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RICHARD V. BETTINGER
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My testimony deals with the investigacion, studies

and analyses conducted by the “Company and our consultants
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concerning the geological and seismological aspects of

Diablo Canyon.

The initial phase of the investigation of the

geoclogy and seismology of the Diablo Canyon area commenced

in late 1965. Our first step was to retain the best consulting

expertise availal!: to us to advise as to the suitability of

the site, define the investigation required, and to provide

criteria to assure a safe design.

initially retained were:

The principal consultants
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Geology
E. C. Marliave Consulting geologist.
(deceased) Formerly held the position
of Chief Engineering Geologist
for cthe State of California.
Dr. Richard H. Jahns - Dean of the School of Earth
Sciences, Stanfcrd University.
Seismology

Dr. Hugo Benioff
(deceased)

Dr. Stew-r*~ ™. Smith

Consulting seismologist.
Formerly Professor of

Seismology at California
Institute of Techrology.

Chairman, Department of
Geophysics, University of
Washington.
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Engineering

Dr. John A. Blume - Consulting structural engineer
and head of J. A. Blume &
Assoclates.

Edward Keith - At that time Associate of
J. A. Blume -

Now with EDS XNuclear

These consultants have been assisted by others:

Dr. Jahns by Mr. Douglas Hamilton and his staff at Earth

Sciences Associates; Dr. Smith by university colleagues

through TERA corporation; and Dr. Blume by the substantial

starf of his own consulting engineering firm. In addition,

during the Hosgri reanalysis, the following consultants were

called upcn:

ANCO Engineers

Earthquake Engineering Services
EDS Nuclear

Harding : Lawson Associates
Wyle Laboratories

Dr. Jack D. Benjamin

Dr. Bruce Bolt

Dr. C. Allin Cornell

Dr. John Lysmer

Dr. H. Bolton Seed

Initially, our consultants were requested to

define the scope of the investigations required to enable

the Company to censtruct a nuclear power plant at Diablo

Canyon that would be safe in earthquakes. It was decided
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that it would be necessary to:

1. Determine the maximum earthgquake

shaking motions that can be expected
{H at the site.

2, Establish structural design criteria
| for buildings and equipment such

5 that they will accommodate these
motions with a margin of safety,

- and

3 wWhether the probability of surface

fault rupture through the site was
sufficiently remote that it could
be disregarded in the design.

At the time the purposes and scope of the investi-
gations were established, no AEC criteria had been published
for such investigations. For Diablo Canyocn, our consultants
| determined the extent of work required, with Company engineers
assisting and coordinating. The work was of course subject

Lo subsequent review by the AEC and its consultants. In

! 1967, the AEC commenced preparaticn of geclogic and seismic

criteria for nuclear power plants. We and ocur consultants
have followed develcorment of these criteria in connection
with the Diablo Canyon weor The criteria were published on
November 13, 1973.

The 1966 investigations established that the site

is in an area of relatively low seismicity, a conclusion
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which remains valid today. The regional geology, as
evidenced on shore, was used to identify which faults could
generate major earthquakes. Because the absence of seismic
activity that would indicate a nearby significant offshore
fault and the conservative assumption of a large earthquake
anywhere in the region (inc.iuding one directly under the
site), offshore exploration did not seem necessary.

The major faults identified at that time by Dr.
Smith as governing the seismicity of the region were the San
Andreas Fault 48 miles northeast, the Nacimiento Fault 20
miles northeast, and the Santa Ynez Fault 50 miles to the
south. This permitted definition of the most severe earth-
guakes that could occur in the region.

For each of the controlling faults, Dr. Smith
postulated the most severe earthqguake which he believed
could occur and that the event would start at the points on
the faults nearest to the site. The events were described
in term= of the length of fault rupturing during the earth-
quake, the amount of fault displacement, the duration of
shaking, and magnitude. In addition to the postulation of
very large earthquakes on these three faults, allowance was
made for the possible occurrence of a large earthquake shoeck

-

not associated with any fault (56.75M) direct: 'inder the
site. This element of conservatism was necessary because
the state-cf-the-art in seismology did not pernit a conclusion

that the absence of surface faulting would precl.ide the
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occurrence of a large earthquake, or aftershock anywhere in
the local site area. Dr. Smith will discuss this in greater
detail in his testimony.

Evaluation of the information on the controlling
earthquakes, together with the distance of the site from the
faults, the characteristics of the rock at the site, and
other factors, enabled Dr. Blume to specify the corresponding
complex pattern of vibrations which comprise the ground
motion at the site. The specif.:ation is in terms of maximum
displacement, velocity, acceleration, frequency, and duration.

The various events and corresponding maximum
ground accelerations at the site as recommended by our

consultants are summarized below:

Closest Length of Maximum Max. Ground
Point Fault Displacement Accelera-
to Site Rupture oen Fault Richter tion at
Fault (miles) (miles) (feet) Mag. (g)
San Andreas 48 200 20 Horiz. 8.5 .10
3 Vert.
Nacimiento 20 60 6 Horiz. 7.25 .15
Santa Ynez 50 80 10 Boriz. 7,8 .05
Under site - - - 6.75 .20

(not a fault
breaking the
surface, and
pernaps not
cause< by an
event on a

fault.)

Dr. Blume's recommended design criteria took into

account the fact that earthquakes starting frcm remote



O O ® 9 o U e W N e

I S = = I S U = S S U = = N N
O W ® 9 o UM ok W N = O

21|

22 |
23

24 |

25
26

sources can cause ground shaking with different characteristics
than those starting from nearby sources. The ground motion
specified is an "envelcpe" of the most severe characteristics
from the various earthquakes studies.

Thus, a great earthquake similar to the San Francisco
1906 event on the San Andreas Fault, which had a magnitude
estimated to be on the order of 8.25 together with the major
aftershock under the site, was considered in determining the
most severe shaking at the site. Although the postulated
San Andreas event would be a significant earthquake, its
distance from the site was great enough to result in the
Nacimiento <vent and the aftershock under the site becoming
the events which controlled the design.

Dr. Blume specified that normal working stresses
(without the customary increase in allowable stress ordinarily
permitted for earthquake design) should be used to design
the structures and equipment at Diablo Canyon. To assure
adequate energy abscrbing capability, he further specified
that the design be checked using ground motions twice as
severe as those calculated from the postulated maximum
earthquakes. (The resulting maximum ground acceleration,
0.4g, termed the double design earthqguake, corresponds to

the concept of "Safe Shutdown Earthquake" subsegquently used

.
-

by the AEC 1in 1its criteria released on November 13, 1973.)

