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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 seismic risk.

Results

1. Jim Dewey has recomputed epicenters for over 500 regionally and tele-
seismically recorded earthquakes that occurred in Montana, northwestern
Wyoming, and Idaho in the period 1925 through 1980. These locations are

based on arrival time data reported in bulletins and will be refined with

the addition of original data read from selected regional stations. The
following conclusions are based on the revised hypocenters: (1) As has been
noted previously both in the northern Rockies and in other regions of Cenozoic
extensional tectonics, many of the major Cenozoic faults have been quiescent
and much of the seismicity is occurring away from the major mapped faults.
However, in some areas (Flathead Lake, Montana, southwestern Montana, Central
Idaho) epicenters define linear zones that are more than 50 km long and
approximately parallel to the major mapped faults, although offset from the
faults by tens of kilometers. This suggests that the epicenters are occurring
along major tectonic features that are caused by the same processes that cause
the major Cenozoic faults.

2., It was possible to relocate the four largest 1935 Helena, Montana, earth-
quakes by using recently recorded earthquakes (Qamar and Hawley, Bulletin
Seismological Society America 69, p. 1917-1929, 1979) as calibration events
and by exploiting the fact that some seismographic stations that recorded the
recent shocks also recorded the 1935 shocks. The minimum variance epicenter

of the magnitude 6 1/4 shock of October 19, 1935, was 12 km NNW of Helena, in
a region that is today characterized by a high rate of microearthquake activity
(Freidline and others, Bulletin Seismological Soceity America, v. 66, p. 81-95,
1976; Qamar and Stickney, Montana Bureau of Mines and Geology Memoir 51, 1983).
The minimum variance hypocenter of the magnitude 6 shock of October 31, 1935,
was 6 km SW of Helena in a region that is today characterized by a modest rate
of microearthquake activity. The 90 percent confidence ellipses associated
with the shocks do not preclude their occurring on the Prickley Pear Fault,
which passes directly beneath Helena.
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3. The Hebgen Lake earthqake of August 18, 1959, and its aftershocks have
been relocated by using the Yellowstone Park earthquake of June 30, 1975
(Pitt and others, Bulletin Seismological Society America, v. 69, p. 187-205,
1979) as a calibration event. The epicenters are moved as a group approxi-
mately 15 km SW of the positions of the epicenters of the same shocks
determined by Dewey and others (NOAA Technical Report ERL 267-ESL 30, 1973),
who did not have a locally recorded calibration event available to them.
However, the positions of the new epicenters relative to each other are
similar to those of the 1973 study by Dewey and others.

Regorts

Choy, G. L, Boatwright, John, Dewey, J. W., and Sipkin, S. A., 1983, A
teleseismic analysis of the New Brunswick earthquake of January 9, 1982:
Journal of Geophysical Research, v. 88, p. 2199-2212,

Dewey, J. W., 1983, Instrumental seismicity of the Northern Rocky Mountains
of the United States: Earthquake Notes, v. 54, no. 1, p. 48.

Dewey, J. W., and Gordon, D. W., Seismicity of the Eastern United States and
adjacent Canada, 1925-1976 (submitted to Central Technical Reports for
publication as a USGS Professional Paper, not yet approved by Director),
106 typescript pages, 17 figures, 4 tables.
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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, MS967
Denver, Colorado 80225
(303) 234-5079

Investigations

1. Verified listings and collected intensity data for Southern California
local shocks for 1932-1963.

2. Completed correcting, merging, and assigning priorities to the three
principal earthquake data base files for Alaska.

3. Developed computer codes for manipulating the data base files.
Results

1. W. H. K. Lee provided event 1lists (1932-1969), Cal Tech preliminary
bulletins (1940-1963) and copies of C. F. Richter's notes (1932-1939) on
southern California local shocks. Carol Thomasson and James Taggart verified
about 12,000 event listings against the source data for 1932-1963. Values of
maximum intensity were estimated or transcribed for about 2,000 of the
earthquakes from descriptions in United States Earthquakes for those years.
Less than 100 obvious errors were identified, but several thousand 1listings
differ from the source reference listings, indicating that many of the
hypocenters have been revised.

2. The three principal Alaskan earthquake data base files, developed from
corrected magnetic tape files and from about 1,500 hand-entered event
listings, were merged and the preferred listing for each event was flagged.
Excluding duplicate and local network listings, the Alaska data base now
contains about 14,000 earthquake listings for 1786-1980. Much new magnitude
and intensity data were compiled and included in the hand-entered data.

3. Two computer codes for data base manipulation were written by Taggart
during this reporting period: 1) a short routine for incorporating HYPO71 and
HYPOELLIPSE event lists into the data base, 2) a routine to exchange magnitude
and intensity data, as well as adjust uncertainty estimates, among multiple
listings of an event.

Reports

Taggart, James, 1982, The United States national earthquake catalog project:
IASPEI/UNESCO Regional Workshop on Historical Seismograms, Tokyo, Dec.
20-22, 1982.

Taggart, James and Baldwin, Frank, 1982, Earthquake sequence of 1938-1939 in
Mogollon Mountains, New Mexico: New Mexico Geology, v. 4, p. 49-52.
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Subsurface Geology of Potentially Active Faults in the Coastal Region bet-
ween Goleta and Ventura, California

14-08-0001-19173

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

Investigations

1. Re-evaluated the tectonic setting of the 1978 Santa Barbara earthquake in
light of new fault map of Santa Barbara-Goleta metropolitan area (see U.S.G.S
Open-file Report 83-90, p. 6-9).

2. Continued subsurface mapping of San Miguelito-Rincon oil field area south
of Red Mountain fault.

Results

1. The 1978 Santa Barbara earthquake is generally believed to have occurred
on a thrust fault with low to moderate north dip. However, the Santa Barbara
region is dominated by reverse faults which dip steeply to the south. This
fault orientation is close to the other nodal-plane on the focal-mechanism
solution presented by Corbett and Johnson (1982) (Figure 1). The linear map
pattern of the aftershock series is better explained by a steeply dipping
fault than a low-dipping fault. A relatively small portion of the western
Transverse Ranges is characterized by young reverse faults dipping steeply
south which may penetrate downward into high-strength rocks; this includes
the Goleta, Santa Barbara, and Carpinteria areas and possibly the Ojai Valley
and upper Ojai Valley areas. This limited distribution may account for the
high historical seismicity of the Santa Barbara-Goleta area in comparison
with other parts of the Ventura basin. A manuscript on this subject by Yeats
and Olson is now being prepared for the Bulletin, Seismological Society of
America.

2. Continued mapping in the San Miguelito oil field suggests that the Javon
Canyon fault does not extend downward into the Padre Juan fault, as believed
previously by our group. It appears that the fault zone mapped by industry
as the '"zone of steep dips' consists of two faults of different ages, a lower
fault which is folded across the crest of the anticline (the Padre Juan fault)
and an upper fault which may post-date the main period of folding. The upper
fault may be a member of the same set that includes the Javon Canyon fault.
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Reports

Olson, D. J., 1983, Surface and subsurface geology of the Santa Barbara-
Goleta metropolitan area, Santa Barbara County, California: Geol. Soc.
America Abs. with Programs, v. 15, p. 418.

Yeats, R. S., 1983, Large-scale Quaternary detachments in Ventura basin,
southern California: Jour. Geophysical Res., v. 88, p. 569-583.
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FIGURE

IA. AFTERSHOCK DISTRIBUTION FOLLOWING 1978

SANTA BARBARA EARTHQUAKE;

IB. CROSS SECTION ACROSS SANTA BARBARA

WITH LOCAL FAULTS PLOTTED;
(modified from Corbett and Johnson,1982).

Drafting by Edwin R. Howes
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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. Continuing assessment of sensitivity studies of regional probabilistic
ground motion values to changes in the following input parameters:

A. Finite fault rupture models.
B. Various published ground motion attenuation models.

C. Parameters of magnitude-frequency relationships as a function of
catalogue completeness and fitting technique.

2. Refinement of computer modeling of seismic source zones using gaussian
smoothing techniques at source zone boundaries.

3. Development of a series of efficient computer programs for digitizing and
plotting seismicity data.

4. 1Investigation of efficient data processing techniques for collecting and
analyzing earthquake damage.

5. Analysis of long return-period earthquake ground motion hazard in the
Eastern United States.

6. Continuing review of intensity data for damaging earthquakes in the
Mississippi Vallley in connection with a FEMA supported disaster preparedness
study in the Midwest. Areas of potential earthquake-induced ground effects
are being investigated.

Results

l. Preliminary results of sensitivity studies related to probabilistic ground
motion values are summarized in three reports currently under technical review
for journal publication. The manuscripts are concerned with (1) attenuation
variability in seismic hazard analysis, (2) maximum likelihood estimation of
b-values for magnitude-grouped data, and (3) seismic hazard estimation using a
finite-fault rupture model.

2. A two-state model for cyclic earthquake activity has been developed and
allows the modeling of "active" and "quiet" periods of earthquake activity. A
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manuscript summarizing the technique is currently in technical review for
journal publicationm.

3. 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. Economic loss estimates are based on 1980
census data.

4. Five seismic source zone maps for the Eastern United States have been
completed. Each map represents a particular seismotectonic model of Eastern
U.S. seismicity. Probabilistic evaluation of resultant ground motions is in
progress.

5. A maximum Modified Mercalli intensity map has been completed for the
Mississippi Valley.

Reports

Algermissen, S. T., Askew, B. L., Thenhaus, P. C., Perkins, D. M., Hanson, S.,
and Bender, B. L., 1983, Seismic energy release and hazard estimation in

the Basin and Range province: U.S. Geological Survey Open-File Report
83-358, 13 p.

Askew, B. L., and Algermissen, S. T., 1983, An earthquake catalog for the
Basin and Range province: U.S. Geological Survey Open-File Report 83-86,
41 p.

Bender, B. K., 1983 [abs.], Seismic hazard estimation using a finite fault
rupture model: Earthquake Notes, v. 54, no. 1, p. 26.

Bender, B. K., [in press], Maximum likelihood estimation of b=-values for
magnitude grouped data: Seismological Society of America Bulletin.

Hopper, M. G., and Algermissen, S. T., 1983 [abs.], The earthquakes of January
5, 1843 and October 31, 1895, in the central Mississippi Valley:
Earthquake Notes, v. 54, no. 1, p. 7.

Hopper, M. G., Algermissen, S. T., and Dobrovolny, E. E., 1983, Estimation of
earthquake effects associated with a great earthquake in the New Madrid
seismic zone: U.S. Geological Survey Open-File Report 83-179, 94 p.

Thenhaus, P. C., ed, [in press], Summary of regional seismic source zone
meetings concerning parts of the conterminous United States, convened by
the U.S. Geological Survey, 1979-1980, Golden, Colorado: U.S. Geological
Survey Circular 898, 116 ms. pages.
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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. Data analysis of 128 NTS events recorded on strong-motion instruments in
the near-field is in progress.

2. Data analysis of 72 events recorded by the New England short-period
network for Pg- and Lg-waves in the process of being written.

3. 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.

4. An intensive bibliography search has been performed for retrieving
information appertaining with geological, seismological, geotechnical and
tectonic studies in the southern part of Alaska.

5. A suite of seismicity maps and depth cross-sections for the Anchorage and
vicinity region in Alaska, have been plotted using the epicenter data tape
collected by the Alaska Seismic Studies Project for the period from October
1977 through September 1980. A similar set of seismicity maps and depth
cross-sections have been plotted for the same region using all the available
teleseismic epicenter data tape collected by the National Earthquake
Information Service from 1965 through 1982.

6. An Open-File Report on Pg-wave data tabulation is in the process of being
written.

Reports

Espinosa, A. F., 1982, Seismic hazards and their effects on structures:
lecture series for the lst International Course in Geophysics, University
Pierre et Marie Curie, Institut de Physique du Globe, Paris, France, The
Center of Theoretical Physics, University of Trieste, Trieste, Italy, and
the International Center of Physics, Bogota, Colombia, June 1982.

Espinosa, A. F., 1982, M; and M, determination from strong-motion
accelerograms, and expected intensity distribution: in the Imperial
Valley California earthquake of October 15, 1979, U.S. Geological Survey
Professional Paper No. 1254, p. 433-438.



Espinosa, A. F., 1983, Cover picture and caption of a 3-D complex dislocation
model representing the vertical displacement field due to the Algerian
_earthquake of October 10, 1980: EOS, Transaction American Geophysical
Union, v. 64, no. 4.

Espinosa, A. F., 1983, Seismology and Earthquake Engineering in Mexico and
Central and South America: Earthquake Information Bulletin, v. 15, no.
1, po 4-60

Espinosa, A. F., 1983, Editor of 8 papers by our Latin American colleagues:
appearing in the Earthquake Information Bulletin, v. 15, no. 1, p. 7-40.

Espinosa, A. F., 1983, Book Review, TERREMOTOS (spanish translation of
Earthquakes a Primer) by Bruce A. Bolt: Editorial Reverte, Spain, 266 p.

Espinosa, A. F., 1983, Book Review, Fisica de la Tierra by Agustin Udias,
Editorial Alhambra, Spain, 73 p.

Espinosa, A. F., and Michael, J., 1983, Lg-wave data-base tabulation recorded
on the: I.LRSM stations in the conterminous United States, II New
England Stations: U.S. Geological Survey Open-File Report 83-381, 135 p.

Espinosa, A. F., McKay,:'S. M., Tongtaow, C., and Yeatts, F. R., 1983, An
" algorithm to compute a multiple volterra rectangular dislocation;
strike-slip, dip-slip, normal-and reverse-faulting cases: U.S.

Geological Survey Open-File Report 83- s 89 p.

10




H2

Investigation of Seismic Wave Propagation for
Determination of Crustal Structure

-9950-01896

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

Investigations

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

2. Processed the Mini-Sosie high-resolution seismic reflection data from
Utah.

Results

1. About 3/4 of the Mississippi River survey is processed and 1/3 of the data
interpreted.

2. Processing has been completed on the Mini-Sosie data.

a. Drum Mountain Scarp System near Delta, Utah.

b. The fault scarp near Clear Lake Figure 1 south of Delta, Utah.
c. Fault scarp near Scipio, Utah.

d. The two lines near Kaysville, Utah.

All the data shows that the fault scarps can be traced to movement on deeper
structures. Figure 1 is a very good example of the possible resolution from
the Mini-Sosie. The fault can be traced from the surface to around 3500 feet
and with commercial Vibrosesis to the Sevier Desert detachment surface.

11
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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)

Continued collection and analysis of data from a network of 42 high-gain
short-period seismograph stations extending across southern Alaska from
Juneau to Cook Inlet and inland across the Chugach Mountains.

Continued operation of one three-component and four vertical-component
seismic stations and one strong motion instrument around the proposed
Bradley Lake hydroelectric project on the Kenai Peninsula. In November,
1982 funding for this work was terminated by the U.S. Army Corps of
Engineers as responsibility for the hydroelectric project was
transferred to the State. The Alaska Power Authority has agreed to
continue funding through June 1983.

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

Results

1)

During the past 6 months data processing has remained on schedule, and
preliminary earthquake locations have been obtained for September, 1982
through February, 1983. The monthly average of located events was 351.
Preliminary epicenters for the past six months are shown in Figure 1.
A1l but two of the events larger than or equal to coda magnitude 3.5
occurred within the Cook Inlet Benioff Zone at depths below 60 km.

