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

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

Investigations

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

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

Results

1. Dave Gordon has completed relocation of approximately 270 instrumentally recorded
earthquakes that occurred in the central United States. The earthquakes were those
with mblg greater than 3.0 that occurred through 1980 and that were recorded by
enough seismographs that they could be located by least squares inversion of phase
arrival-times. The earliest such shocks in the central U.S. occurred in 1931. Figure 1
shows relocated shocks from the central Mississippi River valley, including the New
Madrid seismic zone. Approximately two-thirds of the shocks in figure 1 oceurred prior
to the installation of the Southeast Missouri Regional Seismic Network (Saint Louis
University) in 1974, but the network data provide the means to calibrate the locations
of the pre-network shocks. Gordon has shown that most of the pre-network shocks
occurred in source regions defined since 1974 by microearthquake epicenters located by
the regional network. The revised epicenters also suggest a north trending lineament
centered on Marked Tree (fig. 1) that has not been previously recognized. For the
entire central United States, the deepest reliably-determined hypocenters are those
beneath southern Illinois in the area bounded by 37.8 degrees N, 38.8 degrees N, 87.8
degrees W, and 88.8 degrees W. Four of these hypocenters, which are also those
estimated to be most precise, have focal depths between 20 and 25 km.

2. Jim Dewey has examined properties of selected source regions of midplate
earthquakes worldwide in light of hypotheses on the characteristics of the source of the
1886 Charleston earthquake. Data from the other midplate source regions suggest that
the Charleston region is more likely to experience a strong earthquake in future
decades than a random midplate site, but that strong eastern U.S. earthquakes will also
oceur in the future at sites that have not previously experienced strong earthquakes.
Data from the other regions do not provide conclusive seismological or geological
guidelines for identifying sources of future strong earthquakes in the absence of a
historical record of strong earthquakes. In particular, most of the other strong
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midplate earthquakes were not clearly associated with prominent pre-existing faults.
However, the relatively shallow focal depths of most midplate earathquakes and the
fact that many of the midplate sources show a general correlation with regional
geologic structure, even if they cannot be assigned to specific mapped faults, support
the view that the sites of strong midplate earthquakes are determined by pre-existing
geological structure. For several midplate earthquakes, the size of the aftershock zone
was much larger than the size of the mainshock fault rupture; by implication, the
aftershock zone of the 1886 Charleston earthquake may have been much larger than the
causative fault of the earthquake.

Reports

Dewey, J. W. 1983, Relocation of instrumentally recorded pre-1974 earthquakes in the
South Carolina region. In Gohn, G.S., ed., Studies related to the Charleston,
South Carolina, earthquake of 1886—Tectonics and seismicity: U.S. Geological
Survey Professional Paper 1313, p. Q1-Q9.

Dewey, J. W., 1983, A global search of continental midplate seismic regions for specific
characteristics bearing on the 1886 Charleston earthquake, in Proceedings of the
Workshop on the 1886 Charleston Earathquake and its Implications for Today,
Charleston, South Carolina, May 23-26, 1983: U.S. Geological Survey Open File
Report, in press.

Gordon, D. W., 1983, Revised hypocenters and correlation of seismicity and tectonies in
the Central United States: St. Louis, Saint Louis University, Ph.D. dissertation,
199 p.

Gordon, D. W., 1983, Seismicity and plate tectonic remnants in the Central Stable
Region of the United States, Program and Abstracts of the 55th Annual Meeting
of the Eastern Section of the Seismological Society of America, September
19-21, Mohonk Mountain House, New York.
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Figure 1. Revised epicenters of instrumental earthquakes with Le >
the Central Mississippi Valley through 1980. Each eplcénter is
marked by an octagon surrounded by the associated 957 confidence
ellipse.
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The Historical Seismicity of Central United States: 1811-1928
14-08-0001-21251

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

The purpose of this project is to document in detail, the larger
earthquakes known to have occurred in the general region about the
junction of the Mississippi and Ohio river valleys. Eighty-three earth-
quakes, listed in Table 1, have been selected for this study on the basis
of their reported felt area and epicentral location. Felt areas and epi-
central locations have been initially assumed to be the same as those
given by Nuttli (1979) and Street (1980a). Once documentation has been
completed, felt areas, epicentral locations, and mpLg magnitudes will be
revised where necessary.

Progress in the study is summarized in Table 1. The percentage of
documentation completed for each earthquake being studied is indicated
by state. The letters C and N in the table stand for "Complete', and
'""Not Applicable", respectively. 3

References

Nuttli, O. W. (1979). Seismicity of the central United States, Reviews
in Eng. Geology, IV, 67-93.

Street, R. (1980a). The southern Illinois earthquake of September 27,
1891, Bull. Seism. Soc. Am., 70, 915-920.

Street, R. (1980b). A Compilation of Accounts Describing the Missis-
sippi Valley Earthquakes of 1811-1812: Part I, EERC #330,
08/S82/1980, 247 p.

Street, R. (1982). A contribution to the documentation of the 1811-
1812 Mississippi Valley earthquake sequence, Earthquake Notes, 53,
39-52.
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/LONG y
st . emln. etk AR IL IN gmwr’n OH 11}
12-16-1811 08:15 36.0/90.0 5000000. *
01-23-1812 15 36.3/89.6 5000000.* *See Street (1980b, 1982)
02-07-1812 09:45 36.5/89.6 5000000. *
07-05-1827 11:30 38.3/85.8 430000. N 80 80 C G N 80
02-04-1833 42.3/85.6 20000.
06-09-1838 14:45 38.5/89.0 500000. 80 50 20 N C
12-28-1841 50 N -- N
01-05-1843 02:45 35.5/90.5 1500000. 50 80 50 G 80 80
02-17-1843 05 35.5/90.5 250000. 50 c N
08-09-1843 35.6/87.1 40000. --
12-18-1853 36.6/89.2 100000. G --
02-28-1854 37.6/84.5 20000. N N N C N N N
11-09-1856 36.6/89.5 80000. --
10-08-1857 10 38.7/89.2 200000. 90 90 C C N N
08-07-1860 15:30 37.8/87.5 80000. 90 20 34 N 20
07-17-1865 15 36.5/89.5 250000. 50 N G N 20
05-03-1873 21 36.0/89.6 30000. C N 50 C N 20
06-18-1875 15243 40.2/84.0 100000. N C 20 80 N 10 N
10-07-1875 36.1/89.6 50000. N 10 N
09-25-1876 06:15 38.5/87.8 150000. N 80 10 C N C N
07-15-1877 00:40 36.8/89.7 65000. 30 N C N
03-12-1878 10 36.8/89.1 40000. (?) G N C N
11-19-1878 05:52 36.7/89.3 350000. 50 80 N C 20 N 50
07-14-1880 02:30 35.3/90.3 25000. G N -- N
07-28-1882 37.6/90.6 25000. 90 -- N
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National Earthquake Catalog
9920-02648

J. N. Taggart
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS967T
Denver, Colorado 80225
(303) 234-5079

Investigations

1. Continued compilation of intensity data for early California and Alaska
earthquakes.

2. Investigated the aftershock sequence of the March 10, 1933, Long Beach
earthquake.

3. Developed a compressed, integer-structured database that can be rapidly
searched.

Results

1. Carol Thomasson and Jim Taggart edited and checked about 2,400 corrections
to 10,700 southern California local shock listings for 1932-1959. About one-
half of these corrections are reference listings, but the other half repre-
sent new intensity data. Several hundred events also were added to the
Alaska database, mostly for the period 1880-1912. Karen Meagher continued to
collect and collate data on historical California earthquakes from news-

papers, Seismological Notes, United States Earthquakes, and other published

sources.

2 Willie Lee and Jim Thorsen reinterpreted original seismograms of the
aftershocks of the March 10, 1933, Long Beach earthquake. They augmented the
permanent station data with arrival times from a temporary seismograph
station. Hypocenter relocations were obtained for about 60 of several
hundred aftershocks that were recorded by three or more stations. Plots of
the hypocenters suggest that velocities differ noticeably on the two sides of
the Long Beach fault. The main problems in this investigation are the
determination of station clock corrections and the development of an adequate
model of crustal velocities.

3. Jim Taggart developed a new, compressed National Earthquake Catalog data-
base on the VAX 11/780 computer. An indexed key for each earthquake,
consisting of pseudo-Julian date and origin time, is stored as a seven-
character string of three integers to a precision of 0.1 msec. Other basic
parameters, such as coordinates, depth, magnitudes, intensity and hypocenter
statistices, are stored as real or integer numbers to facilitate rapid
comparisons against the selected search criteria. Local network event para-
meters are included in the main database. A large number of bit flags point
to keyed secondary files of less common data, such as tsunami information and
location of waveform data. Use of coded byte integers in the new database
reduced storage requirements by more than a factor of two compared with
storage of the same information in ASCII format.
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Regional and National Seismic Hazard and Risk Assessment
9950-01207

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

Investigations

l. A field party was dispatched following the May 2, 1983 Coalinga,
California earthquake to systematically survey building damage in the Coalinga
area. Buildings, both damaged and undamaged, were catalogued in order that
percent loss can be estimated for buildings within each structural
classification.

2. Assessment of long return—-period earthquake ground motion for the eastern
United States continued. Consequences of modeling five seismotectonic
hypotheses that relate eastern U.S. seismicity to geologic structures or
geologic processes are being investigated in terms of differences in resulting
regional probabilistic ground motion values. The statistical significance of
various source zones was investigated in terms of their capacity to describe
the spatial distribution of earthquakes in the eastern United States.

3. The magnitude and distance dependence of the standard deviation of ground
motion attenuation statistical variability was investigated using a simple
rupture model.

4. A graphical technique for showing the relative contribution of various
magnitudes to the exceedances of a given ground motion value in probabilistic
seismic hazard analysis was developed.

5. The dependence of maximum magnitude of Benioff zone earthquakes on various
characteristics of the subduction zone was investigated using a variety of
multivariate analysis techniques.

6. Assessment of sensitivity of regional probabilistic ground motion values
to changes in the input parameters of finite fault rupture model, ground
motion attenuation function, and magnitude-frequency relationship has been
summarized in a series of papers for journal publication.

7. A new pattern-recognition algorithm has been developed and programmed.
The algorithm seeks to discriminate areas having high potential for large
earthquakes from areas having low potential for large earthquakes based on a
number of geographic, geologic and topographic similarities or
dissimilarities.
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8. Development of a series of efficient computer programs for digitizing and
plotting seismicity data is continuing.

9. Investigation of efficient data processing techniques for collecting and
analyzing earthquake damage data is continuing, particularly with respect to
the new methodology employed in collecting damage data following the May 2,
1983 Coalinga, California earthquake.

10. Reanalysis of earthquake damage data from the 1971 San Fernando earthquake
in an effort to extract possible characteristic site—dependent building
damage.

11. A computer program is being developed under contract to water resources
division for use in seismic hazard evaluation of dam sites.

12. Assessment of potential for earthquake-induced liquefaction and other
ground effects for damaging earthquakes in the Mississippi Valley in
connection with a FEMA supported disaster preparedness study in the Midwest.

Results

1. Observations and preliminary results of the Coalinga, California damage
investigation have been summarized in an article submitted to a special volume
devoted to the earthquake and its effects being published by the California
Division of Mines and Geology.

2. A text is in preparation describing tectonic and seismotectonic models
used in developing seismic source zones for long return—-period earthquake
hazard evaluation in the eastern United States. A salient conclusion from
this work is that the variability in ground motion estimates is dominated by
uncertainty in ground motion attenuation and not configuration of the seismic
source zones.

3. The simple rupture model predicts significant decrease in that part of the
variability due to the rupture source with increasing magnitude and

distance. Therefore, at relatively large distances, knowledge of site
characteristics can greatly reduce total ground motion variability for large
earthquakes.

4., For several velocity attenuation functions, the exceedances are dominated
by the effects of earthquakes between magnitude 5.5 to 6.5

5. Results of this investigation did not show improvement over a regression
on two of the characteristics.

6. Results of probabilistic ground motion sensitivity studies have been
submitted for journal publication. One paper has been published and is listed
below.

7. Evaluation of the new pattern recognition algorithm is in progress.

10
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8. A report that estimates economic loss in the Los Angeles, California, area
due to a recurrence of historical earthquakes and postulated future
earthquakes is in preparation.

9. Reduction of Coalinga damage data is in progress. A preliminary report is
in press.

Reports

Algermissen, S. T., and Steinbrugge, K. V., 1984, Seismic hazard and risk
assessment: some case histories, the Geneva Papers on Risk and Insurance,
9 (No. 30, January 1984), Assoc. Internationale pour 1'Etude de 1'Economie
de 1'Assurance, Geneva, pp. 8-26.

Bender, B., 1983, Maximum likelihood estimation of b values for magnitude
grouped data: Seismological Society of America Bulletin, v. 73, pp. 831-
851.

Bender, B., submitted, A two state model for seismic hazard analysis:
Seismological Society of America Bulletin.

Bender, B., submitted, Seismic hazard estimation using a finite fault rupture
model: Seismological Society of America Bulletin.

Hopper, M. G., Thenhaus, P. C., Barnhard, L. M., and Algermissen, S. T., in
press, Damage survey in Coalinga, California for the earthquake of May 2,
1983, in, California Division of Mines and Geology special report on the
Coalinga earthquake.

11
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Seismic Hazard Studies: Anchorage, AK
9950-01205

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

Investigations

1.

2

Data analysis of 128 NTS events recorded at near— and intermediate-
epicentral distances on accelerograph stystems is in progress.

A report entitled "Earthquake Catalog for Peru," by L. A. Casaverde, A. F.
Espinosa, J. Michael and J. Vargas Neumann, is in the process of being
written.

Regional attenuation relations have been derived for the contiguous United
States using Lg-waves. The M, (L_ ) scaling laws take into account the
variation of the dissipation ?ac%or (Q) in different regions of the U.S.A.
A paper is being written on this subject which has a direct impact on
other regional scaling laws and on seismic risk studies.

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

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

Reports

Espinosa, A. F., and Michael, J., 1983, P_-wave data-base tabulation recorded

on the: ILRSM stations in the contefminous United States, II New England
Stations: U.S. Geological Survey Open-File Report 83-590, 75 p.
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Investigation of Seismic Wave Propagation for
Determination of Crustal Structure

9950-01896

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

Investigations

1. Conducted high resolution seismic reflection survey over recent faults.
a. An east west line through the city of Nephi, Utah, in order to
determine movement on the Wasatch Fault.
b. Across the fault scarp at Willow Creek north of Nephi, Utah.
c. Across the fault scarp at Hobble Creek south of Provo, Utah.

d. Across the East Bench Fault along Interstate 80 in Salt Lake City,
Utah.

Results

Rough processing on all these lines have been completed. The data shows that
the Mini-Sosie energy source yields results in populated areas without to many
problems. We were able to operate throughout the city of Nephi without
disturbing any property. The profile along the interstate indicates the
method is useful to gather data where the traffic volume is extremely high.

