 1982 Rocky Mountain Friends of the Pleistocene Field Trip through central Utah

(Machette). Presented papers at GSA's Cordilleran, Rocky Mountain, and National
meetings (Gillam, Machette, Reheis, and Taylor)
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Results

1. Recommended laboratory methods for chronosequence studies of different soil types, a
draft manuscript by contract personnel at the University of California-Davis, is
currently in project review. This soil manual, based on four years of testing of
several chronosequences, discusses (1) pertinent problems and solutions for each
method (including data from tests that were conducted by this project), (2)
equipment, (3) laboratory techniques with emphasis on critical or sensitive aspects,
(4) calculation methods, and (5) comparisons to other laboratory methods or applica-
tions to other types of studies.

Topics include (1) field techniques, (2) sample preparation, (3) sonic dispersal, (4) total
chemical analysis, (5) X-ray fluorescence with special recommendations for soils, (6)
particle-size analyses, (7) clay mineralogy by two methods, (8) bulk density, (9) dithio-
nite extractions of iron, aluminium, manganese, and silica, (10) oxalate extractions of
iron and aluminium, (11) phosphorus fractionation, (12) cation exchange (capacity and
cation type), (13) pH by 3 methods, (14) extractable acidity (total or titratable
acidity), (15) organic carbon, (16) total nitrogen, (17) total gypsum, and (18) calcium
and manganese carbonates. (Janitzky, Singer, Busacca, and Harden)

2, Soils along Rock Creek in south-central Montana indicate major differences in climate
over the past 2 m.y. Mountain-front soils (cool-subhumid climate) show logarithmic
rates of weathering in soil properties such as rubjfication, melanization, clay films,
total texture, and gain of pedogenic clay (g/cm“-column). Conversely, basin soils
(cool-semiarid climate) on identical parent materials show progressive, linear changes
in colsr (paling and lightening), total-texture, and gains in pedogenic CaCO3 and silt
(g/cm#-column). Therefore, basin soils are responding mainly to inputs of eolian
material, whereas mountain soils are responding to in-situ weathering. Thin sections
of the calcic soils reveal multiple episodes of CaCO4 precipitation and dissolution

that are related to climatic change and lateral shifting of the pedocal-pedalfer
boundary.

Age control for the Rock Creek deposits is based on the 0.6-m.y.-old Lava Creek ash
bed, correlation with the Yellowstone glacial sequence, and ages estimated from an
assumed constant incision rate. Age control is further refined by correlation of the
oldest terrace deposit (the Mesa) with a terrace deposit 50 km to the east that is
overlain by the 1.9-m.y.-old Huckleberry Ridge ash bed. (Reheis)

3. Field studies of two soil chronosequences along the Animas River in southern Colorado
and northern New Mexico indicate that comparison of chronosequences is complicated
by variations in the lithology of polymictic terrace gravels and in the texture of
overlying deposits (loess or sandy alluvium). Nevertheless, our studies show that in
the subhumid northern region, argillic B horizons form rapidly due to relatively high
effective moisture, weathering of red mudstone clasts (5-20%), and rapid influx of
desert loess. Calcic horizons in all but the highest gravel deposit have the same stage
of CaCO3 morphology, which may reflect a balance between leaching and both Ca *
influx and primary carbonate (1-25% limestone clasts) in the soil.

In the semiarid southern region, B horizons form relatively slow due to lower effec-
tive moisture, rarity of red mudstone clasts, and the coarser texture of some sands
overlying the gravel. Limestone clasts are rare, but translocation of airborne
carbonate results in progressive carbonate accumulation and formation of stage IV
morphology in about 1 m.y. Gypsum and other soluble salts occur within the B, Cca,
and K horizons of many arid soils in the southern region. (Gillam)
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4. Reconnaissance studies suggest that Quaternary surficial deposits along the Garlock
fault between the town of Mohave and China Lake Military Range record six or more
climatically(?) stimulated episodes of sedimentation in local drainage basins. These
deposits are characterized by soils which develop both argillic and calcic horizons;
the soils range from profiles with ochric A and weakly leached C horizons in Holocene
alluvium to profiles with thick, clayey Bt horizons and thick stage IIl to stage IV K
horizons in middle? to early? Pleistocene alluvium. We are hopeful that, with
detailed study, the age of these deposits can be determined from soil properties using
the soil-profile index of Harden and quantitative assessments of secondary clay and
calcium carbonate content. Because these deposits are laterally offset by the
Garlock fault, we feel confident that detailed mapping and soil investigations could
yield Quaternary slip rates along different segments of the Garlock fault. One could
then compare these rates on both a spatial and temporal basis, and contrast them
with tl)1e 60 km of total offset recently cited for the Garlock Fault. (Machette and
Taylor
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Quartz Crystallinity Index of Fault Gouge
and Associated Protolith