One exception was the magnitude 4.0 (m, 5.3, NEIS) earthquake 35 km
westnorthwest of ‘Valdez. This event was felt with intensity IV at
Valdez and III at Anchorage and occurred near the southern end of a
northeast-southwest oriented concentration of seismicity that has been
prominent for at least the past ten years. The other event of note had

a magnitude 3.8 (mp 4,7 NEIS& and was located at_a shallow depth
about 65 km southwest of Kayak Island on October 19, 1982. This event

occurred in an area that is periodically active and was last active
between June and October 1980.

13



East of Prince William Sound the seismicity pattern is similar to
previous time intervals with prominent spatial clusters occurring in the
following areas: below the Copper River delta; in the Waxell ridge area
75 km northeast of Kayak Island; within the aftershock zone of the 1979
St. Elias earthquake north of Icy Bay; along the Fairweather fault
northeast of Yakutat Bay; and in a zone that parallels the Duke River
fault north of the network.

The andesitic Wrangell volcanoes are distributed along a 200 km long,
northwest-southeast oriented zone north of the eastern Gulf of Alaska
(figure 1, lower). Although their distribution and composition is
typical of volcanoes located above a subducted oceanic slab, no seismic
Benioff zone has been previously identified. Recent review of
hypocenters of earthquakes recorded by the USGS regional network has now
revealed a northeast dipping seismic zone striking subparallel to the
trend of the Wrangell volcanoes and reaching a depth of about 85 km
(Stephens and others, 1983). If extrapolated to greater depths, the
dipping zone would be about 100 to 125 km deep below the Wrangell
volcanoes. The newly discovered Wrangell Benioff zone was slow to be
identified because of its very low rate of activity, at least 10 times
lower than the Benioff zone below Cook Inlet. Although the geometry of
the zone is compatable with the interpretation that the activity occurs
within the subducted Pacific plate, its lateral extent is not yet well
defined.

During 1974 through 1981 seismic monitoring along the eastern Gulf of
Alaska between Prince William Sound and Yakutat Bay was supported by
funding from the NOAA Outer Continental Shelf Environmental Assessment
Program. The principal results of this work were recently summarized in
a final report to NOAA (Lahr and Stephens, 1983). While the historic
data is greatly limited in terms of both completeness and accuracy, the
data set for the nearly 10,000 hypocenters determined for 1974-1981
contain a wealth of detailed information. One of the most important
results was development of a regional tectonic model (Lahr and Plafker,
1980). Study of the 1979 St. Elias earthquake (M$ 7.1) and its
aftershocks (Stephens and others, 1980) provided important constraints
on the model. Although there are gaps in processing data from the local
network, all events with coda magnitude 3.5 or larger have been located
and are shown in Figure 2. Rupture zones of the largest events since
1900 are also shown. Current emphasis is being placed on the operation
of high-gain seismic stations and strong-motion stations in and around
the Yakataga seismic gap.
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Application of Private Site-Specific Data to Regional Evaluation of
Earthquake and Faulting Potential in Southern California

Contract No. 14-08-0001-20513

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

Investigations

Annotated bibliographies have been prepared of reports evaluating seis-
mic conditions at the San Onofre and Diablo Canyon nuclear power (NP) plants
and proposed Bolsa Island, San Joaquin, Sundesert and Vidal sites, and engin-
eering geology reports prepared to satisfy the Alquist-Priolo Special Studies
Zones Act (AP) along the San Andreas, San Jacinto, San Fernando, Newport-
Inglewood, Whittier-Elsinore, Garlock and White Wolf faults.

Results

The AP bibliography has 24 strip maps showing locations of reports
along individual faults (Fig. 1 is an example). For each report, one or
more circles show the ages of rock units exposed and whether the units are
faulted. Lines through circles as extensions of faults indicate that the
fault was exposed in the trench(es). Lines between numbers in the circle
at right angles to the adjacent fault represent depositional contacts.
Numbers inside the circle represent ages of earth materials exposed in the
trenches:

1 - Holocene, <10,000 years old (recent alluvium)

2 - upper Pleistocene, 10,000 to 500,000 years old (older alluvium and

alluvial terrace deposits)

3 - lower Pleistocene, 500,000 to 3,000,000 years old

4 - pre-Pleistocene, >3,000,000 years old
A sample page from the AP bibliography follows for the Elsinore fault.

The number of reports in the bibliography for each NP site varies from
20 to 54; the reports describe the regional and site stratigraphy and
structure, seismic history, foundation conditions and ground-motion charac-
teristics. Outlines of areas covered by geologic studies for the San
Joaquin Nuclear Power Plant site are shown in Fig. 2, which is an example
of 6 similar maps for the nuclear power plant sites. An example page from
the annotated bibliography for the San Joaquin Nuclear Power Plant site
follows. The NP bibliography also includes a summary of the salient tec-
tonic aspects of each site. The NP reports vary greatly in length, scope
of subject, degree of detail and direct relevance to the major faults of
interest. Some reports are comparable to those of the AP bibliography in
that they document in great detail the results of subsurface exploration by
trenches and borings, and they indicate the location, characteristics and
minimum age of last movement on faults. Others report, for example, inves-
tigations of large areas (tens to hundreds of square miles) to develop an
understanding of Pleistocene stratigraphy and geomorphology applicable to
evaluating local and regional tectonic activity.
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Temecula, 7/10/73 F. Beach Leighton Job #73222
Pechanga and Associates

Trenches, 8-13 feet deep, across strands of Wolf Valley fault zone (Kennedy, 1977;
CDMG, 1980f,a) and Willard fault zone (Envicom, 1976). Near vertical joints with
no offset in alluvium (Qal, Kennedy, 1977) across strand of Wolf Valley fault in
southeérnmost trenches. Fault cuts old terrace deposits (Pauba Formation, Qps,
Kennedy, 1977) and does not displace alluvium along possible northern extension of
Wolf Valley fault or strand of Willard fault (Envicom, 1976).

Murrieta 11/29/74 Murphy, M.A. Revised specific
rev. and Associates plan 103-C/W
1£12/75

Trenches, averaqge depth 5-7 feet, across Murrieta Hot Springs fault (Kennedy,
"Fractures" in "Temecula Arkose" (Qus and Qps, Kennedy, 1977); no faulting in
floodplain sediments (Qal, Kennedy, 1977).

Murrieta 2/13/76 Earth Research
Associates, Inc.

Trenches, depth 7-14 feet, across Murrieta Hot Springs fault (Kennedy, 1977).
Gouge zones, in unnamed pre-Pauba Formation (Qus, Kennedy, 1977): no faulting
in alluvium (Qal, Kennedy, 1977).

Corona South, 2/13/76 Pioneer Consultants Job #2316-001
Lake Mathews

Trenches to a depth of 12 feet across strands of Glen Ilvy North fault (Weber, 1977;
CDMG, 1980c,g.) Fault gouge and slickensides reported in older fan deposits (Qof,
Weber, 1977). "Rift valley" (30 ft. deep, 100 ft. wide); water line in vicinity of
Hunt Road requires annual repair; may be caused by continuous creep; parallel cracks
in asphalt of Lawson Road.

Corona South 3/22/77  Pioneer Consultants Job -#2466-001

Trenches up to 10 feet deep across Chino fault (Weber, 1977; CDMG, 1980c). Consul-
tant reported that Chino fault cuts alluvium (Qsc or Qof, Weber, 1977) in three
trenches. The structures observed were dismissed as sedimentary features by Tony
Brown (Riverside County geologist) upon examination of trenches in neighboring sites
GR-72 and 105.

Temecula 3/21/75 Pioneer Consultants Job #1208-095

Trenches, depth 12-14 feet, across strand of Willard fault (Kennedy, 1977). No
faulting in alluvium (Qal, Kennedy, 1977).
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SAN JOAQUIN NUCLEAR POWER PLANT SITE

74-4 Fugro, Inc., 1974b, Offsite exploratory programs - Greeley
fault, Northwest Semitropic fault, near-site subsurface investigation,
and Pond-Poso Creek fault investigation: in SJNP ESRR, Volume III,
Appendix 2.5F, p. 2.5F-1 to 2.5F-85W.(74-3)

Results of an extensive drilling and trenching program designed to
detect displacement along fault traces projected toward or underlying the
SINP site. Interpretations of downhole geophysical data are included as
five subappendices of Appendix 2.5F.

The results of these investigations are: (1) no evidence of faulting
or folding of strata 700,000 years or younger can be found along traces of
the Greeley fault in the Shafter Gas Field, 15 miles southeast of the SJNP
site; (2) the mid-Pleistocene E-clay layer has no demonstrable evidence of
vertical or horizontal offset across the Greeley fault in the southeastern
part of the SINP site; (3) re-examination of offset on the E-clay layer,
previously reported by the U.S. Bureau of Reclamation, 4 miles southeast of
the SINP site, indicates that the structure is an unfaulted gentle north-
easterly-sloping homocline; (4) no evidence for offset on the Northwest
Semitropic fault younger than 600,000 to 700,000 years was found in the
Northwest Semitropic Gas Field 5-1/2 miles west of the SJINP site; (5)
downhole geophysical studies 4 miles east of the SJINP site show good corre-
lation among six geophysical horizons identified at the SJINP site (see
Crosby, 73-1); (6) the results of airphoto, seismic profile, hydrologic,
exploratory trenching, and downhole geophysical investigations of the Pond-
Poso Creek fault, 11 miles northeast of the SINP site, indicate predom-
inantly near-vertical oblique-slip movement on the fault system and no
evidence for strike-slip movement. The total cumulative apparent-vertical
offset across three faults of the Pond-Poso Creek system is 32 feet, down
displacement.

75-1 Farr, J.B., Mateker, E.J., Jr., Wu, C., 1975, Interpretation of
seismic reflection data for the San Joaquin Nuclear Project: in
SINP ESRR, Volume ITA, Appendix 2.5E, 83 p. (74-3)

Interpretations by Western Geophysical Company of 77 seismic-reflec-
tion profiles (530 line miles) within a 20-mile radius of the SJINP site.
Four geophysical horizons were contoured to illustrate ‘structure. Three
northwest-trending major fault systems, the Pond-Poso Creek, the Greeley.,
and the Semitropic Anticline faults, were analyzed for amount and age of
movement. The study concludes that: (1) the Pond-Poso Creek System, 11
miles northeast of the site, is a zone of normal faults, down on the
southwest. At a depth of 875 to 1,500 feet, a Plio-Pleistocene horizon is
displaced, but the displacement dies out 9 miles from the SINP site. (2)
The Greeley fault system consists of three different faults; the shallowest
displacement occurs 20 miles southeast of SJINP within Pliocene strata at
depths of no less than 8,000 feet. (3) The Semitropic Anticline fault
system is southwest of the SINP site and displaces Miocene strata at depths
no shallower than 10,000 feet.

The report contains four tables listing fault displacements, 33 plates
which are mostly structural sections, correlation sections, contour maps
and isopach maps.
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Paleomagnetic Stratigraphy of the Saugus Formation
Los Angeles County, California

14-08-0001-21219

Shaul Levi, Principal Investigator
Robert S. Yeats
School of Oceanography
Oregon State University
Corvallis, Oregon 97331 #
(503)754-2912

The Saugus Formation is widely exposed in the East Ventura Basin in
areas undergoing rapid urbanization north and west of Los Angeles (Fig-
ure 1). In the area of our study near Castaic Junction the Plio-Pleisto-
cene Saugus Formation consists of nonmarine conglomerates, sandstones,
silty sandstones, and sandy-siltstones.

The primary objective of our paleomagnetic investigation has been to
identify dated magnetozones and geomagnetic reversal boundaries to more
accurately date the Saugus sediments in this area. This would enable one:
to make correlations with other age calibrated sections of Saugus nearer
to the Pacific coast; to determine average sedimentation rates and pos-
sibly detect changes of deposition with time; to identify rates of dis-
placement, uplift and rotation associated with the major faults cutting
the Saugus.

Sampling sites were chosen along the transmission line and Santa
Clara River for establishing a reference magnetostratigraphic section in
the Castaic Junction oil field just north of Pico Canyon (Figure 2).
Fresh outcrops are exposed along the transmission line (TL) section which
is an unfaulted homocline with beds dipping approximately 40-50° to the
north-northeast (Winterer and Durham, 1962). The Saugus beds in the Santa
Clara River (SCR) section are dipping more gently at 20-30° to the north-
east. Paleomagnetic sites were selected in the finer-grained interbeds,
and from each site three independently oriented handsamples were usually
obtained. Of the 56 sites measured thus far, 51 yielded polarity infor-
mation and 30 sites provided complete paleomagnetic direction.

The sampled sections are predominantly of reversed polarity contain-
ing dispersed normal beds, and capped by a sequence of normal polarity.
An ash layer in the upper normal zone of the TL section is chemically very
similar to the v0.7 MY Bishop and Friant ashes (analysis by Sarna-Wojcicki,
1983). The chemistry of the ash bed together with the biostratigraphically
determined Plio-Pleistocene age suggest that the Saugus in our sampling
area was deposited during the Matuyama (reversed) and lower Brunhes (nor-
mal) epochs, and its bottom age is <2.5 MY (Figure 3).

Sedimentation rates would vary from about 0.7 to 3.1 km/MY, depending

on whether the normal polarity site in the Matuyama reversed interval
represents the Olduvai or Jaramillo event. It is inferred from subsurface
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well data that the upper 350 m of Saugus are covered by younger deposits
in the study area and are unavailable for sampling. Hence, depending on
the invoked sedimentation rate, the youngest Saugus was deposited at about
0.2 or 0.5 MYBP.

The mean paleomagnetic direction of the Matuyama sites of both TL and
SCR is D = 32°, I = 57°, k = 48, agg = 4°, N.= 23. The mean direction of
the Brunhes sites of both TL and SCR sites is D = 14°, T = 51°, k = 120,
ags = 6°, N = 7 (Figure 4). The observed average inclination is not sig-
nificantly different from the expected geocentric axial dipole value (54°).
Hence, there is no evidence for north-south translation of the sampling
site. The measured declination, however, indicates progressive clockwise
rotation of the study area by as much as 32° since the Matuyama epoch,

& <2.5 MY.

References
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Basin, Los Angeles County, California, U. S. Geological Survey Prof.
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Figure 4. Paleomagnetic directions of Saugus sites. Closed/open symbols des-
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indicate normal Matuyama sites which were inverted through the origin to dis-
tinguish between Brunhes and Matuyama data. Arrows along the circumference
indicate the mean declination for Matuyama (32°) and Brunhes (14°) sites.
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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. Continued statistical study of the relation among surface faulting
parameters and earthquake magnitude.