13
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Data Processing, Golden
9950-02088

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

Investigations

The purpose of this project is to provide the day to day management and

The center supports Golden based Office of Earthquakes, Volcanoes and

(LSI’s) and VMS (VAX).

Geomagnetism and the Branch of Engineering Geology and Tectonics.

Results

Prediction programs as well as for DARPA, ACDA, MMS, U.S. Bureau of
Reclamation, and AFTAC among others.

Earthquake Information Service is 100 percent supported by the center.

development.

14

systems maintenance and development for the Golden Data Processing Center.

Engineering investigators with a variety of computer services. The systems
include a PDP 11/70, several PDP 11/03’s and PDP '11/23’s, a VAX/780 and two
PDP 11/34’s. Total memory is 6.4 mbytes and disk space will be approximately
2.2 G bytes. Peripherals include four plotters, eight mag-tape units, an
analog tape unit, five line printers, 5 CRT terminals with graphics and a
Summagraphic digitizing table. Dial-up is available on all the major systems
and hardwire lines are available for user terminals on the upper floors of the
building. Users may access any of the systems through a Gandalf terminal
switch. Operating systems used are RSX1l (11/34°s), Unix (11/70), RT11

The three major systems are shared by the Branch of Global Seismicity and

Computation performed is primarily related to the Global Seismology and
Hazards programs; however, work is also done for the Induced Seismicity and

In Global Seismology and Geomagnetism, the data center is central to nearly
every project. The monitoring and reporting of seismic events by the National

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

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

PDP 11/34, expansion of the Nevada Network 11/34 for collection of Western
Slope data for the U.S. Bureau of Reclamation, a second Versatec plotter and a
Tektronix 4014 graphic system.
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Ground Response Along the Wasatch Front
9950-01919

K. W. King
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225

(303) 234-5087

Investigations

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 Lake City, Ogden, Provo, urban
areas along the Wasatch front as well as in two other urban areas, Logan and
Cedar City, which provide a comparison. If possible a field experiment is
planned to explain an area of anomalously low—ground responses in the Ogden
area. A seismic study was made to discern the difference between surface and
subsurface ground motions in a waste repository site. A seismic study was
made on the effects of induced seismic energy from road construction on adobe
construction and archaeological ruins.

Results

1. The activities in the Wasatch area this fiscal year are designed to
prepare and to publish data reports and journal manuscripts and to develop
equipment for future experiments. One such publication is the forthcoming
3d International Conference on Microzonation. The Wasatch data report is
99 percent complete (in reiteration from CTR). The equipment
specifications are finalized.

2. Induced seismic motions were documented on adobe construction and
analyzed. Preliminary reports were made to the Federal Highway
Administration and the National Park Service.

Regorts

Hays, W. W., and King, K. W., 1982, Zoning of the earthquake ground shaking
hazard along the Wasatch fault zone, Utah [abs.]: International
Conference on Microzonation, 3d, Seattle, July 1982.

King, K. W., 1982, A study of surface and subsurface ground motion at Calico

Hills, Nevada Test Site: U.S. Geological Survey Open-File Report 82-
1044, 19 p.

King, K. W., Hays, W. W., and McDermott, P. J., Wasatch front urban area
seismic response data report: U.S. Geological Survey Open-File Report
83-452, 70 p. (Has not been released thru U.S. Geological Survey Open-—
File Services Section, 10/19/83.)
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Alaska Seismic Studies

9930-01162

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

Investigations

1)

1)

Continued collection and analysis of data from the high-gain
short-period seismic network extending across southern Alaska from
Juneau to Cook Inlet and inland across the Chugach Mountains. A new
station was installed 20 km northeast of Icy Bay above a persistent
source of aftershocks of the 1979 St. Elias earthquake. This station
will improve depth control and also aid in resolving focal mechanisms.

With funding from the Division of Geological and Geophysical Surveys of
the State of Alaska, four seismic stations, which had been terminated in
1982 due to funding considerations, are again being recorded. These
stations are particularly important for coverage of the northern Prince
William Sound region which experienced two magnitude 6 earthquakes this
past summer.

Continued monitoring of the region around the proposed Bradley Lake
hydroelectric project on the Kenai Peninsula, a cooperative effort with
the Alaska Power Authority. Two new stations were installed about 40 km
southwest of Bradley Lake to help in detection and location of crustal
activity that has been observed there during the past few years.

The USGS operates 43 strong motion instruments in Alaska, including 13
between Icy Bay and Cordova in the area of the Yakataga seismic gap.
Fourteen of these are connected to the high-gain station telemetry
network so that absolute trigger time can be obtained. Maintenance of
the remaining instruments is shared between this project and the
Engineering Seismology and Geology Branch.

Results

During the past six months data processing has remained on schedule.
Preliminary hypocenters have been determined for earthquakes that
occurred in March - July, 1983 (Figure 1) and parts of August and
September. For the interval March - July, prominent aftershock
sequences following four shallow (depth less than 35 km) intermediate-
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sized shocks of magnitude 5.1 mp or larger increased the average
monthly rate of events to 410, about 15% higher than for the previous
six month period. The four mainshocks include a 5.3 m§ event on

March 30 Tocated near the Duke River segment of the Denali

fault system in Canada, a 5.9 mp event on June 28 in the aftershock

zone of the 1979 St. Elias earthquake (7.1 Mg), a magnitude 6.3 M

event on July 12 beneath the Columbia Glacier north of Prince wiliiam
Sound, and a second event in the St. Elias aftershock zone on July 15
that had a magnitude of 5.1 mp. The three largest events within the
western part of the network during this time all had magnitudes of 4.7
Mp. Two of these events were located between 80 and 90 km depth in

the Benioff zone west of Cook Inlet, and one occurred at a depth of
about 20 km beneath western Prince William Sound. Near the end of June,
a small swarm of earthquakes of coda-duration magnitude 3.5 and smaller
occurred beneath the continental margin about 75 km southeast of Yakutat
Bay. This area is characterized by a relatively low rate of activity
and the last known swarm occurred in 1974.

On July 12, 1983 a magnitude 6.3 Mg earthquake occurred at about 30 km
depth beneath the Columbia Glacier north of Prince William Sound and was
felt throughout much of southern Alaska and as far east as Whitehorse,
Canada. This is the largest earthquake to occur in the Prince William
Sound region since the 1964 Alaska earthquake. Epicenters of
aftershocks that occurred within 24 hours following the mainshock define
a northeast-striking zone about 20 km long and 8 km wide (Figure 2,
left). On September 7, a magnitude 6.1 Mg shock occurred at the
southwest end of the aftershock zone of the July 12 mainshock at a depth
of about 30 km (Figure 2, left). The first 24 hours of aftershock
activity from the September 7 shock is confined to a zone of
approximately equal lateral dimensions about 10 km across and has little
overlap with the aftershock zone of the July 12 event. In the first ten
days following the July 12 shock three aftershocks of magnitude 3.5 M
or larger occurred, and the largest aftershock prior to the September 7
shock was a magnitude 4.0 M_ event on August 4.

In contrast, seven aftershocks of the September 7 event that occurred in
the first 10 days following the mainshock had magnitudes of 3.5 M_ or
larger, and the largest aftershock was a 5.0 mp shock three hours :
after the mainshock. A few temporary seismograph stations surrounding
the epicentral area were deployed after each mainshock. Hypocenters of
aftershocks from the July 12 event that were located using the temporary
stations define a fault plane about 25 km long dipping about 70 to

the northwest between depths of about 22 and 32 km (Figure 2, right).
P-wave first-motions obtained from regional and some teleseismic

Surface-wave (Mg) and body-wave (mp) magnitudes and felt reports

were obtained from the Preliminary Determination of Epicenters of the

USGS National Earthquake Information Service. Local magnitudes (M)

gge those reported by the Alaska Tsumani Warning Center in Palmer,
aska.
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stations indicate normal faulting for the mechanism of the July 12
mainshock. P-wave first motions for the September 7 shock indicate that
this event also involved normal faulting, but a preliminary look at
relative amplitudes of P, pP, and sP phases recorded atlong-period
teleseismic stations suggests that the nodal planes of this event may be
significantly rotated with respect to the July 12 event. No obvious
foreshock activity to the July 12 shock is evident in the pattern of
coda-duration magnitude 2 and larger earthquakes that occurred in the
area of the aftershock zone for a period at least two years prior to the
earthquake. It is inferred that the Columbia Bay events occurred in the
subducted Pacific plate. To test this hypothesis we are seeking direct
seismological evidence of a subhorizontal velocity contrast that may
indicate the interface between the subducting and overthrust plates.

The July 12, 1983 earthquake near Columbia Glacier (6.3 Mg) triggered
several strong-motion instruments in southern Alaska and produced the
largest recorded acceleration known for Alaska, 0.32 g on the horizontal
component of the Valdez High School accelerograph (Personal
communication, G. Brady, USGS, 1983), which is located about 40 km to
the east of the closest point on the burried fault rupture. The Mg

6.1 companion shock of September 7, 1983 registered a much lower
acceleration, 0.07 g, at the Valdez High School.

Three other earthquakes also triggered strong-motion instruments in
southern Alaska. A magnitude 5.9 my shock that occurred on June 28,
1983 at 12 km depth east of Icy Bay triggered an instrument at GYO,
about 13 km to the west. A preliminary estimate of 0.11 g was obtained
for the maximum horizontal acceleration on this record. A second
instrument near Icy Bay was triggered between August 26, 1982 and July
27, 1983 and recorded a maximum horizontal acceleration of 0.18 g, but
as yet the identifiction of the causative event is uncertain. Simlarly,
the event which triggered an instrument at the site BRLK on the Kenai
Peninsula and produced a maximum horizontal acceleration of 0.08 g
between June 24, 1982 and June 26, 1983 is uncertain.

Since 1974, when the regional seismograph network began operating in the
eastern Gulf of Alaska, earthquakes of magnitude 4.5 mp and larger

have occurred frequently along the eastern and southern boundaries of
the Yakgataga seismic gap. Within the gap, however, the two largest
events have had magnitudes of about 4. Both shocks were located about
100 km west of the aftershock zone of the 1979 St. Elias earthquake (7.1
Mg) that occurred along the eastern boundary of the gap, and both
occurred within 9 months of the St. Elias mainshock. In the first 8 1/2
months of 1983 seven earthquakes of magnitude 5 mp and larger have
occurred in a 200-km wide zone around the Yakataga seismic gap, more
than in any one year period since 1970-71. At the microearthquake
level, within a relatively quiet zone extending from Icy Bay westward to
eastern Prince William Sound, the pattern of activity has remained
relatively stable since 1974, with prominent concentrations beneath the
Copper River Delta and Waxell Ridge. Considering the short seismic
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history and complex tectonics of the region, the uniqueness and
significance of the elevated level of activity at magnitudes larger than
5 are difficult to evaluate.

Reports

Blackford, M. E., and Fogleman, K. A., 1983, Focal mechanism of the July 12,
1983 Columbia Glacier, Alaska earthquake [abs.]: EOS, Transactions of
the American Geophysical Union, v. 64, [in press].

Fogleman, K. A., Stephens, C. D., Lahr, J. C., Rogers, J. A., Cancilla, R. S.,
Roy Tam, Freiberg, J. A., and Melnick, J. P., 1983, Catalog of
earthquakes in southern Alaska, April - June 1980: U. S. Geological
Survey Open-File Report 83-14, 54 p.

Fogleman, K. A., Stephens, C. D., Lahr, J. C., Rogers, J. A., Cancilla, R. S.,
Roy Tam, Helton, S. M., Freiberg, J. A., and Melnick, J. P., 1983,
Catalog of earthquakes in southern Alaska, July - September 1980: U. S.
Geological Survey Open-File Report 83-15, 54 p.

Lahr, J. C., Stephens, C. D., 1983, Eastern Gulf of Alaska seismicity: Final
report to the National Oceanic and Atmospheric Administration for July
1, 1975 through September 30, 1981: U. S. Geological Survey Open-File
Report 83-592, 49 p.

Page, R. A., Stephens, C. D., and Fogleman, K. A., 1983, Columbia Bay, Alaska
earthquakes of 1983 [abs.]: EOS, Transactions of the American
Geophysical Union, v. 64, [in press].

Stephens, C. D., Fogleman, K. A., Lahr, J. C., and Page, R. A., 1983, The
Wrangell Benioff, southern Alaska: submitted to Geology.

Stephens, C. D., Lahr, J. C., Page, R. A., and Rogers, J. A., 1983, Review of
earthquake activity and current status of seismic monitoring in the
region of the Bradley Lake Hydroelectric Project, southern Kenai
Peninsula, Alaska: December 1981- May 1983: U. S. Geological Survey
Open-File Report 83-744, 25 p.
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Figure 1. Seismicity in southern Alaska from March through July 1983. Stars indicate Quaternary
volcanoes.
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Figure 2. (left) Earthquake sequences of July and September, 1983. Symbols are: upper right
star - July 12 epicenter; diamonds - aftershocks of July 12 event; lower left star - September 7
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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. Reinstituted evaluations of the magnitude and predictability of various
types of systematic error in geodetic leveling based on an examination of the
historic record.

3. Completed statistical study of the relations among surface faulting
parameters and earthquake magnitude.

Results

1. Intensive review by Robert E. Powell of an earlier submitted report on "An
early-20th-century uplift in southern California" disclosed an inconsistency
in our previously reported chronology of the growth of this feature that
significantly alters the relation between its growth and at least one large
temporally associated earthquake. Specifically, reexamination of the data and
recovery of additional data now indicates that the first major spasm of uplift
began sometime after March 1905 and probably was largely over by the following
spring and, hence, prior to the 1906 San Francisco earthquake. Whether in
fact these phenomenon are mechanically related is uncertain, but it is
difficult to dismiss their association as the product of chance.

Regorts

Gilmore, T. D., and Castle, R. 0., 1983, Tectonic preservation of the divide
between the Salton basin and the Gulf of California: Geology, v. 11, no.
8, p. 4T4-4T7T.
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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. 2358, 2353

Investigations

1. Studies of the Quaternary history of the upper Santa Ana River 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. Neotectonic studies of the Crafton Hills-Yucaipa Valley, Banning, and San
Andreas fault zones. 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 estab-
lish Quaternary depositional patterns and the relative ages of displacements
along various fault strands; and (c) interpreting inter-relationships between
the Banning fault system and the south branch of the San Andreas fault.

Results

1. Scott E. Carson and J. C. Matti conducted a program of subsurface explor-
atory boring in the San Bernardino Valley. The drilling program supports our
ongoing evaluation of liquefaction potential within the upper Santa Ana River
Valley region, and is designed to provide a hands-on basis for evaluating
subsurface geotechnical data compiled from many other sources. At each of 27
sites we drilled two borings. An initial boring by solid-stem continuous-
flight augering techniques allowed us to obtain textural and stratigraphic
data to depths averaging 60 ft subsurface. A second boring employed hollow-
stem augering techniques that allowed us to conduct standard penetration tests
with a split-spoon sampler at predetermined intervals selected on the basis of
the results of the continuous-flight augering. Drilling activities utilized a
U.S. Geological Survey drill rig operated by S. Shaler.

