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Gentlemen: 

Subject: Docket Nos. 50-361 and 50-362 
San Onofre Nuclear Generating Station 
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In a letter to SCE dated July 28, 1980, the NRC trans
mitted several requests for additional information including NRC 
Questions 361.66, 361.67 and 361.68 in the geosciences area.  
The purpose of this letter is to transmit 63 copies of the 
responses to NRC Questions 361.66-68. These responses will be 
incorporated in Amendment 20 to the Final Safety Analysis Report 
(FSAR) which is scheduled for transmittal in August, 1980.  

Direct distribution of these responses will be made as 
part of the Amendment 20 distribution and will be in accordance 
with the service list provided by SCE's letter of October 29, 1979.  
An affidavit attesting to the fact that distribution has been 
completed will be provided within ten days of docketing of 
Amendment 20.  

In letters dated June 27, 1980 and July 1, 1980, SCE 
provided the logs of two onshore borings and six offshore vibratory 
core holes. Enclosed with this letter are sixty-three copies of AI Tp 

"Summary Report On Basic Data From Two Onshore And Six Offshore 
Geologic Borings". This report provides age-dating information Lht+-,C./ 
for these borings and a summary interpretation of the previously------
submitted logs. 800/ 
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Mr. Albert Schwencer -2- August 1, 1980 

In a letter to the NRC dated May 12, 1980, SCE trans
mitted seven copies of Offshore Geophysical Maps" (interpretations) 
by Dr. P. J. Fischer of California State University at Northridge.  
In a letter to the NRC dated June 27, 1980, SCE transmitted infor
mation on which these interpretations were based. Also enclosed 
with this letter are seven copies (NRC mail code B025) of the 
remaining information on which Dr. Fischer's interpretations were 
based.  

If you have any questions or comments concerning this 
matter, please contact me.  

Very truly yours, 

Enclosures 
cc: USGS, Menlo Park, CA (Dr. J. Andrews) 

USGS, Reston, VA (J. F. Devine) 
California Division of Mines and Geology 

(P. Amimoto) 
D. B. Slemmons
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QUESTION 361.66 

The following recent papers, reports and other materials 

have added important data to that included in the publica

tions cited in Question 361.60: 

(1) Abbott, P.L., and Elliott, W.J., 1979, Earthquakes 

and other perils; San Diego region: Geol. Soc.  

America, 227 p.  

(2) Abbott, P.L., (edit), 1979, Geological excursions 

in the southern California area: Dept. Sci., San 

Diego State Univ., 217 p.  

(3) Abbott, P.L., and Gastil, G., 1979, Baja Califor

nia geology: Geol. Soc. America, 228 p.  

(4) Landsat image, color composite, Path 42, Row 32, 

16 Feb. 1976.  

(5) Gastil, G. , 1971, Reconnaissance Geol. Map of the 

State of Baja California: Geol. Soc. America 

Memorandum 140, Plate 1-A.  

These above new data sources suggest southward extensions of 

the OZD from the Rose Canyon fault into Baja California, a 

region of high regional seismicity. This southward exten

sion of activity includes (1) a magnitude 6.8 earthquake in 

the San Miguel fault zone. The faulting could extend to the 

prominent Sierra Juarez fault, the San Pedro Martir fault, 

and the Gulf of California rift zone, for a major continen

tal zone of deformation, (2) a possible branching or distri

buted zone from San Diego Bay via locality 36 of Legg and 

Kennedy in Abbott and Elliott (1979), to the active western 
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section of the Agua Blanca fault zone for a continental

partly offshore zone of deformation, or (3) active zone 

extending south along the west coast of Baja California for 

a mainly offshore zone of deformation.  

Possible extensions inland toward the San Miguel fault zone 

are not well understood at present with regard to tectonic 

continuity, fault types, focal mechanisms and surficial 

evidence for activity. Examinations of the LANDSAT imagery 

provided by Southern California Edison suggests a diffuse 

zone along the "Tijuana lineament" of Gastil and others in 

Abbott and Elliott (1979), to the Vallecitos fault, the San 

Miguel fault, and the seismic zones shown in Brune and 

others (1979) in Abbott and Elliott (1979). This zone 

projects toward the prominent Valle de San Rafael depression 

and may connect with the Agua Blanca, Valle de Trinidad 

depression and the Valle de San Felipe. The high or fresh 

activity of the western section of Agua Blanca fault is 

recognized, but the possible connections of offshore faults 

to the OZD is not fully known.  

Provide copies of the above publications and in view of the 

new data: 

a) Discuss the tectonic, geological, and structural 

relationships of the OZD with regard to possible 

extensions of the OZD to the south of San Diego, 

including both continental and offshore fault 

zones.  

b) Evaluate and discuss the impact of fault conti

nuity, historical seismicity, and maximum earth

quakes on the above fault zones in Baja California 

on the Safe Shutdown Earthquake for SONGS.  
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RESPONSE 361.66 

Many of the concerns raised in Question 361.66 are answered 

in responses to Questions 361.40, 361.41, 361.42, and 

361.60. The "additional" references cited in Question 

361.66 were reviewed and cited in those previous responses, 

which presented the known characteristics of the faults in 

Baja California (Baja) and evaluated proposed connections 

with the Rose Canyon fault zone. Because most of the 

information needed to respond to Question 361.66 has 

been presented and because no new data have appeared in the 

literature, those responses should be reviewed in conjunc

tion with the following response. The data presented 

here are available in the literature.  

The magnitude of the maximum earthquake for the SONGS site 

is developed from analyses of fault characteristics and 

fault behavior in Southern California and near the site.  

These analyses are consistent with the present understanding 

of tectonics in Southern California, Baja, and the Conti

nental Borderlands, though based on known geology the 

details of various tectonic models may not be agreed upon by 

the various technical investigators. Specifically, the 

available geologic and seismologic data do not support the 

connection of the hypothesized offshore zone of deformation 

(OZD) to faults in Baja, as hypothesized in this question.  

Further, the geomorphic characteristics of the hypothesized 

OZD or the San Miguel-Vallecitos trend suggest that neither 

zone is capable of producing earthquakes greater than Ms 7.  

The SONGS Units 2 and 3 DBE has been shown to accommodate 

instrumental accelerations caused by an Ms 7 on the OZD 

(response to NRC question 361.54), thus the SONGS Units 

2 and 3 design basis is *unaffected by faulting in Baja.  
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This response is divided into seven parts listed as sections 

361.66a through g, which respond to the various parts of the 

question as follows: 

Section Description Aspect of Question Responding to 

361.66a Background Statement of Applicants inter

pretation of the questions 

and reference to previous 

response 

361.66b Geologic data in Summary of available geologic 

the Baja-Continen- data, including data from the 

tal Borderlands references cited; response 

area to part (a) of question 

361.66c Discussion of Response to part (a) of ques

h y pothesized tion discussing connections 

connection of the hypothesized by the question 

OZD to faults in 

Baja 

361.66d Comparison of Response to part (b) of ques

degree of activity tion comparing the degree of 

of the OZD and activity of the OZD to Baja 

Ba j a fau 1 ts faults 

361.66e Discussion of Response to part (b) of ques

tectonic models of tion discussing tectonic models 

southern Califor- and how they relate to Baja 

nia Baja area faulting and to the OZD 
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361.66f Discussion of Response to part (b) of ques

seismologic tion updating seismicity, 

data discussing focal mechanism 

solutions and discussing 

regional cummulative moment 

release 

361.66g Summary of Summary response to part 

conclusions (a) and (b) of question 

Section 361.66a Background 

Since much of the specific information concerning faults 

in Baja has been presented in responses to previous ques

tions, the Applicants assume that the main purpose of 

Question 361.66 is to clarify the role of the tectonic 

setting and its influence on the possible interpretations of 

faults in California and in Baja. In this context, the 

emphasis of this response is toward interpreting the Baja 

and California-Continental Borderland faults with respect to 

their tectonic setting and possible origins. Specific 

concerns regarding fault types, surficial evidence of 

faulting, focal mechanisms, tectonic continuity of faulting, 

and the postulated Tijuana lineament are again discussed for 

the readers reference because of the constraints they place 

on interpretation of origins of the faults and their tec

tonic setting.  

Of particular importance in Question 361.66 are the hypothe

sized extensions of faults from the Rose Canyon fault zone 

(RCFZ) southward. The first hypothesized extension trends 

through Tijuana Valley to the Calabasas, Vallecitos, and San 

Miguel faults. Although the northernmost faults, the 

Vallecitos and the Calabasas, terminate in Eocene age rocks 

south of Tijuana Valley where the bedrock terrane is clearly 
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exposed, a connection is inferred with the Rose Canyon fault 

which has not been mapped south of San Diego Bay. The 

second and third connections hypothesized in Question 361.66 

propose either a discrete zone of deformation extending from 

the southern RCFZ southward along the coast of Baja and into 

the Agua Blanca fault and a zone of deformation extending 

along the west coast of Baja California, forming a mainly

offshore zone.  

The publications requested in Question 361.66 had been 

previously reviewed and used in preparation of the Responses 

to Questions 361.40, 361.41, and 361.60. Seven copies of 

Abbott and Elliott (1979) and Abbott (1979) were provided in 

the Response to Question 361.42. Seven copies of the 

remaining publications mentioned in Question 361.66 are 

being provided in conjunction with this response. The 

Landsat imagery is on order and will be provided as soon as 

it is available.  

Section 361.66b Geologic Data on Faults in the Baja-Conti

nental Borderlands Area 

Most of the geologic information concerning the faults 

onshore and offshore of Baja was presented in the Response 

to Question 361.41. That information is reproduced here and 

supplemented with an annotated map (Figure 361.66-1) 

describing each significant feature along each fault. These 

data include locations of mapped terminations of individual 

fault traces, evidence of activity, style of faulting, 

historical ground rupture, and evidence of offshore ex

tensions where applicable. A discussion of the Tijuana 

lineament is also presented.  

ONSHORE FAULTS OF NORTHERN BAJA CALIFORNIA 

The major fault zones of northern Baja are the Calabasas 
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fault zone, the Vallecitos fault zone, the San Miguel fault 

zone, the Tres Hermanos fault zone, and the Aqua Blanca 

fault zone.  

The following discussions of the geologic setting and the 

structural relationships of the area are reproduced from the 

Response to Question 361.41. Reference is made to Gastil 

and others (1975; 1979) for a comprehensive discussion of 

the geologic and structural setting of northern Baja.  