The detailed investigaticus at the site itsel

'

were complete and without precedent in tneir extent and
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detail. They involved detailed geologic mapping of existing
features and aerial photc~+raphy. Almost 2 miles of inter-
connecting exploration trenches, up to 40 feet deep, were
excavated through the area proposed for the reactor and
related plant structures. The trenches permitted detailed
examination of the bedrock structure, ancient wave-cut
coastal terraces and overlying sedimentary deposits. This
work demonstrated that the site had not been affected by
significant fault movements. The geologic relationships
present there showed that the probability of the site being
affected by surface fault displacement was so infinitely
remote that it could be disregarded in the design of the
plant. Representatives of both the Atomic Energy Commission
and of the U.S. Geological Survey inspected the site and the
exploration trenches. They agreed that the exploration work
confirmed the absence of any significant faulting at or near
the site.

The U.S. Geoclogical Survey transmitted a supple-
mental geologic report on Diablo Canyon Unit #2 to the
Atomic Energy Commission on June 5, 1970. Part of the
cornclusions in that report were:

"It 1s concluded that some new data are available

now that were not available at the time

t
o |

N '
e 1lnitial reviews

were made of the geoclogy and seismology

O
e

the Diablo Canyon
site. These data include some recent, but largely unpub-

lished, geclc,ic mapping of the Edna fault zone, and some
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data on recent seismicity on the continental shelf offshore
from the reactor site. However, none ¢oi these new data
appear to affect the earthquake potential of the site area,
and hence do not constitute any threat to the safe construc-
tion of a nuclear facility at the Diablo Canyon plant site."

The geoclogic and seismologic studies were reviewed
by AEC, by USGS, and by the Cocast and Geocdetic Survey. In
1970, government scientists made use of their offshore geo=-
physical surveys in evaluating the Company's submittals.

The seismic design criteria which we proposed to
use were approved with only minor modifications, and were
incorporated into the construction permits for the two
nuclear units. -

In 1972, Mr. Hamilton learned of an article in
Memoir #15 of the American Association of Petroleum Geol-
ogists, published in 1971, which indicated the presence of a
fault (since named the Hosgvi Fault) some 4-5 miles oftshore
from Diablo Canyon. The article was authored by Ernest G.
Hoskins and John R. Griffiths, Shell 0il Company geologists.
They reported on offshore surveys done in connection with
01l exploration performed by Shell during the mid-1%60's
along the central and northern California coast. The work
was a survey of conditions at considerable depth beneath th
ocean floor to study large offshore basins. Mr. Hamilteon

called our attention to the paper and 1i%ts map.
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Given the information developed in our earlier
geclogic and seismologic investigations, these features did
not apr °“r significant in terms of the design criteria for
the plant. Nevertheless, investigation continued.

Mr. Hamilton was able to contact Mr. Hoskins and
discuss the Shell surveys. Mr. Hamilton then visited the
Shell office in Los Angeles and reviewed some of the data
used in the paper. These data suggested that the faulting
described by Hoskins and Griffiths was relatively old.
Since the seismic rececrd of the area alsc suggested, at
most, a low level of seismic activity, the allowances made
in the design for an assumed large earthquake beneath the
site werg judged to be fully tapable of accounting for any
events associated with this new feature.

However, the Hoskins and Griffiths work was addi-
tional relevant geologic information and when PGandE's FSAR
was submitted to the AEC during the summer of 1973, it
included a description of the offshore fault mapped by
Hoskins and Griffiths, including the indications of minor

seismic activity possibly associated with 1it.

Ouring the AEC's review of the FSAR, they reguested

further information about the faults that had been mapped by

Hoskins and Griffiths.
PGandE then learned that the USGS, in ccnnection
with an ongoing program of cocastal research funded by the

AEC, was planning on conducting survey work specifically
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position that the new, higher ground motion level specified
by the NRC was still inadequate. This conclusion was
apparently largely influenced by a university senior report
sponsored by the USGS. This senior report, by student
William Gawthrop, raised the possibility that the origin of
the 1927, 7.3M Lompoc earthguake could be reassigned to the
southern end of the Hosgri structure rather than to fault
further offshore. The Gawthrop paper was open-filed in

May 1975.

After extensive review and analysis, the Company's
consultants determined that Mr. Gawthrop's contention could
not be supported by either the seismological or geological
data. They instead assigned the Lompoc earthquake to a
fault referred to as the "offshore Lompoc fault" located
southwest of the Hosgri Fault.

The NRC requested additional information about the
1327 earthquake and other matters in light of the USGS
evaluation of January 1975. This information was developed
using further offshore data which had subsequently been
open~-filed by the USGS and proprietary data which was
purchased, together with additional seismological studies by
Dr. Smith.

In December of 1975, Dr. Clarence Hall published a

paper which suggested extensive movement along the Hosgri

)

rault. ur consultants reviewed this paper and did aadditional

field work to check some of the evidence cited. The are

olle
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then able to conclude that his postulation of large movement

was precluded by other evidence.

In April 1976, after we had submitted to the NRC
considerable additional inf>rrmaticn and had participated in
numerous discussions with its staff, a further USGS evalua-
tion was given tc the NRC. In this evaluation, the USGS
repeated its position as set forth in January 1975, but this
time recommended a specific basis for estimating earthguake
parametars. The ground moticn at the site from this postu-
lated earthqﬁake was substantially more severe than the
already higher values studied in December 1974, at the AEC's
request. The NRC accepted this April 1976 assessment and
asked us to provide an appropriate evaluation of the plant.

The Company, reinforced by the exhaustive studies
and opinions of its consultants, believe that the earthguake
parameters selected by the USGS and the resulting ground
motion values are unreascnably high and therefore result in
conservatisms far in excess ¢f that which should reasonably
required.

On May 11, 1976, the NRC issued Supplement 4 to
the Safety Evaluation Report wherein they established the
additional seismic design bases to provide for the earth-
quake potential of the Hosgri Fault. That repcrt contained
the following statement:

"The ground motion values recommended by

the U.S. Geclogical Survey are based on
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normalized to an effective value of
0.75g for engineering reevaluation
of the plant.

A revision of the design response
spectra will be accepted depending

on the equivalent length of the

foundations of individual buildings.

This revision recognizes that
ground motion waves are not syn-
chronized underneath structures
during earthquakes. In other
words, different points in the
foundation base slab will not
experience the maxima in th2 ground
motion at the same time.

where such revision in response
spectra is used, appropriate
allowance for tilting and torsion,
which may result from the non-
synchonized earthquake motion
considered in item 2 above, will be
reguired.

In reevaluating the capability of
the plant structures, systems and
components, ilnelastic behavicor may

be relied upon to absord the ground

olée

I——
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assoclated acceptance criteria based on the Safety Evaluation

Report of May 11, 1976. This material was docketed in

July 1976.

ional information which we provided in August and September

of 1976, and also based on the recommendaticns of Dr. Newmark,
the NRC issued Supplement No. S to the S.E.R.
1376. This supplement accepted the use of either Dr. Newmark's
spectra or those proposed by our consultant, Dr.