The 27 drill sites within the San Bernardino Valley are located in three
major alluvial provinces: distal flood-plain deposits of the Santa Ana River,
alluvial-fan deposits prograding southward from the San Bernardino Mts., and
braided-channel deposits of the Cajon-Lytle Creek terrace. Drilling results
suggest that each depositional province is characterized by a unique physical
stratigraphy. (1) Santa Ana flood-plain deposits in the vicinity of metro-
politan San Bernardino consist of abundant clay and fine silt interlayered
with fining-upward cycles having coarse fractions in the fine-to medium-sand
class. Gravelly sand layers are uncommon. (2) The prograding alluvial-fan
deposits are characterized by sand and gravelly sand, with minor silt. (3)
Braided-channel deposits of the Cajon-Lytle Creek terrace are characterized by
sand and gravelly sand in proximal settings, and sand, silt, and clay in
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distal settings. At some sites, vertical changes in stratigraphy indicate
that the geographic positions of these three depositional provinces may have
shifted through time, presumably in response to late Quaternary climatic
changes but possibly also in response to tectonics.

We presently are interpreting liquefaction susceptibility patterns at the
27 sites. Preliminary facts and interpretations include the following: (1)
The zone of shallow ground water underlying metropolitan San Bernardino em-
braces mainly the distal parts of the three alluvial provinces--domains where
sediments most likely will be fine grained and well sorted; (2) stratal suc-
cessions at many of the drill sites within the shallow-water zone contain
large amounts of clay and clayey silt--sediment layers that are not likely to
experience liquefaction themselves, but that could confine ground water
contained in adjacent saturated sand layers; (3) loose, cohesionless layers of
silt and sand occur in the stratal record of all 27 sides; (4) thicknesses of
individual sand layers vary from a few inches to a several feet; (5) the
presence of buried paleosols in some borings and a trend toward increased
penetration resistance below 20-30 ft subsurface suggest that although surface
sediments may be relatively young and unconsolidated, older sediments that are
well consolidated can be encountered at depths as shallow as 20 ft subsurface.

2. J. C. Matti and J. W. Harden are conducting studies of alluvial stratigra-
phy, fault geomorphology, and soil development in the Yucaipa Valley-Oak Glen
Valley district. Quaternary sediment in this district consists mainly of
Pleistocene alluvium. Holocene deposits are minimal, and consist of late
Holocene and Recent sediments occurring in incised washes and stream bottoms
or on small alluvial fans emanating from nearby uplands. Pleistocene alluvium
is represented by two major facies: (1) valley-filling alluvial deposits that
occupy the axes of Oak Glen and Yucaipa Valleys, and (2) older-fan deposits
that emanated from local mountain sources. The valley-filling facies was
deposited by stream systems that flowed westward and southward down the axes
of Oak Glen and Yucaipa Valley. The older-fan facies represents alluvial
cones that interfingered with the valley-filling alluvium.

Qualitative soil-profile data indicate that most of the Pleistocene
valley-filling and older-fan units are capped by soils comparable in develop-
ment to Snelling/Ramona soils of the Riverbank Formation in the San Joaquin
Valley. There, Riverbank-type soils have an age range of about 130,000 to
400,000 y.b.p. However, this age span cannot be applied indiscriminately to
Riverbank-type soils in Yucaipa Valley because similar rates of soil formation
between the Great Valley and southern California have not been demonstrated,
and soil-genesis rates in Yucaipa Valley may be more rapid. Our pedogenic
studies are incomplete, but preliminary observations suggest three conclu-
sions: (1) more than one late Pleistocene fill event having Riverbank-type
soils may be present in the valley-filling and older-fan facies; (2) latest
Pleistocene and early Holocene fills are not abundant--instead, this time
interval seems to be represented by degradational modification of Riverbank-
type surfaces, accompanied by warping and faulting of these surfaces and by
local deposition of thin post-Riverbank veneers; (3) the Yucaipa Valley-Oak
Glen Valley district does not have an extensive record of Holocene
depositional fills.

The older-fan facies in Yucaipa Valley provides data that bear on the
late Quaternary history of the south branch of the San Andreas fault southeast
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of Mill Creek. Along the 3.5-mile reach of the fault between Mill Creek and
Wilson Creek, the older-fan facies forms a fringe of alluvial deposits that is
separated from bedrock of Yucaipa Ridge by the south branch. Along this 3.5-
mile reach, the older-fan facies consists almost entirely of sandstone and
conglomerate clasts derived from the Potato Sandstone (the Mill Creek beds of
some workers), a distinctive late Tertiary sedimentary unit that crops out
only on Yucaipa Ridge. Preliminary mapping, soil descriptions, and paleo-
current analyses within the older-fan facies suggest two preliminary conclu-
sions. (1) Relative to their bedrock source areas, the older-fan deposits
containing Potato Sandstone clasts presently crop out in geographic locations
not much different from those in which they were originally deposited. Right-
lateral displacements on the south branch have not offset the older-fan facies
by more than a few thousand feet from their Potato Sandstone source rocks.

(2) The older-fan deposits have soil-profile characteristics comparable to
Riverbank soils. Thus, the south branch southeast of Mill Creek has not
produced significant right-lateral displacements during late Pleistocene and
Holocene time--that is, since the development of Riverbank-type soils.

These interpretations can be used to understand the origin of normal
faulting in the Yucaipa Valley area--a zone of extension localized in a region
where right-lateral and reverse faulting are the most obvious expressions of
crustal deformation. In an earlier summary report, Morton and Matti (1982)
defined the Crafton Hills horst-and-graben complex as a series of northeast-
trending normal faults associated with the Crafton Hills bedrock uplift.
Subsequent mapping by Matti in Yucaipa Valley has identified additional east-
and northeast-oriented normal faults that break the late Pleistocene and
Holocene valley-filling and older-fan facies. Thus, extensional faulting in
this region is more widespread than originally identified, and occurs in
alluvial fills of the valleys as well as marginal to the Crafton Hills bedrock
horst. These fault patterns lend credence to the notion that the Crafton
Hills-Yucaipa Valley horst-and-graben complex is a significant tectonic
element that must be factored into the overall mosaic of crustal-block
boundaries in southern California.

The Crafton Hills-Yucaipa Valley horst-and-graben complex apparently has
been forming during late Pleistocene and Holocene time as the San Bernardino
Valley moves northwestward away from the region of a knot in the San Andreas
fault system. This knot, a region of compressional strain centered in San
Gorgonio Pass, is a zone of Quaternary Banning-B and Banning-C reverse and
thrust faulting that extends as far west as the Calimesa area (Morton and
Matti, 1981; Matti and Morton, 1982). As the San Bernardino Valley moves
northwestward away from the knot region, the crust appears to be breaking up
and pulling apart in the vicinity of the Craton Hills-Yucaipa Valley horst-
and-graben complex.

Central to this interpretation is the apparent contrast in amount and
rate of right-slip on the south branch of the San Andreas fault between Cajon
Pass and Yucaipa Valley. The San Bernardino Valley presently is moving north-
westward via right-lateral displacements on the south branch. In Cajon Pass,
30 miles northwest of Yucaipa Valley, late Pleistocene and Holocene displace-
ments on the south branch and Holocene slip rates of 20-25 mm/year are well
documented (Weldon and Sieh, 1981). Between Cajon Pass and Mill Creek, right-
lateral displacements along the south branch are evidenced by well developed
right-lateral physiography along the fault trace, and slip rates comparable to

26



H3

those in Cajon Pass may apply in the vicinity of San Bernardino (Rasmussen,
1982). However, late Quaternary right slip on the south branch apparently has
been negligible along that portion of the fault that extends southeast from
the vicinity of Mill Creek. This interpretation is suggested by (1) the
absence of well-developed fault physiography along the south branch between
Mill Creek and Banning Canyon, and by (2) evidence for negligible right-
lateral displacements on the south branch as recorded by late Pleistocene
older-fan deposits in Yucaipa Valley. If this contrast along the south branch
is real, then elimination of right slip between Cajon Pass and Mill Creek
requires that strain be taken up on other fault systems.

A model for late Quaternary crustal tectonics in this part of southern
California must integrate the roles of at least four fault systems: the San
Jacinto fault, the south branch of the San Andreas fault, the Crafton Hills-
Yucaipa Valley horst-and-graben complex, and the Banning fault system. One
possible model incorporates the following components (fig. 1). (1) The
northwest-oriented triangle of the San Bernardino Valley is moving northwest-
ward at slip rates that fall from 25 mm in the Cajon Pass district to minimal
in the vicinity of Mill Creek. (2) The Perris block is moving northwestward
along the San Jacinto fault. (3) North of the latitude of lower San Timoteo
Canyon, northwestward movement of both the Perris block and the San Bernardino
Valley suggests that the two provinces intermittently behave as a single unit
along this stretch of the San Jacinto fault--a relationship that requires the
San Bernardino Valley to be attached intermittently to the Perris block.

South of the latitude of lower San Timoteo Canyon, the Perris block is sliding
past the San Timoteo Badlands by slip on the San Jacinto. (4) The Crafton
Hills-Yucaipa Valley horst-and-graben complex pulls apart in the wake of
northwestward movement of the San Bernardino Valley. (5) If the San
Bernardino Valley can become attached to the Perris block, that portion of the
San Jacinto fault that traverses the San Bernardino Valley at times must be
locked up and quiescent in terms of large earthquakes. This hypothesis could
account for the seismic-slip gap hypothesized for this portion of the San
Jacinto fault by Thatcher and others (1975).
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Figure 1.--Schematic diagram illustrating relations between faults and
crustal blocks in the vicinity of Yucaipa Valley, southern California. B,
Banning; C, Calimesa; H, Hemet; R, Redlands; Ri, Riverside; SB, San
Bernardino; Y, Yucaipa. Large ruled arrows indicate the relative motion of

crustal blocks. Large solid arrows near Yucaipa indicate crustal extension in
the Crafton Hills-Yucaipa Valley horst-and-graben complex.
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Earthquake Hazard Maps for Selected Earthquake Scenarios
San Francisco Bay Area

14-08-0001-21226

Jeanne B. Perkins
Association of Bay Area Governments
Hotel Claremont
Berkeley, California 94705
(415) 841-9730

INTRODUCTION

A major earthquake in the San Francisco Bay Area will cause property
damage, personal injury and death, and serious economic and social dis-
ruption. Earthquake hazard and risk maps play a key part in efforts to
minimize these losses; organizations and people can use the maps (a) to
develop ways to mitigate the mapped hazards through land use management
and structural measures as well as (b) to develop loss estimates to en-
hance emergency response programs.

In February 1979, ABAG began a series of four projects to (1) use its com-
puter-based geographic information system to produce maps of several types
of earthquake hazards and (2) develop innovative methods of using these
maps for hazard mitigation. The maps of maximum ground shaking intensity
and risk of damage from ground shaking produced by ABAG prior to this
contract have three major inadequacies. First, the availability of de-
tailed geologic mapping in digital form for only part of the Bay Area has
led to the maps being of uneven quality throughout the region. Second,
the availability of more accurate fault location information in July 1983
has rendered some parts of the ground shaking maps out of date. Last, and
most significantly, the existing maps are a composite of the risks of
ground shaking associated with many different earthquakes. Maps for
selected individual earthquakes are also needed for certain applications.

Therefore, ABAG has expanded the area for which detailed mapping of geo-
logic materials is available in digital form to cover all nine Bay Area
counties. In addition, fault trace and fault study zone mapping avail-
able in July 1983 has been incorporated into ABAG's existing computer
files of these data. The fault and geology files will then be combined
with seismologic data on ground shaking attenuation, the effects of local
geology on intensity, and the recurrence intervals of major earthquakes
to refine the ground shaking risk maps produced in earlier contracts, as
well as to produce a series of intensity maps for selected earthquake
events. Finally, a series of maps showing hazards associated with lique-
faction, dam failure and tsunami inundation (based on work in previous
contracts) similar in format to the ground shaking intensity maps will

be produced at a scale appropriate for most users for comparison with
those intensity maps. ABAG plans to continue its successful program of
extensive documentation and user interaction to ensure the continued
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and appropriate use of these maps by federal, state and local govern-
ment, other ABAG programs, transportation and utility groups, and the
private sector. ABAG, as the comprehensive regional planning agency
for the Bay Area, is uniquely qualified to provide this service.

PROJECT COMPONENTS

1. Basic Data Map File Development and Refinement
2. Hazard Map File Development and Refinement
3. Research Applications and Report Preparation

DISCUSSION OF RESEARCH PROGRESS

1. Basic Data Map File Development and Refinement

A. Geologic Mapping - Detailed bedrock geology maps have been
collected for those areas of the San Francisco Bay region not al-
ready available in digital form as part of ABAG's computer-based
geographic information system. These maps (available from U.S.
Geologic Survey work at scales of 1:24,000 and 1:62,500) have been
redrafted to remove all but boundary information. Data codes have
been recorded on the maps; map border inconsistencies and unit
labeling omissions have been resolved by coordinating with the map
authors. These drafted and coded maps have been digitized, and
the digitized lines and codes edited. These lines have then been
converted to hectare cells, and the resulting cell file mapped and
edited. Finally, this new information has been combined with the
existing geologic cell file to obtain a complete revised file.

B. Fault Special Studies Zones Mapping - Revised Alquist-Priolo
Special Studies Zone Maps were obtained from the California Divi-
sion of Mines and Geology (CDMG). These maps (at a scale of
1:24,000) were compared with other maps already in the computer
data base and necessary revisions noted. Data codes were assigned
for faults not appearing on the maps digitized for earlier con-
tracts. These codes were drafted on the maps. The maps were

then digitized and the digitized lines and codes edited. These
lines were then converted to cells and the resulting file mapped
and edited. Finally, the cell file was combined with fault study
zone data from earlier contracts to produce this complete revised
file.

C. Fault Trace Mapping - The fault trace file currently available
for only those faults not zoned by the State Geologist was expanded
to include the most current data on fault trace locations for those
zoned. Again, data codes were assigned. The lines were digitized
and edited, and the data combined with the data from earlier con-
tracts.
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Hazard Map File Development and Refinement

A. New Data - New data affecting the intensity map modeling process
have been examined. The focus of this effort has been in two direc-
tions. First, project staff have worked to determine how to assess
the effect of such data on the eventual production of casualty and
loss estimates for selected earthquake scenarios. Second, data on
appropriate intensity increments for additional geologic units mapped
have been obtained from USGS researchers. Identifying appropriate
geologic units has involved the preparation of a master geologic ex-
planation (including 278 units) for the nine-county San Francisco

Bay Area.