GEOLOGIC SETTING 

The northwest corner of Baja can be divided into three 

physiographic and geologic provinces (as shown on Figure 

361.66-2): (1) a narrow coastal margin characterized 

by Tertiary marine and nonmarine sedimentary rocks and 

Tertiary-Holocene volcanic and volcanically derived rocks; 

(2) the gently seaward-sloping foothills between the Pacific 

Coast and the central high Peninsular Ranges underlain 

by pre-batholithic eugeosynclinal accumulations of volcanic 

and sedimentary rocks that have been metamorphosed to 

varying degrees by intrusion of the batholith; and (3) the 

Peninsular Ranges of northeast Baja and southern California 

comprised of middle Cretaceous plutonic rocks of the south

ern California batholith.  

REGIONAL STRUCTURAL SETTING 

Structurally, the western two-thirds of northern Baja 

consists of an uplifted and westward-tilted fault block.  

The high eastern edge of the block is formed by the mountain 

ranges of the Sierra Juarez in the north and the Sierra San 

Pedro Martir in the south. Uplift of the eastern edge began 

about 10 million years ago according to Gastil and others 

(1975). The eastern escarpment was created by a series of 

eastward-dipping normal faults that downstep antithetic 
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fault blocks toward the Gulf of California depression 

(Gastil and others, 1979) (shown schematically on Figure 

366.66-3).  

The main structural block has been cut by five fault 

zones: the San Miguel, the Vallecitos, the Calabasas, the 

Tres Hermanos, and the Agua Blanca. The Agua Blanca fault 

zone trends westerly from its eastern limit in the Sierra 

Juarez Mountains to the Pacific coast south of Ensenada.  

The San Miguel fault zone consists of two segments. In 

1956, a reported 19-km length of the southern segment broke 

along a series of short en echelon ruptures (Shor and 

Roberts, 1958) (Figure 361.66-1, No. 1). Measured fault 

displacements ranged from 0 to about 80 cm horizontally and 

0 to about 90 cm vertically; the sense of offset was uni

formly right-lateral and down to the southwest (Shor and 

Roberts, 1958). The southern segment is mapped as a prin

cipally dip-slip fault that dies out in the Sierra Juarez 

Mountains and does not connect with either the Agua Blanca 

fault or the dip-slip faults of the eastern escarpment 

(Gastil and others, 1975) (Figure 361.66-1, No. 2). Geolo

gic mapping and geophysical exploration indicate that this 

fault neither offsets this escarpment nor connects with 

faults in the Gulf of California (Gastil and others, 1975, 

1979; Henyey and Bischoff, 1973; Slyker, 1974).  

The northwest end of the 1956 break lies en echelon to the 

northern segment. The northern segment can be traced on 

aerial photos to the area northeast of the Valle San Rafael 

where offset streams and dikes show right-lateral separation 

(Figure 361.66-1, No. 3); the most clearly expressed fault 

trace appears to separate Mesozoic dikes only a distance of 

100 m (Gastil, 1975, 1979).  
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VALLECITOS FAULT ZONE 

The Vallecitos fault zone is en echelon to the northern 

segment of the San Miguel fault zone but separated from it 

by a distance of 6 to 10 km. The Vallecitos fault is a 

nearly continuous trace that extends 65 km from the western 

edge of the Sierra Juarez Mountains (Figure 361.66-1, No. 4) 

to the northwest end of the Valle de las Palmas (about 29 km 

southeast of Tijuana) (Figure 361.66-1, No. 5). As noted by 

Gastil and others (1979), the main trace of the fault is 

marked by erosional topographic features, and there is no 

evidence that the Vallecitos offsets anything younger than 

the Mesozoic crystalline basement rocks. An unpublished map 

by Raymond Elliott (cited in Gastil and others, 1979) shows 

3 km of right-lateral separation of a Cretaceous pluton 

boundary. The map prepared by Gastil and others (1975) 

indicates 3 km of apparent right-lateral separation on the 

north side of a pluton but either right- or left-lateral 

separation on its eastern boundary. The northwest end of 

the fault terminates at the edge of overlying Eocene con

glomerate (Gastil and others, 1979) (Figure 361.66-1, No.  

5).  

CALABASAS FAULT ZONE 

The Calabasas fault zone is located about 5 km northeast of 

the Vallecitos fault zone and trends parallel to it for 

about 30 km in a northwest-southeast direction. In the 

Valle de las Palmas area, the fault is marked by small sags 

and saddles, breaks in uplifted alluvial deposits, and 

relatively uneroded scarplets (Gastil and others, 1975, 

1979) (Figure 361.66-1, No. 6). Detailed mapping by Frazer 

(1972) indicates that both northwest-southeast- and north

east-southwest-trending faults are present in the vicinity 

of Valle de las Palmas. The northwest-southeast-trending 

faults are discontinuous, with individual traces from 12 to 
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15 km in length (Figure 361.66-1, No. 6), whereas the 

northeast-southwest-trending faults are shorter (Frazer, 

1972). The northeasternmost segment of the Calabasas fault 

appears to displace Quaternary alluvium at its northwest end 

(Figure 361.66-1, No. 7).  

TRES HERMANOS FAULT ZONE 

The Tres Hermanos fault zone is located midway between the 

San Miguel and Agua Blanca fault zones and essentially 

parallels the San Miguel fault zone. The trace, approxi

mately 45 km long, is confined to batholithic rocks and 

dies out east of Ensenada. The fault is marked by pro

nounced topographic expression and is apparent on high

altitude photos, yet recency of movement and sense of 

displacement are unknown (Gastil and others, 1979).  

AGUA BLANCA FAULT ZONE 

The Agua Blanca fault zone extends about 129 km across the 

western two-thirds of the Baja peninsula. The Santo Tomas 

fault branches off to the south from the western part of the 

Agua Blanca fault (Figure 361.66-1, No. 8). These faults 

are distinctive for their west-northwest trend that is more 

westerly than the faults to the north. The trace of the 

Agua Blanca fault is indicated by abundant geomorphic 

evidence (Allen and others, 1960; Hamilton, 1971). Typical 

features are distinct scarps, offset streams, shutterridges, 

fault sags and saddles, and fault-controlled valleys (Figure 

361.66-1, Nos. 9, 10, 11, 12, and 13). Quaternary fan 

gravels in the Valle de Agua Blanca (Figure 361.66-1, No.  

11) are offset about 4.8 km in a right-lateral sense; 

between 11.3 and 22.6 km of similar separation may be 

indicated by discontinuous igneous contacts across the fault 

trace in the Valle de Agua Blanca (Allen and others, 1960).  

Stream offsets have been documented in the area west of 
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Valle de Agua Blanca by Allen and others (1960), but ages 

have not been assigned. The stream offsets range from 50 to 

70 m to as much as 300 m. Detailed field mapping (Allen and 

others, 1960; Gastil and others, 1975, 1979; Slyker, 1974) 

indicates that the east end of the Agua Blanca fault dies 

out in the Sierra San Pedro Martir Mountains in Paso San 

Matias (Figure 361.66-1, No. 14) and does not intersect the 

dip-slip faults of the eastern escarpment.  

OFFSHORE FAULTS OF NORTHERN BAJA CALIFORNIA 

The offshore faults discussed here are those that have been 

postulated by other works to connect to onshore faults in 

northern Baja. There have been numerous interpretations of 

the faulting in the Continental Borderlands adjacent to 

northern Baja (Shepard and Emery, 1941; Allen and others, 

1960; Krause, 1965; Moore, 1969; Legg and Kennedy, 1979).  

The early interpretations of Shepard and Emery (1941), Allen 

and others (1960), and the work of Krause (1965) were based 

on bathymetry, whereas some of the more recent studies by 

Moore (1969) and Legg and Kennedy (1979) combined earlier 

studies with an interpretation of reflection profiling to 

locate faults.  

Legg and Kennedy (1979) have suggested that there are four 

major fault zones in the offshore area of California and 

northern Baja. This division of offshore faults into four 

major fault zones (Legg and Kennedy, 1979) is as follows: 

(1) Santa Cruz-San Clemente-San Isidro (Figure 361.66-1, No.  

15); (2) San Pedro-San Diego Trough-Maximinos (Figure 

361.66-1, No. 16); (3) Palos Verdes Hills-Coronado Banks

Agua Blanca (Figure 361.66-1, No. 17); and (4) Newport

Inglewood-Rose Canyon-Vallecitos-San Miguel. The Applicant 

acknowledges these hypothesized zones but does not agree 

with them, as discussed below. The hypothesized Newport
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Inglewood-Rose Canyon-Vallecitos-San Miguel fault zone is 

discussed separately in Section 361.66c.  

SANTA CRUZ-SAN CLEMENTE-SAN ISIDRO FAULT ZONE 

Allen and others (1960), along with Moore (1969), have 

suggested that the San Clemente fault zone connected to the 

Agua Blanca fault zone. In their more comprehensive work, 

Legg and Kennedy (1979) show a "gap" at Navy Bank (Figure 

361.66-1, No. 18), and they interpret the San Clemente fault 

zone as contiguous with the San Isidro fault zone to the 

south. Thus, this latter interpretation of the fault zone 

does not indicate a connection with faults of northern Baja.  

SAN PEDRO-SAN DIEGO TROUGH-MAXIMINOS FAULT ZONE 

Studies based on reflection profiling by Legg and Kennedy 

(1979) suggest that these faults appear to be subparallel or 

en echelon. In the vicinity of northern Baja, the connec

tion between the San Diego Trough fault zone and the 

Maximinos fault zone is simply described as en echelon 

because its complex structure does not allow a more detailed 

description (Figure 361.66-1, No. 19) (Legg and Kennedy, 

1979).  

Legg and Kennedy (1979) describe the Maximinos fault zone as 

extending offshore from a southern splay of the Agua 

Blanca fault zone (Figure 361.66-1, No. 20). Onshore, this 

fault passes through a small canyon where right-lateral 

offset stream channels and aligned ground-water barriers are 

indicated by vegetation contrasts (Legg and Kennedy, 

1979). More than one subparallel fault is associated with 

the fault zone as it extends northward offshore; farther 

north the faults splay and trend toward Navy Bank (Figure 

361.66-1, No. 18) and the San Diego Trough fault zone 

(Figure 361.66-1, No. 19) (Legg and Kennedy, 1979).  
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The Maximinos fault zone is interpreted as being principally 

right-lateral with a small component of dip-slip; and 

it displaces sediments interpreted as Quaternary in age 

(Legg, 1979, in Legg and Kennedy, 1979). Amounts of dis

placement are not described in the literature.  