Results

1. Completed report on "An early 20th century uplift in southern
California." This uplift closely matched its modern analogue in areal extent,
magnitude, and history. Although the data that permitted its detection are
much more fragmentary than those used in the reconstruction of the modern
uplift, their distribution and density are such that a generalized
representation of this feature is easily developed. The early 20th century
uplift was characterized by an elongate, double-lobed configuration that
extended from Point Arguello east-southeastward to the northern edge of the
Salton Sea. Height changes within the uplift locally exceeded 0.5 m, but
probably averaged 0.3-.4 m over about one-half of its roughly 50,000-km
extent. At or immediately following its culmination the uplift included most
or all of the Transverse Ranges province and parts of the Coast Ranges, San
Joaquin Valley, Sierra Nevada, Basin Ranges, Mojave Desert, Peninsular Ranges,
and Salton Trough provinces. Although the two were remarkably similar in many
respects, the early 20th century uplift differed from its modern counterpart
in its significantly greater penetration southward into the Peninsular

Ranges. The early 20th century uplift probably achieved most of its growth
during two relatively well defined episodes, the second of which was followed
by or closely associated with partial collapse. The first major spasm of
uplift probably began no earlier than the spring of 1906, was largely over by
the beginning of 1907, and is thought to have included nearly all of the
central and western parts of the ultimately uplifted area. Partial collapse
of the central and western parts of the western lobe began no later than

1925. The uplift of the eastern lobe, which exceeded 0.5 m, could have
occurred in association with or following the identified collapse. The growth
of the early 20th century uplift, unlike its modern analogue, is at least
vaguely correlated with the contemporary seismicity. Comparison with the
seismicity both within or around and north of the early 20th century uplift
suggests that the growth of this feature may have been triggered by one or
more relatively large shocks.
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2. Manuscript in review (Bonilla, Mark, and Gilmore) includes regression
models relating surface faulting parameters and earthquake magnitude.

Reports

Gilmore, T. D., and Castle, R. 0., 1983, A proposed tectonic contribution to
the preservation of the divide between the Salton basin and the Gulf of
California (abs.): Rocky Mountain and Cordilleran Sections Annual Mtg.,
May 2-4, 1983, Salt Lake City, Geological Society of America, Abstracts
with Programs, v. 15, no. 5, p. 439.

Gilmore, T. D., and Castle, R. O., 1983, A contemporary tectonic boundary
coincident with the Arizona-California border (abs.): Rocky Mountain and
Cordilleran Section Annual Mtg., May 2-4, 1983, Salt Lake City, Geological
Society of America, Abstracts with Programs, v. 15, no. 5, p. 315.

Castle, R. 0., Church, J. P., Elliott, M. R., Gilmore, T. D., Mark, R. K.,
Newman, E. B., and Tinsley, J. C., III, 1983, Comment on "The impact of
refraction correction on leveling interpretations in southern California®
by William E. Strange: Journal of Geophysical Research, v. 88, no. B3, p.
2508-2512,
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Earthquake Hazards Studies, Upper Santa Ana
valley and Adjacent Areas, Southern California

9540-01616

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

Investigations

1. Studies of the Quaternary history of the upper Santa Ana 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 Cucamonga, 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 establish
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« Our regional study of seismically-induced liquefaction in the upper Santa
Ana River valley area still is in the data-interpretation phase, and is
focussing on the correlation of shallow-subsurface geotechnical data with
surficial geologic units mapped on aerial photographs and identified in the
field. The geotechnical data base described in the previous summary of
technical reports (v. 15 ) has been plotted on 1:24,000-scale topographic
maps, and has been overlaid on our geologic base for the upper Santa Ana River
valley region. Our preliminary evaluation suggests that we can make
generalized correlations between specific geologic units and geotechnical
parameters obtained in test borings, especially standard penetrometer
resistance.

From our initial studies, we are discovering that loosely to moderately
consolidated Holocene sedimentary materials throughout the valley region
apparently constitute only a thin veneer (< 50 ft typically) that is developed
on top of well-consolidated older alluvial deposits (Pleistocene). Previous
interpretations by other workers have characterized the Holocene sedimentary
fill as a wedge of sediment that is considerably thicker. Our preliminary
interpretation is based on Scott E. Carson's examination of standard-
penetrometer data derived from test borings conducted by California Department
of Transportation and the U.S. Army of Corps of Engineers. Penetrometer
resistance rises significantly at depths ranging from about 30 to 50 ft
subsurface. In some test borings, the increase in penetrometer resistance
coincides with empirical features identified by the driller or logger: (1)
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the transition from stiff, dense sedimentary materials to very dense
sedimentary materials, and (2) the transition from grayish-colored sediment to
brownish-colored sediment. We suspect that the rise in penetrometer
resistance 30 to 50 ft subsurface, coupled with the empirical changes in
sediment firmness and sediment color observed in some boring logs, signals the
transition from slightly consolidated Holocene sediment to more consolidated
Pleistocene sediment. We presently are evaluating these relationships in the
context of what is known about the surface and subsurface distribution of
Holocene and Pleistocene units within the upper Santa Ana River valley.

If confirmed, the meager Holocene thicknesses within the valley region
will have significance for interpretations of liquefaction susceptibility and
ground response. The Holocene-thickness estimates have been utilized for
ground-response studies by W. B. Joyner and T. E. Fumal, and will be
incorporated by these authors in a predictive model of ground motion in the
upper Santa Ana River valley to be included in the U.S. Geological Survey
professional paper on earthquake hazards in southern California.

2. J. C. Matti and J. C. Tinsley have calculated a net-slip rate of 3.9
mm/year for late Quaternary fault strands at Day Canyon in the Cucamonga fault
zone. Here, earlier studies (Morton and others, 1982; Matti and others, 1982)
proposed that Cucamonga strands A, B, and C have generated about 36 m of
vertical slip during about 13,000 years of latest Pleistocene and Holocene
time. These figures yield a 2.77 mm/year rate for the vertical component of
slip. By trigonometric calculations, this figure can be converted into a

3.9 mm/year long-term net-slip rate during the last 13,000 years. These
calculations assume that faults observed in trenches to have 35° northward
digs steepen in the subsurface to average dips of 45°; if the faults retain a
35 north dip in the subsurface, the slip rate increases to 4.8 mm/year. The
net-slip data will be incorporated on a U.S. Geological Survey MF map compiled
by M. M. Clark that will summarize state-of-the-art information for slip rates
on faults in California.

Similar slip-rate values may apply to fault strands occurring about one
mile east on the fanhead of East Etiwanda Canyon. There, Tinsley and Matti
have estimated cumulative vertical displacements on strands A, B, and C using
photogrammetric methods. The results suggest that the three strands have
produced 35-43 m of vertical displacement of the same 13,000-year-old alluvial
surface displaced on Day Canyon fanhead. These separations are compatible
with a cumulative vertical separation of 34-42 m also determined by
photogrammetric methods for strands A, B, and C at Day Canyon fanhead (where
actual field measurements indicate 36 m of cumulative displacement). These
scarp-height data suggest that vertical-slip rates are similar at the two
different localities; the net-slip rates at Day Canyon and East Etiwanda
canyon probably also will be similar.

The preliminary interpretation that cummulative net-slip rates for
strands A, B, and C are similar at Day Canyon and East Etiwanda Canyon will
allow us to evaluate the timing and amount of displacements on individual
fault strands within the Cucamonga fault zone. For example on Day Canyon
fanhead, 16 m of the measured 36 m of cumulative separation occurred on strand
C; thus, a significant fraction of the calculated 3.9 mm long-term slip rate
can be apportioned to strand C. When traced eastward to the East Etiwanda
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fanhead, the strand-C scarp decreases in height. Previously (Matti and
others, 1982), we attributed this scarp-height decrease to the interpretation
that strand C had disrupted progressively younger alluvial sediment eastward
along its strike. Follow-up studies now suggest that the alluvial sediment
disrupted by strand C does not vary much in age between Day Canyon and East
Etiwanda fanheads; thus, decrease in strand-C scarp height eastward must
reflect either a decrease in activity (i.e., number of ground-rupture events)
or a decrease in the amount of displacement per event. In either case, on
East Etiwanda fanhead a smaller fraction of the calculated 3.9 mm slip rate
must be apportioned to strand C; accordingly, because the 3.9 mm slip rate
apparently applies to strands A, B, and C on both Day Canyon and East Etiwanda
Canyon fanheads, strands A and B on East Etiwanda fanhead must be apportioned
a greater fraction of the overall 3.9 mm slip rate in comparison to their rate
on Day Canyon fanhead. These preliminary observations and interpretations
underscore two points: (1) fault strands that break alluvial materials can
yield important information on slip rates and displacement history, provided
that the age of the alluvial units can be documented carefully by soil-profile
characteristics or by radiometric determinations; and (2) thrust-fault zones
developed in alluvial materials are far more complex in terms of their
geometry, distribution, and displacement history than indicated by the
simplistic assumptions of Matti and others (1982, p. 43).

References Cited

Matti, Jonathan C., Tinsley, John C., Morton, Douglas M., and McFadden,
Leslie, D., 1982, Holocene faulting history as recorded by alluvial
stratigraphy with the Cucamonga fault zone: a preliminary view:
Geological Society of America Field Trip Guide Number 12, J. C. Tinsley,
J. C. Matti, and L. D. McFadden, eds., p. 29-44,
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Geologic Earthquake Hazards in Alaska
9310-01026

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

Investigations

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

1. Continued work on neotectonic map of Alaska, active fault data file, and
report on 1899 Yakutat Bay earthquakes.

2. In North Yemen from December 28, 1982 to January 10, 1983, studying
effects of the earthquake of December 13, 1982.

Results

The destructive Yemen earthquake of December 13, 1982 (M g6 0) resulted
in at Teast 1700 deaths and left tens of thousands home]ess 1n a region
centered 70 km south of the capital city, Sana (Fig. 1). The extensive
destruction and heavy loss of life resulted primarily from widespread
collapse of unreinforced masonry and adobe structures. Except for numerous
rockfalls, geologic effects attributable to shaking were minimal. Maximum
estimated MMI was probably only VII-VIII. The main surface geologic effect
that is ascribed to tectonic activity is the occurrence of north- to
northwest-trending earthquake-related extensional ground cracks in the
epicentral region. The known cracks occur in four relatively continuous
linear zones with average north-northwest trends that are from a few hundred
meters to 15 km in length. Data from strain quadrilaterals across the
cracks indicate that dilation was continuing at a high rate almost 1 month
after the main shock.

Available data suggest that the earthquake sequence is caused primarily
by dilatant cracking. It is inferred that extension in the source region
reflects local uplift at the surface over an area up to 15 km long and 10 km
wide, most probably related to upward movement of magma at depth. This
preliminary interpretation is based on: 1) the occurrence of purely
extensional surface cracking in the epicentral region, 2) a high level of
aftershock activity as is common for many earthquake sequences related to
volcanism, and 3) a geologic setting in a region of young bimodal volcanic
activity where there has been at least one historic eruption.

Reports

Plafker, George, and Jones, D. L., 1982, Geologic and tectonic evolution of
A]aska, in Palmer, A. G., ed Reg1ona1 Geological Synthesis:
Geological Soc1ety of Amer1ca D-NAG Special Publication 1, p. 77-80.
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Plafker, George, 1983, Tectonic evolution of the Yakutat block: an actively
accreting tectonostratigraphic terrane in southern Alaska [Abs.]:
Proc. of XV Pacific Science Congress, Dunedin, N.Z., Feb. 1-11, 1983,
p. 188.

Decker, John, and Plafker, George, 1983, The Chugach terrane--a Cretaceous
subduction complex in southern Alaska [Abs.]: Geological Society of
America Abstracts with Programs, v. 15, no. 5, p. 386.

Plafker, George, 1983, The Yakutat block--an actively accreting
tectonostratigraphic terrane in southern Alaska [Abs.]: Geological
Society of America Abstracts with Programs, v. 15, no. 5, p. 406.

Plafker, George, Agar, Robert, Ali Hussein Al-Thahiri, Asker, and Hanif,

Mohammed, 1983, Surface effects and tectonic setting of the 13 December
1982 Yemen earthquake [Abs.]: Earthquake Notes, v. 54, no. 1, p. 20.
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Figure 1. Map showing the main shock epicenter of the Yemen earthquake of december
13, 1982 and zones of linear extension cracks associated with the earthquake and.
its aftershocks (Roman numerals I to IV). Local zones of irregular ground cracks
are indicated by diagonal pattern (Roman numerals V to VII). Letters A to G indicate
Tocations of strain quadrilaterals installed across the crack zones.
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Earthquake Hazard and Prediction Research in the
Wasatch Front/Southern Tntermountain Seismic BeTt

14-08-0001-21184
October 1, 1982 to March 31, 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 modeling.

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

3. Emergency response, field recording, and data analysis relating to
earthquake swarm episode (ML<4.7) near Soda Springs, Idaho.

4. Instrumental calibration program.

5. University of Utah network operations and seismicity for the period:
October 1, 1982-March 31, 1983.

Results

1. The relationship between earthquakes, faulting, and contemporary
tectonics of the Wasatch Front region has been evaluated using geologic
and seismic moment rates, detailed reflection profiles across the
Wasatch fault zone, and numerical modeling of quasi-plastic flow to
evaluate maximum depths of seismogenic zones. Interpretations of these
data reveal: (1) moderate to low angle normal faulting (with some indi-
cations of listric faulting) along segments of the Wasatch fault and the
East Cache fault zones; (2) 1low-angle reflections at 6-7 km depths
beneath the eastern Great Basin that appear to be continuous beneath the

*The folTowing individuals also contributed significantly to this
project during the report period: D.R. Julander, E. McPherson,
and G.E. Randall.
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Wasatch Front and are interpreted as westward-dipping, thrust-related
detachment surfaces; (3) a general observation that many normal faults
rotate into a low-angle geometry producing asymmetric grabens; and (4) a
recognition that earthquake hypocenters and fault plane solutions do not
correlate directly with the low-angle detachments. Accurate foci and
epicenter distributions suggest that earthquakes east of the Wasatch
fault are distributed throughout the thick (5-7 km thick) sedimentary
column and in the footwall portions of the normal fault systems.
Nucleation depths of larger ISB earthquakes may be near the bottom of
the brittle layer.

An important constraint on the maximum depths of earthquakes and
hence on the seismogenic behavior has been investigated by modeling
quasi-plastic strain rate and temperature dependent flow of crustal
rocks. Seven diffgrent roig types have been modeled using appropriate
strain rates of 107"~ to 107"~ (derived from moment rates calculated
from contemporary seismicity and quaternary geology) and show that the
transition from brittle to ductile behavior may begin at relatively
shallow depths, as 1ittle as 6 km in the Wasatch Front area.

2. The best observational data yet available for correlating seismicity
with complex subsurface structure in the Utah region come from
portable-network studies augmenting our regional telemetry network.
Detailed observations from central Utah--and recently from SE Idaho (see
item 3, below)--suggest that pre-Neogene, low-angle structural discon-
tinuities 1in the crust may play an important role in separating locally
intense upper-crustal (h 6<km) brittle deformation from subjacent (h=6-
10 km) seismic deformation on blind structures. Understanding how and
where large earthquakes nucleate in the Intermountain seismic belt
becomes increasingly problematical. Background earthquakes of small to
moderate size may be causing a blurred picture by their occurrence
within the interior of blocks--or perhaps as a pattern of shallow
seismicity superimposed upon a different pattern of more episodic mid-
crustal seismicity. Evidence for seismic slip on Tlow-angle or
downward-flattening normal faults remains elusive.

3. An earthquake swarm episode occurred close to Soda Springs, Idaho,
between mid-September and mid-November 1982. The sequence included more
than 50 felt earthquakes and peaked with a shock of M 4.7 on October 14.
Following the 1latter shock, a dense network of 19 skations was jointly
operated in the epicentral area by the Univ. of Utah and the USGS/Golden
for 11 days (Oct. 15-26; >2,000 earthquakes recorded). Important find-
ings include: (1) epicentral alignment along the SW flank of the Aspen
Range, SE of Soda Springs, along a 13-km long zone trending N30 and
located a few km NE of and parallel to the NE boundary of the Bear River
valley; (2) evidence for SE migration of seismicity; (3) foci from near
surface to 10 km depth, chiefly clustering above 6 km within a thrust
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plate defined by pre-Cenozoic structure; and (4) the predominance of
strike-s1lip focal mechanisms--with one dextral-slip nodal plane trending
NW in agreement with planar-clustered foci.