B. Scenario Earthquakes - Ten scenario earthquakes have been se-
lected for analysis and map preparation at 1:250,000.

C. Additional Maps - By the end of this project (December 31, 1983),
the following ten additional maps will be produced at 1:250,000:

0 maximum ground shaking intensity map;

0 three risk of damage (or cumulative damage potential) maps
for three building types;

o two fault maps (one of fault traces used in the intensity
map modeling and one of existing Alquist-Priolo Special
Studies Zones);

o geologic materials map (grouped into units with similar aver-
age predicted seismic properties);

o liquefaction susceptibility map and liquefaction potential
map; and

o dam failure inundation areas.

Research Applications and Report Preparations

A. Interaction - Much effort is being made to ensure that the find-
ings of this work are effectively communicated to a variety of pro-
fessionals working for and with government, lifeline and transpor-
tation agencies, and private businesses and industries. Continuing
interaction has been occurring with people who use the system or
are interested in developing similar capabilities in both the public
and private sectors, including the Bay Area Water Resources Council,
Region 9 of the Federal Highway Administration, the State of Wash-
ington Office of Emergency Services, the Southern California Earth-
quake Preparedness Project, Cal Poly State University - San Luis
Obispo, FIRESCOPE, Dames and Moore, URS/John Blume and Associates,
BSD, Inc., Pacific Gas and Electric Company, the Santa Clara County
Earthquake/Disaster Task Force and the Bay Area Earthquake Study.
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Additional related information has been supplied to the cities of
Saratoga, Pacifica and Oakland. Information on the hazard mapping
has appeared in the Contra Costa Times and its sister newspapers.
Phone and in-person information requests by individual homeowners
and businesses (including tape storage and insurance companies) have
also been fulfilled.

B. Documentation - A series of eighteen working papers and a user's
guide previously developed to document the hazard mapping capa-
bilities are being expanded to include the documentation of this
contract. Information on the cumulative damage potential or risk
maps has been reworked, has completed technical review, and has

been forwarded to the Technical Reports Unit of USGS for publica-
tion in the Miscellaneous Field Studies Report series.
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EARTHQUAKE RESFARCH IN THE WESTERN GREAT BASIN
Contract 14-08-0001-21248

Alan Ryall and Ute Vetter
Seismological Laboratory
University of Nevada
Reno, NV 89557-0018
(702) 784-4975

1. Research Program

This program supports continued operation of a seismic network in the
western Great Basin of Nevada and eastern California, and research focused
on: (1) seismicity and focal mechanisms associated with magma injection in
Iong Valley caldera; (2) geometry of magma bodies in long Valley caldera;
(3) stress changes associated with systematic changes in focal mechanism
with depth in the Great Basin; (4) premonitory seismicity patterns preced-
ing the 1980 Mammoth Lakes earthquakes; (5) possible precursory seismicity
patterns in the White Mountains gap; (6) evaluation of the contribution
that high-quality digital broadband seismic stations can make to regional
network-seismic studies. Progress in selected areas of this program is
described below.

2. Results
A. Iocation of Magma Bodies in Long Valley Caldera

In an extension of earlier work by this Laboratory C. O. Sanders has
canpleted a detailed investigation of the shadowing of seismic S-waves by
magma bodies within Long Valley caldera. To map the subsurface geometry of
the magma bodies, Sanders used recordings of 281 small earthquakes that
occurred around the southern boundary of the caldera, in the depth range
1-15 km. With over 1,200 normal and anomalous ray paths through the cal-
dera, Sanders has located two massive magma bodies in the central and
northwest parts of the caldera, as well as two apparently dispersed (e.g.,
dike swarm) bodies in the southern caldera and beneath Lake Crowley. The
locations of these bodies are shown on Figure 1, with contours indicating
approximate depth to the top of the magma. The central magma body extends
from 4.5 to at least 13 km depth and the northwest body is probably as
shallow as 5.5 km. The northwest and central bodies are below the perime-
ter of the resurgent dame and probably connect at depth greater than about
8 km beneath the center of the dome. The shallower parts of these magma
bodies and the southern anomalous area also lie beneath the medial graben
of the caldera, suggesting that structural features seen at the surface of
the valley are related to magmatic processes at depth. Sanders' work was
summarized in a preliminary report with F. Ryall in the August 1983 issue
of Geophysical Research Letters, and a more extensive paper has been sub-
mitted to the Journal of Geophysical Research.
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B. Systematic Change in Focal Mechanism with Depth

An investigation by U. Vetter and A. Ryall, of systematic changes' in
earthquake focal mechanisms with depth, was published in the October 1983
issue of the Journal of Geophysical Research. 1In general the observed
change in mechanism, from strike-slip at shallow depth to oblique-slip in
the middle crust, is interpreted as the result of increasing overburden
pressure, resulting in rotation of the maximum compressive stress from hor-
izontal at depths less than about 6 km to almost vertical at depths greater
than 9 km. The study includes an estimate of principal stresses as a func-
tion of depth.

Fault-plane solutions for the Long Valley sequence were included in a
paper by U. Vetter and A. Ryall, on Seismological Investigations of Vol-
canic and Tectonic Processes in the Western Great Basin, presented at the
Geothermal Resources Council Symposium on "The Role of Heat in the Develop-
ment of Energy and Mineral Resources in the Northern Basin and Range Pro-
vince." The paper will be published in the Proceedings of this Symposium.
Another paper, summarizing the earlier results and presenting an additional
84 new mechanisms, has been submitted to Annales Geophysicae.

In an extension of this research we are studying the mechanisms of the
M = 6+ shocks in May 1980 — earthquakes that B. Julian has concluded were
caused by mechanisms of the "compensated linear vector dipole" type, possi-
bly due to the formation of dikes. Our analysis indicates that the large
earthquakes were multiple events, increasing in size and possibly in depth
with time, and suggesting that Julian's data set was contaminated by mixing
first-arrival observations from different events.

C. Seismic Network Operation

During the last half of 1982 the University of Nevada installed five
additional seismic stations in the southwest part of the caldera, to pro-
vide coverage of an area where spasmodic tremor has been observed on at
least eight occasions. Responsibility for operating these stations was
later taken over by the US Geological Survey and our equipment was moved to
new locations. The present configuration of the network is shown on Figure
2. Within the next month station GIM will be removed and two new stations
will be installed to provide better coverage in the area between stations
CIK and SCH.

In addition to the analog stations shown on Figure 2, the University
has developed and tested an experimental digital seismic station for remote
operation. The digital station provides broadband (0.05-30 Hz), wide
dynamic-range (96 dB) signals from a three-camponent set of seismometers
and the data are telemetered in a gain-ranged digital format to a central
facility where they are recorded continuously. One of these stations has
been operating at our station MNA (upper right corner of Figure 2) since
May 1983 and another will be installed between stations LUL, MMC and MON in
the area north of Mono Lake during October. Digital data from the two sta-
tions will be used to study spectral characteristics of normal and
anomalous signals that have propagated through the caldera.
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Analysis of the Mammoth Lakes earthquake data is complete through
mid-July 1983. We are now in the final stages of hiring a postdoctoral
fellow, and one of his initial assignments will be to determine sets of
station corrections appropriate for different parts of the Long Valley epi-
central zone, assemble our entire data base for that sequence, and sys-
tematically relocate all the events that have occurred there since October
1978.

3. Reports

Ryall, A. and F. Ryall (1983). Spasmodic tremor and possible magma injec-
tion in Iong Valley caldera, eastern California, Science, 219, 1432-
1433.

Sanders, C. O. (1983). Iocation and configuration of magma bodies beneath
Iong Valley, California, determined from anomalous earthquake signals,
submitted to Jour. Geophys. Res.

Sanders, C. O. and F. Ryall (1983). Geometry of magma bodies beneath Long
Valley, California, determined from anomalous earthquake signals, Geo-

Vetter, U. and A. Ryall (1983). Systematic change of focal mechanism with
depth in the western Great Basin, Jour. Geophys. Res., 88, 8237-8250.

Vetter, U. and A. Ryall (1983). Seismological investigations of wolcanic
and tectonic processes in the western Great Basin, Proc. Geothermal
Resources Council Symposium on the Role of Heat in the Development of
Energy and Mineral Resources in the Northern Basin and Range Province,
in press.

Vetter, U. and A. Ryall (1983). Focal mechanisms and crustal stress pat-
terns in western Nevada and eastern California, submitted to Annales

Geophysicae.
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Figure 1. Map of Ilong Valley Caldera showing epicenters of earthquakes
(dots) used to study the geometry of magma bodies, and the location of mag-
ma bodies inferred from the analysis. For the central magma body the solid
lines are well-located boundaries and the dashed or dotted lines are more
interpretive. Depths to the top of magma bodies are given where possible
by contours. Major faults in and near the caldera are shown by heavy lines
and the outline of the resurgent dome is shown by long dashes.
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as of September 1983. Different symbols indicate the dates stations began
operation.
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Earthquake Hazard and Prediction Research in the
Wasatch Front/Southern Intermountain Seismic Belt

14-08-0001-21184
April 1 to September 30, 1983
R.B. Smith, W. J. Arabasz, J.C. Pechmann, and W.D. Richins*
Department of Geology and Geophysics
University of Utah

Salt Lake City, Utah 84112
(801)581-6274

Investigations

1. Subsurface geometry and kinematics of normal fault zones based on
seismic reflection, earthquake data, and thermal-mechanical model-
ing.

2. Subsurface geometry of active faulting--and correlation of seismi-
city with fine structure--based on earthquake field studies.

3. Comparison of strain release across the Wasatch Front from
seismic-moment-tensor and geodetic-strain information

4. Studies of earthquake source characteristics using 1local network
data.

5. University of Utah network operations and seismicity for the
period: April 1-September 30, 1983.

Results

1. As part of a broad investigation of the correlation of earthquakes
and surface faulting in the interior of the Western U.S. Cordillera,
more than 1500 km of industry-donated seismic reflection data have been
interpreted and reveal the following styles of late Cenozoic deformation
along the eastern Great Basin: (1) the wide-spread development of asym-
metric eastward-tilted basins bounded by Tow- to moderate-angle planar
and listric faults, and (2) five low-angle reflections interpreted as
detachments stacked en echelon. Seismicity appears to correlate chiefly
with "blind" subsurface structures seen on reflection profiles rather

*The folTowing individuals also contributed significantly to this
project during the report period: H. M. Benz, R. L. Bruhn, S. M.
Jackson, D. R. Julander, E. McPherson, G. E. Randall and C.
Renggli. :
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than with mapped surface faults.. A structural style of 1low-angle and
listric faulting cannot be easily reconciled with the classic brittle
failure theory, but the interpreted termination of normal faults above
deeper 1low-angle reflections suggest the possibility of pre-existing
zones of weakness, i.e. ancient detachments or zones of ductile deforma-
tion, that may terminate or bound earthquake zones. Rheologic models
for the Basin-Range suggest the depth of frictional/quasi-plastic tran-
sition may be as shallow as 7 km. One plausible explanation for the
difference between the steep attitudes of faults inferred from fault
plane solutions and the gentle to moderate fault dips observed in the
seismic reflection data is that abundant earthquakes occur at depths
above the brittle/ductile transition where the seismic regime for fric-
tional sliding dominates; below this depth, fault planes may flatten and
accommodate aseismic, quasi-plastic strain release. Details are
described by Smith and Bruhn (1983).

2. During September 1983 a six-week, fifty-station microearthquake sur-
vey was conducted in the seismically active Hansel Valley-Pocatello Val-
ley region, north of the Great Salt Lake in northern Utah. This experi-
ment was a cooperative project between the University of Utah and Peter
Molnar of MIT and included the participation of Dr. Geoffrey King, Cam-
bridge University, and Dr. Dennis Hautzfield, Grenoble University.
Forty analog, smoked-paper-recording seismographs and 10 three-component
digital seismographs (loaned to us by Dr. R. P. Meyer, University of
Wisconsin) were installed in the study area as a means of determining
high-resolution hypocenters and single-event fault plane solutions for
small earthquakes. The average station spacing was ca. 2-3 km. A pri-
mary objective of the survey was to obtain precise hypocenter informa-
tion and to investigate source properties in an area where industry-
donated seismic reflection data suggest the presence of a subsurface
low-angle detachment. The experiment data are currently being analyzed.

3. We have examined the detailed distribution of strain release across
the Wasatch Front and the surrounding area by comparing strain rates
derived from seismic moment tensors of historic earthquakes and from
geodetically-derived horizontal strain components. For this study the
Wasatch Front study area was divided into subareas, each with similar
Cenozoic geology and assumed homogeneous strain. Moment tensors were
estimated for each subarea using observed seismicity rates, applicable
moment-magnitude relationships, and fault-plane solutions. These moment
tensors provide an estimate of strain rate and an area-averaged syn-
thetic fault-plane solution for each subarea.

Preliminary tests of the method indicate that the synthetic fault-
plane solutions for subregions of the Wasatch Front are consistent
within 18" of observed focal mechanisms within the subregions. T-axes
show a general east-west strike with much 1less scatter than the
corresponding P-axes.

Strain rates were calculated as follows:
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1) Hansel Valley, Utah; maximum extensional sfgain1= 6.9 x 10'16 s'l,
maximum compressional strain = -6.4 x 107" s~

2) Eait Cache fault zone; maximum extensional strign ] R kY 10‘18
s, maximum compressional strain = -5.9 x 107°° s~

These seismic moment rates are similar to those determined from observed
geodetic measurements (Snay, Smith ng Sg]er, in press) that suggest E-W
extensional strain-rates of ca. 107" s™" for the central Wasatch Front.
The higher seismically derived rates for the Hansel Valley area are con-
sistent with the relatively higher frequency of occurrence of magnitude
6+ earthquakes in that area. Applications to the Wasatch Front urban
corridor are continuing.

4. An interactive computer program was developed and tested for deter-
mining instrument-corrected spectra of P- and S-waves recorded digitally
by the University of Utah seismic network and for estimating seismic
moment from these spectra. Systematic development of a software library
for analysis of digital seismic data from the network is in progress.

5. During the six-month period: April 1-September 30, 1983, 372 earth-
quakes were located within the Utah region (Figure 1). The largest
event was a magnitude 4.0 earthquake (not reported felt), 1located
approximately 20 km northeast of Dinosaur National Monument (NE of Ver-
nal), on September 24, 1983. Felt earthquakes during the report period
included the following: (1) M3.2 near Hanksville, Utah (May 3, 1983),
(2) M2.9 near Mona, Utah (June 9, 1983), and (3) M2.9 east of Croydon,
Utah, in Morgan Canyon (August 29, 1983). Near Soda Springs, Idaho,
seismicity continued as part of a swarm sequence that peaked in October
1982 (ML <4.7).

Reports and Publications

Julander, D. R., 1983, Seismicity and correlation with fine structure in
the Sevier Valley area of the Basin and Range-Colorado Plateau tran-
sition, south-central Utah, M.S. Thesis, University of Utah, Salt
Lake City, 143 pp. D)

Richins, W.D., Arabasz, W. J. and Langer, C.J., 1983, Episodic earth-
quake swarms near Soda Springs, Idaho: Correlation with local struc-
ture and regional tectonics (preprint).