PALOS VERDES HILLS-CORONADO BANKS-AGUA BLANCA FAULT ZONE 

The Palos Verdes Hills and Coronado Banks faults were 

briefly discussed in the Response to Question 361.40. The 

following discussion is included to present additional data 

covering the fault zone where it extends into the southern 

Continental Borderlands adjacent to northern Baja.  

Greene and others (1979) describe the Palos Verdes Hills

Coronado Banks fault zone as containing discontinuous, 

generally right-stepping, en echelon faults. Individual 

fault traces in the zone were observed to be in relatively 

narrow (1 to 10 km wide) zones and are thought to continue 

no more than 40 km (Greene and others, 1979).  

Legg and Kennedy (1979) describe the Coronado Banks fault 

zone as generally consisting of a main trace with numerous 

subparallel faults extending southward from the Coronado 

Banks area. At the Coronado Islands, the fault splays 

around Middle and South Coronado Islands then continues 

southward as a main trace to an area west of Punta Salis

puedes (Figure 361.66-1, No. 21), where complex faulting and 

lack of data close to shore cause uncertainty to the 

interpretation of fault continuity. Legg (1979) suggests 11 

km of post-Pliocene displacement along the fault in the 

vicinity of the Coronado Banks (Figure 361.66-1, No.  

22) by realigning the north bank with the south bank.  

However, there is no compelling evidence to show a relation

ship of the two banks to each other.  
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The Agua Blanca fault zone can be traced northwest from the 

Punta Banda area (Figure 361.66-1, No. 23) where the Punta 

Banda submarine canyon is reported to be right-laterally 

offset a distance of 4 km (Legg and Kennedy, 1979). A 

direct connection between the Agua Blanca and Coronado 

fault zone has not been made because of the complex nature 

of the region offshore of Punta Salsipuedes (Legg and 

Kennedy, 1979).  

In addition to the suggested right-lateral sense of dis

placement, high vertical relief has been observed within 

this zone of faulting at Palos Verdes Hills, Coronado Banks, 

Islas Los Coronados, Descanso Shelf-Ridge, Islas de Todos 

Santos, and Punta Banda (Legg and Kennedy, 1979). Vertical 

displacement of several hundred meters is suggested, but no 

data on the age of displaced materials is provided in the 

literature.  

THE "TIJUANA LINEAMENT" AND PROPOSED EXTENSION OF THE ROSE 

CANYON FAULT ZONE 

A detailed discussion of the interpretation by various 

authors who suggest that a southern extension of the Rose 

Canyon fault zone connects to faults in Mexico is provided 

in the Response to Question 361.60. A summary of such 

evidence was also provided in the Response to Question 

361.41 in section 361.41b, entitled "Possible connection 

between the Rose Canyon and the San Miguel or Vallecitos 

fault zones." The discussion is reproduced here and anno

tated where appropriate on Figure 361.66-1.  

A hypothesized northwest extension of the presently mapped 

limits of either the Calabasas or Vallecitos faults has been 

inferred largely on the basis of regional alignment of 

discontinuous topographic, structural, and geothermal 
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features in the southern San Diego and southeast Tijuana 

area. However, geologic maps by Kennedy (1975) and Gastil 

and others (1975) indicate a 55-km distance between the 

mapped south end of the Rose Canyon fault zone (RCFZ) and 

the north end of the mapped Vallecitos fault. Gastil and 

others (1979) suggest the possibility of a northwest

trending lineament (Figure 361.66-1, No. 24) that would 

continue from the northwesternmost mapped trace of either 

the Vallecitos or the Calabasas faults, through eastern 

Tijuana, and across the U.S.-Mexico Border just west of San 

Ysidro. This suggested lineament crosses an area with a 

historically quiet seismic record (characterized by a single 

ML 3.5 earthquake--the 1978 Canon de la Presa earthquake).  

Features (Gastil and others, 1979) that comprise this 

lineament are: 

1. the subparallel alignment of the Tijuana River Valley 

(Figure 361.66-1, No. 25) and the Valle de las Palmas 

(Figure 361.66-1, No. 6), trends of faults in the San 

Ysidro area, and the alignment of several thermal wells; 

2. the contrast between Eocene stratigraphy north and south 

of the lineament; and 

3. the mapped traces of northeast-trending dip-slip faults 

in the southern Tijuana-Rosarito Beach area that do not 

continue across the lineament (Figure 361.66-1, No. 26).  

If the lineament suggested by Gastil and others (1979) is a 

fault, it would trend northwest from the Valle de las Palmas 

area, cross the Eocene and pre-batholithic (Figure No.  

361.66-1, No. 27) bedrock exposures, and continue beneath 

the deeply alluviated Tijuana River Valley, possibly into 

the San Diego Bay area.  
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Although this lineament has been suggested by Gastil and 

others (1979), the lack of faulting in the well-exposed 

Eocene and pre-batholithic bedrock, and the lack of fault 

features recognized on aerial photographs of the area by 

Gastil (personal communication, 1979), suggest that no 

significant faulting has occurred in this area. Geophysical 

data gathered by Kennedy (1975) and Kennedy and others 

(1977) do not identify continuous faulting along the pro

posed connection of the Calabasas and Vallecitos faults and 

the RCFZ in the area south of San Diego Bay and north of the 

International Border (Figure 361.66-1, No. 28). Therefore, 

the observed evidence is not supportive of a throughgoing 

fault that could connect the RCFZ with either the Vallecitos 

or San Miguel fault zone. Further discussion on the in

ferred onshore extension of the RCFZ is presented in Section 

361.66c.  

Section 361.66c Discussion of Hypothesized Connection of 

the OZD to Faults in Baja 

Three connections of the OZD to faults in Baja (onshore and 

offshore) were hypothesized in the statement of Question 

361.66. These are discussed in the subsections that follow.  

Hypothesized Onshore Extension of the RCFZ 

The hypothesized onshore extension of the Rose Canyon fault 

zone (RCFZ) through the Tijuana area is discussed in the 

Response to Question 361.41b under "Possible connection 

between the Rose Canyon and the San Miguel or Vallecitos 

fault zones," and in the Response to Question 361.60. A 

large volume of data suggests that no connection exists and 

that the mapped traces of the Calabasas and Vallecitos 

faults terminate in the Eocene bedrock terrane in northern 

Valle Las Palmas.  
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The RCFZ cannot be traced southward into southern San 

Diego Bay from the north, even though Legg and Kennedy 

(1979) and Kennedy and others (1977) concentrated efforts to 

identify faulting in that area. Their work suggests that 

the southern extension of the RCFZ changes character in the 

southern part of San Diego and becomes a wide zone of 

faulting characterized by an extensional tectonic environ

ment with dip-slip components. The prominent faults extend 

offshore to the southwest, where features from reflection 

profiling suggest strike-slip as well as dip-slip compo

nents. Data indicate that the faults within this wide zone 

die out to the south, do not trend through Tijuana Canyon 

and do not connect to the Calabasas or Vallecitos faults 

(Figure 361.66-1, No. 29).  

Hypothesized Offshore Extensions of the RCFZ 

Question 361.66 refers to two interpretations of hypothe

sized faults that continue from the San Diego area southward 

parallel to the Baja coast.  

The first of the two hypothesized offshore continuations of 

the Rose Canyon fault zone is extended from location 36 of 

Legg and Kennedy (1979) (Figure 361.66-1, No. 29), southward 

along the coast of Baja until it reaches a branch of the 

Agua Blanca fault zone in Bahia Todos Santos. Although the 

RCFZ is thought to die out south of San Diego as it curves 

westward, a continuation is hypothesized by Legg and Kennedy 

(1979) close to the shore where acoustic profiles cannot 

detect the fault. They also postulate connections either 

with the Tres Hermanos, which dies out in Baja, or with the 

Agua Blanca faults. The existence of these connections can 

not be confirmed by available data.  

If such a connection truly exists between the RCFZ and the 
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Agua Blanca fault, it would create a large, nearly S-shaped 

strike-slip fault bending 35* southwestward at Mt. Soledad, 

bending back 35* to follow the coast of Baja, and finally 

bending 300 eastward again in order to connect with a 

branch of the Agua Blanca fault. This awkward geometry 

would greatly hinder rupturing along a strike-slip fault and 

would make it atypical of southern California faults. Such 

sharp bends would also tend to restrain rupture propagation 

during earthquakes and would cause the fault to break by 

individual segments. Thus, the connection of the Rose 

Canyon fault zone to one of the proposed northward splay 

faults of the Agua Blanca fault has little bearing on the 

definition of earthquake potential on the OZD opposite the 

site. A comparison of evidence for surface faulting and 

geomorphology clearly indicates that the Agua Blanca fault 

is more like the San Clemente or Coronado Banks fault zones.  

The locations of these latter faults farther west of the 

Rose Canyon fault zone places them in better alignment 

with the Agua Blanca fault.  

The other postulated offshore extension of the RCFZ implies 

a zone of deformation extending south from the vicinity of 

San Diego trending parallel to the Baja Coast. No discrete 

fault zone is mapped in this location and this hypothesized 

structural model may conceivably have no spatial limitation 

encompassing all of the Continental Borderlands area as a 

zone of deformation. Within this hypothesized zone of 

deformation, the closest trend of faults parallel to the OZD 

is near San Diego at location 33 of Legg and Kennedy (1979).  

Legg and Kennedy's (1979) description of this zone of faults 

states either that they are overlain by 5 m of unfaulted 

Quaternary sediments or that fault traces are totally within 

older acoustic basement. This suggests a long period of 

inactivity. South of San Diego, Legg and Kennedy's map 
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shows the southern end of the RCFZ trending toward the 

non-Quaternary parallel faults mentioned above. Because of 

the inactivity of those faults, inclusion of them in a zone 

with the RCFZ and OZD has no impact on evaluation of the DBE 

at the site.  

In general, the connections proposed, whether onshore or 

offshore, are highly speculative and supported by little or 

no data. The Applicants do not believe that the possibility 

of connections of zones of deformation to the OZD will 

change the interpretation of earthquake potential of the 

faults near the site. This is supported by the comparison 

of the degree of activity for the faults. Under the degree

of-activity analysis, the most logical selection of a model 

is the Newport-Inglewood zone of deformation (NIZD), as 

discussed in Section 361.66d.  