Blume, as the basis for reevaluation. However, the NRC

motion energy. Where such behavior
is relied upon, a ductility ratio
not exceeding 1.2 is acceptable in
determining seismic loads and
motions. For each particular
structure where inelastic behavior
is utilized, justification and
bases will be required for assuring
that the additional strains and
deformations will not affect the
safety functions of the plant
systems and structures. The use of
a ductility ratio is permissible
only for near-field earthquakes,
such as the earthquake postulated

for the Hosgri Fault.

Accordingly, we developed the response spectra and

Based on review of this submittal and of addi-

~n September 10,

John A.
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(1) The Southern Coast Ranges
and offshore basins

(2) The Western Transverse
Ranges

(3) The zone of transition
and merging between the
Southern Coast Ranges and
the Western Transverse

Ranges

Stratigraphy - character and distribution of

rock units

a. Basement rocks and pre-Cenoczoic rocks
General features
ii. The Salinian basement complex -
Granitic and crystalline
metamorphic rocks, and Great
Valley sequence sedimentary
rocks
$13. Franciscan assemblage and
ophioclite
b. Cenozoic sedimentary and volcanic rocks
General features
&3, wWidespread units
iii Areally restricted units
iv. Comparison of the strati-

grapnic section in the offshore
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B. Geology of the Hosgri zone south of Point Sal;

relationship to the Western Transverse Ranges

F. Overall structural relationships of the Hosgri
fault

G. Evidence relating to late Pleistocene and Holocene
displacements

IV. Conclusions
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OVERVIEW OF GEOLOGY AND SEISMOLOGY
A. Introduccion To The Coastal Region Of

Central California; Location Of The
Diablo Canyon Site.

The Diablo Canyon site is located along the south-
west-facing coast of the mountainous peninsula that lies
between San Luis Obispo Bay and Estero Bay, in south-central
California (Figure 1). More specifically, it occupies part
of a narrow ccastal terrace that fringes the seaward margin
of the San Luis Range, which forms the backbone of this
peninsula. The terrace at the site is underlain by sedi-
mentary rocks, chiefly sandstone and siltstone, of the
middle Miocene Obispo Formation (approximately 16 million
years old). Prior to project construction, these rocks of
the terrace bench were overlain by an unfaulted sequence of
sand, clavey sand, gravel, and rubble, all of Pleistocene
age.

The San Lulis Range lies within the Southern Coast
Ranges structural province of California. This extensive

province, with characteristic geclogic features and a

northwest-southeast structural grain, can be taken to include

both the Ccast Range mountains west of the San Andreas
fault, and the adjacent cffshore regicn extending southe-
westward to the edge of the continental slope. The Southern

Cocast Ranges province extends northward to Monterey Bay and

so'thward to a zone ¢f structural transition intc the bordering

gy ——
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western part of the Transverse Ranges structural and geo-
morphic province (Figures 2, 3).

Most of the major fault and fold features that
define the structural grain of the Southern Coast Ranges are
aligned northwest-southwest, essentially parallel with the
nearest reach of the San Andreas fault. Toward the southerly
end of the province, this grain bends markedly to an east-
southeasterly orientation in a zone of transition with the
east-west aligned Western Transverse Ranges farther south.
The San Luis Range lies north of the transition zone, but is
in a part of the Coast Ranges province where some faults and
folds trend northwest and octhers trend west-northwest.

The coast line of the Southern Coast Ranges province
corresponds approximately to a structural zone of flexuring,
referred to here as the Coastal Boundary zone, that forms a
broad border between the generally uplifted onshore region
and the downwarped offshore region. The southerly part of
this zone includes the Hosgri fault, which is the nearest
capable fault to the Diablo Canyon site.

During the approximately 200 years of historic
record, the interior of the Southern Coast Ranges province
has exhibited a moderate level of seismic activity, with
scattered earthquakes ranging up to a maximum of magnitude 6.
In geclogic terms the period of historical record 1s brief,
but evidence that late Quaternary surface displacements

along major faults in the province have been minor or non-
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existent indicates that this pattern of small to moderate
earthguakes has characterized most of the province during
the past 100,000 years or mcre. This contrasts sharply with
the geologic and historic evidence of recurrent major or
great earthguakes along the San Andreas fault.

B. Regional Ceology

s Regional Features

a. The San Andreas Fault

Xa General Features

The principal structural feature in California is
the San Andreas fault. This is a great break of regional
extent that forms a near-vertical boundary between the
coastal margin cf the State and the main continental mass of
North America. As such, it is a first-order fault -- a
"master feature" both in terms of regional structure and in
terms of glcbal plate tectonics.

The San Andreas fault is a continuous, through-
going break that extends over a distance of about 1200 km
(800 miles), from points offshcre from Cape Mendocinc cn the
north of the Gulf of California to the south (Figures 2, 3,
4). Throughout its length, the S2n Andreas is characterized

by right-lateral strike-slip relative motion == that is,

O

displacement aleng it is predominantly horizontal, and the
ground on the west side movaes nerthward relative =o that on
the east side. Contemporary geodetic data show that this

northward mcvement of the ground west .f %he San Andreas

B
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1 great structure that shows consistent geologic anc geodetic |

9 % evidence of continuing strain accumulation throughout its t

3'; length, and the only regional fault the ends of which are ;

4 | marked by divergent plate boundary features (the spreading

5 ! ridges centers in the Gulf of California on the south; the i

6 % Mendocino triple junction on the north) that can generate i

7 } and accommodate the large amounts of offset recorded along ‘

8 ! its central reach (Figure 5). !

B ! Evidence that the San Andreas fault is a master i

10 ; break representing the boundary between the Pacific and }

11 | North American crustal plates does not mean that no other |

12 ! deformation is associated with the right lateral shear

13 E concentrated along the San Andreas. Indeed, 1t is generally |

14 i agreed that much of the deformation resulting from regional

158 ‘ north-south compression in both the Coast Ranges and in the

16 i Transverse Ranges is an element of the San Andreas stress-strain

17'! system. Deformation in these regions, which includes both 1

18! folding and several styles of faulting, is nonetheless

19 : subsidiary, in terms of cumulative fault slip and crustal

20 E shortening, to the deformation concentrated along the San

21!l Andreas. In the vicinity of the Transverse Ranges and the
22! "big bend" reach of the San Andreas fault, the deformation
23 1s apparently infl—enced and accentuated by -~ interfering
24% stress-strain system associated with east-west extension 1in

25 the plate north of the Garlock fault and east of the San

26 || Andreas fault. This has given rise to the existence cf a
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special domain of east-west oriented left-lateral shear and
related elements of deformation that are unigque to the
boundary region between the Transverse Ranges and Coast
Ranges provinces. This is discussed further in the
following section on structural provinces, and is

illustrated on Figure 8.