Smith, R. B., 1983, Structural style and deformation accompanying intra-
plate tectonics of the basin-range: inferences for thermal and
mechanical properties of an extending 1ithosphere (abs.), Programme
and Abstracts, Int. Union Geod. Geophys., XVII General Assembly, Ham-
burg, August 1983.
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Smith, R. B. and Bruhn, R. L., 1983, Intraplate extensional tectonics of
the western U.S. Cordillera: Inferences on structural style from
seismic reflection data, regional tectonics and thermal-mechanical
mode;s of brittle/ductile deformation (submitted to Jour. Geophys.
Res.).

Swing, M. D., 1983, Calibration of a three-component S-13 seismometer
station with application to synthetic seismograms, M.S. Thesis,
University of Utah, Salt Lake City.
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Figure 1. Epicenters of earthquakes in the Utah region during the period
April 1 to September 30, 1983.
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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. Conducted exploratory drilling studies of near-surface Quaternary deposits
at sites near (a) University High School in west Los Angeles, (b) on the site
of former lakes located northest of the Baldwin Hills near Ballona Gap, and
(e) in the Long Beach-San Pedro area. These studies will provide datable
materials, stratigraphic information, and depths to buried soil horizons
having significance for regional Quaternary stratigraphic studies in the Los
Angeles Basin. (J. Tinsley-D. Ponti)

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

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

4, Continued preparing and revising drafts of several chapters for inclusion
in the U.S.G.S. Professional Paper describing earthquake hazards in the
greater Los Angeles region.

Results

1. (a) An exploratory borehole at University High School, West Los Angeles,
CA, revealed a sequence of two buried soils, each characterized by a rubified
(reddened) argillic horizon, preserved beneath a thin accumulation of Holocene
deposits and fill. These deposits and soils occur along elements of the Santa
Monica fault zone on the lower block, and may constrain estimates of the
vertical component of displacement across this fault zone. Pending chemical
analyses to facilitate definitive comparisons among profiles, the buried
profiles encountered in the borehole appear to correspond to relict and buried
s0il profiles exposed nearby, across the fault, on the upper block. These
studies will not constrain the timing of any most recent movements nor will we
derive precise earthquake recurrence data. We can obtain some estimate of the
late Pleistocene fault activity, provided the soil correlations withstand
chemical testing and we can show that the soil-bearing deposits are faulted
and are not a sedimentary drape formed on an earlier scarp.
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(b) Carbonaceous sediments recovered from a borehole located at the
intersection of Cochran and Roseland streets in Los Angeles can be
radiometrically dated using 1 C analytical techniques. These carbonaceous
deposits unconformably overlie a red, clay-rich deposit that probably is a
buried argillic horizon formed on a late Pleistocene topographic surface near
Ballona Gap north of the Baldwin Hills. The carbonaceous sediments may be of
paludal or of lacustrine origin and may bear ultimately on rates of late
Pleistocene deformation of the Baldwin Hills.

(c) (With Daniel J. Ponti and K. R. Lajoie) Three shallow borings were
drilled to obtain samples from shell-bearing horizons that may be equivalents
of either the Palos Verdes Sand or of older shell beds within the San Pedro
Formation. One objective of Ponti's study is to devise a means to relate
surface outcrops of fossil-bearing deposits to their subsurface

correlatives. If the correlations can be established, Ponti will have a means
to analyze deformation of a late Pleistocene datum along the Newport-Inglewood
and the Palos Verdes fault zones.

2. Data base compilation is 80% complete in the Van Nuys and Burbank
quadrangles.

3. Surficial geologic mapping is 95% complete and 50% of that is field-
checked in the Los Angeles basin area.

4, Of the six contributions (chapters) to the Los Angeles earthquake hazards
professional paper of which Tinsley is author or co-author, three chapters are
in technical review, two chapters are in pre-review, author-draft status, and
one chapter is to hatch imminently.

Reports

1. Yerkes, R. F., Ellsworth, W. L., and Tinsley, J. C., 1983, Triggered
reverse fault and earthquake due to crustal unloading, northwest
Transverse Ranges, California: Geology, v. 11, no. 5, p. 287-291.

2. Ziony, J. I. and Tinsley, J. C., 1983, Mapping the earthquake hazards of

the Los Angeles Region: Earthquake Information Bulletin, volume 15,
Number 4, p. 134-141,
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USGS/Alaska Division of Geological & Geophysical Surveys
Cooperative Earthquake Hazards Project;
Geotechnical Studies in the Upper Cook Inlet Region, AK

14-08-0001-A-0024

Randall G. Updike
Alaska Division of Geological and Geophysical Surveys
P.0. Box 772116
Eagle River, Alaska 99577
(907) 688-3555

Investigations

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 consider-
able damage and loss of life as a result of the 1964 Prince
William Sound Earthquake. Much of the destruction was attri-
buted to massive ground failure of Quaternary soils. Subsequent
to the investigations conducted in the years immediately
following that major event, very little research has been
performed on earthquake hazards in the region. The present
study involves (1) determination of present-day susceptability
for ground failure due to liquefaction or sensitive clay
collapse in response to a seismic event, (2) mapping of soil
units having failure potential, (3) establishing and updating
an engineering soils data bank of geotechnical borehole logs
and associated test results for the region, and (4) mapping
the extent and adjacent geology of active faults within the
region.

Results

(1) The Quaternary geology of north Anchorage (Government
Hill-Anchorage Port) and south Anchorage have been mapped
in three-dimensions at a scale of 1:10,000 to a depth
of 50 m below sea level. This includes the detailed
mapping of the Bootlegger Cove Formation which consists
of eight engineering geologic facies, each having a
distinct geotechnical parametric signature. Geologic
cross-sections and derivative maps showing facies distri-
butions, formational structure, and thicknesses are
included. Presently, the downtown Anchorage area is
being mapped in the same detail and at the same scale.
Four manuscripts are at this time in press with the USGS
and ADGGS related to the completed mapping. When completed,
these maps will encompass all areas of historic seismic
ground failure problems.
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State-of-the-art laboratory 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 include: (a) a series of deep geotechnical
stratigraphic boreholes, (b) a laboratory program of
static engineering tests on undisturbed core samples
to calibrate the stratigraphy of the sites, (c) cyclic
triaxial tests, (d) resonant column tests, (e) cyclic
simple shear tests, and (f) scanninng electron micro-
scope fabric studies. Independent runs of the SHAKE
program were made before and after the dynamic testing
to assess modeling accuracy. Multiple publications are
forthcoming.

The truck-mounted Ertec electric cone penetration testing
system (CPT) has been utilized in the vicinity of (a) the
Anchorage Port, (b) Government Hill landslide, (c) Fourth
Avenue landslide, (d) L Steet landslide, (e) Turnagain
Heights landslide, and (e) Knik River tidal floodplain.
Objectives were to (1) enhance subsurface stratigraphic
data, (2) characterize the Bootlegger Cove Formation
facies relative to CPT parameters, (3) calibrate the
Anchorage soils with respect to CPT-SPT relationships,
and (4) assess liquefaction susceptability of sands.
ADGGS and USGS publications of the results are in

various stages of completion.

Bedrock and surficial geologic mapping has been under-
way for two years along the west front of the Chugach
Mountains, at a scale of 1:25,000. A primary objective
of that mapping has been to identifiy 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 the
McHugh Complex (Jurassic/Cretaceous) bedrock and Holocene
glacial and periglacial surficial deposits. The bedrock
and surficial geology of three quads along the west
front of the Chugach Mountain Front are complete; two
additional quads are scheduled for FY84.

The engineering soils data bank for Anchorage and
vicinity has now been on line for five years and is
continuously being updated with new borehole and test-
ing information provided by municipal, state and
federal agencies, and by industry. Presently the
information for several thousand sites has been cata-
logued and is being stored in the original report
format. These data are critical to the success of

the detailed three-dimensional mapping underway in the
Anchorage area.
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Updike, R.G., Cole, D.A., and Ulery, C.A., 1982, Shear moduli
and damping ratios for the Bootlegger Cove Formation
as determined by resonant column testing: Alaska Division
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P 7712,

Updike, R.G., 1982, Engineering geologic facies of the
Bootleggger Cove Formation, Anchorage, Alaska (Abst.):
Geological Society of America Annual Meeting, New
Orleans, Abstracts with Programs, p. 636.
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Alaska: Alaska Division of Geological and Geophysical
Surveys Report of Investigation 83-8.

Reger, R.D., and Updike, R.G., 1983, Upper Cook Inlet Region
and the Matanuska Valley, Guidebook to Permafrost and
Quaternary geology: International Conference on Permafrost,
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Sections Annual Meetings, Salt Lake City, Abstracts with
Programs, p. 374.

Updike, R.G., 1983, Inclinometer strain analyses of Anchorage

landslides, 1965-1980: Alaska Division of Geological
and Geophysical Surveys Professional Report 80, 141 p.
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Hydrogen Release from Active Faults
21264
R. H. Ware

CIRES

University of Colorado
Boulder, CO 80309
(303) 492-8028

Investigations

Gas samples have been collected on various faults in the western US and
the concentration of Thydrogen gas has been determined wusing gas
chromotography. This investigation was stimulated by reports of high hydrogen
concentrations in soil gas samples collected on faults in Japan by Wakita et
al (Science, 210, pl88, 1980), and Sugisaki et al (Chemical Geology, 36, p2l17,
1982). The initial approach was to complete a broad survey of various fault
regimes to identify those faults associated with hydrogen emanation.
Subsequent studies will focus on the generating mechanism.

Soil gas collection and hydrogen detection

Reliable sampling 'and analysis procedures have been developed. An
inverted PVC can with a small rubber septum on the top is used to collect soil
gas samples. Gas is then withdrawn through the septum with a valved gas
syringe and is returned to the 1lab where it is injected into a gas
chromatograph. A sensitized electron capture detector easily detects hydrogen
in ambient air (0.5ppm) using a O.lml sample. Methane in ambient air (lppm) is
also detected. Each sample can be analyzed in several minutes.

Negative results

Hydrogen and methane concentrations not exceeding those found in ambient
air were found in gas samples collected on the following faults:

l. San Andreas fault, central California. Twenty one sites ranging from
Parkfield to San Juan Bautista were sampled in January, 1983. Soil gas
was taken from inverted cans installed by C. Y. King to monitor radon on
the fault. Transportation and advice were provided by the courtesy of
Calvin Walkingstick.

2. Coalinga earthquake, central California. Two samples were taken from
inverted cans buried along surface cracks near the epicenter several days

after the event. Samples were collected by Robert L. Brewer and Gary Fuis
assisted with the logistics.

3. San Fernando fault, southern California. Three samples were collected
in January, 1983, from a surface rupture of the 1971 San Fernando
earthquake. Cans were buried in sandy clay and decomposed granite.
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4, San Andreas fault, southern California. Five samples were taken near
Big Pine at the Apple Tree campground, in June, 1983. This was the site

of the 1857 Fort Tejon surface rupture. Advice on this site and the San
Fernando site was kindly provided by Clarence Allen.

5. Colorado faults. Samples were collected in July, 1983, from the Four
Mile Canyon, Rock River, Cottonwood Ridge and Carter Lake faults,

including sedimentary and granite exposures. Locations were suggested and
identified by Bill Braddock.

6. Greece. Six samples were taken on the main rupture of the 1891
Alchionides earthquake where it intersects the coast about 3 km E of
Sxina. All were buried in loose debris made up of limestone fragments (up
to 5 cm) and soil. Samples were collected by Max Wyss in September, 1983.

Positive results

1. Hebgen Lake, Montana. Six samples were collected in October, 1983, on
a scarp of the normal fault from the 1959 Hebgen Lake earthquake. Two had
elevated levels of hydrogen (15 and 80ppm) and methane (up to 100ppm),
the others had ambient levels. A thorough investigation of this fault is
called for.

2. Burro Mountain, central California. Four samples were taken from cans
placed over gases bubbling from shallow water in Burro Creek, in July,
1983. Hydrogen concentration was 50% and methane 5%. This was verified by
Bill Evans (USGS) using an independent gas chromatographic analysis. This
area is essentially composed of dunnite. The gradual conversion of the
associated ferrous hydroxide into magnetite is a possible source of the
hydrogen, which emanates from local cracks, fissures and faults. A return
to this area for a follow up study is warranted.
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Geothermal Seismotectonic Studies
9930-02097

Craig S. Weaver
Branch of Seismology
U. S. Geological Survey
Geophysics Program AK-50
University of Washington
Seattle, Washington 98195
(206) 442-0627

Investigations

L.

Analysis of the seismicity and volcanism patterns of the Pacific
Northwest in an effort to develop an improved tectonic model that will be
useful in updating earthquake hazards in the region. (Weaver, Michaelson,
Yelin)

Continued acquisition of seismicity data along the Washington coast,
directly above the interface between the North American plate and the
subducting Juan de Fuca plate. (Weaver, UW contract)

Examine the hypothesis: Given a simple Coulomb failure criterion for a
pre—existing fault and a range of values for the effective principal
stresses, could the faults and slip directions that have been observed in
northwestern Washington be the result of a stress field characterized by
northeast compression. (Yelin)

Continued seismic monitoring of the Mount St. Helens area, including
Spirit Lake (where the stability of the debris dam formed on May 18, 1980
is an issue) and Elk Lake (where seismicity remains at elevated levels an
elevated level 30 months after the February 14, 1981 earthquake).
(Weaver, Grant, UW contract).

Results

3

Pronounced differences in the earthquake distribution, style and volume of
late Cenozoic and Quaternary volcanism, and the teleseismic P-wave delay
pattern occur between Mount Rainier and Mount Hood. No sub-crustal
earthquakes are observed south of Mount Rainier, and south of Mount Hood,
few crustal earthquakes are known. Volcanism is much more widespread
south of Mount Rainier than to the north. As these changes are sharp and
nearly co-incident with each other, we have interpreted these changes as
reflecting segmentation of the Juan de Fuca plate, with the plate dipping
more steeply beneath northern Oregon than beneath Washington. The steeper
dip beneath Oregon has allowed extensional tectonics to develop south of
Mount Hood, and as a consequence this area is characterized by high heat
flow, extensive volcanism, and normal faulting. In contrast, horizontal
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compression dominates the tectonics north of Mount Rainier, where
strike-slip faulting and only two isolated Quaternary volcanoes are
found. The area between Mount Hood and Mount Rainier, where the change
in plate dip is proposed, is transitional, with aspects of both
compressional and extensional tectonics observed.