Section 361.66d Comparison of the OZD and Baja Faults by 

Degree of Activity 

In characterizing the earthquake potential of the OZD 

opposite the site, the Applicants applied a fault comparison 

or fault ranking methodology, based on known characteristics 

and degree of activity of strike-slip faults in southern 

California. These comparisons demonstrated that the OZD as 

a whole is far less active and is a less significant geolo

gic structure than parallel faults east of the OZD in 

southern California with respect to total displacement, 

evidence of Quaternary activity, fault continuity, geologic 

slip rate and historical seismicity. Those characteristics 

of faults and fault behavior, referred to as the degree of 

activity, were used as a comparative tool to evaluate the 

earthquake potential of the hypothesized OZD. The fault 

characteristics and ranking criteria were presented in Table 

361.38-2 (Response to NRC Question 361.38). The comparisons 
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indicated that the OZD has a lower earthquake potential than 

faults to the east.  

The area offshore from the site has been investigated with 

marine geophysical methods and faults have been identified 

in a general zone of folds and faults (south coast offshore 

zone of deformation or SCOZD). Definition of rupture 

lengths, displacement per event, and recurrence intervals 

are not possible in the marine environment and definition of 

maximum magnitude can not be determined by analyzing only 

this offshore segment. Therefore, to understand the SCOZD, 

the projected analogous structures onshore to the north 

(NIZD) and to the south (RCFZ) were evaluated. Of those 

two, the NIZD is the closest to the SCOZD in style of 

faulting. The NIZD also has a higher degree of historical 

activity than either the RCFZ or the SCOZD. The fault 

characteristics along the OZD were summarized in Table 

361.38-3 (Response to NRC Question 361.38), illustrating the 

lesser geologic, geomorphic, and seismologic degree of 

activity southward along the zone to San Diego. Thus, the 

NIZD is the most applicable and conservative choice as a 

model for the SCOZD opposite the site and for the OZD as a 

whole.  

The Applicants now present a comparison between faults in 

Baja and the hypothesized OZD to further evaluate the 

earthquake potential and tectonic setting of the OZD. The 

fault data are compiled on Table 361.66-1 in a format 

similar to the fault ranking in southern California. The 

Baja faults include the Agua Blanca, the Calabasas, the 

Vallecitos, the San Miguel, and the Tres Hermanos fault 

zones. In general, the data from faults in Baja are less 

complete than the data from faults in southern California 

because: (1) offsets are not well documented; (2) ages of 
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offsets are poorly known; (3) relationships of en echelon 

segments are not defined; (4) the sense of faulting is only 

partially documented; and (5) data on Quaternary faulting 

are limited. Based on the available data, however, the San 

Miguel fault exhibits higher historic seismicity than the 

NIZD, and the Agua Blanca fault shows geomorphic evidence of 

a much higher degree of activity than does the San Miguel or 

hypothesized OZD between Santa Monica and San Diego. This 

interpretation is consistent with the tectonic models 

discussed in Section 361.66e of this Response. In addition 

to tectonic setting interpretations, the fault comparison 

reveals valuable insights into the origins and behavior of 

faults in Baja and their significance to the hypothesized 

OZD as discussed below.  

A comparison of the San Miguel, Vallecitos, and Calabasas 

faults provides interesting contrasts in data and in conclu

sions given those data. For example, based on geomorphic 

expression, the San Miguel fault appears to have the highest 

degree of activity of the three faults (Shor and Roberts, 

1958; Gastil and others, 1979); it is marked by offset 

streams, closed depressions, and ground-water barriers.  

Also, the San Miguel has had six earthquakes equal to or 

exceeding magnitude 6.0 between 1954 and 1956 (Brune and 

others, 1979). However, the bedrock geology indicates that 

the San Miguel fault has only had 100 m total offset. In 

contrast, the en echelon Vallecitos fault has neither 

evidence of Quaternary activity nor significant historical 

seismic activity, and yet the total offset is estimated as a 

maximum of 3 km based on offset of a pluton boundary (the 

other side of the pluton does not suggest comparable off

set). Such data of inconsistent total offset and contrast

ing indicators of degree of activity between the two faults 

suggest a complex tectonic regime and a discontinuous 

seismic source.  
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The high seismic activity and the geomorphic evidence of 

activity on the San Miguel fault combined with the 100 m of 

total offset are evidence for a very youthful inception of 

faulting, much younger than the 5-8 million year age and 3 

km offset indicated for the NIZD. This might suggest a more 

recent time of initiation of faulting for the San Miguel 

fault and would preclude propagation of faulting from the 

south to the north to form the OZD. Rather, a separate 

tectonic origin for the OZD and faults in Baja is indicated.  

The inconsistency of fault characteristics (displacement, 

evidence of activity, etc.) along the faults in Baja indi

cate discontinuous, incoherent behavior of individual fault 

segments within the zone. This behavior suggests that this 

zone should not be capable of producing earthquakes of 

magnitudes greater than Ms 7. The discontinuous nature of 

this zone suggests that it should not have any effect on the 

earthquake potential of the OZD opposite the site.  

The Agua Blanca fault appears to have the highest degree of 

activity of all the faults mapped in Baja, as indicated by 

offsets of Quaternary deposits and geomorphic features, 

although historical seismicity has been low. The 4.8 km 

offset of Quaternary (~1.8 my old) fan gravels suggests a 

slip rate of 2.7 mm/yr, or approximately five times that of 

the OZD. Other contrasts to the OZD are the oblique orien

tation and the relatively continuous surface fault traces 

and segments of the Agua Blanca fault. Total displacement 

and evidence of activity decrease toward the Gulf of Mexico 

and the plate boundary and die out completely before enter

ing the Gulf depression (Allen and others, 1960; Gastil and 

others, 1975). Because of the vast difference in degree of 

activity of the Agua Blanca fault as compared to the hypoth

esized OZD (including the NIZD, SCOZD, and RCFZ), the 
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earthquake potential of the Agua Blanca is not compara

ble to the OZD opposite the site. The geomorphic expression 

and other parameters which reflect degree of activity of the 

Agua Blanca fault suggest that it is more comparable with 

either the Coronado Banks or San Clemente fault zones and 

may connect with these faults as discussed below.  

It is not unexpected that faults in Baja, such as the Agua 

Blanca fault, have a higher degree of activity than the OZD 

based on its possible and apparent relationship to other 

Continental Borderland faults. Onshore, the Agua Blanca 

fault is a rather discrete zone of faults characterized by 

abundant geomorphic evidence for Quaternary activity (Allen 

and others, 1960). As the fault approaches the western 

coast of Baja, it splays into the Santo Tomas and Maximinos 

faults and then again splays into a number of faults as it 

turns northward into the Continental Borderlands. The most 

prominent correlative structures in the borderlands that may 

accommodate most of the displacement transferred northward 

from the Agua Blanca are the San Clemente escarpment and the 

Coronado Banks zones. If the displacement of the Agua 

Blanca fault is being distributed into the Continental 

Borderlands faults, the OZD should not be comparable to the 

Agua Blanca.  

In summary, the application of faults from Baja as models to 

characterize the OZD is considered inappropriate. To apply 

models of faults that are so far removed from the immediate 

tectonic setting of the SCOZD, with different orientations 

and for which very few data are available, is highly specu

lative. Therefore, consideration of faults in Baja has no 

bearing on the SONGS DBE. This conclusion is supported by 

the foregoing discussion and by interpretations of the 

tectonic setting presented in Section 361.66e and summarized 

in Section 361.66g.  
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In order to better understand the regional stresses in the 

Continental Borderlands and to evaluate whether a lower 

degree of activity is appropriate for the 
tectonic regime of 

the OZD, a discussion of the tectonic setting is presented.  

Section 361.66e Discussion of Tectonic Models of the 

Southern California-Baja Area 

The relative motion of the Pacific and North American 
plates 

is responsible for the presence of the San Andreas fault 

system and other associated parallel faults that are nearly 

parallel with this relative plate motion (Figure 
361.66-4).  

The OZD is associated with this group, however, the more 

active faults parallel to the OZD and to the east of it, 

such as the San Andreas, the San Jacinto, the Elsinore, and 

others, relieve most of the accumulated regional shear 

stress. The tectonic origin of the mapped faults in Baja 

California and the faults in the Continental Borderlands are 

less well understood. Currently available data provide 

several tectonic models that can be used to explain 
the 

relationships of these various faults and their interaction 

in terms of plate tectonic theory. Three main hypotheses 

are summarized in the following paragraphs: 

1. the parallel and subparallel faults at oblique angles to 

the main axis of the Baja peninsula are considered to 
be 

landward extensions of transform faults originating at 

the spreading ridge central to the Gulf of California 

(Elders and others, 1972) (Figure 361.66-5); 

2. creation of the Agua Blanca fault zone could be 

due to regional north-south compression similar to that 

of the Transverse Range resulting from interaction of 

the plate motions and the "Big Bend" in the San Andreas 

fault zone (Figure 361.66-6); 
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3. the Agua Blanca and other faults oblique to the main 

axis of the Baja Peninsula may have originated by 

clockwise rotation of the peninsula via the effects of 

variable rates of crustal spreading in the Gulf of 

California as the gulf opened from the south (Figure 

361.66-7).  

It is difficult to prove which of these models is most 

likely; however, of the three models presented, the third 

seems most plausible based on geologic 
data and tectonic 

theory. These models are evaluated in the following para

graphs.  

The first hypothesis considers the parallel and subparallel 

faults at oblique angles to the main axis of the Baja 

peninsula to be landward extensions 
of transform faults 

originating at the spreading ridge central to the Gulf of 

California (Elders and others, 1972; Brune and 
others, 1979) 

(Figure 361.66-5). This hypothesis requires that these 

faults, e.g., Vallecitos, San Miguel, Agua Blanca, 
La Bamba, 

and Bahia Tortugas, etc. (Figure 361.66-4), be structurally 

continuous features across the Baja Peninsula to their 

hypothesized origin in the Gulf of California, and that the 

spreading rates are different between 
spreading centers, 

causing activation of fracture zones extending 
from the 

transform faults. Lomnitz and others (1970) suggest that 

the southern end of the Gulf is opening faster than the 

northern end, thus resulting in the right-lateral 
shear 

through the Baja Peninsula along such fracture zones.  

Generally, the fracture zones extending away from transform 

faults between spreading centers are inactive structures.  