4. As a means of calibrating our array for digital analysis we have
modeled our seismic telemetry stations with a simple frequency-domain
response, from which we can calculate both magnitude and phase
responses. We use a simple weighted least-square procedure to fit our
theoretical system response to our measured calibration data. The
response consists of seismometer response and constant-amplitude
acceleration followed by a filter (in the VCO). Our model has been ver-
ified by both engineering analyses and bench-test measurements.

5. During the six month period October 1, 1982-March 31,1983, 658 earth-
quakes were Tlocated within the Utah region. The largest event was a
magnitude (ML) 4.7 earthquake 10 km SE of Soda Springs, Idaho on October
14, 1982. “This earthquake was part of a swarm sequence from December
1981 through March 1983 including at least 30 earthquakes with magnitude
greater than 3.0. Other felt earthquakes during this report period
included: 1) a magnitude 3.5 shock on December 24, 1982 1in western
Pocatello Valley, 20 km SW of Malad City, Idaho; 2) a magnitude 3.2
earthquake on March 6, 1983 near Mountain Green, Utah, 10 km SE of
Ogden, Utah; and 3) a magnitude 3.1 event near Sunnyside, Utah on March
22, 1983 in the vicinity of extensive underground coal mining.
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Earthquake Hazards of the Reno NE
Quadrangle: Part I, Geology
14-09-0001-20563
Gail Cordy Szecsody
John Bell

Nevada Bureau of Mines and Geology
University of Nevada, Reno
Reno, Nevada 89557-0088
[702] 784-6691

Goals

The goal of this study was to map the surficial geology of the Reno NE 7 1/2-
minute quadrangle, with emphasis on the Quaternary stratigraphy, in order to
determine the recency and magnitude of movement on major faults in the area.

In addition, data from this study are currently being used to develop the earth-
quake hazards map for the Reno NE quadrangle. This map provides information for
planners, developers, and the public on 1) the suspected response of geologic units
to seismic shaking, and 2) the location and recency of movement on faults in the
quadrangle. Final results of this part of the study will be reported following
completion of the map.

Investigation

In order to complete the geologic map, the following tasks were completed:

1) collection and compilation of all published and unpublished geologic studies
for the area, and acquisition of 1:12,000-scale, low sun-angle photography
for mapping;

2) mapping of the quadrangle at 1:12,000 and transfer to 1:24,000 topographic
base;

3) detailed alluvial- and soil-stratigraphic studies to differentiate and date
key deposits for fault hazard purposes;

4) description of geologic units with emphasis on physical (engineering)
properties, and description of young faulting as it relates to major
tectonic features of the region.

Results

The Reno NE quadrangle is composed of several bedrock mountain ranges separated
by the intermontane basins of Lemmon Valley, Hungry Valley, and Antelope Valley.
Field mapping indicates that the bedrock areas are predominantly light gray Mesozoic
granodiorite intruded by lesser amounts of pink to white Mesozoic quartz monzonite.
Isolated pendants of Mesozoic Peavine Sequence metavolcanics crop out locally,
surrounded and intruded by granodiorite. These metavolcanics were regionally meta-
morphosed to the greenshist facies (Bonham, 1969) prior to the Jurassic-Early Tertiary
intrusion of the granitic rocks.

A prominent outcrop of mid-Tertiary (late Oligocene-early Miocene) volcanics,
commonly referred to as the Hartford Hill Rhyolite, unconformably overlies the
Mesozoic granodiorite in the southwest quarter of the quadrangle. These volcanics
are comprised largely of pale pink, cream, reddish brown, or gray ash-flow tuffs of
rhyolitic to rhyodacitic composition which trend approximately N-NE and dip 10-30°
NW. They exhibit all stages of welding and are generally crystal-rich. The Hartford
Hill volcanics once formed a continuous volcanic pile covering a large part of
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west-central Nevada; however, subsequent faulting, tilting, and extensive erosion
prior to the extrusion of late Miocene volcanic rocks have left only remnants of
the original section exposed.

Isolated outcrops of post-Hartford Hill, Miocene volcanic rocks unconformably
overlie granodiorite (Alta Fm and Pyramid Sequence) in the northwest or Hartford
Hill volcanics (Kate Peak Fm) in the southwest.

The Basin and Range episode of extensional tectonics in late Cenozoic (~17 m.y.3
resulted in the major ranges and valleys that characterize the current topography
in Reno NE quadrangle. With the uplift of the ranges came extensive erosion of the
highlands and deposition into the basins. This period is represented in Reno NE
by thick sequences of late Tertiary to early Quaternary alluvial, fluvial, and
lacustrine sedimentary deposits which underlie the intermontane basins. These
deposits have been faulted, warped, and eroded, and in most places are covered by
younger alluvium.

Eroded, faulted remnants of early Pleistocene pediments cut in the basin-fill
sediments,crop out at the margins of the basins suggesting that extensive pediments
may have surrounded the mountain blocks in early Quatermary.

In general, the late Tertiary-early Quaternary deposits are overlain by younger
mid- to late Quaternary alluvial and pluvial sediments. In particular, late Quaternary
" beach, forebeach, and lake sediments indicate the existence of pluvial lakes in Lemmon
Valley and Antelope Valley. These lakes were contemporaneous with, but hydrologically
isolated from, the last high stand of Lake Lahontan (Mifflin and Wheat, 1979).

Holocene deposits in the quadrangle include alluvium derived,in part, from
existing early to late Pleistocene alluvial deposits; clay dunes and windblown sands
derived from pluvial lake sediments; alluvidl plain, sheetwash, and stream sédiments,
and recent alluvial fans and colluvium.

The Reno NE quadrangle is in a tectonic area dominated by three major features:
1) the north-south-trending Sierra Nevada Frontal Fault Zone (normal faulting) to
the west, 2) the Walker Lane, a northwest-trending zone of right-slip transcurrent
faulting to the north-northeast, and 3) the northeast-trending, left-lateral
Olinghouse Fault Zone to the south. Structures in the quadrangle include northerly-
trending, range-bounding faults, northeasterly- and northwesterly-trending alluvial
faults, miscellaneously-oriented bedrock faults, and a series of northeasterly-trending
lineaments.

The bedrock faults are predominately pre-Pleistocene in age; whereas the range-
bounding faults appear to have moved as recently as mid-Pleistocene. Of note, is the
"Airport Fault" which trends northeast and extends from the southwest quarter of the
quadrangle along the west side of Lemmon Valley. This fault scarp is over 27 m high
and has had multiple movements, the most recent of which occurred in mid-Pleistocene
as indicated by trenching data. No evidence of Holocene movement on faults in Reno
NE quadrangle was found. The lineaments in the northeast quarter of the quadrangle
appear to be surficial expressions of the upturned, warped bedding of Tertiary-
Quaternary basin-fill sediments.
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Publications

Szecsody, G. C. (in press) Geologic map of the Reno NE quadrani;le, Nevada:
Nev. Bur. of Mines and Geology, Reno Area Map 4Cg, 1:24,000.
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Quaternary Framework for Earthquake Studies
Los Angeles, California

9540-01611

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

Investigations

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

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

3. Completed appraisal of regional liquefaction potential in the Los Angeles
area. (J. C. Tinsley, T. L. Youd, D. M. Perkins and D. Merritts).

4, Continued preparing and revising drafts of 5 chapters for inclusion in the
U.S.G.S. Professional Paper describing earthquake hazards in the greater Los
Angeles region.

Results

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

2. Surficial geologic mapping is 95% complete and 40% of that is field-
checked in the Los Angeles basin area.

3. Sediment most likely to contain clay-free, granular materials susceptible
to liquefaction is that deposited during the past few hundred years (latest
Holocene) and, to a lesser degree, that deposited during the past 10,000 years
(earlier Holocene). Latest Holocene deposits occur in the active, or
youngest, parts of depositional basins. Areas of latest Holocene deposits are
distinguished from the areas of earlier Holocene deposits because the former
areas typically have a recent (documented) history of flooding and are
characterized by cumulic inceptisols and entisols having minimally developed A
and C horizons. Earlier Holocene deposits have mollic A horizons. oxidized C
(Cox) horizons up to 2 m thick, -and a minimally developed textural B horizon
or cambic B horizon may be present. Pleistocene deposits typically have
pedogenic soils that have a moderate or well-developed textural B horizon and
a Cox horizon more than 2 m thick. Rubification (reddening) is a compelling
argument for a Pleistocene age designation. Designations of high, moderate,
and low susceptibility reflect the age of, depth to, and penetrometer
resistance of the water-saturated sediment.
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The regional distribution of these geologic conditions indicates that the
areas most likely to undergo liquefaction during future earthquakes lie in
parts of the flood plains of the Los Angeles, Santa Ana, and San Gabriel
Rivers and their principal tributaries; in flood-control basins and ground-
water-percolation complexes; in coastal dune and beach areas; and in
"shoestring sand" deposits in the western San Fernando Valley. Eight decades
of pumping of the ground-water basins had lowered water tables and had reduced
markedly the extent of susceptible areas. In addition, variations in rainfall
and changing management practices profoundly affect the depth to ground water,
hence also affect liquefaction susceptibility. Due to wet winters since 1978,
ground water levels in certain areas are approaching historical highs and
artesian conditions noted there in the early 1900's are recurring. To the
extent that water levels return to historical high levels, the greater will be
the areas susceptible to liquefaction.

Reports

Tinsley, J. C., Youd, T. L., and Perkins, D. M., 1983, Evaluation of
liquefaction potential in the Los Angeles area, California: Geological
Society of America, Cordilleran Section, Abstracts with Programs, v. 15,
no. 5, p. 373.

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

McFadden, L. D. and Tinsley, J. C., 1983 (?) The rate and depth of pedogenic
carbonate accumulation is soils: Formulation and testing of a compartment
model. Accepted for publication, GSA Special Paper describing soils
of the southwestern U.S.

Rogers, A. M., Tinsley, J. C. and Borcherdt, R. D., 1983, Geographic variation
in ground/shaking as a function of changes in near-surface properties and
geologic structure near Los Angeles, California: Seismological Society of
America, Earthquake Notes, v. 54, no. 1, p. T1.
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Potentially Active Reverse Faults of Eastern Ventura Basin, Los Angeles County,
California

14-08-0001-21279

Robert S. Yeats, Principal Investigator
James McDougall
Department of Geology
Oregon State University
Corvallis, Oregon 97331
(503) 754-2484

Investigations

1. Prepared surface geologic maps of Valverde and south half of Whitaker Peak
75 minute quadrangles. These will be field-checked during the summer. Cross sections
are being made through critical wells intersecting the faults under investigation.

Report

Levi, S., Schultz, D. L., Yeats, R. S., Stitt, L. T., and Sarna-Wojcicki, A. M.,
1983, Paleomagnetism of the Saugus Formation, Los Angeles County, Ca.: Geol.
Soc. America Abs. with Programs, v. 15, p. 391.
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Earthquake Hazards Studies, Metropolitan Los Angeles-
Western Transverse Ranges Region

9540-02907

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

Investigations and results

1. Historic earthquake data (W. H. K. Lee). Work continues on the wealth of
unpublished data on aftershocks of the March 11, 1933 Long Beach earthquake
(see previous report). Phase data from all available sources (CIT southern CA
Listing, CIT Phase Card Library, unpublished notes of C. F. Richter, and
publications by H. 0. Wood and H. Benioff) for about 250 aftershocks have been
collected, cross-checked, and compiled for the interval March 10 to April 6,
1933. The data include: a) essentially complete and accurate phase data from
the permanent stations Pasadena, Mt. Wilson, and Riverside; b) a small body of
incomplete phase data (5-10 stronger shocks) from permanent stations Santa
Barbara, La Jolla, Tinemaha, and Haiwee; and c¢) all phase data from several
temporary stations operated near Long Beach from March 13 to April 6.

Valuable data on the 1933 sequence are now being recovered from seismograms
recorded at Santa Barbara for about 30 shocks and at La Jolla for about 40.

2. Quaternary fault map and earthquake hazards (R. F. Yerkes). Completed
classification and compilation of Quaternary faults at 1:250,000 for the
23,000-km2 region, including all results from cooperative investigations
through 1982. Constructed map and structure sections (at 1:24,000) of all
available surface (soils, trenching, aerial photo studies) and subsurface
(exploratory well, geophysical) data bearing on the Santa Monica zone of
faults in the northwest Los Angeles basin. Results indicate that the zone is
cut and offset by at least two northwest-trending faults, including the
Inglewood fault; that west of the intersection the Santa Monica fault is
buried by chiefly Holocene deposits, whereas to the east it is buried by
Pliocene and younger units. However, the subprallel Hollywood fault at the
base of the Santa Monica Mountains shows late Quaternary activity along most
of its length, and its apparent extension east of the Los Angeles River
overlies a subsurface fault recognized independently from water-well data and
appears to cut the 6,000 year-old floodplain.

Comparison with a map of 1970-1981 seismicity (at 1:250,000) indicates a
prominent correlation of seismicity and Holocene ruptures. Several prominent
concentrations cannot be associated with recognized structure, one example of
which extends S 25° W beneath the Santa Monica Mountains from the 1971 San
Fernando "downstep" to the offshore Santa Monica 2zone.

Completed through branch approval two chapters for comprehensive

(Professional Paper) summary study of earthquake hazards of the Los Angeles
region: a) Geologic-Seismologic Setting--in very general terms why, how, and
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where earthquakes occur and detailed review of damaging historic earthquakes;
b) Fault Hazards (with J. I. Ziony)--details on location, geometry, style, and
offset of 96 mapped late Quaternary faults. In review: chapter on a
Postulated Earthquake--detailed description of a postulated earthquake on the
Newport-Inglewood zone immediately north of the 1933 rupture, with analysis of

geologic effects, to be accompanied by other reports on analysis of
engineering effects.