- % Summary History Of Offset
Along The San Andreas Fault
Since Mesozoic Time

The major elements of geonlogic evidence for the
history of offset along the San Andreas fault are shown on
the accompanying map, Figure 6. Probably the least equivocal
evidence for large offset is the correlation of the Pinnacles
volcanics, on the west side of the fault in central California,
with the Neenach volcarnics, on its east side near the
Transverse Ranges. These petrologically distinctive rocks,
which have been shown by radiometric dating to be of the
same age, probably were of limited original areal extent.
They are now located about 300 km (190 miles) apart, thus
demonstrating that that much slip has occurred alcng the San
Andreas in the last 23.5 million years. Sedimentary rocks
of about the same age in southern California are displaced
across the fault by about the same distance.

In both northern and southern California, several
other correlated pairs of rock units of successively younger

ages have been shown to be offset by progressively smaller
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present elements of regional tectonic behavior have been
established. It corresponds to late Pliocene + Pleistocene
+ Holocene time. In later parts of this discussion, the
focus is more specifically directed to tectonic behavior in
the Southern Coast Panges and Western Transverse Ranges
provinces during late Quaternary time, i.e., during latest
Pleistocene + Holocene time.

Scme 4 or 5 million years ago, the San Andreas
fault, with dominant rightslip, appears to have abandcned a
straight trend that included the present San Gabriel fault
(Figure 1), and to have adopted its present more easterly
trend through the Transverse Ranges between the "Big Bend"
area and San Bernardino. The continued movements along this
master break, together with thrusting and folding aleng
east-west trends in the Transverse Ranges, are regarded by
most investigators as expressions ¢f regional north-south or
north-northwest-south-southeast crustal shortening. This
strain system, represented diagrammatically by the pair of
large arrows in Figure 8, simply and satisfactorily describes
the know right-slip along the San Andreas fault and nearly
all of the known ncrth-south compression by thrusting and
folding. It is less satisfactory in explaining the origin
cf the major bend in the present San Andreas trend and the
known left-slip along the Garlock, wWhite Wolf, and other

faults with northeasterly trend. Considered alone, it is

ite i1ncompatible with known left-slip along west-to
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northwest-trending faults, most important among which are
the Santa ¥Yn.z .ult and the numercus major breaks extending
along the Mission Hills - San Cayetano - Santa Susana =
Sierra Madre - Cucamonga trend between the Santa Barbara and
San Bernardino areas.

In his analysis of the White Wolf fault relative
to the regional tectonic pattern, Benioff (1955) outl.ned
the inadequacy of a simple stress system in which the San
Andreas and Garlock faults are viewed as conjugate fractures
reflecting north-south compression or a simple shearing
couple. He pointed out that the major bend in the San
Andreas fault "together with the left strike-slip displace-
ments on the Gariock fault indicate that in addition to the
regional movements parallel to the San Ardreas fault there
1s a regional movement parallel to the Garlock fault.

These two movements are eventually incompatible and it
appears that the White Wolf fault is an expression of this
incompatibility." More specifically, he suggested regional
"movement of the mass north of the Garlock fault in a
westerly direction relative to the southern mass."

To describe the known relationships more completely,
1t 1s necessary to consider the ground lying north c¢f the
Garlock fault. This ground, often neglected in analyses of
the San Andreas stress-strain system, has been characterized
by east-west extension during the reference periocd of late

Pliocene + Quaternary time Its principal faults, such as
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rupture; (2) geodetic measurements showing active

deformation; (3) geomorphic expression of faulting and
deformation of late Quaternary deposits; and (4) associated
seismic activity. The pattern indicated by such lines of
evidence is shown on Figure 18.

Review of such evidence has shown that tectonic
activity is predominantly concentrated along the San Andreas
fault. In the mainsocuthern part of the Coast Ranges
province, no other faults show evidence of more than minor
seismic activity during Holocene time. The same is
generally true of the adjacent offshore region, where both
the sea floor and the unconformity at the base of the
post-Wisconsinan sea floor deposits provide useful datum
surfaces for gauging Holocene deformation down to about
350 feet of depth. Unambiguous evidence of extensive
post-Wisconsinan deformation in the offshore region has been
identified only in the area along the ccast line between
Point Sal and Point Arguello, which lies in the belt of
transition between structural trends of the Coast Ranges and
those of the Western Transverse Ranges. Obviocus fault
scarps also are present in the Santa Lucia Bank area, but
there they are below the depth of Wisconsinan low-stand
subaerial erosion, and hence may well be older than late
Quaternary.

In contrast to the apparently low level of late

Quaternary tectonism in the Southern Ccast Ranges, the
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seismic activity have been identified in the eastern Santa
Barbara channel, the Purisima and Casmalia Hills, and the

offshore area between Point Conception and Point Argeullo.

(1) The Southern
Coast Ranges
And Offshore
Basins Tectonic
Province

The Southern Coast Ranges tectonic province is
characterized by faults with northwesterly trends and
typically right-lateral or high-angle senses of movement.
The larger faults, which may be regarded as second-order
features relative tc the San Andreas, are 50 to 100 miles
long, and some of them form parts of even larger structural
trends. Cumulative displacement along the fault typically
amounts to thousands of feet of vertical slip and thousands
of feet to a few miles of lateral slip, and most of these
breaks have a complex history of movements. Features of
fault-line morphology are common along their general traces,
and late Quaternary surface movement can be inferred along
some local segments. Most of the larger faults have records
of historic seismicity, with a range from small shocks up to
earthquakes of about 6.0 magnitude, but expressicns of
Holocene surface displacements are characteristically
lacking. Unambiguous examples of second-order faults within
the Scuthern Coast Ranges tectonic province include the

Nacimiento, Rinconada, Santa Lucia Bank, and possibly the
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San Simecn. The Hosgri fault has dimensions that equal
those of some second-order faults; however, no record of its
behavior during early and middle Pleistocene time remains
owing to successive episodes of marine planation of the
rocks within which it is developed. Consequently, it has
not been possible to determine whether it should be regarded
ar 4 second-order or a large third-order fault.

Relatively large basin-margin faults, other
relatively large faults that appear to be isclated within
the tectonic framewocrk of the Coast Ranges, and the
principal branches of second-order faults can be regarded as
third-order faults. Such faults typically are tens of miles
long and some of them, like some of the second-order faults,
form parts of longer structural trends. They show
displacements of hundreds to a few thousands of feet,
ordinarily dominated by vertical slip. Features of
erosional fault-line topography are present locally, but
expressions cof late Quaternary surface faulting are rare or
absent. Many faults of this order have records of minor
historic seismicity, and several of them could have been the
sources of shocks in the intermediate, locally damaging
range. Clear examples of third-order faults within the
Southern Coast Ranges include the Edna and West Huasna
faults.

Faults of the Scouthern Coast Ranges typically bend

toward the east as traced southeastward, and some levelop

e —— ———— et s e
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into reverse or thrust faults as thev =:; ter the transition
region alcng the northerly border of the Western Transverse

Ranges province.