Therefore, movement along fracture zones extending from the 

gulf would require differential spreading rates and would, 

according to plate tectonic theories, represent unique 

features.  
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In order to test whether faults crossing the Baja Peninsula 

are extensions of transform faults in the Gulf of Cali

fornia, the known geologic data are reviewed here. If 

present, such fracture zones should extend in both direc

tions from ridge-ridge transforms, and fault zones equiva

lent to those in the Baja Peninsula might be expected in 

Mexico on the east side of the gulf. Brune and others 

(1979) indicate that no analogous faults exist east of the 

gulf. Further, extensive geologic studies by Gastil and 

others (1975, Map Sheet A) and by Allen and others (1960) 

indicate decreasing displacement and decreasing evidence of 

activity eastward along the Agua Blanca fault. Mapping also 

indicates that the Agua Blanca and San Miguel fault systems 

do not continue beyond the eastern end of their mapped 

traces in the San Pedro Martir Mountains and thus do not 

reach to the Gulf of California. In addition, work by Henyey 

and Bischoff (1973) indicates that there is no onshore

offshore connection on the eastern side of Baja. These 

findings argue against consideration of the Agua Blanca and 

similar faults as extensions of transform systems.  

The second model draws an analogy between the Agua Blanca 

fault and the Transverse Ranges structures in southern 

California. The Agua Blanca fault cuts transversely across 

the Baja Peninsula, just south of Ensenada, and is nearly 

parallel with the Transverse Ranges 320 km to the 
north 

(Figure 361.66-6). This parallelism suggests a tectonic 

origin for the Baja fault systems that is analogous to the 

origin of the Transverse Ranges. The Transverse Ranges in 

California are believed to have resulted from nearly north

south compressive stress due to great crustal shortening 

that is occurring along nearly east-west trending thrust 

faults, which exhibit a strong component of left-lateral 

movement. This north-south compressive stress is appar
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ently related to the "Big Bend" in the San Andreas fault 

that partially blocks the northward movement of the Pacific 

plate. Because of the similar orientation of the Agua 

Blanca fault to the Transverse Ranges structures, it could 

be hypothesized that both systems may 
be a result of similar 

regional compression. However, in contrast to the Trans

verse Ranges where left-lateral distortion of the San 

Andreas fault and left-lateral displacements within 
the 

range are observed, the Agua Blanca 
fault is shown by Gastil 

and others (1975) and by Allen and others (1960) to have 

caused right-lateral displacement of the basement rocks as 

well as Quaternary age sediments and geomorphic features.  

Also, no evidence of crustal shortening is mentioned in the 

literature on the area. In their work, Allen and others 

(1960) concluded that despite its similarity in orientation 

to the Transverse Ranges, the Agua Blanca fault does not 

seem to have many of the structural features 
that would make 

it analogous to the Transverse Ranges or that would suggest 

a similar origin.  

The third tectonic model suggests that the Agua 
Blanca fault 

and the similarly northwest-oriented faults in the Baja 

Peninsula arise from a different stress system than faults 

of the Continental Borderlands. This hypothesis concerns 

the combined effects of the interference of the Pacific and 

North American plates motions due to the bend 
in the San 

Andreas fault at the Transverse Ranges (Figure 361.66-7) and 

variable rates of crustal spreading in the Gulf of Cali

fornia. The rate of relative northward motion of the 

Pacific plate increases southerly along the spreading 

centers, and the westward-stepping, en echelon arrangement 

* of the spreading centers induces a right-lateral shear 

within the Baja Peninsula causing faults with orientations 

similar to the Agua Blanca fault. This increase of spread

361.66-27



ing rates to the south is supported by the fact that the 

faults at the Viscaino Peninsula are estimated to have as 

much as 50 km of right-lateral displacement, whereas the 

Agua Blanca fault zone has only about 22 km; thus an in

crease in total displacement southward occurs across the 

peninsula (Allen and others, 1960; Robinson, 1979).  

In order to accommodate the variable spreading rates, 

established theories of rigid plate tectonics would require 

that active fracture zones develop to the north of the 

spreading centers as direct extensions of the transform 

faults of the gulf. In Baja, these active extensions do not 

seem to be present. This conclusion is based on the studies 

of Gastil and others (1975) and Allen and others (1960).  

The oblique orientation of the Agua Blanca and similar 

faults in Baja may be explained by the idea that the vari

able spreading rates in the Gulf accompany somewhat concen

trated shear loads on the Pacific plate to the northwest of 

the ridges. The stress field in the plate due to one of 

these loads would not necessarily produce shear faulting 

parallel to the plate edge. For example, in an elastic 

plate subjected to a concentrated shear load along its edge, 

the regions of maximum deviatoric stress will be elongated 

lobes oriented at 450 to the plate edge and adjoining the 

region where the load is applied (see page 244 of Fung, Y.  

C., 1965, "Foundations of Solid Mechanics", Prentice-Hall).  

An elastic model of this effect, while not an exact charac

terization of the geologic environment (for example, the 

crustal material is not elastic as it emerges from the 

spreading centers), does provide a general descripticn of 

stresses resulting from loads on the plate edge. It is thus 

plausible that the Agua Blanca and similar faults arise from 

stress perturbations near the plate edge due to spatially 

variable spreading rates.  
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The presence of the compressive Transverse Ranges system to 

the north and the San Clemente and Coronado Banks faults to 

the west of the OZD are evidence that some of the plate 

motion is shunted offshore in Baja and the Continental 

Borderlands, in order to accommodate the movement 
around the 

Transverse Ranges. The stress field resulting from that 

configuration is portrayed in Figure 361.66-8.  

This model can accommodate the existence of a compressive 

stress field in the Transverse Ranges, which would block 
the 

northward motion of the crust immediately to the 
west of the 

San Andreas system and would require right-lateral shear 

motion to be concentrated on faults to the east and west of 

the OZD. This could be occurring on the San Clemente or 

Coronado Banks faults to the west. In this manner the OZD 

would be shielded from the major regional tectonic stress 

field by the Transverse Ranges. The lower stress field 

in this region would be consistent with the lower spreading 

rates in the northern part of the Gulf of California.  

This shielding effect is also consistent with the observed 

lower degree of activity and observed total offset 
on the 

OZD as compared to other faults to the east and probably to 

the west. It should be expected that the faults within the 

shielded block are less continuous and less significant 
than 

the bounding parallel faults.  

Section 361.66f Discussion of Seismologic Data 

RECENT REGIONAL SEISMICITY 

Regional seismicity data covering the time period 1932 to 

January 1979 have been presented in the June 1979 WCC report 

and in the Response to NRC Question 361.41. Recent seis

micity since January 1979 is discussed here. Catalogues and 

maps of seismic activity in the study area have 
been updated 

using the southern California earthquake catalogue compiled 
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from Caltech's SCARLET system data. This update covers all 

events that are routinely detected, timed, and located in 

the normal operation of the Caltech recording array (CEDAR).  

Plots of the seismic activity covered by this discussion are 

shown in Figure 361.66-9 (1 July 1979 to about 20 May 1980 

and events since 1 January 1980).  

Observed activity is consistent with patterns previously 

noted from the Caltech southern California catalogue for 

this study region. During the second half of 1979 and the 

first five months of 1980, the largest concentration of 

activity was associated with the 15 October 1979 (ML = 

6.6) U.S.-Mexico Imperial Valley earthquake and its after

shocks (Figure 361.66-9). Another smaller cluster of acti

vity also north of the U.S.-Mexico international border is 

noted along the San Jacinto fault, centered on the 25 

February 1980 ML = 5.3 Hemet earthquake. This activity is 

better seen in the plots of seismicity from 1 January 1980 

to present (Figure 361.66-9). Offshore and in Mexico, it 

can be noted that: (1) no events routinely detected by the 

CEDAR system (ML > 2.5) are located on the Agua Blanca 

fault; (2) there is scattered activity (ML < 5.0) in the 

area of the Vallecitos and San Miguel faults, with a cluster 

of earthquakes occurring near where the Vallecitos and San 

Miguel are en echelon; (3) offshore activity is low in that 

only five events with ML < 4.0 are observed in this 11 

month time period; and (4) no events are seen along the 

coast from Ensenada, through Tijuana and San Diego, and 

north to Long Beach at the level of ML > 3.0.  

FOCAL MECHANISMS 

Fault-plane solutions were obtained for 20 events associated 

with the NIZD, SCOZD, and RCFZ and within 10 km to the east, 

as discussed in the report of June 1979. Limitations are 

361.66-30



imposed on data available for these studies due to the 

limited distribution of recording stations with respect to 

the locations of these earthquakes. Solutions are based on 

first motion data at stations in the Caltech network, which 

are located primarily to the east of the offshore earth

quakes examined. The results obtained generally indicate 
a 

north-south maximum compressive stress, consistent with the 

regional stress field produced by the interaction of the 

North American and Pacific plates. A variety of focal 

mechanisms were obtained, which are suggestive of activity 

on faults of different orientations.  

For events south of the international border, focal mecha

nisms are extremely difficult to obtain, even for larger 

events occurring in the 1930's and 1950's, because of the 

small number of recording stations, most of which are 

located north of the border.  

A preliminary fault plane solution for the El Alamo 1956 

(ML = 6.8) earthquake on the San Miguel fault, based only 

on data from Caltech stations, indicates 
a right-lateral 

strike-slip mechanism, compatible with the geologic obser

vations of Shor and Roberts (1958).  

Few fault-plane solutions for other Mexican earthquakes are 

available in the literature. In western Baja, first-motion 

data for the Canon de la Presa event located southwest of 

Tijuana (19 August 1978, ML 3.5) suggest right-lateral 

strike-slip movement (Brune and others 1979). Other solu

tions are available for events in the Gulf of California, 

e.g., Canal de las Ballenas (8 July 1975, Ms = 6.5), which 

was determined to have a right-lateral strike-slip mechanism 

by Munguia and others (1977), and El Golfo (7 August 1966, 

Mb = 6.3, Ms = 6.3) near the mouth of the Colorado River, 

361.66-31



which was also given a right-lateral strike-slip mechanism 

by Ebel and others (1978). Focal plots for these two 

eastern Baja events are shown in Figures 361.66-10 and 

361.66-11.  

OFFSHORE PATTERNS OF SEISMICITY 

Offshore activity since 1932 to the present has been exam

ined to identify possible linear patterns and to assess the 

validity of using data to make connections between onshore 

and offshore features. Only events of A or B quality 

epicentral location, i.e., with location errors less than 5 

km, are accurate enough to be useful. Legg and Kennedy 

(1979, in Abbott and Elliot, Figure 2, p. 39) attempt to 

identify a linear trend of A and B quality epicentral 

locations that delineate the Coronado Banks fault zone.  