3. Late Cenozoic ashes (A.M. Sarna-Wojcicki):

a) Initiated study of oxygen-isotope variations in benthic foraminifera
in the Ventura Avenue anticline-Santa Paula Creek-Balcom Canyon sections of
the Ventura area to develop a detailed climatic record for the period 0.2 to
2.0 m.y. B.P., and to provide a high-resolution curve that will enable us to
correlate in detail among on-land marine sections and deep-ocean sites of the
northeastern Pacific. The oxygen-isotope curve will be age-calibrated by
tephrochronology and magnetostratigraphy (fig. 1). Slow deposition rates at
deep ocean sites, combined with ocean-bottom bioturbation and drilling
disturbance, result in poor age resolution of oxygen-isotope curves derived
from cores drilled at deep ocean sites. Because deposition rates along
continental margins are more rapid, we may be able to derive oxygen-isotope

curves with much greater age resolution (in coop. with Kristin McDougall and
Jim Gardner, U.S.G.S.).

b) A comparison of planktonic foraminiferal zonation in Balcom Canyon
(Ingle, 1967; 1981) with the stratigraphic positions of tephra layers and
their correlated ages (fig. 2) suggests that the two are generally in
agreement. The Venturian-Wheelerian boundary, inferred by Van Eysinga (1975)
to be about 1.9 m.y. B.P., lies close to the Huckleberry Ridge ash bed, dated
about 2 m.y. (Naeser, 1971; Izett, 1981). The apparent age reversals of the
two horizons (fig. 1) may be due to the time-transgressive nature of the
biostratigraphic datum or to the lack of precision in the isotopic age of the
ash bed. The normal interval below the Bailey ash bed and above the
Huckleberry ridge ash bed (Liddicoat, 1982), however, is probably too high in
the section to be the Olduvai event.

c) A new ash bed has been found stratigraphically below the Huckleberry
Ridge ash bed, near the base of the Pico Formation in Balcom Canyon (Unnamed
ash, figs. 1, 2). This ash bed lies within the Repettian stage, as determined
by planktonic foraminiferal biostratigraphy (Ingle, 1967; 1981). This ash bed
does not correlate with any other ashes we have analysed to date, but is most
similar to tephra erupted from the Sonoma Volcanic field of west-central
California, active during a period from about 6 to 2.5 m.y. ago.

d) Preliminary results of electron-microprobe and energy-dispersive X-ray
fluorescence analyses suggest that a tuff bed in the Monterey Formation at
Balcom Canyon (M-5, figs. 1, 2), correlates well with a tuff in the Monterey
Formation near Lompoc, Calif. (table 1). This tuff has been dated by the
fission-track method on zircons as 7.6 m.y. (Obradovich and Naeser, 1981). The
tuff at Balcom Canyon is the uppermost of a sequence of eight tuffs.

e) Figure 1 represents the current status of the available age control in
the Ventura-Balcom Canyon area from tephrochronology (this project) and
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magnetostratigraphy (J. C. Liddicoat, Lamont-Doherty, and J. W. Hillhouse,
UsSeGeSe)s

Reports

Yerkes, R. F., Ellsworth, W. L., and Tinsley, J. C., Triggered reverse fault
and earthquake due to crustal unloading, northwest Transverse Ranges,
California: accepted for publication by Geology.

Sarna-Wojcicki, A. M., Meyer, C. E., and Slate, J. L., 1983, The Lava Creek,
Bishop, and Huckleberry Ridge ash beds in Pacific Coast Quaternary marine
deposits--on land and in deep-ocean cores: Geological Society of
America, Cordilleran Section, Abstracts with Programs, v. 15, no. 5, p.
389.

Lajoie, K. R., Sarna-Wojcicki, A. M., Robinson, S. W., Liddicoat, J. C., and
Davis, J. 0., 1983, Late Pleistocene stratigraphic correlations and
lacustrine histories in the western Great Basin: Geological Society of
America, Cordilleran Section, Abstracts with Programs, v. 85, no. 5, p.
300.

Levi, Shaul, Schultz, D. L., Yeats, R. S., and Sarna-Wojcicki, A.M., 1983,
Paleomagnetism of the Saugus Formation, Los Angeles County, California:
Geological Society of America, Cordilleran Section, Abstracts with
Programs, v. 15, no. 5, p. 391.

Table 1. Analyses of glass of tuffs from the Monterey Formation. Tuff M-5 is from Balcom
Canyon; tuff Y448A is from the Johns-Manville quarry near Lompoc Calif. a- electron
microprobe analysis, oxides in percent. C. E. Meyer, analyst. b- energy-dispersive
XRF analyses, in spectral peak ratios. M. J. Woodward, analyst. Note that KZO and
TiO, concentrations for the two tuffs are different in the probe analyses, and that K
values are different in the XRF analyses. Potassium may be selectively leached from
the volcanic glass under different storage conditions. The differences in TiO, are
difficult to explain, and may represent analytical error, because the Ti peak
intensities in XRF analyses are very similar.

2 Si0,  Alp03  Fey03 M0  Mn0  Ca0  Ba0  Ti0Op, Na0 K0 Cl

M-5 76.45  12.59 2.00 0.11  0.03 0.71 0.10 0.34 3.12 4.50 0.05
Y448A 76.95 12.11 2.09 0.12 0.01 0.71 0.11 0.17 3.26 5.41 0.04

b. K Ca Ti Mn Fe Cu Zn Rb Sr Y Zr Nb
M-5 706 30 196 121 912 35 104 1155 433 828 3884 730
YU4BA 495 31 206 123 955 37 11 1125 416 869 3802 756

49



0S

GENERALIZED STATIGRAPHY & AGE CONTROL,

VENTURA AVE ANTICLINE AND BALCOM CYN SECTIONS
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Age control on late Cenozoic strata of the Ventura area.
Age control for the older part of the section is from Balcom

Canyon, and from the Ventura Avenue anticline, for the younger
Age control for the lower through middle

part of the section.

part of the section is from volcanic ashes. Ash layers are shown

as solid lines.

Ages of the Glass Mountain-D and -G ash layers

and the ash at about 1.4-1.5 m.y. are estimated from sedimenta-
tion rates and magnetostratigraphy. Age control in the upper
part of the section is from amino-acid racemization, U-series,
and radiocarbon dating (with K. R. Lajoie, USGS). Magnetostra-
tigraphy by J. C. Liddicoat (Lamont-Doherty), and by J. W. Hill-
house (USGS).
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(1975).

¢H



H3

Earthquake Hazards
Puget Sound, Washington

9540-02197

J.C. Yount
Branch of Western Regional Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94025
(415) 323-8111 x2905

Investigations

Puget Sound has suffered the effects of damaging earthquakes in the past
(1949, M=7.1; 1965, M=6.5) and will undoubtably feel the effects of future
earthquakes of comparable size. Rates of motion for the Juan de Fuca Plate
calculated from seismic moments compare well with rates calculated from plate
tectonic models, and clearly indicate that either subduction is continuing
today beneath Puget Sound, or that the Juan de Fuca Plate is deforming
(Weichert and Hyndman, 1983; Hyndman and Weichert, 1983). Recent analysis of
seismicity beneath the Olympic Peninsula further supports the conclusion that
subduction is continuing today beneath Puget Sound (Taber, 1983).

The major damaging effects of past earthquakes have been related to
ground shaking and liquifaction phenomena. Ground rupture along faults
breaking to the surface within Puget Sound has never been reliably reported
for historic earthquakes. Therefore, investigations for earthquake hazard
evaluation have centered on characterizing the nature and distribution of near
surface geologic materials that control ground shaking and liquifaction, and
on delineation of the major bedrock configurations that likely focus seismic
energy at the ground surface. Specifically, the major investigations carried
out during the first half of this fiscal year are:

1. Completion of 1:24,000 scale mapping of surficial deposits in the Seattle
1:100,000 Quadrangle. Compilation of this mapping onto the Seattle 1:100,000
surficial geologic map is 75% complete.

2. Analysis of the relationship of standard penetration versus depth for 12
geologic units underlying the Seattle South 7 1/2' Quadrangle for purposes of
delineating liquifaction susceptibility.

3. Compilation of depth-to-bedrock information from drill holes and marine
seismic reflection profiles, in the Seattle and Port Townsend 1:100,000
Quadrangles.

Results

1. Plots of standard penetration (blow count for 140 1lb weight dropped 30

inches) versus depth for various geologic units in the Seattle area reveal
trends which are useful for catagorizing the susceptibility of materials to
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liquifaction (fig. 1). Muddy fill, young alluvium, and fine-grained advance
outwash deposits appear particularly sensative. Most of the glaciogenic
sediments from the last and older glaciations and all of the pre-12,000 year-
old nonglacial sediments occupy an intermediate category of resistance.
Glacial till of the last or previous glaciations is as or more resistant than
most bedrock units, and comprises the category least susceptible to
liquifaction.

2. Depth- to bedrock information in the Seattle 1:100,000 Quadrangle shows
the coincidence between thickness of young unconsolidated sediment and the
pattern of Bouguer gravity (Stuart, 1965; Rogers 1970). Also, it is clear
that major geophysical and geologic lineaments interpreted as faults and large
folds (Gower and Yount, in press) influence the distribution of young
sediments. Selective erosion and deposition during successive glaciations,
coupled with differential compaction of unconsolidated sediments may explain
these distributions. But the possibility of differential Quaternary uplift
along these structures must also be considered as a causative mechanism.

Reference

Gower, H. D. and Yount, J.C., in press, Seismotectonic Map of the Puget Sound
Region, Washington: U.S. Geological Survey Miscellaneous Investigations
Map, Scale 1:250,000.

Hyndman, R. D. and Weichert, D. H., 1983, Seismicity and Rates of Relative
Motion on the Plate Boundaries of Western North America: Geophysical
Journal of the Royal Astronomical Society, v. 72, p. 59-82.

Rogers, W. P., 1970, A Geological and Geophysical Study of the Central Puget
Lowland: PhD Dissertation, University of Washington, Seattle, 123 pp.

Stuart, D. H., 1965, Gravity data and Bouguer gravity map for western
Washington: U.S. Geological Survey Open-File Report, 45 p.

Taber, J. J., 1983, Seismicity of the Olympic Peninsula, Washington, (abs):
Earthquake Notes; v. 54, no. 1, p. 41.

Weichert, D. H. and Hyndman, R. D., 1983, A comparison of the Rate of Seismic
Activity and Several Estimates of Deformation in the Puget Sound Area:
U.S. Geological Survey, Open-File Report 83-19, p. 105-130.

Report

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.
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Figure 1. Plots of standard penetration versus depth for fill, alluvium,
recessional and advance outwash deposits, nonglacial fluvial deposits,
till and associated gravels, and bedrock from the Seattle area.
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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. We have compiled slip rate estimates for late Quaternary time for faults
of the Los Angeles region. The resulting data base is sparse (rates of the
late Quaternary displacement can be estimated for less than 25 percent of the
more than 90 active faults); we believe, however, that these rates are more
representative of the current tectonic stress field, and thus a more reliable
basis for assessing relative fault activity, than published estimates (e.g.,
Lamar and others, 1973; Anderson, 1979; and Bird, in press) based on widely
different spans of late Cenozoic time.

The best constrained are rates of right-slip along the San Andreas (about 20-
30 mm/yr) and San Jacinto (about 8-12 mm/yr) fault zones, and of left-slip
along the Cleghorn fault (about 2 mm/yr). For the other late Quaternary
faults of the region, only the vertical component of the slip rate has been
determined. However, this parameter can be used to assess relative activity
if the ratio of vertical to horizontal offset can be estimated. Even where
this ratio is highly uncertain, comparison of rates of vertical separation for
individual subparallel faults provides a gross measure of their relative
activity.

For the dominantly reverse-slip faults of the western Transverse Ranges, rates
of vertical separation probably approach actual slip rates and thus can be

used to identify systematic areal differences in relative activity of the late
Quaternary faults. The southern boundary faults of the Transverse Ranges west
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of Pasadena, for example, have late Quaternary vertical separation rates of
0.1-0.5 mm/yr. In contrast, the frontal faults between Pasadena and San
Bernardino have vertical separation rates of 1 to 3 mm/yr, about an order of
magnitude higher. Within the Transverse Ranges, an interior belt of late
Quaternary faults that extend from near Santa Barbara to Pasadena also shows
vertical separation rates of about 1 to 3 mm/yr along individual faults.

Closely-constrained late Quaternary slip rates have not yet been determined
for the Palos Verdes Hills and Newport-Inglewood fault zones, which probably
pose the major earthquake threat to the Los Angeles basin, although rates of
vertical separation can be calculated locally (0.3 mm/yr and > 0.1 mm/yr,
respectively). Woodward-Clyde Consultants (1979) estimated a slip rate of 0.5
mm/yr for the Newport-Inglewood Zone on the basis of displaced 3- to 5-
million-year-old markers, but this value may not represent the slip rate
during the past several hundred thousand years. Because the geometry of the
faults suggests dominantly right-lateral displacement, the vertical components
of the offset rate probably are a fraction of the actual slip rate. Until
additional geologic constraints on late Quaternary offset can be obtained, we
suggest that it is reasonable to assume slip rates of about 1 mm/yr for these
faults.

2. A first draft of the professional paper, "Earthquake Hazards of the Los
Angeles Region", has been completed. The 15 chapter contributions are in
technical review, and final drafts are anticipated by October, 1983. Pre-
liminary results of several of these studies that concern hazard assessment
methods were summarized at an international conference on earthquake hazard
mitigation/response sponsored by the City of Los Angeles in February, 1983.

Reports

Anonymous, 1983, Mapping the earthquake hazards of the Los Angeles region, in
U. S. Geological Survey Yearbook, Fiscal Year 1982, p. 54-57.

Ziony, J. I., and Yerkes, R. F., in review, Fault hazards, in Zionys Jde« lag
editor, Earthquake hazards of the Los Angeles region: U. S. Geological
Survey Professional Paper . (approved by Branch).

Ziony, J. I., 1983, Mapping earthquake hazards [abs.]: City of Los Angeles

International Earthquake Conference, February 7-11, 1983, Los ‘Angeles,
California.
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Seismotectonics of Northeastern United States
9950-02093

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

Investigations

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

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

3. A DOE report on the ‘seismological, geophysical, and geological aspects of
storage of radioactive wastes in granitic plutons of northeastern United
States was reviewed.

4. A brief trip to Saudi Arabia was made to examine certain aspects of
earthquake hazards. A proposal was written.

Results |

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

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

3. Several regional cross-trending gravity features were identified from a
new regional gravity map of New York and Pennsylvania and their relationship
to seismicity explored. Additional geophysical information regarding these
features is being evaluated, particularly in the vicinity of the Adirondack
Mountains.

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, pe;138s
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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, 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, p. 197.
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PROJECT TITLE: Earthquake Hazard Studies in North-
eastern United States

CONTRACT NUMBER: USGS-14-08-0001-19750
PRINCIPAL INVESTIGATORS: A. L. Kafka, L. R< Sykés
CONTRACTOR: The Trustees of Columbia University

in the City of New York

TELEPHONE NUMBER: (914) 359-2900

The Lamont-Doherty seismic network, operating in the states of
New York, New Jersey and Vermont currently consists of thirty-eight
stations. The signals are telemetered to a central recording site at
Palisades, NY. The network has recently been converted to digital
recording. The network data are routinely analyzed to identify and
preliminarily locate earthquakes, and particular events are analyzed
in more detail to determine accurate locations, depths, fault plane
solutions, and other source parameters whenever possible.

Since the inception of the network in 1970, more than 800 earth-
quakes (1.0<mp<5.0) have been located in the northeastern United
States and adjacent Canada. This record of instrumentally located
earthquakes reveals the same general features as the longer term
(several hundred years) historical record, suggesting that the spatial
distribution of earthquakes has been relatively stationary over the
last few hundred years. The most important difference between the
historical data and the network data is the accuracy of earthquake
locations and the ability to estimate focal depth. The details of
hypocentral distribution and the possible association of earthquakes
with mapped faults or other structural features can only be meaning-
fully attempted with the instrumental data.

Earthquakes 1located by the Lamont-Doherty network are, most
likely, confined to the upper crust (depths <20 km), and most appear
to be located within the upper 10 km. In general, however, focal
depths of these events cannot be determined to better than about #5 to
10 km. Short period surface waves recorded by the network (e.g.,
1 sec Rg waves) are being investigated as possible depth diagnostics.