2. Earthquakes beneath the Olympic Peninsula can be divided into two groups:
shallow crustal seismicity (depths 20 km at the coast to 30 km on the
eastern Olympic Peninsula), and a deep group. This deep group is 5-10 km
thick, and the zone dips to the east at an angle of about 10809. At the
coast, where the separation between the two zones is poorly defined, the
top of the deep group is at a depth of 25 km. The top of the deep group
is at about 45 km depth on the eastern edge of the Olympic Peninsula. The
deep events appear to be occurring in the upper part of the subducting
oceanic lithosphere. Focal mechanisms for the deep suite of events show
primarily normal faulting with the P axes normal to the slab and the T
axes displaying a range of angles within the slab; however, the average T
axis is in the down-dip direction. These small magnitude earthquakes with
down-dip tension axes are consistent with the slab sinking under its own
weight.

3. Only occassional earthquake activity has occurred during the past six
months near Spirit Lake, and all events have been of magnitude 2.0 or
less. Focal mechanisms for two clusters of earthquakes beneath Windy
Ridge (the northeast striking ridge immediately south of Spirit Lake) show
strike-slip faulting on vertical planes. The P-axis orientation for these
two focal mechanisms is N. 40809 E., consistent with the regional stresses
determined for southwestern Washington. West of Spirit Lake, focal
mechanisms have been determined along the St. Helens seismic zone (SHZ)
between Mount St. Helens and the location of the Elk Lake aftershock zone
(a distance of about 15 km). Focal mechanisms are consistent with those
along the SHZ at Elk Lake and south of Mount St. Helens, as they show
strike-slip faulting on north-south striking fault planes.

Reports
Weaver, C. S., Zollweg, J. E., and Malone, S. D., 1983, Deep earthquakes
beneath Mount St. Helens: Evidence for magmatic gas transport?: Science,

V. 221, p. 1391-1394;

Malone, S. D., Boyko, C., and Weaver, C. S., 1983, Seismic precursors to the
Mount St. Helens eruptions in 1981 and 1982: Science, v. 221, p. 1376-1378.

Swanson, D. A., Casadevall, T. J., Dzurisin, D., Malone, S. D., Newhall, C.
G., and Weaver, C. S., 1983, Predicting eruptions at Mount St. Helens,
June 1980 through December 1982: Science, v. 221, p. 1369-1376.

Weaver, C. S., 1983, Seismicity and seismotectonic boundaries in Washington
(abs): Earthquake Notes, v. 54, p. 40.
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Yelin, T. S., 1983, Possible block tectonics in northwestern Washington (abs):
Earthquake Notes, v. 54, p. 40-41.

Taber, J. J. and Weaver, C. S., 1983, Seismicity of the Olympic Peninsula,
Washington (abs): Earthquake Notes, v. 54, p. 4l.

Michaelson, C. A. and Weaver, C. S., 1983, Deep earthquakes under the Puget
Sound basin (abs): Earthquake Notes, v. 54, p. 41-42.

Grant, W. C., Weaver, C. S., and Zollweg, J. E., 1983, Temporal variation of

the magnitude-frequency relation at Elk Lake, Washington (abs):
Earthquake Notes, v. 54, p. 42,
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Tectonic-tilt Measurements Using Lake Levels
9950-02396

Spencer H. Wood and Kirk Vincent
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Mailing address: Department of Geology and Geophysics
Boise State University
Boise, Idaho 83725
(208) 385-3629 or 385-1631

Investigations’

1l.Analysis of leveling data along the Wasatch Front:

Geodetic leveling data along the northern Wasatch Fault was examined for
evidence of vertical tectonic movement. Estimates were made of possible
systematic errors in determining elevations on the older National Geodetic
Survey (NGS) and USGS level lines. A cooperative study was initiated with the
National Geodetic Survey (J.Till and E. Balazs) to recalculate elevations using
new rod-calibrations and also applying a correction for refraction. Original
field notes of NGS and USGS lines are being coded for recalculation and also for
inclusion in the format (Pfeifer and Morrison, 1980) of the national vertical
control data set.

2.Releveling across the Wasatch Fault:

The 23-km level line that crosses the Wasatch Fault in Weber Canyon (near
Ogden) was releveled by the NGS in September, 1983. This line was previously
leveled in 1958 by the NGS and in 1974 and 1978 by the USGS. The 1983
releveling goes from Ogden, Utah to Evansen, Wyoming. A closed-loop spur line
was extended west of Weber Canyon to the town of Roy, Utah in order to monitor
the pattern of vertical deformation indicated by earlier releveling (Figure 1).
Results of the releveling are not yet available.

3.Lake-level measurements on the Great Salt Lake:

Two new measuring sites were established in September,1983 to detect
vertical movement closer to the Wasatch Fault One site near Farmington is
within 3 km of the fault trace (Figure 2). Previous measuring sites of lake
levels referenced to bench marks had been established at 4 sites around the lake
in September, 1982. The lake has risen about 6 ft this year and flooded
causeway barriers which may allow a level reference surface to be established
over much of the lake.

4 ,Lake-level measurements on the Kenai Peninsula and Southeast Alaska (Kirk
Vincent):

Measurements of land-surface tilt were made using simultaneouly recorded
lake levels on each of the the following lakes during August, 1983: Kenai,
Skilak, Tustamena Lakes on the Kenai Peninsula, Eyak Lake near Cordova, and
Harlequin Lake near Yakutat.
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Results
Elevation change along the Wasatch Front from leveling data:

Repeated first-order geodetic leveling in 1953 and 1967 along the Wasatch
front shows elevation changes on the order of 11 cm that are consistant with
strain accumulation along the Wasatch fault zone (Wood and Bucknam, 1983). This
rate of strain is larger than indicated by the long-term rates of Holocene
strain derived from exploratory trenching of the fault and paleoseismicity
studies reported by Swan and others (1980).

The possibility that the contemporary elevation changes can be attributed
to systematic errors in the leveling data cannot yet be dismissed. Systematic
errors caused by refraction of the sight lines, when long-sight distances were
used over terrain with significant near-surface temperature gradients (1°C/m)
may explain some of the elevation change. An estimate was made of the possible
refraction error by the method suggested by Pelton and Smith(1982). For the
1958 NGS line in Weber Canyon a calculation was made assuming a 60-m sight
length and a temperature differance of 2.3°C between points 0.5 and 2.5m above
the ground. Such conditions would lead to an elevation difference along the
23-km line that was 7 cm too small because of refraction of the sight line.

This is about the elevation difference that is determined from differencing the
1958 and 1974 elevations. The 1974 and 1978/79 USGS leveling along the same
line agree so closely with one another that errors are not suspected for these
later derived elevations along the line.

If the leveling data is taken at face value, the observed elevation changes
can be interpreted as ground-surface tilting of a zone about 12-km wide centered
along the Wasatch fault zone. Beyond this zone, the Salt Lake Valley and the
Wasatch Mountains appear to move largely as rigid blocks. This result suggests
that efforts to monitor accumulating surface tilt should be concentrated within
this 12-km zone. On this basis, lake-level monitoring sites for detecting
ground surface tilt are being established closer to the fault (figure 2).

Work is underway to re-calculate the older leveling data using methods
developed by Holdahl (1982). 1In addition, the leveling route that crosses the
Wasatch Fault zone was releveled by the NGS in September 1983 using proceedures
developed over the past few years to minimize systematic errors that have been
suspected in earlier studies of crustal deformation derived from leveling data.
Many old marks had to be re-established or reset because of this year's floods.
New bench marks were also established and leveled west of the original route in
order to establish a longer base line for monitoring the indicated pattern of
vertical crustal movement on the Wasatch Fault in the vicinity of Ogden (figure
1)«
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Figure 1. Map showing the 1958

NGS route and the 1974 and 1978/79
USGS leveling route across the
Wasatch fault zone near Ogden,
Utah. Route of the 1983 NGS
leveling is shown with a dotted
line. Graphs show the apparent
changes in elevation detected by
the earlier surveys and the
elevation profile along the route.
Of most interest is the 1l-km
segment showing a ground-surface
tilt of about 7 microradians
centered on the crossing of the
Wasatch fault.
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Figure 2. Map and profiles of apparent elevation change and elevation along the
Wasatch Front based upon first-order NGS leveling in 1953 and 1967. The
profiled elevation changes show that the elevation change and ground-surface
tilt is greatest near the fault zone, and are diminished as the level line
becomes more distant from the fault zone. Annotated contours southwest of
Ogden outline an area of piezometric-level declines in the Weber-delta-area
aquifers where minor subsidence might be suspected. Contour values are in
feet of water level decline (preliminary and unpublished data from T. Arno,
Water Resources Division, U. S. Geological Survey)
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Potentially Active Reverse Faults of Eastern Ventura Basin,
Los Angeles County, California

14-08-0001-21279

Robert S. Yeats
James McDougall
Department of Geology
Oregon State University
Corvallis, Oregon 97331

Investigations

Field mapping of critical fault localities was completed during the sum-
mer. Cross sections are now being constructed to incorporate subsurface and
surface geology. The Oak Canyon oil field contains considerable detailed
information bearing on the problem of reverse faults west of the San Gabriel
fault. At the present time, it appears that we will be able to work out a
fault history which will show that some of the faults are potentially active
and others are not. Open-file surface geologic maps of Whitaker Peak and
Valverde 7% minute quadrangles are being completed.
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Earthquake Hazards Studies, Metropolitan Los Angeles-
Western Transverse Ranges Region
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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; Lee spent about half the planned
1/4 time on this investigation). Continued evaluation of unpublished data on
1933 Long Beach earthquake; systematic re-reading of P and S arrival times
using microfilms of original seismograms, especially records from previously
unread La Jolla and Santa Barbara stations. Continued organizing, evaluating,
and merging phase data from several sources for southern California
earthquakes.

2. Earthquake hazard studies (Yerkes). Reviewed surficial and shallow
subsurface (oil well) geology of Coalinga area, petroleum and groundwater
withdrawal, and reservoir fluid pressures. Preliminary evidence indicates
presence of pressures up to 70% of geostatic at depths below 1/2 km in
structurally high part of Coalinga Nose, thus extending northwestward the
record of abnormally high fluid pressures documented by Berry (1973; in AAPG
Bull. 57-7, p. 1219-1249) for the Kettleman Hills-Lost Hills chain.

3. Late Cenozoic ashes (A.M. Sarna-Wojecicki):
a. Continued investigations reported previously (items a-c, p. 48, vol.
XVI).

b. We have identified the Nomlaki Tuf‘f‘1 at two new localities in
southern California (tables 1 and 2): (1) from surface outcrops of the lower
member of the marine Fernando Formation, near the town of Olive, in
southeastern Los Angeles basin (in coop. with Thane McCulloh, formerly of WRG,
Seattle, Wash.), and (2) from a shallow subsurface core in old alluvium near
Romoland, in Perris Valley, about 60 km to the east of the first locality (in
coop. with Doug Morton, ORG, Reston).

The Nomlaki Tuff, a widespread mid-Pliocene age and stratigraphic marker,
was erupted about 3.4 m.y. ago, in the southern Cascade Range of northern
California (Evernden and others, 1964; Sarna-Wojcicki, 1976). We have
identified this tephra layer previously in southern California in the "Repetto
Beds" of the Malaga Cove area, north of Palos Verdes Peninsula, where it is
exposed above sea lavel (p. 117, vol. IX), and from subsurface core samples
obtained near Santa Fe Springs in the L.A. basin (p. 71, vol. XII).

1Member of the Tehama and Tuscan Formations, in northwestern and northeastern
Sacramento Valley, respectively, in northern California.
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Data for electron-microprobe and energy-dispersive X-ray fluorescence

analyses are given below (tables 1 and 2).

Table 1. Electron-microprobe analysis of voleanic glass of the 3.4-m.y.-old

Nomlaki Tuff (Member of the Tehama and Tuscan Formations) and glass from
correlative tephra layers. Analysis of the 0.73-m.y.-old Bishop ash bed
are shown for comparison. C. E. Meyer. USGS, Menlo Park, Analyst.

Sample No. $10, A1203 Fe203 MgO Ca0 Ba0 TiO, Najs0 K20

1.

Olive-1 76.95 12.77 1.10 0.18 0.98 0,10 0.,21:"'3.98 359

2. 82w14 76.97 12.63 1.14 0.18 0.97 0.11 0.22 4,05 . 3.57
3. MLG-1 76.41 13.10 1.21 0.21 0.98 0.10 0.21 4,36 . 3.22
4, Bell-60 78.22 12.82 1.07 0.16 0.87  0.12 . B.81 4,26 2.08
5. 758-314  77.51 13.00 1.07 0.19 0.93 0.11 0.22 3.54 3.29
6. BID-1 76 .44 13.32 1+15 0.18 1.03 0.11 0.23° 3.98 . .3.39
T. Bishop TT.37 12.72 0.75 0.04 O0.45 0.00 0.06 3.34 5,22
1. Sample from near Olive, L.A. basin.

2. Sample from Perris Valley, southeastern California.

3. Sample from Malaga Cove area, north of Palos Verdes Peninsula, California.
4, Sample from subsurface, Santa Fe Springs, L.A. basin.

5. Nomlaki Tuff Member, type loc., west Sacramento Valley, California.

6. Nomlaki Tuff Member, east Sacramento Valley, California.

T. Bishop ash, north of Bishop, east-central California.

Table 2. Energy-dispersive X-ray fluorescence analysis of volecanic glass of

the 3.4-m.y.-old Nomlaki Tuff Member (of the Tehama and Tuscan Formations)
and glass of correlative tephra layers. Analyses of the 0.73-m.y.-old
Bishop ash bed are shown for comparison. Values given are spectral
intensity ratios for each of the elements. J. L. Slate, USGS, analyst.
Sample numbers and locations are the same as in table 1.

Sample No. Ca Ti Mn Fe Rb Sr 5 Zr Nb

1.
2.
5.

7.

Olive-1 6U 222 179 866 1269 1508 633 2791 526
82w14 6U 218 171 853 1306 1486 618 2728 525
758-314 67 218 175 869 1202 1474 608 2764  u87

Bishop u7 89 189 797 2258 303 964 1605 883
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Reports

Sarna-Wojecicki, A. M., Meyer, C. E., Bowman, H. R., Hall, N. T., Russell, P.
C., Woodward, M. J., and Slate, J. L., Correlation of the Rockland ash
bed, a middle Pleistocene stratigraphic marker in northern and central
California and western Nevada. Approved journal article submitted to
Quaternary Research.

Sarna-Wojcicki, A. M., Meyer, C. E., and Slate, J. L., Applications of
tephrochronology and tephrostratigraphy to Quaternary chronology,
stratigraphy, and tectonics in the Western United States. Abstract for
International Symposium on Recent Crustal Movements of the Pacific Region,
Wellington, New Zealand. Accepted.

Lajoie, K. R., Sarna-Wojcicki, A. M., Kennedy, G. M., Mathieson, S. A.,
McCrory, P. A., Morrison, S. A., and Stephens, T. A., Late Quaternary
Coastal Tectonics of the Pacific Coast of the United States. Abstract for
International Symposium on Recent Crustal Movements of the Pacific Region,
Wellington, New Zealand. Accepted.