(2) The Western Transverse
Ranges Tectonic Province

The Western Transverse Ranges tectonic province is
characterized by faults with east-west trends and,
typically, reverse or left-oblique senses of movement. The
major faults in this province are 50 to 90 miles long, and
they exhibit geoclogic and geomorphic evidence of movement
during late Quaternary time. The historic level of geologic
and seismic activity associated with the Transverse Ranges
system clearly exceeds that in the Coast Ranges. Surface
movements and large earthquakes have occurred on several
different faults diversely located within the Transverse
Ranges, whereas in the Southern Coast Ranges such effects
have occurred only along the bordering San Andreas fault
during historic time and perhaps even during Holocene time.

Because of the differing structural style and
level of activity in the two tectonic provinces, it is not
possible directly to compare orders of faults in the Coast
Ranges with orders of those in the Transverse Ranges. From
the historic and the late Quaternary geclogic records and
from consideration of the mechanics of faulting, especially

the relatively higher stress across a fault plane durin

-

-2l-







O ® 9 00 v e W N -

T S I S S S i = = =
O W ® N o v b WM = O

[
e

22 |

23‘
24%
25 ||
26%

The north boundary of the transition zone can be
taken as the line connecting areas where Coast Ranges faults
begin to bend eastward. Defined in this way, the line
extends 110 miles westward from the north end of the "Big
Bend" of the San Andreas fault to the outer part of the
Santa Lucia Bank fault system.

The tectonic style observed in this transition
zone evidently results from two competing regional
stress-strain systems, and it reflects the merging and
intersection of northwest trends characterized by right
lateral movements with east-west trends characterized by
left lateral movements. These effects are especially
proncunced in the westerly part of the transition zone,
where there is no clear-cut boundary structure like the Big
Pine fault farther east. The second and probably more
fundamental tectonic effect derives from the westward shift
of ground north of the Garlock and Big Pine faults, relative
to the western Transverse Ranges, as described earlier.
This shift appears to have been the primary cause of the
"Big Bend" distortion of the San Andreas, and probably
also has sheared off the south end of major Coast Ranges
faults, such as the Rinconada and South Nacimiento, along
the Big Pine fault. Farther west within the transitiocn
zone, Coast Ranges and offshore basin faults bend eastward,
change to compressicnal styles of movement, and die out

within the transition zone.

oy
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A notable feature of the tectonic style within the
transition zcne is the existence of reverse or thrust
movements alcong northwest to nearly northetrending faults,
some of them parts of longer fault sets that extend
northward beyond the transition zone. Relatively short,
isolated faults also show substantial reverse movement,
especially in the central part of the area of bending,
merging, and intersection that lies cffshcore from Purisima
Point. The reverse faults noted by Dibblee (1972) as
associated with the southerly part of his proposed Rinconada
fault system also are confined mainly to the ground included
within the transition zone.

Because the transition zone is a regicn of
"tectonic fight," where competing lateral movements within
and between the Cocast Ranges anc wWestern Transverse Ranges
must be accommodated through bending, vertical offsets, and
other adjustments, it is characterized by local
accumulations of strain in substantial amcunts. This strain
is relieved through folding and faulting with accompanying
seismic activity. Because of the locally enhanced
compressive stress regime, however, faults of all scales

including the San Andreas) tend to remain locked until high
strain levels are reached, and then t0o generate
correspondingly large earthquakes when they 4o yield. The

jon earthquake of 1857, the damaging Los Alamcs

'y

shecks of 1902 and 1915, the large Lompoc earthquake o
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1. The Salinian Basement Complex =~
Granitic And Crystalline
Metamorphic Rocks, And Great Valley
Sequence Sedimentary Rocks

The ground between the San Andreas fault and a
series of faults referred to collectively as the Sur-
Nacimiento fault zone is underlain by a complex of crystalline
igneous and metamorphic rocks, known as the Salinian basement
complex. This complex includes two general rock types ==
crystalline metamorphic rocks formed by recrystallization of
sedimentary rocks, and granitic rocks formed by crystallization
from melts, or magmas, that were intruded into the metamorphic
rock series. This complex of rocks forms a typical continental
crust. It is generally believed to represent an original
southerly extension of the Sierra Nevada batholith, which
was partially underthrust by oceanic rocks and then displaced
te its present location by northward movement along the San
Andreas fault.

A sequence of clastic sedimentary rocks known as
the Great Valley sequence and apparently derived largely
from ercsion of the crystalline complex during late Mesozoic
time, 1is now present overlying both the Salinian basement

rocks and Franciscan and ophiclite rocks.

27w
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iii. Franciscan Assemblage And
Ophiol.te

Southwest of the Sur-Nacimiento fault zone, the
basement of the Southern Coast Ranges is a highly deformed
complex of sedimentary and volcanic rocks known as the
Franciscan assemblage (or Formation). Tnese rocks are
thought to have been deposited in an offshore trench that
existed during the time of underthrusting, or subduction, of
the Pacific plate under the North American plate during late
Jurassic and Cretacous time.

Characteristic rock types of the Franciscan
assemblage include graywacke sandstone (sandstone consisting
largely of grains of basic volcanic rocks), greenstones-*
(metamorphosed volcanic rocks), shale, and chert.

Included within the Franciscan basement terrane
are isolated fault-bounded masses of a distinctive
assemblage of rocks, known as ophioclites, that are thought
to be remnants of ocean~floor crust formed «bout 160 million
years ago. These rocks exist in several ar~as in the
Southern Coast Ranges (Figure 10). The presence of
like-appearing ocphiolite assemblages at Point Sal and near
San Simeon has been cited as evidence that these rocks must
have been separated by large-scale strike-slip faulting.
Such a mechanism, however, 1s not required to account for
the existence of these assemblages at widely separated

locations. Little is known of their early structural

«28=
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-4 Widespread Sedimentary Units

A succession of clastic sedimentary rock units or

formations of mid-Tertiary and younger age is present in the

Southern Coast Ranges and offshore basins region. Typically

these units were originally depocsited under marine
conditions over areas of thousands of square miles, with
only relatively minor changes of lithologic character and
fossil content throughout much cf their extent. Such
changes commonly are related to variations in water depth
and proximity to sediment sources, and are referred to as
“"facies cianges." In the case of formations with original
widespreac distribution, apparent differences between rocks
@f the same formation exposed at nearby locations may be
suggestive, though usually not demonstrative, of fault
movement since the time of deposition. Nor do similarities
between rocks exposed at even widely separated locations
constitute direct evidence for an criginally closer
proximity. Sedimentary rocks of originally wide
distribution rarely provide strong evidence either for or
against post-depositional separation of originally
contiguous units.