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

(1) Long Island Sound - 21 October 1981;

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

12:53L52.0 UT; 47.0°N, 66.5°W; mp=5.9
(3) New Hampshire - 18 January 1982;

00:14:43.2 UT; 43.5°N, 71.6°W; mp=4.8
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Determination of the crustal and upper mantle velocity structure
is a prerequisite for accurate earthquake locations and meaningful
interpretation of the seismic data. Thus far, tentative crustal and
upper mantle velocities have been deduced from P and S wave travel
time studies in parts of New York State. The resulting preliminary
velocity models are used in our earthquake location procedures. Our
more recent investigatins of relative residuals of P waves from
distant earthquakes and nuclear explosions indicate that residuals
vary from -0.3 to +0.6 sec. The pattern of residuals is found to be
constant to within 0.15 sec in broad subregions, but to vary markedly
between subregions. Since the transition zones between subregions are
no more than 50 to 100 km wide, most differences in velocity appear to
be situated in the upper 100 km.

The magnitudes and distribution of earthquakes recorded by micro-
earthquake networks in the New York City metropolitan area have been
analyzed to obtaine a map of the recent seismicity of this region that
is not biased by station distribution. A magnitude scale based on
signal duration is found to be the most appropriate scale for com-
paring the size of these earthquakes. Seismic waves recorded on
instruments with peak response near 1 Hz are used to compare duration
measured from the higher frequency (=10 Hz) data recorded by the local
networks with my and M_. A map of the distribution of the larger
events in this study suggests that earthquakes in the New York City
metropolitan area are primarily concentrated in geologic structures
that surround the Newark (Triassic-Jurassic) basin.
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Earthquake Hazards in the New York City Region: Deployment of a
Portable Network of Digitally Recording Seismographs

USGS-14-08-0001-20552

A. L. Kafka and L. R. Sykes
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

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

Results

The current configuration of stations for the portable network
consists of three 3-component sites plus one single-component (verti-
cal) site. This configuration increases coverage in the Manhattan
prong and Atlantic Coastal Plain provinces. Two of the stations are
in the vicinity of the epicenter of a magnitude 3.0 earthquake (maxi-
mum intensity VI) that occurred on January 30, 1979 beneath the
coastal plain sediments near Cheesequake, NJ. One of these two sta-
tions is located on Staten Island, NY (SINY), and the other is located
near Freehold, NJ (FREH). A third station (POCO, 3-components) is
located near the epicenters of two felt earthquakes that occurred in
the Manhattan prong near Mt. Kisco, NY (December 30, 1979) and Thorn-
wood, NY (September 4, 1980). 1In addition to these 3-component sta-
tions, a single-component (vertical) station is operating at Pali-
sades, NY next to the permanent short-period station operated by
Lamont-Doherty as part of the permanent network in the states of New
York, New Jersey, and Vermont. This station is used as a convenient
site for testing the portable network and for comparing signals
recorded by the portable network with those recorded by the permanent
network.

The software we received for the PDP 11/03 was not adequate for
our purposes for a number of reasons. For example, the pre-event mem-
ory was only about 2 seconds long, and the tape format, did not have
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end-of-file markers at the end of each event recorded. Two seconds
of pre-event memory would severely limit the diameter of the array.
Without end-of-file markers between events it becomes difficult and
very time consuming to search for seismograms recorded on the tape.
We have hired Phill Gross, who began development of the software for
this system at Pennsylvania State University, to correct these pro-
blems and to finish developing the software to make the portable net-
work more useful. He is currently working on increasing the pre-event
memory to 12 seconds and changing the tape format.

Reports

Kafka, A. L., 1982, Seismicity and geologic structures in the Man-
hattan prong: similarities and contrasts with the Hudson Highlands
(Abst.), 54th Ann. Mtg., Eastern Sec., Seismol. Soc. Am., Sept. 28,
1982.

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

Kafka, A. L., Barstow, N. L., and Schlesinger-Miller, E. A., 1983,
Earthquake activity and state of stress in the Newark basin and
surrounding geologic provinces of the New York City Metropolitan
area (Abst.), NE Sec., Geol. Soc. Am., March 23-25, 1983.

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

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

Seeber, L., Armbruster, J. G., and Nishenko, S., 1983, A comparison of
the seismotectonics of the northern and southern Appalachians
(Abst.), NE Sec., Geol. Soc. Am., March 23-25, 1983.
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MISSISSIPPI VALLEY SEISMOTECTONICS
9950-01504

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

Investigations

A variety of concurrent studies at reduced effort compared to previous report
periods were conducted to understand better the tectonic framework and
geologically young deformation relevant to seismicity in the New Madrid
region. The studies are as follows:

1.

Continued processing and interpretation of seismic reflection data

recorded on the R/V Neecho on the Mississippi River between Osceola, |
Arkansas, and Wickliffe, Kentucky. Approximately 90 percent of the

traverse has been processed.

Digitizing of seismic reflection profiles as a first step in computer
modeling Cretaceous and Tertiary reflectors in the New Madrid region was
started.

Evaluation of data obtained from trenching in the Blytheville, Arkansas
area was continued.

Continued acquisition, organization, and compilation of level line data to
search for zones of recent vertical deformation.

Mini-Sosie seismic reflection data collected on a traverse over a
suspected fault scarp near Union City, Tennessee, was processed.

A quantitative geomorphic study of about 10,000 km2 on the southeast flank
of the Ozark uplift was started.

Results

1.

A number of near-surface faults have been inferred in the Mississippi
River seismic reflection data. Preliminary interpretation of the most
recently processed data indicate that a few faults may extend to the bed
of the Mississippi River, where water falls were reported in 18l11.
Considerable additional interpretation and compilation are still required
to confirm or negate this observation.

Detailed interpretation of the segment of the river data in the vicinity

of Caruthersville, Missouri shows that the Cottonwood Grove fault can be
traced to the river, a total distance of 20-25 km. The river data shows
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the fault as a zone of warping and complex faulting that deforms Eocene
sedimentary rocks.

A second are of extensive faulting in the Caruthersville area coincides
with the northeasterly extension of the 120~km-long trend of seismicity
between Marked Tree, Arkansas and Caruthersville, Missouri. Faults in
this zone have both normal and reverse apparent movements and are
interpreted to have post-middle Eocene movement.

Digitizing the large amount of reflection profile data allows various
subsets of the data to be independently analyzed and studied to clarify
the Cretaceous and Tertiary depositional and tectonic evolution of the
region.

Holocene sediments in the Blytheville area trench were not faulted. The
trench did reveal excellent cross-sections of unusual liquefaction
features probably formed during the 1811-12 earthquakes.

Data from about 130 level lines surveyed at various times during the past
99 years have been evaluated for constructing profiles showing differences
in elevation. Four areas have been selected to search for differential
vertical displacement between the seismically active Mississippi flood
plain and adjacent highlands.

Interpretation of the Mini-Sosie seismic reflection data indicates two
reverse faults that extend nearly to the surface. Neither of the faults
are coincident with a scarp crossed by the reflection traverse. Recent
field examination of the area and discussion with local residents who farm
the land strongly indicate that the features, which first suggested that
the scarp was related to a fault, are erosional in origin. Shallow
subsurface faults near the east and west ends of the traverse are,
however, prime targets for exploratory trenches.

The quantitative geomorphic study was initiated because (a) no geologic
study of the important Arkansas earthquake swarm was being done and

(b) qualitative information that suggests uplift of at least the eastern
part of the Ozark Mountains has existed for many years, but no serious
attempts to confirm or negate the suggestion have been made. Detection of
geologically young deformation of the eastern Ozarks is important because
of a coincident diffuse zone of seismicity, and because the deformation
almost surely must effect the stresses related to earthquakes in the New
Madrid zone less than 50 km to the southeast.

Accomplishments of the geomorphic study to date are as follows:

a. Sixty-four streams greater than 10-km long in 138 7-1/2 minute
quadrangles have been digitized and elevations of contour crossings
recorded in data files.

b. The digitized information has been plotted as stream courses, stream

profiles in cartesian coordinates, stream profiles in semi-log
coordinates, and elevations to construct a sub-envelope map. In the
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near future, the data will be used to calculate steam gradient
indices, normalized stream gradient indices, and psuedo-hypsometric
values, all of which will be contoured.

Reports

McKeown, F. A., and Pakiser, L. C., 1982, Investigations of the New Madrid
Earthquake Region: U.S. Geological Survey Prof. Paper 1236, p. 200.

Shedlock, K. M., and Harding, S. T., 1982, Mississippi River Seismic Survey:
Geophy. Res. Letters, v. 9, p. 1275-1278.
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Active Seismology in Fault Zones
9930-02102

Walter D. Mooney
Branch of Seismology
U. S. Geological Survey
345 Midd1lfield Road M/S 77
Menlo Park, California 94025
(415) 323-8111, ext. 2476

Investigations

1.

Analysis of seismic refraction data in several locations in the Great
Valley of California and adjacent Coast Ranges and Sierran foothills (A.
Walter, J. Murphy, and W. Mooney).

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

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

Interpretation of the deep—crustal structure of the Mississippi Embayment
of the central United States.

Collaboration with the State Seismological Bureau (Beijing) in a program
of crustal studies in Yunnan Province.

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

Results

1. Analysis continues on five research profiles collected in the Great

Valley between Stockton and Fresno, California. Three of the profiles are
subparallel to the Valley axis and are located on the west side, at the
center, and on the east side of the Valley. Two transverse profiles
extend from the Diablo Range to the Sierra Nevada and are located near the
latitudes of Tracy and Los Banos, California. Along each profile, 100
seismic cassette recorders were deployed at spacings of 1.0 to 1.5 km and
shots were fired at shotpoints located near the endpoints and centers of
the profiles. The collected traveltime data are being used to construct a
crustal velocity model for the Great Valley between the Coast Ranges and
the Sierra Nevada. This model better belineates the feature producing the
aeromagntic and gravity highs in the Great Valley.

Refraction data was also collected along two end-to—end 120-km long
profiles extending from Morro Bay, on the California coast, across the
southern Great Valley to the Sierra Nevada east of Delano, California.

For each of these profiles, the 100 cassette recorders were deployed at 1
to 1.2 km intervals and shots were fired at four shotpoints spaced 20 to
50 km apart.
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Earthquakes occur in many locations on either side of the San Andreas
fault in central California. In order to investigate the deep structure
of the crust in this region, and relate it to earthquake occurrence.
Vibroseis reflection data was purchased from Western Geophysical along the
route of our seismic refraction profiles from Marro Bay to the Sierra
Nevada. The refraction data are being analyzed to provide velocity—-depth
functions that can be used to reprocess the reflection data. Geophysical
Systems Corporation has been contracted to collect vibroseis reflection
data along our refraction profile through Los Banos, California. The line
is east-west and 120 km long. The reflection records have a two-way time
of 12 seconds in order to study the deeper parts of the crust.

The deep crustal structure of the Imperial Valley, southern California,
has been investigated thoroughly and these results reported (e.g., Fuis
and others, 1982). 1In order to extend the coverage possible in our
previous interpretations, the time-term method has been applied to the
1979 seismic refraction data. All of the traveltime data were next
integrated to produce a time-term map, which in principle eliminates
distortions of features seen on traveltime maps and can be converted to a
sediment isopach map. Striking features seen on this map include the
following: 1) A complex buried scarp along the west side of the Imperial
Valley. This feature, seen on the earlier traveltime maps, trends roughly
north-south; it appears to be terraced and also segmented. The
Superstition Hills fault and Superstition Mountian fault bound one segment
and northwest—-striking buried faults (?) farther south appear to bound
other segments. 2) A prominent scape is also seen northeast of the Salton
Sea and appears to be a continuation of the modern mountain front beneath
the sediments. (We had surmised earlier than such a scarp existed about
10 km farther southwest, along the San Andreas fault). 3) Geothermal
areas are reflected on the maps as areas of relatively low time-terms.
These areas have varied shape and relief on the map. The Salton
geothermal area has the strongest relief and is the largest areally. In
conjuction with this investigation a computer program was written for
machine contouring of data points.

An extensive seismic refraction investigation was conducted in the
Mississippi Embayment in September 1980 in order to provide detailed
information regarding the deep crustal structure. During the
investigation 34 shots from nine shot points were recorded along aseries
of profiles. The profiles were parallel to and across an inferred
Precambrian rift zone which i8 outlined by a series of magnetic anomalies
and covers an area at least 200 km long and 70 km wide.

Along the northeast-southwest trending axis of the rift a 0.7- to
1.1-km-thick 1.8-km/s layer representing the unconsolidated Tertiary and
Cretaceous sediments overlies a 2-km—thick 5.95-km/s layer representing a
Paleozoic carbonate sequence. Beneath the carbonates is a 3-km-thick
low-velocity layer which probably consists of late Precambrian clastics.
An 11-km-thick 6.2-km/s basement overlies a lower crust comprised on a
6.6-km/s layer whose thickness decreased to the northeat due to its
replacement by an anomalous high-velocity 7.3-km/s basal layer. The base
of the crust varies from 39-km depth at the southern end of the profiles
to 46-km depth at the northern end where the 7.3-km/s layer is 20-km
thick. Below the base of the crust (Moho) the upper mantle has a velocity
of 8.0-km/s.
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The velocity structure beneath the west flank of the Embayment is
simpler than that of the axis: 5.95-, 6.2-, 6.6-, 7.3—, and 8.0-km/s. The
low-velocity laver is absent and the anomalous 7.3-km/s layer is thinner
than along the axial profile. The profiles perpendicular to the rift show
that the low-velocity layer is restricted to the axial zone and that the
anomalous 7.3-km/s basal crustal layer reaches maximum thickness there.

The tectonic model proposed to explain the origin of this embayment
velocity structure is that a late Precambrian mantle plume intruded into
the lower crust of the northern embayment, causing uplift (and/or crustal
stretching) and the sebsequent rifting of the axial area. This was
followed by erosion, subsidence, and subsequent deposition of sediments in
the resulting trough.

Jg Working through the US-PRC protocol for Earthquake Prediction Research,
we have been cooperating with the State Seismological Bureau in a program
studying the deep-crustal structure in Yunnan Province, southwestern
China. In addition, we are providing technical assistance in the area of
digital processing of seismic data. In order to strengthen this effort,
we hosted a meeting in December, 1982, to discuss research goals which was
attended by twenty-five scientists. A research proposal to the NSF from
UC-Berkeley was an outgrowth of this meeting. This proposal will provide
the university with support, thus, making the cooperation a USGS-PRC-UC
Berkeley effort. An electrical engineer will work in Menlo Park for two
months on instrument design needed to facilitate data processing. The
project will result in new information regarding the crustal structure in
the seismically active region in southwestern China.

6. Geologic transect provide a useful summary of the present knowledge of
the geology and deep structure in key areas. Ocean-continent transect
C-D, constructed for the U.S. Geodynamics Committee's Transect Program,
extends from offshore southern California to central New Mexico. The
transect consists of: 1) a one-degree-(110-km) wide, 1:500,00 geologic
strip map, 2) two 1:5000,000, 1:1 geologic cross sections, one colored by
age, the other by lithotectonic "kindered”, 3) gravity, magnetic, heat
flow, and seismic-velocity profiles, and 4) ancillary diagrams explaining
the progressive tectonic development of the region. The major tectonic
provinces crossed by the transect include, from west to east, the southern
California borderland, the Transverse Ranges, the Peninsular Ranges, and
Salton Trough, the southern Basin and Range, the northern Sierra Madre
Occidental, and the Rio Grande Rift provinces. This work is in its final
stages.

Reports

Andrews, M. C., Mooney, W. D., and Meyer, R. P., S-P conversion in the
Mississippi Embayment: (in preparation).