They identify a trend that extends north at a bearing of N 

458 W from the Coronado Banks, becoming more diffuse in the 

vicinity of Lasuen Sea Knoll. South of Coronado Banks, Legg 

and Kennedy (1979) interpret activity to cease at about the 

latitude of south San Diego Bay and then to recommence in 

the Salsipuedes area. Legg and Kennedy also identify a 

trend of epicenters farther offshore that they feel marks 

the San Clemente-San Isidro fault zone. If valid, this 

interpretation of the seismicity could be used to suggest 

continuity of activity along the Coronado Banks fault as far 

north as the Lasuen Sea Knoll and south to Salsipuedes near 

the Agua Blanca fault.  

The Applicants have noticed a different interpretation of 

the same seismicity data used by Legg and Kennedy (1979) 

that also takes into consideration the distribution of 

located earthquakes. As shown in Figure 361.66-12, two 

potential linear patterns are indicated by the seismic 

activity plotted. The pattern nearest to the shore extends 
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from Santa Catalina Island southeast to the coastline. This 

trend corresponds to no mapped offshore lineament and, in 

fact, cuts across the Coronado Banks and the San Diego 

trough. This pattern is delineated by activity of ML = 4.0, 

and it is unlikely that it indicates continuity of faulting 

through that area.  

Another linear pattern farther offshore, that is indicated 

by the distribution of A and B quality locations is not as 

well defined. In general, this trend includes larger events 

than those of the nearer shore pattern. The trend of the 

pattern follows the San Clemente fault at its northern end, 

but when data are limited to A and B quality locations, it 

is very poorly defined to the south. The inclusion of C and 

D quality epicentral locations as shown on Figure 361.66-13 

creates a weak pattern extending from San Clemente Island 

to the Mexican coast in the vicinity of the Agua Blanca 

fault. The epicentral location error is less than 15 km 

for C quality events and greater than 15 km for D quality 

events. These two epicentral patterns suggest that the 

majority of offshore seismic activity listed by the instru

mental recordings in the Caltech catalogue is too diverse to 

be specifically associated with any of the connected fault 

zones postulated by Legg and Kennedy (1979) and thus cannot 

be used to support arguments of connection of these zones.  

CUMULATIVE MOMENT DISTRIBUTION PLOT 

The moment of an earthquake is defined as: 

Mo = S pu ds, 

s 

where y is the shear modulus and u is the displacement 

jump across the fault and S is the fault surface. Roughly, 

M = P A < u >, (Force times length) 
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where A is the area of the fault and < u > is the average 

dislocation on the fault. This is a quantity that is 

observable in far-field seismic radiation at asympto

tically long periods. Assumptions regarding the time 

history of the displacement jump permit the estimation of Mo 

from shorter period data.  

Kanamori and Anderson (1975) discuss an empirical moment

magnitude relationship from which the moment 
can be obtained 

from the magnitude: 

Log Mo = 3/2 Ms + consant 

A plot of spatial distribution of the cumulative moment 

illustrates how much seismic slip has occurred in an area, 

assuming that certain material parameters do not vary 

greatly throughout the region. It is thus a much more 

quantitative indicator of the long term deformation of an 

area than a plot in which only earthquake epicenters and 

magnitudes are plotted. For this reason, the cumulative 

moment plots are a useful tool in analysis of regional 

tectonics. The cumulative moment plot of southern Cali

fornia and northern Baja California (Figure 361.66-14) 

clearly shows the OZD to be a quiet region with greater 

activity to the east and west. The reason for this lack of 

activity in the OZD can be explained by the tectonic model 

involving the shielding effect of the Transverse Range and 

variable spreading rates in the Gulf of California as 

portrayed in Figure 361.66-8.  

Section 361.66g Summary of Conclusions 

The geologic and tectonic setting of the hypothesized OZD 

and faults in Baja are evidence for a discontinuous zone of 

deformation without the continuity of faults suggested in 
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Question 361.66. The absence of faulting and apparent 

difference in age of faulting between the southern end of 

the hypothesized OZD and the Vallecitos-San Miguel trend 

is evidence that tends to disassociate the two zones struc

turally and with respect to their earthquake potential. The 

historic seismicity and the geomorphic characteristics of 

each zone suggest that neither zone is capable of earth

quakes greater than Ms 7.0. Based on those observations, 

the DBE for SONGS remains unaffected.  

For the connections hypothesized in Question 361.66 of the 

OZD to offshore faults to exist, an awkward geometry would 

be required--one that would not be typical of strike-slip 

faults in southern California. Thus, the faults offshore 

from Baja and the Agua Blanca fault do not directly affect 

the faults within the OZD. Based on the tectonic setting 

estimates of the maximum magnitude of the SCOZD should most 

appropriately be derived from evaluation of the OZD in the 

vicinity of the site and not from evaluation of faults in 

Baja or offshore from Baja.  

All three of the tectonic models applied to the southern 

California and northern Baja area consider that the major 

strain release between the North American plate and Pacific 

plate is occurring along the San Andreas fault and ridge 

transform system in the Gulf of California, including high 

stress in the Transverse Ranges and the Continental Border

lands. Whether the faults through Baja are related to 

extensions of transform faults in the Gulf, or whether they 

are caused by local stresses due to the relative motion of 

Baja, the geometry of faulting onshore and offshore is 

evidence for the Transverse Ranges acting as a barrier to 

fault propagation on the hypothesized OZD and for the ranges 

diverting major strain release to the offshore area of the 
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Continental Borderlands (e.g., San Clemente and Coronado 

Banks faults). The fault configuration provides evidence 

for the shielding of the OZD from major strain and for the 

OZD being a minor zone of deformation responding to the 

regional stresses. The geologic data and the fault behavior 

are strongly supportive of the OZD as defined in the June 

1979 WCC report and in the Response to Question 361.38; that 

is, the OZD is a discontinuous zone of deformation prone to 

rupture of individual fault segments or relatively short 

portions of the zone during earthquakes.  
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TABLE 361.66-1 
BAJA FAULTS AND OZD CHARACrERISrICS AND RANKIN3 CRITERIA 

CALABASAS 
FAULT ZONE AGUA BLANCA VALLECITOS TRES 
(MARACRISTICS MAXIMINOS SAN MIGUEL HERMANOS HYPOTHESIZED OZD 

Total length: 200 km Total length: 160 km Total length: 45 km Total length: 200 km 
or more 

Segment lengths: Vallecitos: 65 km NIZD: 70 km 

Dinens ions and > 180 km Segments lengths: Segment lengths: 
Segmentation 38-48 km 6.5 -36 km 

San Miguel: 100 km SCDZD: - 75 km 
segments lengths: Segnents lengths: 
25-54 km 8-27 km 

Calabasas: 40 km RCFZ: - 65 km 
segment lengths: Segment lengths: 

12-15 km 20-48 km 

Total 11-22 km (San Miguel to 3 km Unknown 3 km (upper Miocene) 
Displacement (decreased eastward (Vallecitos) 

and dies out) (Crystalline basement) 

Sense of Right lateral Nearly equal vertical Unknown Right lateral 
Motion to right lateral (San 

Miguel) 

Distance from main > 80-90 km >90 km (San Miguel) >115 km 62-150 km (closest at north) 
plate boundary 

torial None Reported >20 km None Reported 30 km, subsurface (aftershock 
* lture Length surface rupture (San zone, 1933 NIZD) 

Miguel 

Numerous parallel and At least 3 major en Discontinuous en echelon 
anastamosing fault echelon segments segments 
traces 

Continuity and Strong linear trace in Right stepping en Unknown but observed En echelon large folds at 
gecaorphic alluvium, offset echelon fault segments. on high altitude north end with smaller and more 
features streas, ground-water Zone of springs, linear photographs gentle folding to the south.  

barrier, shutterridges, hills and valleys, dis- A few linear fault scarps 
fault sags. Evidence placed drainage, and at north end with persistent 
of activity decreases closed basins extend 80 scarps to the south 
to the east km north from 1956 sur

face rupture along San 
Miguel. No evidence of 
offsets younger than 
crystalline basement 
along Vallecitos.  
Calabasas has some 
scarps and evidence of 
Quaternary offsets 

Historial None Reported Very high at south, low None Reported High in north, low in central 
Seisnicity in central and northern and southern areas 

areas 

Maximum None Reported 6.8 (1956 San Miguel) None Reported 6.3 (1933 NIZD) 
Ristorial 
Magnitude (Ms) 

Geologic Slip 2. 7 mn/yr Unknown Unknown 0.5 un/yr (Miocene-Pliocene) 
Rate (Quaternary)
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Figure 361.66-9 Seismicity Plots of Earthquake Activity Routinely Located by the Caltech 
Southern California Network for Two Time Periods: a. 1 July 1979 to 
Approximately 20 May 1980, and b. 1 January 1980 to Approximately 
20 May 1980. Events of ML> 3 .0 are Shown at All Levels of Location 
Quality Including Preliminary Locations. Activity of the 15 October 1979 
Imperial Valley Event Dominates 1979. Events are Observed Associated 
with the Vallecitos and San Miguel Faults. There is no Activity on the 
Agua Blanca Fault Observed during this Time Period.
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QUESTION 361.67 

The Woodward-Clyde Consultants report of 1979 implies that 

the fault slip on the OZD is derived from a decreasing 

activity to the west of the San Andreas (p. 11), a westward 

transfer at the Transverse Ranges (p. 13), and a decrease in 

activity to the south (p. 18). Evaluate and discuss the 

possibility of causative stress accumulations from the 

south, either from the Gulf of California or the west coast 

of Baja California.  

RESPONSE 361.67 

Previous geologic reports (WCC, June 1979 and Responses to 

Questions 361.38, 361.40, 361.41, 361.44, 361.45, 361.60, 

and 361.61) evaluated the geologic setting and characteris

tics of faults in southern California and presented a 

comparison between the major onshore strike-slip faults 

there. This comparison was based on the evidence of con

trast in the behavior of faults and rated them according to 

their degree of activity. The data showed that the degree 

of activity decreased progressively westward from the San 

Andreas to the hypothesized OZD and that the degree of 

activity also decreased from north to south along the OZD 

itself. The NRC staff has now requested that the faults 

farther south in the Gulf of California and offshore 

be evaluated in the tectonic framework and their causative 

relationship to stresses in the OZD.  