The principal middle through late Tertiary rock
units of originally widespread distributicon in the Southern
Ccast Ranges and offshore basins are noted as follows,

beginning with the cldest.
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Vaqueros And Rincon Formations. The Vagqueros and

Rincon Formations, of Oligocene and early Miocene age,
respectively, are the oldest Tertiary Formaticns of original
widespread extent that are now preserved in the Southern
Ccast Ranges region. The Vaguercos strata typically rest on
a surface eroded over Franciscan-u.ssemblage basement rocks,
and they are geuerally overlain conformably by strata of the
Rincon Formation. The Vagueros is chiefly marine sandstone
with some conglomerate, whereas the R{ncon is predominantly
shale and mudstone. These rocks occur in scattered areas of
the Coast Ranges and Western Transverse Ranges, at the base
of a succession of Tertiary formations. In some areas,
notably in the onshore Santa Maria Basin, the Vaqueros and
Rincon are missing, either through non-deposition or because
of removal by erosicn prior to deposition of the younger
Tertiary section.

Mconterey Formation. The middle to late Mioccene

Monterey Formation and its stratigraphic equivalents
probably constitute the most widely distributed Tertiary
rock unit in California. In the Southern Coast Ranges,
rocks of the Monterey Formation are prominent in all
remaining Tertiary sections, either as the basal Tertiary
unit or as a unit overlying Rincon, Obispo, or Point Sal
rocks. In the cffshore Santa Maria basin the Monterey forms
a seismically distinctive unit that can be traced throughout

the basin (Figure 11).

e33e
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The Mcnterey Formation is often divided into
lower, middle, and upper members, which are differentiated
on the basis of lithology and microfauna-defined age. The
lower member is rich in silty, phosphatic, and porcelaneous
mudstone, with thin interbeds of limestone and with relatively
minor amounts of chert, and interbeds of s .ndstone and
sedimentary breccia. The middle member is characterized by
abundant. chert, with porcelaneous shale and minor limestone.
The chert is commonly thin bedded, but it also occurs locally
as lenses and pods up to several feet thick. A notable
sequence of chert beds of 6 inches to about 10 feet thick is
exposed along the coast south of Point Sal and the Lions
Head fault, and similarly massive chert is encountered in
oil well borings in that area. Shale and porcelaneous
shale, which locally grade into diatomaceous shale, are the
dominant lithologies in the upper member.

The Monterey Formaticn is overlain by a seguence
of shale, claystone, and sandstone beds that have been
assigned different names in different parts of the region.
These beds range from late Miocene (about 12 million years)
to late Pliocene or early Pleistocene in age. The formation
names that have been 2ssigned in the Santa Maria area are
the Sisquoc, Foxen, and Careaga Formations, and in the
region from Arroyo Crande north, the Pismo Formation. Like
the underlying Monterey Formation, the lower part of this

sequence of strata was depcsited over an area of thousands
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Cambria consists of conglomerate made up of varying fractions

of Franciscan and Cambria Felsite debris, sandstone, and
claystone.

The Obispo and Tranquillon Formations represent a
lithologically distinctive sequence of volcanic and volcanic-
sedimentary rocks that exist in local areas around the Santa
Maria Valley, including locations near Point Arguello,
northeast of Purisima Point, and in the San Luis-Pismo and
Huasna synclines (Figure 14). Tuff, tuffaceous sandstone,
intrusive tuff breccia, and basalt are included in various
parts of these formations. The Obispo-Tranquillon is of
early Miocene age and has been radiometrically dated at 16
million years. It transgressively overlies Franciscan,
Vagueros and Rincon Formations, and it underlies and locally
grades into Point Sal or lower Monterey Formaticn. It
underlies the Monterey and may overlie Lospe Formation or
Franciscan or ophilite rock in the section penetrated by the
offshore Oceano well.

iv. Comparison Of The Stratigraphic
Section In The Offshore Oceano Well

with On-Land Stratigraphic Sections
East Of The Hosgri Fault

The stratigraphic section that exists at various

onshore points £-om the San Luis Range scuthward to the

Santa Barbara channel varies both in thickness and in character.

Certain areally widespread units, especially the Middle

Miocene Monterey Formation and the overlying Pismc-Sisguoc-Foxen
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section, are present throughout this region, although they

each vary in thickness and, to some extent, in facies. The
lower Miocene Obispo-Tranquillon Formaticn is present at or
near the base of the Tertiary section in specific areas,
particularly in the San Luis-Pismo syncline, the Huasna
syncline, south of Point Sal, and near Point Arguello.

The Lospe Formation, of presumed Oligocene age, is

present in the trough of the onshore Santa Maria Basin in a

wedge that extends east-southeastward from Point Sal (Figure 13).

From Point Arguello northward, the Oligocene and younger
Tertiary section rests on Franciscan or, near Point Sal,
ophiolite basement rock. In the main western Santa Ynez
Mountains and the Santa Barbara chanrel, a distinctive
section of early Tertiary and Cretaceous sedimentary rocks
more than 10,000 feet thick underlies the Oligocene and
younger rocks (Figure 15).

The fact that the onshore geologic column, which
lies ear” of the Hosgri fault trend, exhibits a systematically
varying thickness of widespread rock units, and also locally
contains units of limited areal extent, allows some assessment
of the possibility of offset relative to the cnshore basin
cf a section encountered in the offshore Oceano well, located
opposite the Santa Maria Valley west of the Hosgri fault.
Comparison of the Oceano Well secticn with onshore sections
shows that the Monterey-Sisquoc-Foxen column in the upper part

of the well agrees in thickness with the thickness of these



1 units in the onshore columns located generally opposite the
3 Hosgri fault, but that the Monterey is only about half as
3'; thick in the well section as in the western Santa Ynez

4 ; Mountains column, located 50 km to the south (Figure 15).

S ! The Monterey in the well overlies a section of tuff and

& ; basalt that corresponds to the Obispo-Tranquillon on shore.
7 The lowermost part of the Oceanoc Well may, from the available
g8 || date, have been in either Obispo cr Lospe, and the well may
9| have bottomed in either Franciscan or ophiclite basement.

10| Either of these possible combinations corresponds to sections
11 E that exist across the Hosgri fault in the subsurface near

12 | Point Sal or Casmalia, but not to the western Santa Ynez
13| Mountains or Santa Barbara channel secticas, where the thick
14 i lower Tertiary-Cretaceous section exists. The conclusion

15 E from this comparison of stratigraphic sections at points

16 ; across the Hosgri fault is that right (or left) fault slip
17 i cf more than a maximum of about 20 km is precluded, and

18 g essentially no lateral slip is required. This precludes a
19 ; possibility of Neogene right slip on the order of 80 to
20 E 100 km, such as has been postulated by Hall (1976).

1l 3. Faults

22 || a. Major Faults Of The Scuthern Coast

| Ranges And Offshore Basins
23
24 The principal faults of the Scuthern Coast Ranges

25 and offshore basins tectonic province, shown on Figure 16

’

26 !| are here briefly described as they are located from west to
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tens of feet of post-Wisconsinan surficial deposits are

unbroken over the Hosgri fault.