Boken, A., and Mooney, W. D., A Refraction study of the Santa Cruz Mountains,

west—central California (abs.): Trans. Am. Geophys. Union, v. 63, no. 43,
p. 1036.
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Fuis, G. S., 1982, Crustal structure of the Mojave Desert, California (abs.):
Geological Society of America Abstracts with Programs, v. 14, no. 4, p.
164,

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

Fuis, G. S., Mooney, W. D., Healy, J. H., McMechan, G. A., and Lutter, W.,
1982, Crustal structure of the Imperial Valley region, in The Imperial
Valley Earthquake of 1979: U.S. Geological Survey Professional Paper 1254,
p. 64.

Fuis, G. S., Mooney, W. D., Healy, J. H., McMechan, G. A., and Lutter, W. J.,
A seismic refraction survey of the Imperial Valley region, California:
(submitted to Journal of Geophysical Research, 96 p.)

Fuis, G. S., and Zucca, J. J., Mooney, W. D., and Milkereit, B., A geologic
interpretation of seismic refraction results from northeastern California,
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whispering—-gallery phase in deep sedimentary basins (abs.): Earthquake
"Notes, v. 14, no. 4, p. 26.
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Society of America Abstracts with Programs, v. 14, no. 7, p. 519.

McMechan, G. A., Clayton, R., Mooney, W. D., 1982, Application of wave field
continuation to the inversion of refraction data, Journal of Geophysical
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Mooney, W. D., Snyder, D. B., and Hoffman, L. R., 1982, Seismic refraction and
gravity modeling of Yucca Mtn., Nevada Test Site, southern Nevada (abs.):
Earthquake Notes, v. 63, no. 45, p. 1100.
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crustal structure of the northern Mississippi Embayment (abs.): Earthquake
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northern Diablo Range, central California (abs.): Trans. Am. Geophys.
Union, v. 63, no. 45, p. 1036.
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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. Develop strategy for integrated study of Ramapo zone seismicity utilizing
Vibroseis reflection profiling.

Results

1. Planning for a multi-year geophysical study of the Ramapo seismic zone has

been completed with institution of a cooperative agreement between USGS
and the Virginia Polytechnic Institute and State University (VPI) to
conduct Virbroseis reflection profiling of the Ramapo seismic zone with
funding provided by the Nuclear Regulatory Commission for fiscal years
1983, 1984, and 1985.

The data collection for fiscal year 1983 will consist of two short line
profiles across the Newark Basin northeast of Princton, N.J., and at the

northern end of the Newark Basin in Rockland County, N.Y.

Ancillary wide—angle reflection studies utilizing VPI Vibroseis energy
will be conducted by Robert Phinney of Princeton University.

Preliminary results are expected by October 1, 1983.
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Trenching Studies of the San Andreas Fault Bordering
Western Antelope Valley, Southern California

14-08-001-18200

Derek J. Rust
Department of Geology
Humboldt State University
Arcata, California 95521
(707) 826-3931
(707) 677-0159

Investigations

A plane-table map (Fig. 1) was made at a stream crossing on the fault
in order to document the evidence for three offset stream channels.

Results

The mapping provided confirmation that the three channels were offset |
successively from a single source by lateral movement on the San Andreas 1
fault. Most significant was the remarkable uniformity in amount of offset |
between each channel. Each offset was about 7-7.5m, substantiating similar ‘
. values measured on offset and deflected stream channels over a 25km long |
reach of the fault spanning the plane-table mapping site.

These results indicate that the past three large earthquakes have been
very similar in this part of the "Big Bend", and strengthens the suggestion
that the 1857 earthquake is a likely model for the next large earthquake here.

Reports

Rust, D. J., 1982, Evidence for uniformity of large earthquakes in the
"Big Bend" of the San Andreas fault: EOS, Trans. Amer. Geophysical
Union, v.63, no.45, p.1030.
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Fig. 1. Plane-table map of Cow Spring Canyon at San Andreas fault
crossing. Showing three offset channels, each offset about 7-7.5m.
Site located about 23km. SE of Tejon Pass.

ey
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Earthquake Hazard Studies in Southeast Missouri

14-08-0001=19751

William Stauder

Robert B. Herrmann

Brian J. Mitchell

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

St. Louis, MO 63156

(314) 658-3131

Goals

1. Monitor seismic activity in the New Madrid Seismic Zone, using data
from a 35 station regional seismic array 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 26 USGS
and 8 NRC seismograph stations located in the central Mississippi Val-
ley. These will be augmented by 8 additional USGS and 8 additional NRC
stations in the near future. In addition telemetered data from eight
Tennessee Earthquake Information Center stations in the southern part of
the New Madrid Seismic Zone will be recorded digitally. The seismic
data are also recorded on 16mm film and on a PDP 11/34 digital computer.
Since the initial deployment of seismograph stations in July, 1974 1767
earthquakes have been 1located through the end of September, 1982.
Operation, analysis and publication of quarterly bulletins are an ongo-
ing task. Cooperative arrangements with other organizations, such as
the Tennessee Earthquake Information Center and the University of Ken-
tucky, 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. We have been
working on methods to guarantee long triggers for larger events so that
Chouet - Aki - Tsujiura coda analysis techniques can be used to study
coda Q and source spectral scaling. Work has begun on implementing rou-
tine determination of spectral parameters, corner frequency and seismic
moment, for inclusion into the quarterly bulletin,

Results

1. During the third quarter of 1982, 81 earthquakes have been located,
including 3 events with g > 3+0- :
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2. Major research results are listed in the paper below.

Publications

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

Herrmann, R, B. (1982). Digital processing of regional network data,
Bull., Seism. Soc. Am. 72, S377-S392.

Herrmann, R. B, and A. Kijko (1983). Modeling some empirical Lg rela-
tions, Bull. Seism. Soc. Am. 73, 157-1T71.

Singh, S. and R. B, Herrmann (1983). Regionalization of crustal Q in the
continental United States, J. Geophys. Res. 527-538.

3. The following is the abstract of the paper on Lg, which presents
recent results on Lg:

The application of the Nuttli (1973) definition of the m
magnitude to instruments and wave periods other than ghg
short-period WWSSN seismograph is examined. The basic conclu-
sion 1is that the Nuttli (1973) definition is applicable to a
wider range of seismic instruments if the log,.(A/T) term is
replaced by log,.A. For consistency and precision, the nota-
tion L should be applied only to magnitudes based upon 1.0
Hz obseﬁvations. In general, for measurements made at a fre-
quency f, the notation ng(f) should be used, where

ng(f) = 2.94 + 0.83310g,,(r/10) + .A4342)r + log, A,

and r is the epicentral distance in km, Y is the coefficient
of anelastic attenuation and A is the reduced ground amplitude
in microns, Given its stability when estimated from different
instruments, the m (f) magnitude is an optimum choice for an
easily applied, stangard magnitude scale.
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Source Characteristics of Eastern and Central United States Earthquakes
from a Broad Band Digital Array

Contract No. 14-08-0001-20522
15 December 1981-14 December 1982
United States Geological Survey

by
George H. Sutton, Paul W. Pomeroy, and Jerry A. Carter
Rondout Associates Incorporated
P.0. Box 224
Stone Ridge, New York 12484
Tel: (914) 687-9150

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

This report presents the results of the first year's research of a project
originally for a two year duration. We are currently in the beginning of the
second year of research; at a reduced level and under a new contract. During
the first year, the major effort was divided between establishing and implement-
ing procedures required for processing the CSA data, choosing appropriate events
for analysis, and beginning the analyses of significant events required for the
determination of the source characteristics. During the current year, addition-
al array data (for eight or more earthquakes, total) are being analyzed and in
some cases synthetics of the '"whole" seismogram will be generated for comparison
with the array data in order to improve the reliability of the source character-
izations and to obtain some measure of their uniqueness. Complimentary digital
data will be obtained from DWWSSN and SRO stations in central Pennsylvania and
from an RSTN station in the Adirondacks, New York and incorporated in the analy-
ses.

A number of appropriate earthquakes have been selected for detailed study
and analytical procedures have been applied to a few events. Some representa-
tive results from four earthquakes provide an indication of the quality of the
data avallable and the effectiveness of the procedureS' New Madrid, Missouri,
A = 13.1° = 3.8-3.9; Rhode Island, A = 2.2°, mb = 2.7; New Brunsw1ck A=
7.3° > m = B Keewatin, N.W.T., A= 25. 6° > Wy =
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Computer programs for three-component polarization filtering, beam form-
ing, and horizontal slowness stacking were developed and applied to CSA data
along with frequency filtering and spectral analyses. These procedures aid the
evaluation of the importance of scattering and lateral refraction in the vicin-
ity of the array; improve signal-to-noise ratio; aid the identification of wave
types and isolation of surface wave modes; and provide spectral estimates used
in the determination of certain source parameters.
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Investigations

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

1. Compilation and interpretation of a map of known continental rifts,
graben, and other extended terranes in the central and southeastern U.S., to
test the suggested association between damaging seismicity and rifts. See
Result 1, and Reports 2 and 3.

2. Descriptions of seismicity in and near Giles County, southwestern
Virginia, and geological evaluations of the most probable types of causative
faults. See Result 2, and Report 1.

3. Planning for a multi-sheet seismotectonic map of the East. The
intent is to examine and test spatial associations of geologic, geophysical,
and other factors that are thought to contribute to damaging eastern
seismicity, and to identify complexes of factors that are necessary and
sufficient for seismicity. Each map sheet will show one or more factors. All
sheets will be at a scale and projection that allow them to be overlain on
geologic, tectonic, and other maps to be produced for the Decade of North
American Geology (1:5,000,000 scale, Transverse Mercator projection). A 9-
page description is available on request.

4, Analysis of stratigraphic data to seek evidence of Devonian tectonism
at the Allegheny Front in Maryland, West Virginia, and Virginia. A manuscript
of 57 pages is in review for a Festschrift honoring W. Lowry, and a supporting
Open-File Report of 23 pages is also in review.

Results

l. (See Investigation l.) The findings, hypotheses, and speculations
that were described in the last Semi-Annual Technical Report have been
presented to several audiences and discussed with colleagues, with the
following additional results:

a. In the eastern Piedmont province of the southern and central

Appalachians and in the Coastal Plain, east of the large eastward rise in the
Bouguer gravity field, seismicity appears to be at least as closely associated
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with a few suspect terranes as it is with the structure of the rifted Atlantic
continental margin. A manuscript with G. A. Bollinger as senior author
describes that spatial association. In particular, 3 seismically active areas
lie on or east of the gravity rise in the area considered. In central
Virginia, microseismicity occurs within and at the base of a detached suspect
terrane rather than on Mesozoic extensional faults (L. Glover III, J. Costain,
and G. A. Bollinger, oral and written communs.). The same may be true for
microseismicity in and near the Ramapo area (N. Ratcliffe, oral and written
communs.). Only near Charleston, South Carolina do reactivated Mesozoic
extensional faults seem as likely sources as do reactivated detachment faults
of Paleozoic age. Thus the gravity rise may separate a cratonic region in
which seismicity prefers rifts and related extensional systems, from a series
of discrete and distinct orogenic regions in which the habit of seismicity is
more varied, because more varied Phanerozoic histories present more varied
structural fabrics to the ambient stress field.

b. Seismicity of southwestern Virginia, eastern Tennessee, and central
Alabama all occurs within the eastern portion of the cratonic region, where
Iapetan normal faults are known to exist and are inferred to provide
reactivatable sources.

c. Seismicity near Anna, Ohio, in the Mississippi embayment, and near
Sharpsburg, Kentucky all occurs in known or inferred rifts of Paleozoic and
Keewenawan age. All 3 areas appears to lie in rifts sensu stricto, because
gravity and magnetic maps imply the presence of abundant mafic igneous rocks,
mantle pillows, or both: the entire crust appears to have cracked and
extended in those areas.

d. Most of the rest of the Paleozoic and Mesozoic extensional systems
lack the gravity and magnetic expressions of a true rift, and appear only to
be graben or structural depressions. They also appear to be relatively
aseismic.

2. (See Investigation 2.) Four independently-produced and
independently-published maps of Landsat lineaments overlap to cover about
40,000 square km surrounding the Giles County seismogenic zone. Two maps each
cover the entire study area, and the other 2 cover the Virginia portion and
the West Virginia portion separately. Two of the 4 maps were each produced by
2 operators working independently, who then compared their lineaments and
classified them according to certainty. A third map was produced by a single
operator who also classified his lineaments. For these three maps, only the
more certain classes of lineaments were examined. Because each portion of the
study area is covered by 3 maps, the area provides an unusual opportunity to
test reproducibility, and perhaps to overcome the notorious unreliability of
Landsat lineaments. The hope is that features can be found that are common to
all overlapping maps. If so, some of those features may record an imprint on
the exposed thrust sheets of repeated motion on the seismogenic fault or fault
zone that underlies the thrust sheets. Such an investigation is justified
because a large area can be examined fast and cheaply. Preliminary results
include the following:

a. Reproducibility of single lineaments has not yet been examined,
because single lineaments are known to be poorly reproducible where compared
in other study areas.
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b. Preferred orientations are widely regarded as among the most
reproducible aspects of lineament maps. In the study area, no preferred
orientation is statistically significant on all maps, nor is any avoided
orientation.

c. Contour maps of the areal density of lineament length are also
widely regarded as reproducible. In the study area, contour maps using 15
minute quadrangles as cells show patterns that appear reproducible to the eye,
but which differ significantly when compared statistically. Similarities
between maps increase slightly when cell values are smoothed with a 4-cell
moving average.

d. The contour maps are more readily compared by normalizing cell
values. When that is done, ten small areas are either reproducible or
statistically significant. Only one of the 10 is both: five 15 minute
quadrangles form a contiguous area of low lineament density that is centered
over, but several times the area of, the Giles County seismogenic zone.

e. Judging from this example, it is feasible to evaluate
reproducibility in an objective way, and thereby to identify reliable aspects
of lineament maps. Unfortunately such evaluation appears to require the
unusual circumstance of 3 overlapping lineament maps that were produced
independently. The common technique of using 2 operators to produce a single
map may not be sufficient.

Reports

Bollinger, G. A., and Wheeler, R. L., 1983, The Giles County, Virginia,
seismic zone: Science, v. 219, p. 1063-1065.

Wheeler, R. L., 1983a, Rifts and passive margins in and near the southern
Appalachians: indirect inheritance? [abs.]: Geological Society of
America Abstracts with Programs, v. 15, no. 3, p. 183.

Wheeler, R. L., 1983b, Rifts, passive margins, and seismicity in southeastern

North America [abs.]: Geological Society of America, v. 15, no. 2, p.
55,
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Neotectonics of the North Frontal Fault System
of the San Bernardino Mountains, Southern California

Contract No. 14-08-0001-19754

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

Investigations

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

this summary, we will present the results of our paleomagnetic dating and
trenching programs. The area between Silverwood Lake and Dry Canyon has been
discussed in detail in previous Summaries.

Results

1. Trenching: We excavated two trenches along the north frontal fault system
of the San Bernardino Mountains in Lovelace Canyon and on Ocotillo Ridge.

The Ocotillo Ridge trench was excavated on County of San Bernardino right-
of-way at the corner of Ocotillo Way and Pioneer Road (sec 15, R3W T4N) in the
Marianas Rancho area of Apple Valley. The site lies on the steepest part of
the northwest slope of Ocotillo Ridge, just west of a scarplike lineament on
the 1939 airphotos. The structure underlying Ocotillo Ridge appears to be con-
tinuous with the structure responsible for the impressive scarps on the west
flank of the Ord Mountains. Bedding attitudes of the Ocotillo Ridge deposits
define an asymmetric anticline, with steep northern and shallow southern 1limb
A fault was mapped on the north side of the anticline by F. Miller (pers. comm.).
The trench was 65 feet long, and a maximum of 13 feet deep.