In response to Question 361.66, the Applicants presented 

discussions of the tectonic setting, including tectonic 

elements such as the San Andreas fault system, Trans

verse Ranges faults, faults in Baja, the Continental 

Borderlands, and active spreading centers in the Gulf of 
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California. It is apparent from the tectonic models pre

sented that the pattern of faults and strain release in 

southern California is related to the regional tectonics of 

a much larger area which is dominated by the interaction of 

the Pacific and North American plates.  

As presented in the Response to Question 361.66, the tec

tonic models considered for the southern California and 

northern Baja areas all indicate that the major strain 

release between the North American plate and Pacific plate 

is occurring along the San Andreas fault and ridge-ridge 

transform system in the Gulf of California, however, each 

model differs as to the nature and method of strain release 

westerly from the San Andreas fault system.  

The first tectonic model described in Response to Question 

361.66 relates the faults in Baja to active fracture zones 

extending from the transform faults in the Gulf of Cali

fornia. This model would transfer equivalent strain release 

along fracture zones extending from the Gulf of Mexico 

transforms northward as continuous, through-going faults.  

However, as deduced from the geology of faults in Mexico, 

faulting in the crust does not extend across the Sierra 

Juarez Mountains and cannot connect to the transforms.  

Also, differences in apparent time of initiation and amount 

of total offset along faults of the OZD and the Vallecitos

San Miguel faults suggests independent behavior of indivi

dual fault strands along the zone. Because the geologic 

data do not support the first model, these faults cannot be 

considered as extensions of transforms and should not behave 

as such. Thus, the OZD does not respond to stress accumula

tions on the faults in Mexico.  
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In the second tectonic model, the Agua Blanca fault zone is 

considered to be analogous to the Transverse Ranges. This 

occurrence would require the presence of a source of north

south compression within the Agua Blanca fault zone. The 

fault configuration resulting from these two inpediments to 

the northward relative motion of the Pacific plate would 

lead to shielding of the OZD from significant strain. The 

relative plate motion would be taken up on the San Andreas 

fault system to the east of the OZD and the San Clemente and 

Coronado Banks faults to the west. In this view stress 

accumulations within the Gulf of California would result in 

increased activity on the San Andreas fault system, and 

stress accumulations of the west coast of Baja would result 

in increased activity on the San Clemente and Coronado Banks 

faults. However, this model of the Agua Blanca fault zone 

is not considered to realistically represent the geologic 

data as discussed in Response 361.66, section e.  

The third tectonic model concerns the combined effects of 

the Transverse Ranges and "Big Bend" in the San Andreas 

fault and the variable spreading rates in the Gulf of 

California on the plate edge deformation along the Pacific 

and North American plates. This model can accommodate the 

existence of a compressive stress field in the Transverse 

Ranges which would block the northward motion of the crust 

immediately to the west of the San Andreas system and would 

require right-lateral shear motion to be concentrated on 

faults to the east and west of the Transverse Ranges. This 

in effect would shield the OZD from major lateral shearing 

stress. The increase in spreading rates southerly along the 

Gulf of California and the westward-stepping, en echelon 

arrangement of the spreading centers induces a right-lateral 

shear within the Baja peninsula adjacent to these spreading 

centers. This right-lateral stress would cause faulting 
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with northwesterly trends such as the San Miguel, Valle

citos, and Agua Blanca faults as discussed in Response 

361.66, section e. Thus such faulting is caused by a local 

stress system which is not the same as that driving the San 

Andreas and Continental Borderlands fault systems.  

This third tectonic model is consistent with the fault 

comparisons presented in the June 1979 report and Responses 

to Questions 361.38, 361.40, 361.41, 361.44, 361.45, 361.60, 

and 361.61. The Transverse Ranges are an area of high 

stress and strain concentration, thus the interaction of the 

OZD with that system results in the NIZD having the strong

est evidence of activity in the north with lesser activity 

to the south. The tectonic model is also consistent with 

finding faults of a higher degree of activity in Baja where 

stress is high, due to variable spreading rates of the 

ridge-ridge transform system in the Gulf of California and 

where stress appears to be shunted offshore along northwest 

trending faulting in Baja into the Continental Borderlands 

(Response to Question 361.66). Thus, the Baja faults and 

faults in the Borderlands area should have a higher degree 

of activity than the OZD. Further, the low degree of 

activity indicated by the geology, geomorphology, and 

seismicity along the OZD, as described in previous reports 

by the Applicants, appears to be consistent with the tec

tonic setting.  

361.67-4



QUESTION 361.68 

Evaluate and discuss the vibratory ground motion at the 

SONGS site, with respect to peak acceleration and response 

spectra, assuming the El)Alamo earthquake (14:32:38 GMT, 9 

February 1956) to occur on the OZD 8 km from the site.  

Among the factors to be considered in this evaluation are: 

effect of oblique fault motion, amount of displacement, 

surface rupture, stress conditions at the source, and 

directivity effects.  

RESPONSE 361.68 

Introduction 

Based on information presented in the response to NRC 

questions 361.41, 361.60, 361.66, and 361.67 it is the 

Applicant's position that the hypothesized Offshore Zone of 

Deformation (OZD) does not extend south of the southern end 

of the Rose Canyon Fault Zone (RCFZ) and therefore does not 

connect with the San Miguel Fault Zone to the south in Baja, 

California. For this reason there exists no rationale for 

assuming the 9 February 1956 El Alamo earthquake to occur on 

the OZD 8 km from the site. To be responsive to the 

question, however, an estimate of the El Alamo earthquake 

induced ground motions at a closest distance of 8 km from 

the San Miguel fault has been made and the results are 

presented in the paragraphs that follow.  

Because there were no near-field ground motion recordings of 

the El Alamo event, the potential vibratory ground motions 

at a distance of 8 km have been evaluated by comparing this 

earthquake with other similar but better-recorded events.  

Specifically, the characteristics of the 1956 El Alamo 

earthquake are compared with the well recorded 15 October 
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1979 Imperial Valley earthquake data. Next, the estimated 

near field El Alamo response spectra are discussed with 

respect to the SONGS 2 and 3 design basis. In addition, a 

discussion is included of the 23 February 1892 earthquake 

which has been suggested to have been in the vicinity of the 

San Miguel and Agua Blanca faults (Hanks et al., 1975 and 

Richter, 1958). These sections are followed by a summary 

and conclusions regarding a comparision of the estimated El 

Alamo earthquake (14:32:38 GMT, 9 February 1956) induced 

ground motions at a closest distance of 8 km from the San 

Miguel fault to the SONGS 2 and 3 design basis.  

Estimate of the 1956 El Alamo Earthquake Near-Field Ground 

Motion Spectra 

The El Alamo earthquake occurred in Baja California at 6:32 

AM (PST) on 9 February 1956. Its epicenter was located on 

the San Miguel Fault Zone and the event has a reported 

surface wave magnitude of Ms 6.8. Two strong ground motion 

seismograph records were obtained during this earthquake at 

distances of 121 and 159 km to the north. Because no 

near-field ground motion records are available from the 1956 

El Alamo earthquake, the near field ground motion data from 

the 1979 Imperial Valley earthquake were used to estimate 

near-field ground motion from the 1956 El Alamo earthquake 

assuming the conditions of the Imperial Valley. The appli

cability of the 1979 Imperial Valley earthquake data for 

estimating near-field response spectra for the El Alamo 

earthquake was assessed by comparing geologic and seismo

logic factors as summarized in Table 361.68-1. First, as 

noted on Table 361.68-1, the best estimate of local magni

tude for both earthquakes is ML 6.6. The reported surface 

wave magnitude for both earthquakes is M. 6.8. The seismic 

moment for the 1979 Imperial Valley earthquake is slightly 

higher than that estimated for the 1956 El Alamo earthquake 
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(6 X 1025 dyne-cm for the 1979 Imperial Valley earthquake as 
25 

compared to 3 to 4 X 10 dyne-cm for the 1956 El Alamo 

earthquake). The length of surface rupture for the 1979 

Imperial Valley earthquake was larger than that reported for 

the El Alamo earthquake (30 km compared to about 19 km, 

respectively). The maximum post seismic horizontal surface 

displacements for these earthquakes were the same (0.8 m), 

but the maximum post seismic vertical surface displacement 

for the El Alamo earthquake of 0.9 m was larger than the 

0.2 m observed for the 1979 Imperial Valley earthquake. It 

is noted, however, that the larger vertical displacement 

during the El Alamo represents the combined result of the 9 

February 1956 Ms 6.8 main shock and the 14 February 1956 

Ms 6.3 and 6.4 large aftershocks (geologic field inspec

tion of the area was made subsequent to 14 February 1956).  

The rupture mode for both earthquakes was unilateral with 

the direction of rupture from the northwest to southeast for 

the 1956 El Alamo earthquake and south to north for the 1979 

Imperial Valley earthquake. Both earthquakes were charac

terized by oblique fault motion. The available strong 

motion data recorded at comparable distances for both 

earthquakes are tabulated on Table 361.68-1 and are of the 

same intensity.  

Based on the foregoing discussion and the data presented in 

Table 361.68-1, it is concluded that the 1979 Imperial 

Valley and 1956 El Alamo earthquakes are similar enough to 

allow the use of the 1979 Imperial Valley earthquake 

ground motion data to estimate the near field ground shaking 

parameters of the 1956 El Alamo earthquake.  
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Comparison of the SONGS Design Basis and to the Estimated El 

Alamo Instrumental Spectra at a Closest Distance of 8 km 

from the San Miguel Fault 

Conservative estimates of instrumental response spectra for 

large earthquakes Ms 6 1/2 and Ms 7 occurring on the hypoth

esized OZD have been made and are summarized in the Response 

to NRC Question 361.54. The analyses to develop the spectra 

shown in Figure 361.54-3 were performed in a conserva

tive manner regarding the effects of stress conditions at 

the source and directivity as discussed in the Response to 

NRC Question 361.56. They were developed from the empirical 

analysis which included data from earthquakes characterized 

by oblique fault motion (see the WCC June 1979 report).  