San Simeon Fault. The San Simeon fault extends

from an end pocint near Point Estero northward about to the
latitude of Lopez Point, and is approximately 100 km (60
miles) long. Available evidence does not clearly define a
northerly end point for this fault, which may splay partly
into the offshore Pfeiffer Point fault to the west and
partly into the Serra Hill fault farther north.

The San Simeon fault can be divided intc southerly,
on-land, and northerly segments for convenience of reference.
The southerly segment is mapped mainly on the basis of three
lines of indirect evidence. The most obvious but least
definitive of these is the existence of a straight reach of
coastline between Cambria and Point Estero, which aligns
with a scutherly projection of the onshore segment cf the
fault. From San Simeon Bay socuthward for about 8 km (5
miles), the well-stratified rocks of the Monterey Formation,
which lie along the west side of the fault and butt against
Franciscan basement rock on the east side, can be traced in
seismic reflection records. Thus a continuation of the
fault is indicated for at least that distance. Finally, the
aeromagnetic map of residual magnetic intensity of the
coastal region shows a southerly shoreline ceontinuation of
the magnetic trough that exists over the onshore part of the

San Simeon fault.
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The onshore segment of the San Simecon fault
extends 20 km (12 miles) from San Simeon Bay northward to
Ragged Point. This segment includes an older major trace
along which Franciscan rocks are juxtaposed against
ophiclite basement rocks, Mesozocic sedimentary rocks, and
rocks of the Tertiary Lospe and Monterey Formations, and an
apparently younger trace that lies within the Franciscan
section. The older fault trace bends westward along a
scmewhat irregular trend, and corresponds at Ragged Point to
a zone of shearing several hundred feet wide. Linear
elemen.s of fabric within the shear zone plunge steeply,
indicating high-angle obligue movement along this fault
strand. The fault apparently doces not break the overlying
terrace deposits.

The younger trace, named the Arroyo Laguna fault
by Hall (1976), comprises several apparently discontinuous
en-echelon segment that are defined by side hill rifts and
right-laterally deviated canyon crossings. The trace, which
extends northward from Arroyo de la Cruz to an intersection
with the coastline 1 km north of Ragged Point, is a nearly
straight-line projection of the well-defined southerly reach
cf the on~land segment c¢f the San Simeon fault. If the

right-deviated canyon crossings indeed represent actual

w
ot

.~
-

I

ke-slip faulting, rather than fault-line erosicn

iy
®

atures, late Quaternary right-slip of some 500 meters is

indicated along the Arroyo de la Cruz trace. The most

«43=
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recent displacements alceng this fault, however, were
vertical, as shown by the orientation of well-defined
grooving and slickensiding in 1ts sea-cliff outcrop.
Evidence relating to pcssible late Quaternary
displacements of faults in the San Simeon area has been
sought through detailed mapping by Earth Sciences Associates
(Appendix 2.5E to Diablo FSAR, 1975) and by Hall (1976). A
more recent investigation by Envicom, Inc. for the Hearst
Corporation (Envicom, Inc., 1977) involved trenching at
selected localities. The Earth Sciences investigation
showed that a branch fault. subsequently named the Arroyo
del Oso fault by Hall, nas displaced the lower part of the
lowest emergent marine terrace by about 3 m (1 foot) in a
reverse sense. The same fault also has displaced a higher,
older terrace. This investigation further showed that
partially cemented dune sand of late Pleistocene or early
Holocene age has not been offset along the main trace of the
San Simeon fault at San Simeon Bay. The Envicom trenching
revealed evidence that the San Simeon fault does not
displace land surfaces graded to terrace surfaces, or near
surface terrace deposits, that exist at elevations ranging
from 80 feet to more than 400 fee above present sea level.
However, older terrace deposits underlying, and truncated
by, the lowest terrace surface were found to be deformed and

faulted. This accords wi the impression, gained frc

photogeoclogic and surface mapping, that the onshore segment
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and by Hall and Pricor (1975). Hall and Corbato state (p.
576), "Evidence that most strongly suggests lateral movement
along the West Huasna fault is provided by different thick-
nesses and facies relationships between units of equivalent
age on opposite sides of the fault." They make no estimate
of the total movement represented, but the distribution of
units across the fault suggests about 5 km of right slip
since Miccene time, an estimate confirmed by Hall (1977).
There is no known evidence of Holocene movement along the
west Huasna fault.

Rinconada Fault. The Rinconada fault, as considered

here, is the zone of faults that was studied and redefined
by Dibblee (1972, 1975). This zone extends northwesterly
from a point of truncation by the Big Pine fault in the
Transverse Ranges to the vicinity of Arroyo Seco Canyon 1in
the Santa Lucia Range. It comprises principal breaks that
have been mapped separately as the Espinosa, San Marcos, and
Rinconada faults, alcong with the southerly part of the
Nacimiento fault.

By correlating formaticns, facies relationships,
source terranes, and other features of specific ages that
exist at different localities on opposite sides of the
Rinconada fault, Dibblee developed a history of increasing
cumulative offset along this zone through Cenozcic time.
The indicated cffset for pcst-early Miocene time (about the

last 20 million years) ranges between limits ¢ 23 and

-d b=
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i3, Sur-Nacimiento Fault Zone

The Sur-Nacimiento fault zone has been regarded as
the system of faults that extends from the vicinity of Point
Sur, near the northwest end of the Santa Lucia Range, to the
Big Pine fault in the western Transverse Ranges and that
separates the granitic-metamorphic basement rocks of the
Salinian Block from the Franciscan basement rocks of the
Coastal Block. Page (1970) has made an extensive study of
vhis zone. In an excellent overview statement, he described
and discussed the Sur-Nacimiento zone as follows:

"The structural zone . . . is an

arbitrarily delimited, elongate belt of

faults of various kinds and ages,

extending socutheast from the Sur fault

zone which is included:

"The Sur fault zone is

conspicuously exposed at intervals for

67 km along or near the coast south of

Monterey Bay. It visibly separates the

pre-Campanian granitic and regionally

metamorphosed Sur series rocks of the

Salinian block on the northeast from the

Upper Jurassic (?) to mid-Cretaceous

Franciscan rocks on the southwest. It

dips northeast for the most part, and

has generally been considered to be a

g8
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steep thrust fault, but its original
character 1is not well established.

"The Sur fault meets the Nacimiento
fault, which extends southeast from the
point of intersection . . .The
Nacimiento fault perpetuates the general
trend of the Sur fault and continues to
form the surficial boundary of the
Franciscan rocks, but the basement rocks
of the Salinian block are nowhere
exposed in the immediate vicinity, being
covered by Upper Cretacecus and Tertiary
formations. The Salinian basement rocks
may or may not be bounded by this fault
at depth.