14-08-0001-20519
Stephen A. Norwick
Environmental Studies and Planning
Sonoma State University
Rohnert Park
California, 94928
(707) 664-2306

Investigations

The purpose of this inyvestigation was to determine if the
quartz crystallinity index of fault gouge can be used as ameasure
of the amount of shearing on the atomic scale. The method seems
especially useful to identify faulted soil in excavations for
critical structures which might be built. The quartz crystallinity
index is a measure of the goodness of packing of ions in alpha quartz.
The index is determined by standard x-ray diffraction equiptment.
(Murata and Norman,l1976)

1. The effect of sample preparation had not been determined previously.
The fault gouge is well comminuted but the protolith must be crushed
to be compared to the soil.

2. The inherent analytical error in the determination of the quartz
crystallinity index was not known.

3. The quartz crystallinity of quartz from fifty faults was determined
to see what the inherent variability might be.

4. The quartz crystallinity of quartz from the above faults was compared
to the quartz crystallinity of the quartz in the associated protolith.

Results

1. The effects of sample preparation on the quartz crystallinity index are
statistically significant but very minor.

2. The analytical error in the measurement of quartz crystallinity is

So great that it jeopardizes the interpretation of natural variations
except in cases where the gouge had very much lower quartz crystallinity
than the protolith.

3. We have discovered that the quartz crystallinity of clay sized grains
is extremely sensitive to grain size. This explains the fact that our
initial study of fault gouge showed such low indeces.
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It is, therefore, necessary to separate the quartz grains by grain size,
and compare grains which are fine silts.

4. Fault gouges tend to be deeply developed soils. In 40% of the gouges
sampled there was not enough coarse quartz to determine the crystallinity
index.

5. The quartz crystallinity index of many gouge zones 1is not statistically
different from the associated protolithic indeces. This is especially true

of very large old faults such as the well exposed outcrops of the San Andreas
Fault at Fort Ross , Frasier Park, and the Garlock Fault at Gorman.

The disordered layers formed by shearing are known to be much more reactive
than normal well crystallized quartz(Dempster and Ritchie,1952).

6. The quartz crystallinity index of some small faults is markedly lower
than the index of quartz in associated protolith. These are probably
geologically young gouges.

The quartz crystallinity index technique is comparable to the more
traditional signs of faulting used in the differentiation of fault gouge
from soil filled rock joints. Slickensides, drag faults, offset landforms,
offset soil horizons, mylonite, and quartz crystallinity index depression

are often missing from fault zones, but the presence of any one of the
above characteristics in a fracture filling is positive proof of faulting.

References

Dempster,P.B. and P.D. Ritchie, 1952,Surface of finely ground silica,
Journal of Applied Chemistry,v.169,p.538-9

Murata,K.J. and M.B.Norman,II,1976, An index of crystallinity for quartz,
American Journal of Science,v.276,p.1120,1130

145



H5

Quaternary Dating and Neotectonics
9530-01559

Kenneth L. Pierce
Branch of Central Regional Geology
U.S Geological Survey, Box 25046, MS 913
Denver, Colorado 80225
(303) 234-2737

Investigations

l.

Z,

10.

11.

Developed and tested a theoretical model of fault-scarp degradation with time based
on the diffusion and continuity equations for hillslopes (S. M. Colman).

Completed compilation of two neotectonic maps for Colorado: (1) State map
(1:1,000,000) showing late Cenozoic faults and other tectonic information, and

(2) a map of the Rio Grande rift in Colorado (1:125,000) showing Quaternary faults,
late Ce)nozoic deposits, scarp-morphology data, and other age information (S. M.
Colman).

Organized and proposed to Academic Press a book consisting of papers on rates of
weathering. The book has been accepted for publication and will be titled "Rates of
chemical weathering of rocks and minerals" (S. M. Colman).

Completed final drafting, peel coats, and map pamphlet layout for the first of seven
1:250,000-scale MF maps showing Quaternary and Pliocene faults in the Rio Grande
rift of New Mexico and west Texas (M. N. Machette).