Lajoie, K. R., Kennedy, G. L., Mathieson, S. A, Sarna-Wojcicki, A. M.,
Morrison, S. A., and Tobish, M. K., 1983. Emergent Holocene Marine
Terraces Cape Mendocino and Ventura, California, U.S.A. Abstract,
Conference on Holocene Shorelines, Japan.

Yerkes, R. F., Ellsworth, W. L., and Tinsley, J. C., 1983, Triggered reverse
fault and earthquake due to crustal unloading, northwest Transverse
Ranges, California: Geology, v. 11, p. 287-291, May, 1983.

Yerkes, R. F., and Williams, K. M., Shallow stress changes due to withdrawal
of liquid from oil fields in the Coalinga area, California: 5 pages
incluing 2 tables, 1 figure. Submitted to CDMG.

Segall, P., Reasenberg, P. and Yerkes, R..F., Crustal stress changes and

subsidence resulting from fluid withdrawal in the epicentral region of the
1983 Coalinga earthquake (abs.). Submitted to AGU.
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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 9U025
(415) 323-8111 x2905

Investigations

Studies of earthquake hazards in Puget Sound have been directed toward

three main topies during the life of this project (1980-1983):

1.

1.

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

2. Determining the nature and distribution of geologic materials that
control seismic ground shaking in Puget Sound.
3. Investigating the properties, particularly of glaciogenic materials,
that control liquification during seismic shaking.
Results

Geologic mapping and compilation of pertinent geophysical information
have delineated the basic tectonic framework for the Puget Sound

region. Puget Sound is broken into a series of roughly equidimensional
basins bounded by prismatic west to northwest trending bedrock highs.
Quaternary sediments thicken in the basins and thin over bedrock highs,
suggesting, but not proving, that basin margin tectonism is still going
on. Radiocarbon dating of uplifted marine deposits along the south side
of the Seattle Basin confirms recent uplift along the Seattle-Bremerton
Fault as young as 1350 to 3260 years ago.

Examination of the seismicity of Puget Sound reveals no clear
relationship between shallow earthquakes and any of the basin margin
structures cutting the area. Focal mechanisms indicating north-south
compression in the upper 30 kilometers of the crust are consistent,
however, with northward translation of the North America Plate relative
to the Pacific Plate, with accompanying buttressing against Vancouver
Island. The deep (greater than 35 km) earthquakes define an east-
dipping slab buckled into an east-plunging antiform beneath Puget
Sound. This feature is interpreted to be the subducted Juan de Fueca
Plate. Seismicity beneath the Olympic Peninsula, the presence of over-
consolidated late Quaternary muds outcropping on the Washington
continental slope, and results of geodetic leveling across Puget Sound,
all support the fact that subduction is going on at the present time.
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The 1949 Olympia earthquake (M=7.1) and the 1965 Seattle earthquake
(M=6.5) were apparently generated by tensional breaking of the descending Juan
de Fuca Plate beneath Puget Sound.

2. Geologic mapping and subsurface investigation of the Quaternary deposits
indicate that the distribution and nature of the various stratigraphic
units are highly variable. Owing to repeated glaciation of the region
and subsequent re-development of the major fluvial drainage systems
during the Quaternary, sedimentary units of contrasting lithology and
physical properties often nest younger into older along steep
contacts. This configuration makes simplified plane layer models of
seismic ground shaking impossible to apply to this region. It further
explains the enigmatic patterns of strong ground motion observed during
past earthquakes in Puget Sound.

3. Analysis of boreholes in the Seattle South 7 1/2 minute Quadrangle
indicates that mappable glacial and nonglacial units have physical
properties (grain size, water content, standard penetration) unique
enough to permit gross delineation of liquifaction potential for the
region based on the distribution of geologic units and elevation of the
water table. As there is no reason to postulate an earthquake along any
well-defined structure in the region, it must be assumed that the
causitive earthquake can occur anywhere in the region beneath a depth of
50 kilometers. Thus the map of liquifaction potential of materials is
in effect, a liquifaction susceptibility map.

Reports (1980-1983)

Published

Dethier, D. P., Safioles, S. A., and Minard, J. P., 1982, Preliminary Geologic
Map of the Maxwelton Quadrangle, Island County, Washington: U.S.
Geological Survey Open-File Report 82-192, scale 1:24,000.

Dethier, D. P., and Whetten, J. T., 1980, Preliminary geologic map of the
Clear Lake SW quadrangle, Skagit and Snohomish Counties, Washington:
U.S. Geological Survey Open-File Report 80-825, scale 1:24,000.

Dethier, D. P., Whetten, J. T., and Carroll, P. R., 1980, Preliminary geologic
map of the Clear Lake SE quadrangle Skagit County, Washington: U.S.
Geological Survey Open-File Report 80-303.

Gower, H. D., 1980, Bedrock geologic and Quaternary tectonic map of the Port
Townsend area, Washington: U.S. Geological Survey Open-File Report 80-
1174,

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 in the
Maltby quadrangle, 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 in the
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 in the
Everett quadrangle, Snohomish County, Washington: U.S. Geological Survey
Open-File Report 81-248, scale 1:24,000.

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.

Wagner, H. C., and Wiley, M. C., 1980, Preliminary map of offshore geology in
the Protection Island-Point Partridge area northern Puget Sound
Washington: U.S. Geological Survey Open-File Report 80-548.

Whetten, J. T., Dethier, D. P., Carroll, P. R., 1980, Preliminary geologic map
of the Clear Lake NW quadrangle, Skagit County, Washington: U.S.
Geological Survey Open-File Report 80-247.

Yount, J. C. and Crosson, R. S., eds., 1983, Earthquake Hazards of the Puget
Sound Region, Washington: Proceedings of Workshop XIV, National
Earthquake Hazards Reduction Program: U.S. Geological Survey Open-File
Report 83-19, 306 p.

Yount, J. C., and Gower, H. D., 1981, Seismotectonic model for the Puget Sound
Region of Washington State: Geological Society of America Abstracts with
Programs, V. 13, ne. 2, p. 115.

Yount, J. C., Marcus, K. L., and Mozley, P. S., 1980, Radiocarbon-dated
localities from the Puget Sound Lowland, Washington: U.S. Geological
Survey Open-File Report 80-780.

In press (Directors approval received)

Minard, J. P., Distribution and description of the geologic units in the
Edmonds East and ad joining eastern part of the Edmonds West Quadrangles,
Snohomish and King counties, Washington: U.S. Geological Survey
Miscellaneous Investigations Map, scale 1:24,000.

Minard, J. P., Distribution and description of the geologic units in the
Kirkland quadrangle, King County, Washington: U.S. Geological Survey
Miscellaneous Investigations Map, scale 1:24,000.

Salter, A. F., Yount, J. C. and Dembroff, G. R., Locations of Radiocarbon-

Dated Samples from the State of Washington: U.S. Geological Survey
Miscellaneous Investigations Maps, scale 1:250,000 and 1:500,000.
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Whetten, J. T., Carroll, P. I., Gower, H. D., Brown, E. H., and Pessl, Fred,
Jr., 1983, Bedrock geologic map of the Port Townsend quadrangle,
Washington: U.S. Geological Survey Miscellaneous Field Investigations,
Map I-1198, scale 1:100,000.

Yount, J. C., Dembroff, G. R. and Barats, G. M., Depth-to-Bedrock, Seattle

1:100,000 Quadrangle: U.S. Geological Survey Miscellaneous
Investigations Map, scale 1:100,000.
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Regional Syntheses of Earthquake Hazards in Southern California
9910-03012

Joseph I. Ziony
Branch of Engineering Seismology and Geology
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. Systematic areal differences in fault slip rates across the Los Angeles
region are confirmed by newly acquired or revised data on offset late
Quaternary markers. Average rates in the tens of millimeters per year
characterize the San Andreas and San Jacinto faults, but are much less for
the other active faults. Within the Transverse Ranges province, the
highest values are associated with the belt of late Quaternary faults that
extend diagonally across the province from near Santa Barbara to near San
Bernardino. This belt within the Ventura basin is broad and is composed
of numeérous faults with individual slip rates of about 1-2 mm/yr. The
belt narrows to the east, and slip is concentrated on fewer strands.

Thus, the faults forming the southern boundary of the Transverse Ranges
eastward from Pasadena have late Quaternary slip rates as great as 6
mm/yr. In contrast, faults along the southern boundary of the Transverse
Range province between the Channel Islands and Pasadena, have rates of
slip less than 1 mm/yr.

Rates on the northwest-trending fault zones west from the San Jacinto
fault are poorly constrained by late Quaternary data. We provisionally
infer average rates of about 1 mm/yr each for the Elsinore, Newport-
Inglewood and Palos Verdes Hills fault zones; these value are compatible
with the sparse data on rates of vertical separation known along these
faults. Furthermore, displaced late Pleistocene shorelines near La Jolla
(Kern, 1977) suggest a slip rate of 1.2-1.4 mm/yr for the Rose Canyon
fault, the likely southern continuation of the Newport-Inglewood zone.
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2. Final drafts for all of the chapters of the Los Angeles professional paper
are nearly comp]ete. As a demonstration of the various hazard-evaluation
methods discussed in the volume, the contributors jointly are evaluating
the geologically controlled effects expected from a postulated M 6.5
earthquake generated by strike slip along the northern part of the
Newport-Inglewood zone.

Predicted effects include:

--secondary faulting (normal-oblique slip) at the ground surface along one
or more exposed late Quaternary faults in the Baldwin and Rosecrans
Hills. Possible subsurface slip along reverse faults near the
Dominguez Hills.

--shaking intensities of Modified Mercalli intensity VII distributed
widely throughout the Los Angeles basin and the San Fernando Valley,
with scattered sectors of intensity VIII to distances of 18 km or so
from the surface trace of the fault zone.

--strong shaking lasting about 10 seconds. Strong directivity effects on
ground motion values are expected if the subsurface tectonic rupture
propagates northwestward from the postulated epicenter, with some
components of peak velocity an order-of-magnitude higher near Century
City than at Long Beach airport. Predictive maps showing the areal
distribution of peak acceleration, peak velocity, and response
spectral values are being prepared.

--liquefaction in highly susceptible saturated Holocene alluvial sediments
as distant as 17 km from the earthquake source zone. Areas most
susceptible to liquefaction-type ground failure include parts of the
southern San Fernando Valley, the coastal and harbor areas of Long
Beach and Marina Del Rey, and the recent floodplains of the Ballona,
Dominguez, and Santa Ana gaps.

--earthquake-triggered landslides. Numerous disrupted failures (rock/soil
falls and slides) will be most common in upland areas within 41 km of
the northern Newport-Inglewood zone, but a few may occur as distant as
112 km on highly susceptible slopes. A few coherent slope failures
(deep-seated slumps and block-glides) may occur.

--minor seiching in enclosed small bodies of surface water, and
fluctuations in levels of groundwater in some wells.

Reports

Clark, M. M., Harms, K. K., Lienkaemper, J. J., and Ziony, J. I., 1983, Late
Quaternary slip rates for California faults [abs.]: International
Symposium on Recent Crustal Movements, February 9-14, 1984, Wellington,
New Zealand. (Approved by Director).

Ziony, J. I., and Tinsley, J. C., 1983, Mapping the earthquake hazards of the

Los Angeles region: Earthquake Information Bulletin, v. 15, no. 4, p.
134-141,
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An Investigation of Holocene Neotectonic Deformations
in the Charleston South Carolina Region Compared
to Areas to the North and to the South

3-9900-5067

D.J. Colquhoun
University of South Carolina
Department of Geology
Columbia, South Carolina 29208
(803) 777-2600

Investigations

1. Investigations proceeded to the north of Charleston, South Carolina
in the vicinity of Georgetown, and to the south of Charleston, South Carolina
in the vicinity of Edisto Island areas as well as in the Charleston vicinity
to measure sea-level indicators in Holocene marsh stratigraphy and to date
sea-level positions during the Holocene for comparison.

Both coring using a slightly modified dutch gouge auger and vibracor-
ing techniques were employed.

In addition, archeological site investigations in estuarine areas
were conducted in the Charleston and Edisto Island areas to complement
studies conducted in the previous year in the Georgetown area.

Results

1. Winyah Bay (Georgetown)

40 dutch auger cores were taken along the Pee Dee and Waccamaw Rivers.
Significant peat bodies for dating purposes were finally located approx-
imately six miles east of Georgetown. Two vibracores were taken and three
samples are being submitted for dating to add to the information obtained
last year (Colquhoun 1982b). A total of 30 man days were expended in the
field.

2. Charleston Area

47 dutch gouge auger cores were obtained in the Wando and Stono
Rivers. Intertidal basal peats were found in the Wando River but not in
the Stono. Two samples have been submitted for dating to add to the
information reported last year (Colquhoun 1982).

An intensive investigation of interriverine archeological sites was
conducted in the Stono River area for comparison with previously conducted
investigations in the Wando area. These areas lie athwart the postulated
Charleston fault depicted in Tertiary stratigraphic investigations as in
Colquhoun, 1982b or microseismal studies as in Talwani, 1982. 30 man days
were expended in the field.
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3. Edisto Island Area

118 dutch gouge auger cores and 17 vibracores were obtained in and
surrounding the North Edisto estuary. Ten intertidal basal peat samples
have been submitted for dating. This area which had received the least
attention last year has now been investigated to approximately the same
effort as the Charleston and Georgetown regions. Approximately 65 man
days field work were expended. In addition an intensive interriverine
archeological site investigation was conducted, and re-examination of
several estuarine shell middens was accomplished.

Ongoing Investigations

Diatom analysis of all samples to be dated is proceeding and an addi-
tional thirteen samples are being selected on a priority basis for submission
within two weeks. Pollen analyses are proceeding.

The final report will be written during November and submitted.

Reports

Colquhoun, D.J., Brooks, M.J., Brown, J.G., and Stone, P.A., 1983,
Correlation between sea level and climatic change in the middle Holo-
cene of the southeastern United States; Inter-union Commission on
the Lithosphere, XVIII General Assembly, Hamburg August 15-27, 1983,
Programme and Abstracts, p. 89.

Colquhoun, D.J., Brooks, M.J., Brown, J.C., and Stone, P.A., 1983 Correla-
tion between sea level and climatic change in the middle Holocene of
the southeastern Unitec States; International symposium on coastal
evolution in the Holocene, Tokyo, Japan, August 29-31, 1983, Abstracts
of papers.

Brooks, M.J., Colquhoun, D.J., Brown, J.G., Stone, P. A., 1983, Sea level
change, estuarine developement and temporal variability in Woodland
period subsistence-settlement patterning on the lower Coastal Plain
of South Carolina; abstract to be presented at the Southeastern
Archeological Assembly on November 11, 1983.
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tion in the Charleston, South Carolina region, compared to areas to
the north and to the south: U.S. Geol. Survey, Summaries of Tech-
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Talwani, P., 1982, Internally consistent pattern of seismicity near Charleston,
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Seismotectonics of Northeastern United States
9950-02093

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

Investigations

Work on this project was temporarily recessed during this report period due to
other commitments. Progress on reports is indicated below.