The Ocotillo Ridge trench exposed a 55° north-dipping section of coarse
fluvial sand and gravel underlain by several massive debris—-flow units.

These sediments, part of the "Ocotillo Ridge" deposits, are correlated with

the Older Alluvium underlying the Victorville Fan to the west and estimated to
be about 500,000 years in age. A soil developed on the debris-flow unit and
the presence of rotten diorite clasts support this age; no cl4-datable material
was found in this unit.

Multiple CaCO3-filled fractures were evident in the debris-flow deposit
at the south end of the trench. These fractures were confined to the better-
indurated, CaCO3-cemented soil-zone in the debris-flow unit, dying out in
the softer underlying material. The majority of the fractures dipped steeply
to the south, a lesser set dipped shallowly north. There was no evidence of
offset across any of the fractures. Several of the fractures could be traced
into the fluvial sand unit that overlies the debris-flow, where they were
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abruptly truncated by liquefaction structures. We interpret the steep,
south-dipping fractures as tension cracks developed in the brittle CaCO3-
cemented soil zone of the debris-flow deposit in response to the bending moment
applied to the beds during folding. Shallow north-dipping fractures possibly

represent similar features, now rotated out of alignment by folding. Alternately,

these shallow fractures may be basal shears for small slumps developed on the
oversteepened hillslope.

Liquefaction structures were abundant throughout the coarse sand body
immediately overlying the debris-flow unit. A large, amorphous sand, silt and
clay intrusion appears to have invaded the fluvial unit along bedding planes.
We also noted evidence of in-situ liquefaction included pods of well-sorted,
structureless, medium-grained sand, and coherent blocks of laminated sand
surrounded by chaotic laminations. Liquefaction can occur in response to
depositional loading or seismic shaking of saturated sand. In this case,
sediment loading can be ruled out, since liquefaction structures cut tension
cracks in the soil developed on the Ocotillo Ridge deposits.

Collectively, these findings seem best explained by co-seismic folding of
the Ocotillo Ridge deposits in response to movement on a buried, high-angle
reverse fault. This structure seems to be a straightforward extension of the
reverse fault on the west flank of the Ord Mountains. The scarps on the 1939
airphotos appear, upon careful re-examination, to be the expression of a re-
sistant gravel bed within the Ocotillo- Ridge deposits. We can find no com-
pelling evidence of faulting on the north side of Ocotillo Ridge.

‘The Lovelace Canyon trench was excavated on the property of L. E. and
Marcia Alter (sec 27, R2W T4N). The site lies in the modern stream bed on the
projection of a wide gouge zone cutting bedrock in the canyon walls. Although
the trench was 120 feet long, and reached a depth of 14 feet, it was only
possible to safely shore 50 feet of the excavation to a depth of 10 feet due
to extremely unstable soil conditions.

The ground surface at the trench site had clearly been disturbed by the
property owners prior to our activities. A sprinkler system had to be dis-
assembled before, and reconstructed after, our operations. A dirt road
crossing the channel immediately downstream of the site is constructed entirely
of fill with no culvert; it is, in effect, a dam across the stream channel.

Nevertheless, several geomorphic features at the trench site suggest
the presence of a fault in the alluvium. A vegetation anomaly that defines
a linear zone of moisture in the alluvium on line with gouge exposed in the
west canyon wall leads to a shallow linear depression across the canyon.

High on the east wall of the canyon, Pleistocene(?) alluvial fan deposits
terminate abruptly against bedrock along the projection of the gouge zone;
although the contact is not exposed, they appear to be faulted. We had
hoped to find older, clé-gatable deposits buried beneath the modern channel
fill and see if they were deformed or faulted.

The excavation at Lovelace Canyon revealed several massive debris-flow
deposits overlain by more than a meter of moderate- to well-bedded, moderately
sorted coarse sand interpreted as modern channel fill. A disarticulated clay
layer within the debris—flow unit and a gentle rise in its upper surface
coincided with a moist zone at the base of the excavation. The modern channel
sands grade laterally to massive silts which abut and overlie old road-fill at
north end of the trench. Thus the upper meter of channel fill in the trench
is historic.

About a meter of massive fluvial(?) sand underlies the debris—flow unit
in the north end of the trench. This deposit was moist and highly unstable,
undermining the overlying units and making it impossible to shore this segment
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of the trench. Hence, it was not possible to map the sand in detail or search
for datable material.

No conclusive evidence of faulting or deformation was found in the Lovelace
Canyon trench. Detailed mapping did not reveal any evidence of internal shearing
or deformation. Based on inspection from outside the excavation, the contact
between the massive fluvial sand and overlying debris-flow deposit did not
appear to be offset. We conclude that faulting has not occurred since
deposition of the debris-flow unit and that, quite possibly, all of the above
features are the result of a groundwater barrier created by the bedrock gouge
zone depth.

2. Paleomagnetism: The Brunhes/Matuyama polarity reversal (730,000 years B.P.)
occurred during deposition of the Victorville Fan complex. Based on the results
from progressive demagnetization of 50 paleomagnetic samples, the upper 50
meters of the Harold Formation and at least 88 meters of the Shoemaker Gravel
are of reversed polarity, and therefore older than 730,000 years old. The
entire 70-meter-thick section of sediments exposed in the bluffs along the
Mojave River in Summit Valley is also reversed. The basal Older Alluvium
capping the Victorville Fan complex in Cajon Pass is reversed, while higher
levels within the Older Alluvium are normal.

Paleomagnetic samples from the Victorville Fan and related units permit
preliminary age assignments, providing a much needed framework on which to
base an interpretation of drainage development and depositional history. A
border of dissected Older Alluvium that rims the Victorville Fan northeast
of Cajon Pass and in Summit Valley is partly reversed. A central fan-shaped
body of undissected Older Alluvium occupying the region underlying Hesperia
is, in part, normal.

The Ord River Gravel east of the Mojave River on the west flank of the
Ord Mountains is correlated with the Victorville Fan complex on the basis
of similarity of geomorphic, lithologic and paleomagnetic characteristics.
Reversed samples from exposures of the Ord River Gravel near Deep Creek are
correlated with the dissected Older Alluvium that predates the development of
Summit Valley. Well-graded deposits in the Apple Valley Highlands/Marianas
area are normal and postdate the development of Summit Valley.

The sediments underlying the Arrastre Canyon Fan and terrace remnants
of its ancestral trunk stream are normal, hence younger than 730,000 years
B.P. A small patch of reversed sediment which unconformably underlies the
Arrastre Canyon Terrace deposits is of unknown age and affinity.
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Investigations

l. Study the late Quaternary stratigraphy of the eastern Great Basin (W. E.
Scott).

2. Collect, process, and interpret high-resolution seismic reflection
profiles across selected faults in the eastern Great Basin (S. T. Harding,
A. J. Crone, R. C. Bucknam, and R. E. Anderson).

3. Study the subsurface geometry and behavior of faults in the eastern Great
Basin (M. L. Zoback).

4. Determine paleostress orientations in southwestern Utah and adjacent
Nevada (R. E. Andersom).

5. Collaborate with Jacques Angelier and his colleagues from the Acadamie of
Paris on determination of the late Cenozoic paleostress history at Hoover Dam,
Nevada-Arizona (R.E. Anderson).

Results

1. Stratigraphic studies in the eastern Bonneville Basin have refined our
understanding of the durafion of the last lake cycle (named the Jordan Valley
cycle). On the basis of C dates, the last cycle started rising by 26,000
yr. B.P., reached its highest level at the Bonneville shoreline by 16,000 yr.
B.P., and ended by 11,000 yr. B.P.

2. High-resolution seismic reflection profiles have been obtained across
selected young fault scarps in Utah as part of an effort to better understand
the size and subsurface geometry of the faults with which the scarps are
associated. An 8 km-long east-west profile across a system of Holocene scarps
on the east flank of the Drum Mountains northwest of Delta shows a strong
doublet reflector at the west end of the line that is believed to be
consolidated rock beneath the alluvium at an approximate depth of 61 m. This
reflector is vertically displaced approximately 133 m across a 640-m-wide zone
that is coincident with the westernmost major fault scarp. At the east end of
the line, an approximately l-m-high, west-facing fault scarp overlies a zone
where the reflector is vertically displaced approximately 66 m. A 450-m-long
reflection profile across a l-m~high fault scarp near Clear Lake, south of
Delta, contains numerous prominent reflectors that are displaced vertically
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about 300 m at a depth of about 2000 m across the fault. Published vibroseis
data shows that this fault may be a major graben-bounding fault that extends
downward to a major regional detachment fault. A 450-m-long reflection line
across an east-facing, 3-m-high scarp at Scipio, Utah, shows strong reflectors
at an approximate depth of 185 m in the downthrown block that cannot be traced
across the fault. Two parallel profiles approximately 0.7 km long, which
cross the Wasatch fault zone at Kaysville, Utah, show a complex system of
faults with a well-developed, 280-m wide graben at the base of the fault
scarpe.

3. Recently acquired seismic reflection profiles together with well, gravity,
and previously published reflection data help to define the shallow structure
of the Sevier Desert Basin, Utah. An updip eastward projection of the
regionally identified Sevier Desert detachment fault intersects the ground
surface near the east edge of the Sevier Desert along the west margins of the
Pavant and Canyon Ranges. The detachment fault dips 3°-7° west beneath the
Sevier Desert and reaches a maximum depth of about 12 km near the Cricket and
Drum Mountains. The upper plate is complexly deformed and includes cross-
strike and along-strike reversals in fault-related stratal tilts. A tentative
correlation of upper-plate pre-Tertiary rocks with those exposed in ranges to
the east of the Sevier Desert indicates a minimum displacement of 45 km on the
detachment fault. Preliminary analysis of available well data suggests that
the detachment does not coincide with any of the major thrust faults of the
region.

4. The orientation of striae on about 550 fault surfaces in the Nevada-Utah
border area between 37° and 37930’ together with a newly compiled 1:100,000
geologic map of that area provide a basis for identifying 10 structural
domains within which paleostress orientations have been determined. Three
orientations predominate: o3 orientated NE-SW with o) oriented vertical,

03 oriented E-W with o) oriented vertical, o3 E-W with o; oriented N-S. The
first is interpreted to have survived from an episode of widespread late
Miocene NE-SW extensional deformation. The latter two are interpreted to have
resulted from contrasting aspects of a subsequent episode of E-W extension.
The orientations that indicate horizontal compression (o] N-S) are consistent
with mapped geologic relationships. They may reflect brittle failure above
ductile cells of south-directed rock flowage. Such flowage may result from
second-order tectonic transport into zones that would otherwise form voids
created at or near the margin of an extending terrain.

5. At Hoover Dam 40 km southeast of Las Vegas, Nevada, deep downcutting by
the Colorado River and numerous excavations related to dam construction
provide excellent bedrock exposures more than 0.5 km deep within less than 1
km“. Miocene rocks in this small area are highly faulted and fractured, and
most surfaces contain one or more sets of striae produced during fault
movement. Study of these fault surfaces has shown that the sense of slip can
be determined for most of them. Thus, this intensely excavated and faulted
area offers an excellent opportunity to study brittle failure in three
dimensions and to attempt to solve the state or states of stress associated
with the faulting. The sense of slip on 497 faults at the Hoover Dam locality
provides an exceptionally comprehensive data set from which paleostress axes
are confidently determined. These data indicate a very complex stress
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history that includes changes in stress orientation with time. TIf some of
these complexities are ignored, two paleostress orientations of approximately
equal representation predominate: (1) o3 NE-SW with o; vertical, and (2)

04 NE-SW with o, oriented NW-SE and approximately horizontal. The mixture of
horizontal and vertical pressure axes seen in the paleostress data is similar
to the results of focal mechanism solutions from the study of microseismicity
of the area reported by Rogers and Lee (1976). However, the azimuthal
orientations resulting from the two studies are very different and suggest a
clockwise rotation of o4 with time. A mixture of horizontal and vertical
pressure axes is also seen in paleostress determinations from the Nevada-Utah
border area west of St. George, Utah (see investigation 4 above).

Reports

Zoback, M. L., 1983, Structural style along the Sevier frontal thrust zone in
central Utah: Geological Society of America Abstracts with Program, v.
15, NOe. S, Pe 377.

Zoback, M. L., 1983, Shallow structure of the Sevier Desert detachment:
Geological Society of America Abstracts with Program, v. 15, no. 5, p.
287.

Crone, A. J., 1983, Amount of displacement and estimated age of a Holocene
surface faulting event, eastern Great Basin, Millard County, Utah:
Geological Society of America Abstracts with Program, ve. 15, no. 5,
P 405.

Crone, A. J., ed. 1983, Paleoseismicity along the Wasatch front and adjaceant
areas, central Utah: in Geologic excursions in neotectonics and
engineering geology in Utah, K. D. Gurgel, editor, Utah Geological and
Mineral Survey Special Studies 62, p. 1-45.

Crone, A. J., 1983, Amount of displacement and estimated age of a Holocene
surface faulting event, eastern Great Basin, Millard County, Utah: in
Geologic excursions in neotectonics and engineering geology in Utah, K.
D. Gurgel, editor, Utah Geological and Mineral Survey Special Studies 62,
p. 49-55.

Harding, S. T., Crone, A. J., and Bucknam, R. C., 1983, High-resolution
seismic reflection profiles across late Pleistocene and Holocene fault
scarps in the eastern Basin and Range and the Wasatch front, central
Utah: Earthquake Notes, v. 54, no. 1, p. 102-103.

Scott, W. E., 1983, The last two cycles of Lake Bonneville: Geological
Society of America Abstracts with Program, v. 15, no. 5, p. 300.

84



H5

Surface Faulting Studies
9910-02677

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

Investigations

The investigations were focused on the study of: (a) statistical data
related to surface fauiting, in collaboration with J. J. Lienkaemper and
R. K. Mark, and (b) the appearance of active faults in exploratory
trenches.

Results

Compilation and analysis of data on some of the factors that affect the
correlations among earthquake magnitude, surface rupture length, and
fault displacement at the surface were completed. These factors include
measurement error, variations in shear modulus, variation in stress
drop, relation to plate boundaries, variations within plates, and type
of faulting.

Thatcher and Hanks (1973, Journal Geophysical Research, v. 78, p. 8573)
developed a theoretical equation relating rupture length, earthquake
magnitude, and stress drop. Anderson (1979, Earthquake Notes, v. 50,
no. 2, p. 6-7) suggested that a high value of stress drop could be
chosen if an upper bound estimate of earthquake magnitude is needed for
a given rupture length. However, published stress drops for the his-
toric faulting events do not show the systematic relation to earthquake
magnitude and rupture length implied by the theoretical analysis. Thus,
based on the compiled data, assumption of a stress drop commensurate
with a desired level of conservatism does not seem justified.

R. K. Mark completed his statistical analysis of the relations among
earthquake magnitude, surface rupture length, and surface fault
displacement. He has confirmed the earlier tentative conclusion that
stochastic variation dominates errors in measurements of the magnitude,
length, and displacement and that ordinary least squares regression

models which yield two regression lines are more appropriate than the
one-line (functional) regression models. Use of weighting factors based
on the measurement errors generally have little effect on the results, but
for some correlations they do improve the correlation coefficients. J.
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