Continued 1:1,000,000-scale compilation of Quaternary and Pliocene faults and
volcanic rocks in the Rio Grande rift of New Mexico and west Texas. Map shows
faults whose most recent activity are of Holocene, late Pleistocene, middle
Pleistocene, and early Pleistocene-Pliocene age (M. N. Machette).

Conducted 3 day field trip through central Utah for the Rocky Mountain Cell of the
Friends of the Pleistocene with William Scott and William McCoy (M. N. Machette
and R. R. Shroba).

Continued synthesis of soils data for surficial deposits adjacent to the Wasatch fault

and for surficial deposits buried by the last cycle of Lake Bonneville (the Little
Valley cycle) (R. R. Shroba).

Analyzed soils data and preliminary uranium-trend age for a soil chronosequence
near Allens Park, Colorado (R. R. Shroba).

Investigations of pumiceous ash found in loess and lake sediments of southeastern
Idaho (K. L. Pierce).

Completed field work on chronology of glacial sequence in the Chehalis River
drainage, Washington (K. L. Pierce and S. M. Colman).

Obtained, logged, and made arrangements for study of pollen, ostracods, diatoms
from core from Grays Lake, Idaho. (K. L. Pierce)
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Results

Testing of the theoretical model of fault-scarp degradation with time suggests that
the model can be used to estimate unknown ages of single-event fault scarps. Scarps
of known age are used to derive a rate contant and to calibrate that constant for
different areas. Fault-scarp ages estimated from the model, using a rate constant
derived from the known age of the Bonneville shoreline, compare favorably to
independent age estimates for fault scarps in Utah, Colorado, and New Mexico

(S. M. Colman, investigation no. 1).

The morphology of fault scarps in unconsolidated Quaternary deposits of the Rio
Grande rift was used to estimate the recency of movement and the magnitude of
displacement of about 50 prominent Quaternary faults. From this analysis, we
identified faults with single, segmented, or compound movement of Holocene, late
Pleistocene, or middle Pleistocene age. The following faults have Holocene
displacement: the Sawatch and Sangre de Cristo fault zones in Colorado; the Coyote
Springs, Socorro Canyon, La Jencia, Caballo, Cox Ranch, and Peloncillo faults in
New Mexico; and the Van Horn and Mayfield faults in west Texas. Most basins of
the rift contain or are flanked by late to middle Pleistocene faults. These faults

and those with Holocene movement are oriented mainly north, 10-30° eastward of
Miocene structures that mark the initial development of the Rio Grande rift.
Regional uplift, extension, and faulting apparently accelerated in the late Miocene
to early Plicene, forming the modern rift topography. In comparison, extension
rates since the middle Quaterary may have decreased, yet faults have formed over
most areas of the rift. The timing and distribution of Quaternary faulting suggests
that southward-widening expansion of the rift is continuing, possibly related to
postulated rotation of the Colorado Plateau. The number of Quaternary faults and
their cumulative across-rift displacement appear to increase from north to south in
the rift. These faults form a slightly radiating pattern, open to the south, where the
Holocene faults mark the active east and west rift margins. Fairly continuous faults
with Holocene movement in southern Colorado may be related to the northward
propage;tion of the rift's apex (M. N. Machette and S. M. Colman, investigations no.
2 and 5).

The numerical ages of the fine-grained surficial deposits of Holocene and late
Pleistocene age, which are faulted along the Wasatch front, can be estimated by the
amount of scondary calcium carbonate in the soil profile. Analyses indicate that the
aver ;e S;te of accumulation of secondary calcium carbonate for these soils is 0.5
g/cm#/10° yr for the past 12,000 yr. This rate is compariable to that established for
Holocene soils from southern New Mexico by M. N. Machette (R. R. Shroba,
investigation no. 7).

Till near Allens Park, Colorado, which we consider to be of Bull Lake age on the
basis of soils data and other relative-age criteria, has been dated by J. N. Rosholt
using the uranium-trend method. Analyses of 10 samples from the relict soil in till
indicate an age of 130,000 + 40,000 yr. This age compares favorably with the
obsidian-hydration age of 150,000 yr for the Bull Lake Till at West Yellowstone,
Montana. The uranium-trend age also supports many of our previous stratigraphic
correlations and soil-age estimates in the Rocky Mountains which have been based
on descriptive and analy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>