Mean and 84th percentile instrumental ground motion spectra 

appropriate for a closest distance of 8 km from the fault 

for the Imperial Valley earthquake were presented in the 

Responses to NRC Question 361.55 and 361.64 for horizon

tal and vertical ground motions, respectively. Because the 

1979 Imperial Valley and 1956 El Alamo earthquakes are very 

similar, the spectra developed in the Responses to NRC 

Questions 361.55 and 361.64 are considered a reasonable 

estimate of the instrumental ground motion spectra of the 

1956 El Alamo earthquake at a closest distance to the fault 

of 8 km assuming Imperial Valley site conditions. In the 

Response to Question 361.55 the instrumental spectra evalu

ated for the SONGS site in the WCC June 1979 report are 

shown to exceed comparable spectra from the 1979 Imperial 

Valley earthquake. Further, it is concluded in the Re

sponses to NRC Questions 361.55 and 361.64 that the hori

zontal and vertical spectra representative of a closest 

distance of 8 km for the 1979 Imperial Valley earthquake are 

accommodated by the SONGS Units 2 and 3 design basis. It 

follows, therefore, that the corresponding spectra estimated 
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for the 1956 El Alamo earthquake at a closest distance 'of 8 

km from the San Miguel fault should also be accommodated by 

the SONGS Unit 2 and 3 design basis.  

Discussion of the 23 February 1892 Earthquake 

At 11:20 pm (PST) on 23 February 1892 (24 February 1892 7:20 

GMT), a large earthquake occurred that was felt strongly in 

Southern California, southwestern Arizona, and Baja.  

Information on this earthquake is limited to felt reports, 

which included those documented in almost 50 newspapers from 

Baja Del Norte (Mexico), Yuma (Arizona), and 10 counties in 

California including Kern, Los Angeles, Orange, Riverside, 

San Bernardino, San Diego, San Luis Obispo, Santa Barbara, 

Tulare, and Ventura Counties. Except for a single unveri

fied seismoscope record from Carson City, Nevada, no instru

mental recordings, or geologic ground rupture information 

are available for the earthquake.  

Recent work by Toppozada et al. (1979), indicates that 

the 1892 Baja earthquake has the following characteristics: 

Location: latitude 32.50, longitude 116.2*, just south 

of the California-Baja border and west of 

the Sierra Juarez fault zone.  

Maximum Reported Modified Mercalli Intensity: VII 

Estimated Magnitude: 6.9 

These characteristics are based on a thorough study of felt 

reports and are considered to best reflect the size and 

location of this earthquake. The findings of Mr. Carl 

Strand (who is in the process of preparing his masters 

thesis at San Diego State University on the subject of 
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pre-1900 Baja California earthquakes) tend to support Toppo

zadas' results in terms of location and magnitude (Strand, 

personal communication, 1980). Richter (1958) briefly 

describes the earthquake and indicates that is is likely to 

be larger than the 1956 El Alamo earthquake but that its 

location is uncertain.  

In work prior to Toppozada's recent studies, Hanks et al.  

(1975) suggested a seismic moment of 5 X 1027 dyne-cm 

for the 1892 earthquake and assumed a location on the Agua 

Blanca fault in the vicinity of the San Miguel fault. Based 

on the limited information, neither the location nor the 

seismic moment of the 1892 earthquake were determined with 

any degree of certainty (as acknowledged by Hanks et al.  

with the " ? " beside the location on Figure 1 of that 

reference and discussion of the accuracy of moment estimates 

of pages 1133 through 1136).  

Indeed, the moment of 5 X 1027 dyne-cm for the 1892 earth

quake is comparable to those of the 1857 and 1906 San 

Andreas earthquakes. An overestimate of moment could have 

resulted by assuming an erroneous location for the earth

quake. As described above, more detailed recent work by 

Toppozada et al., (1979) and Strand (1980) indicate that 

this earthquake is located near the Sierra Juarez fault zone 

and is thus further north than suggested by Hanks et al.  

Summary of Conclusions 

Based on the foregoing discussions and comparisons, the 

following summary of conclusions can be made: 

1. Based on a comparison of geologic and seismologic 

characteristics (including local and surface wave 

magnitudes, seismic moment, length and amount of 
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surface rupture, rupture mode, and comparable 

ground motion records) indicate that the 1956 El 

Alamo and 1979 Imperial Valley earthquakes are very 

similar. Therefore, the near-field ground motion 

data from the latter event should provide a rea

sonable estimate of the instrumental response 

spectra at a closest distance of 8 km for the 

former envent.  

2. Based on the foregoing discussion and Response to 

NRC Questions 361.55 and 361.64, the SONGS 2 and 3 

design basis would accommodate the effects of El 

Alamo level ground shaking at a closest distance of 

8 km.  

3. The limited quality of information available from 

the 23 February 1892 earthquake does not allow for 

precise determination of its location, moment, or 

magnitude. If, however, the general location and 

seismic moment suggested by Hanks et al. (1975) is 

assumed, this earthquake could not have not been 

located on the San Miguel fault zone, based on the 

known physical characteristics of that fault zone 

(see Table 361.66-1 and discussion in the text of 

the Response to Question 361.66). The results of 

recent, more detailed work by Toppozada et al., 

(1979) and Strand (1980) indicate that this earth

quake was located near the Sierra Juarez fault zone 

and thus was further north than suggested by Hanks 

et al. In addition, the magnitude determined by 

Toppozada (M = 6.9) suggests a significantly 

smaller size for the earthquake than that suggested 

by Hanks et al. It is therefore concluded that 

this earthquake is not related to the San Miguel 
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fault zone and does not affect the conclusions 

developed above for the maximum historic earthquake 

on the San Miguel fault zone.  
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e*eOe 
TABLE 361.68-1 

Comparison of Parameters for El Alamo (1956) and Imperial Valley (1979) Earthquakes 

Parameter Available Data Source 

El Alamo Imperial valley 

Ealao EriaVe Earthquake Earthquake 

2/9/56* _2/9/56 
- ------ 10/15/79 --

Local Magnitude (ML) 6.6+.l 6.6+.3 Mean magnitude from 5 torsional Mean magnitude from 10 torsional 

(best estimate) 
records from original phase cards records (5 stations, 2 components 

on file at Caltach. each. + range is one standard devi
viation. Measurements by L. Hutton, 

Caltech.  

Station: ML A(km) ML from original phase cards on file ML at PAS: Determined by L. K.  

PAS (N) 6.5 340.5 6.7+.2 at Caltech. (The PAS seismograms Hutton in lOOX torsion records.  

PAS (E) 6.6 340.5 were checked, but other station Errors reflect the variation between 

HAI (lOOx) 6.7 469 records missing from the collection). MS and EW components.  

WDY (E) 6.6 430 Station-distances relative to lca- ML at TIN: Lower limit on magnitude 

ISA (N) 6.6 465 tion determined by Leeds, 1979 (Brune, estimated from 280X torsion records, 

TIN 
6.7+.l at. al., 1979). which are off scale. Error bars 

show no variation between MS and EN.  

ECC (N) 6.95 111 
ML determined from strong motion 

(E) 7.05 111 
accelerograms at ECC (Kanamori & 
Jennings, 1978) and corrected for 

distance relative to redetermined 

location of Leeds, 1979.  

average ML 
(all stations) 6.7+.2 

original phase card data ard strong 

motion data averaged.  

Surface Wave Magnitude M. 6.8+.08 6.8 From Gutenberg & Richter, uppublished From John Minach, U.S. Geological 

(bestestiate)worksheets 
for Seismicity of the Earth, Survey, Golden, Colorado.  

(bestestimte)Notepad 
#111 page 397, Millikan Library (preliminary result) 

Archives, Caltech.  

Station: MS At(deg) 

ABERDEEN 6.7 80 

KEW 6.9 81 

LA PAZ 6.8 67 

PRAGUE 6.7 88 

STUTTGART 6.8 89 
UPPSALA 6.9 81 
KIRUNA 6.8 75 

Seismic Moment (MO) 3 x 1025 dyne-cm * *6 x 1025 dyne-cm Hanks, at al., 1975: field Determined by Hiroo Kanamori (Persona 

P. s d)observations 
of fault length anid off- Communication) Caltech, from Pasa

set for L = 20 kin, h 10 km, d =50 dena and Berkeley ultra-long period 

cm (estimated from field data of Shor seismograph records.  

& Roberts, 1958).  

3.67 x 1025 dyne-cm 
Thatcher & Hanks, 1973 method: deter

mination of spectral amplitude.



TABLE 361.68-1 (continued) 

Comparison of Parameters for El Alamo (1956) and Imperial Valley (1979) Earthquakes 

Parameter Available Data Data Source 

El Alamo Imperial Valley El Alamo Imperial Valley 

Earthquake Earthquake Earthquake Earthquake 

' 2/9/56* 10/15/79 2/9/56 10/15/79 

Length of Surface Rupture >19 km 30 km Shor and Roberts, 1958. Kerry Sieh, (personal communication).  

Maximum Surface Displacement 0.8 m (horizontal) 0.8 m (horizontal) Shor and Roberts, 1958: "The Kerry Sieh, (personal communication).  

0.9 m (vertical) 0.2 m (vertical) direction was always right-lateral Earl Hart, 1980 
and up to the NE. Surface evidence Robert Sharp, 1979: The corres

indicates that the fault is nearly ponding coseismic values were 0.6 

vertical. Displacement varied from 0 and 0.1 meters for horizontal and 

to 31 inches horizontally and 0-36 in. vertical motion, respectively.  
vertically. These represent total 
displacements and includes large 
aftershocks of 14 February 1956 (Ms 
6.3 and 6.4)." 

Rupture Mode Unilateral from north- Unilateral from south Shor and Roberts, 1958: "The main Follows from the Caltech/USGS 

west to southeast to north shock of 2/9 recurred close to the NW epicenter located several 

projection of the surface trace; the km south of the beginning of the 

2 major aftershocks on 2/14 were near surface rupture.  

the SE projection. This implies pro
gressive faulting from NW to SE." 

Strong Ground Motion at 
Closets Distance to 
Fault Rupture Acc. (g) Acc. (g) 

Distance (km) 0.03 (S45E) station 5047 

93 0.02 (N45E) (33.35"N: 116.40*W) 
0.02 (VERT.) 

94 0.02 (S45E) station 5063 

0.03 (N45E) (33.64*N; 116.08*W) 

0.02 (VERT.) 

121 0.035 (SOON) station 117 

0.054 (S90W) (32.79*N; 115.55'W) 
0.017 (VERT.) 

159 0.008 (north) station 277 

0.013 (east) (32.71*N; 117.15*W) 

0.007 (VERT.) 

160 0.01 (N90W) station 5073 

0.02 (SOOW) (33.92*N; 116.78*W) 

0.02 (VERT.) 

* 2/9/56 14h 32m (GMT): 31.45'N; 115*55'W (Caltech, original location) 
31*42'N; 115*54'W (Brune at al., 1979; location redetermined by Leeds)
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