Reports

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" mos. 5, p.. 138,

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, no. 5, p. 124.

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, no. 5, p. 197.

Diment, W. H., McKeown, F. A., and Thenhaus, P. C., 1983, Northeastern United
States seismic source zones--Summary of workshop, convened September 10-
11, 1980, in Thenhaus, P. C., ed., Summary of seismic regional source
zones of parts of the conterminous United States, convened by the U.S.
Geological Survey 1979-1980, Golden, Colorado: U.S. Geological Survey
Circular 898 (in press).

Diment, W. H., and Urban, T. C., 1983, A simple method for detecting anomalous
fluid motions in boreholes from continuous temperature logs: Geothermal
Resources Council Transactions, v. 7 (accepted).

Thenhaus, P. C., Ziony, J. I., Diment, W. H., Hopper, M. G., Perkins, D. M.,
Hanson, S. L., and Algermissen, S. T., 1983, Probabilistic estimates of
maximum seismic horizontal ground acceleration on rock in Alaska and the
adjacent outer continental shelf: Seismological Society of America
Bulletin (CTR).

Urban, T. C., and Diment, W. H., 1983, The thermal regime of the shallow
sediments of Clear Lake, California, in Sims, J. D., ed., Quaternary
history of Clear Lake, California: Geological Society of America Special
Paper (CTR).
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A Study of Source Parameters of Large Northeastern Earthquakes
14-08-0001~-21295

John E. Ebel
Dept. of Geology & Geophysics
Boston College
381 Concord Road
Weston, Massachusetts 02193
(617) 899-0950

Objective: During the first half of the 20th century, several relatively
large earthquakes took place in northeastern North America. The events,
which occurred in 1925 near La Malbaie, Quebec (M=6.8), in 1935 near
Timiskaming, Quebec (M=6.3), in 1939 near La Malbaie, Quebec (M=5.2), in
1940 near Ossipee, New Hampshire (M=5.6), and in 1944 near Massena, New York
(M=6.0), were recorded widely by seismographs in North America, South
America and Europe. The purpose of this study is to use synthetic
seismogram analysis techniques to determine the source parameters (focal
mechanism, depth, source time function, stress drop and seismic moment) for
each event. This information can then be used to help investigate the cause
of moderately-large earthquakes in northeastern North America.

Data Acquisition and Analysis: The first six months of work on this project
have been filled with preparations to do the data analysis. These have
included.

1. Efforts to contact observatories world wide to obtain originals or
copies of seismograms of each of these earthquakes. Over 50 seismograms of
varying quality have been acquired, although in a number of cases several
inquires had to be made before replies and seismograms from foreign
observatories were sent. Most of the seismograms have useful surface wave
information, but only about 10% are of sufficient quality to be useful for a
body wave analysis. Efforts to procure more seismograms are still being
made.

2. Calculations of instrument responses. Much effort has been expended in
trying to document the proper instrument types and responses used in
recording the seismograms. For many instruments clear, easily available
documentation exists. 1In other cases, discussions of some instrument
operations and response have been more difficult to find. This work is near
completion and programs to calculate the impulse responses of mechanical and
electromagnetic instruments have been written.

3. Synthetic seismogram programs have been adapted to the Boston College
VAX 11/780 computer. The synthetic seismogram programs have been rewritten
to make them compatible with the Boston College VAX computer as well as to
allow the input and analysis of the old seismograms. These modifications
have been recently tested and appear to be working properly.

4. A number of seismograms of the 1925 and 1935 earthquakes have been

digitized for analysis. More seismograms for these earthquakes as well as
seismograms of other earthquakes still must be digitized.
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5. High frequency seismograms recorded within 8° of the 1935 earthquake
have been digitized and low-pass filtered in an effort to analyze the
Pnz‘waves. This work has met with very limited initial success.

Preliminary Results: Most of the work performed to date has been to prepare
the data and analysis programs. However, testing some of the data in analy-
sis programs has indicated that both the 1925 and 1935 earthquakes were pre-
dominantly thrust events with hypocenters of about 8 km depth. The
particular values of strike, dip and rake as well as the values of other
source parameters have not yet been resolved.
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Whole Waveform Inversion of Regional Digitial Seismic Data
14-08-0001-20640

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

Goals

1. Investigate the possibility of using high frequency regional network
data for the direct inversion for focal mechanism and seismic moment by
waveform inversion,

Investigations

1. We have acquired the USGS data sets from the New Brunswick and Mon-
ticello Reservoir earthquakes. Most time has been spent with the New
Brunswick data set learning how to process the data, Data are first low
pass filtered and compared to synthetics passed through the same instru-
ment and filter, A systematic search is made for source parameters of
depth, strike, dip and slip using C. Langstons Cagniard-de Hoop program,

Results
1, Results are premature since we are still learning how to process the

data and are beginning to appreciate the effects of unknown crustal
structure, even at distances as short as 10 km,
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Mississippi Valley Seismotectonics
9950-01504

Frank McKeown
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80226
(303) 234-5087

Investigations

1.

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

Digitization of Cretaceous and Tertiary reflectors on seismic reflection
profiles in the New Madrid region was nearly completed.

Organization of level line data and preparations to analyze it were
continued.

A quantitative geomorphic study of streams in the southeastern part of the
Ozark uplift was continued.

5. Two hundred miles of seismic reflection profiling data were purchased
under a sole source contract.

Results

l. TIllustrations and text describing interpretations of the Mississippi River

seismic reflection data is nearly complete.

Computer programs to manipulate and plot level line data were tested on
hypothetical and real data. The programs are ready for use to analyze
hundreds of miles of level line data obtained in the upper Mississippi
embayment region.

Digitized stream profile data were used to calculate stream gradient
indices, and second derivatives of semilog plots of stream profiles.
These parameters were plotted on maps for contouring. In addition, a
subenvelope map was constructed from the profile data. Preliminary
interpretation of some of the geomorphic and geologic data supplied by E.
Glick and B. Haley suggests that the gradients and sinuosity of some
streams west and north of the buried Newport pluton may be related to
nonlithologic factors. An unexpected result was that profiles of several
streams have inflections at the locations of some faults. Available
geologic data for these locations do not indicate that the inflections are
the result of a change in lithology across the faults. Field examination
will be required to determine the cause of the inflectionmns.
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4. Cursory examination of the purchased seismic reflection profiles indicates
that it will be possible to delimit within a few kilometers a major deeply
buried structural zone which appears to be closely related to the
principal northeast-trending zone of seismicity in the New Madrid region.
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Northeastern U.S. Seismicity and Tectonics
9510-02388
Nicholas M. Ratcliffe
Branch of Eastern Regional Geology
U.S. Geological Survey, National Center, MS 925

Reston, Va. 22092 (703) 860-6406

Investigations:
1. Vibroseis profiling of Ramapo seismic zone and gravity survey.
2. Bedrock mapping and coring New Jersey and New York along planned

vibroseis routes.

3. Gravity and structural studies of the Newark Basin.
Results:
1. Approximately 65 km of 12-fold seismic reflection data across the

Newark Basin in New Jersey and Rockland County, New York, were
collected in August, in cooperation with John Costain of Virginia Tech.
(Figure 1). A line north of Princeton, New Jersey, appears to contain
excellent reflectors within and beneath the Triassic-Jurassic basin and
beneath basement gneiss to the west of the basin. The line of section
extends from Schooley Mountain, past Oldwick, N.J., to Sommerville,
N.J. Seismicity along this line includes the Schooley Mountain

earthquake swarm and the Oldwick Magnitude 2.8 event of February 1983.
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Drill coring of the border fault of the Newark Basin in the line of the
vibroseis section at Oldwick reveals a surface dip of 35°E. or SE for
Flemington fault from two continuously cored holes. Analysis of the
fault structures suggest that the latest movement on the Flemington was
extensional, and perhaps oblique-normal. Coring of the Ramapo fault at
Bernardsville was completed in August and a strike of N35°E. and a dip
40° SE is indicated from three continuously cored holes and from
trenching of the fault zone.

Detailed gravity traverse was conducted along the route of the
vibroseis line in New Jersey by Wendy Rosov and Ken Kodoma of Lehigh
University.

Bedrock mapping in the northern Hudson Highlands in Poughquagh
quadrangle has defined the distribution and attitude of semi-ductile
shear zones in the gneiss basement north of Annsville, N.Y., in an area
affected by repeated low level seismicity. The January 8, 1983,
magnitude 3.0 Whaley Lake event (Figure 1) occurred within the mapped
area and could have been generated on one of these semi-ductile shear
zones at depth of 4 or 5 kme A vibroseis line across this part of the
Ramapo seismic zone is planned for FY 84 (Figure 1).

Structural sections of the northern end of Newark Basin based on our
field data show rather shallow sediment thicknesses ranging from 0 to

3 km that agree in part with the preliminary results of Wendy Rosov and
Ken Kodoma of Lehigh University from two dimensional models of the
gravity data collected by Rosov and Marty Kane in a dense grid across

the basin in Rockland County, N.Y.
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Figure 1. Location of seismic reflection profiles across Ramapo and
Flemington fault completed in August 1983. Dashed line shows
profile to be run in FY 84. Stars show location of Oldwick and

Whaley Lake events M2.8 and M3 respectively of January and

February 1983.
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Earthquake Hazard Studies in Southeast Missouri
14-08-0001-21262

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

Goals

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

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

Investigations

1. The project consists of monitoring data from a network of 32 USGS
and 16 NRC seismograph stations located in the central Mississippi Val-
ley., In addition telemetered data from eight Tennessee Earthquake
Information Center stations in the southern part of the New Madrid
Seismic Zone will be recorded digitally. The seismic data are also
recorded on 16mm film and on a PDP 11/34 digital computer. Since the
initial deployment of seismograph stations in July, 1974 1967 earth-
quakes have been located through the end of July, 1983. These earth-
quakes are plotted with sizes scaled to magnitude in the attached fig-
ure, The earthquakes include not only those located by the SLU network,
but also those locted by the TEIC, University of Kentucky and University
of Michigan networks, The regional data base is not yet complete. The
locations of all contributing stations are also plotted, Operation,
analysis and publication of quarterly bulletins are an ongoing task.
Cooperative arrangements with other organizations, such as the Tennessee
Earthquake Information Center and the University of Kentucky, have been
made in order to make the quarterly published Central Mississippi Valley
Seismic Bulletin as complete as possible,

2. The implementation of advanced analysis tools on the PDP 11/70 and
improved detection codes on the PDP 11/34 is progressing. A technique
for guaranteeing long triggers has been successfully implemented. We now
obtain 1long triggers for larger events, The technique does not yield
long triggers for noise triggers,

Results

1. During the second quarter of 1983, 35 earthquakes have been located,
including 1 event with mbLg > 4.0,
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2, Major research results are listed in the papers below,

Publications

Herrmann, R. B. and A. Kijko (1983). Short period Lg magnitudes: Instru-
ment, attenuation and source effects, Bull. Seism. Soc. Am. (in
press).

Herrmann, R. B. (1982). The relevance of regional networks for the sit-
ing of critical facilities, Earthquake Notes 53, 37-48.

Stauder, W. et al (1982). Central Mississippi Valley Earthquakes - 1980,
Earthquake Notes 53, 53-56.
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Earthquake Hazard Studies near Charleston, South Carolina
Contract No. 14-08-0001-21334

Pradeep Talwani
Geology Department
University of South Carolina
Columbia, S.C. 29208
(803) 777-6449

Investigations

1. Search for paleoliquefaction sites near Charleston, S.C., to try and
establish recurrence rates of large earthquakes.

2. Evaluation of releveling data near Charleston, S.C.
3. Detailed gravity surveys in the South Carolina Coastal Plain.
Results

1. The site of a sand blow associated with the 1886 Charleston earth-
quake was discovered near Ravenel, S.C. (approximately 30 km SW of
Charleston). A series of trenches (Fig. 1? were excavated on June 28,
1983 to reveal this sand blow. The ejected sands crosscut approximately
6.5 ft of unconsolidated Pleistocene sediments. The source unit is
composed of well-sorted, fine grained orthoquartzite, which 1ies below

the water table (at a depth of about 6 ft below the ground surface in
summer, and less than 2 ft in winter). The sand was extruded in dikes
varying in thickness from about 1" to 9" over the main vent. About 300 ft
of trench faces were mapped and logs prepared to determine the spatial and
stratigraphic relationships. Extensive sampling was carried out to ob-
tain materials for age dating and other analyses. Additionally, eleven
power-auger holes were put down in order to map the extent and geometry of
the source unit and the depth to the Pleistocene-Pliocene unconformity.
The source sand was found to lie at a depth of 7.5 ft below the ground
surface and was about 9 ft thick. Figure 2 shows a trench wall map of
face CC'. Surficial soil clasts slumped into the clean sand attesting to
its fluid state during injection. The extent of the sand blow is shown

in Figure 1. On the surface the thickness of the sand blow below the

blow Tayer varies from about 9" in the middle to about 2" on the periphery.

No obvious older sand blow feature was found in the trenches.

2. Interpretation of instrumentally recorded recent seismicity led to the
discovery of the Ashley River fault (ARF, Fig. 3), Talwani (1982). The
earthquake activity is associated with a shallow (4-7 km), NW striking
reverse fault with the SW side upthrown. Shallow (to 500 ft) strati-
graphic data by Colquhoun also defined this fault near the surface.
However, the stratigraphic data indicated that in the Cenozoic period the
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SW side of ARF was downthrown. To resolve the discrepancy, releveling data
in the area were analyzed. Figure 4 shows the location of portions of
first order leveling lines in the area. The Columbia-Lane-Charleston Tine
and the Savannah-Yemassee-Charleston 1line have a tie point at F67. The

two most recent dates of leveling on each of these lines are 1960/61 and
1979; and 1960 and 1974, respectively. To compare the two lines, elevation
change rates were computed.

Preliminary results show a general subsidence of 2 mm/year near Lane
increasing to about 4 mm/year near F67. This increase in subsidence rate
towards the Atlantic coast has been noted by earlier workers in various
locations on the Atlantic seaboard. However to the west of the tie point,
on crossing the Ashley River and approximately to the Edisto River -
Greenpond area, there is a marked decrease in subsidence rate. This
anomalous decrease in subsidence (or relative uplift) is supportive of the
uplift inferred from fault plane solutions. It is also in accordance with
uplift inferred from geomorphic data. Shallow subsurface geology has
revealed that the Edisto River used to flow to the SE towards the Ashley
River as recently as about 120,000 years, and it changed its course to the
south possibly due to uplift in the region between the rivers. Thus the
preliminary releveling data are supportive of earlier inferences of a
local uplift in the area - possibly causing the seismicity near Charleston.

3. Interpretation of the aeromagnetic data to the NW of the Ashley River
fault (ARF) suggests the presence of a NW trending <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>