"Although the Nacimiento fault for
the most part dips steeply northeast,
along its course, low angle faults and
klippen have ncw been recognized

.Allochthonous sheets of Cretaceous
Great Valley-type clastic sedimentary
rocks tectonically overlie the
Franciscan assemblage. Windows of
Franciscan rocks, bounded cn cne or both
sides by high-angle faults, are found

aleng the zcne from the latitude of Lake
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Nacimiento to the latitude cf San Luis
Obispo.

"It is fruitless to argue about
which one of the faults south of the
latitude of Lake Nacimiento should be
called the Nacimiento fault sensu stricto,
and tie writer prefers not to apply this
name to any particular fault except near
the Nacimiento River, which is presumed
to be the type area. However, the term
"Sur-Nacimiento fault zone" is meant to
include the southeastward prolongation
of the belt of faulting.

"Near Santa Margarita, the Rinconada
fault merges with the Sur-Nacimiento
fault zone, and for at least a short
distance, it 1s the virtual boundary
between the granitic and regionally
metamorphused basement rocks of the
Salinian block and the Franciscan rocks
of the southwest block.

"Scutheast of the latitude of San
Lulis Obispo, neither the Salinian basement
nor the Franciscan rocks are exposed
along the fault zcne, unless one includes

the large window ¢of Franciscan that is

w5 0w
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topography. This implies relative

quiescence cf the fault in Late Quaternary

time, allowing differential ercsion to

take place. In a few localities, the

northeast side is the low side, and this

inconsistency favors the same conclusion.

Iz addition to the foregoing circumstances,

e fault is offset by minor cross-faults

in a manner suggesting that little, if

any, Late Quaternary near-surface movement

had occurred along the main fracture."

Richter (1969) noted that some historic seismicity,
particularly the 1952 Bryson earthquake, appears to have
or.cinated along tiie Nacimiento fault. This view is supported
bv re~¢nt work of S.W. Smith (1974), which indicated that
the B.yson shock and the epicenters of several smaller, more
recent earthquakes were located along or near the trace of
the Nacimiento.

=a P/72z And San Juan Faults. The La Panza and

San Juan faults are located between the Rinconada and San
Andreas faults. These I eaks have been interpreted as
predominantly dip-slip features that have been inactive
since middle or early Pleistocene time (Envicom, 1974).
Hill (1954), however, suggested that right-lateral movement
2long the San Juan fault since Miocene time could have

amounted to several kilometers. Although the available
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information about possible lateral slip along these faults
is poorly defined and contradictcry, a value of 3 km for
aggregate lateral slip along the La Panza and San Juan
faults during the last 20 millicn vears seems reasonable.
Slip during the past 10,000 years apparently has been
negligible.

b. Major Faults Of The Western Transverse
Ranges

The Western Transverse Ranges and Santa Barbara
Channel region are characterized by generally east-west
structural alignment, and by left-obligue reverse faults,
thrust faults, and folds. Many of the faults in this
structural province are of major dimensions, and only a few
of the most important ones are noted here.

Along the northerly margin of the Westerm
Transverse Ranges, the Big Pine and the Santa Ynez faults
are the largest individuel br2aks. Each is a major
left-cblique reverse fault, with rift topography and
left-deviated cross canyons along its trace. The Big Pine
fault is believed to have ruptured in Lockwood Valley during
a strong earthquake in 1852. No historic ground ruptures or
large earthquakes have been attributed to the Santa Ynez
fault, but 1% has experienced surface displacement at least
as recently as late Pleistocene time, as shown by
explcratory trenching across the trace of i1ts scuth branch

in Alegria Canyon.

=853=
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Cumulative Right Slip During The Last 10,000 Years

And The Last 20,000,000 Years Along Principal Faults Z

In The Southern Coast Ranges

Fault Name

Santa Lucia Bank
Hosgri (also
applies to

San Simeon

west Huasna - Suey
Rinconada (also
applies to
Nacimiento)

La Panza

San Juan

San Andreas

Slip During
The Last 10,000 Years

Slip During

The Last 20,000,000 Years

(Meters) (Kilometers)

2% 10% |
|
;

2% 10
l * 5 1
|
B* 30 |
- 1 E
2 |

400 280

*Indicated amount of slip has not been reported,
but is here considered possible, within the
resolution of available exploration data.

For the purpose of graphic comparison,

the total

Neogene right slip of the San Andreas fault, the faults west

of the San Andreas,

and the Hosgri fault are all shown on

the cumulative lateral slip vs. time plot on Figure 17.

These data show that Holocene right slip considered possible

for faults west of the San Andreas amounts to about 2.5

percent of that on the San Andreas itself.

Holocene slip

considered possible for the Hosgri fault amounts to about

0.5 percent of that on the San Andreas.

55«
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The relative amount of Necgene right slip considered

possible for faults west of the San Andreas, and for the
Hosgri in particular, 1s substantially higher, being about
20 percent and 4 percent, respectively, of the total Neogene
slip along the San Andreas. This reflects the relatively
high level of activity of second- and third-order faults in
the Southern Coast Ranges during late Tertiary time.

c. Seismicity

. Historical Seismicity Of The Coastal Region

The seismicity of the coastal region of central
California is known from scattered historical records
extending back about 200 years, and from Instrumental records
dating from 1500. Relatively detailed reccrds of earthguake
locations and magnitudes became available only following
installation of the California Institute of Technology and
University of California (Berkeley) seismograph arrays in
1932.

A plot of the epicenters of all instrumentally
recorded earthquakes in the coastal and offshore regicn is
shown on Figure 18. The pattern of seismic activity seen on
tiiis plot is generally representative of the pattern that
has obtained through the approximately 200 years of historic
record, with a rew significant exceptions. These include
the occurrence of the great earthquake of 1857 on the San
Andreas fault and the large earthquake of 1852 on the Big

Pine fault, both of which involved substantial surface
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rupture of the causative fault, within the area covered by

Figure 18. .
The highest levels of seismic activity in the

Coastal Region shown on Figure 18 during the period of

historical record have been concentrated along the San

Andreas fault and in the area including the Western Trans- |

verse Ranges, the Santa Barbara channel, and the transition

zone along the northerly margin of the Transverse Ranges.

west of the San Andreas and north of the Transverse Ranges

and transition zone, the largest instrumentally recorded ?
shock is the M 6.0 1952 Bryson earthquake. The identifica- |
tion of the source structure for the M 7.3 1927 Lompoc

earthgquake 1s controversial, but is here considered, on the

basis of geclogical evidence, to probably be the offshore

Lompoc fault, which breaks the sea floor west of Purisima

Point in the transition zcone. Numerous smaller shocks have

been recorded in the Southern Coast Ranges region, generally é
along the trends of the larger faults. Thus virtually all

of the second- and third-order faults in the coastal region

appear to have some level of associated seismicity. The

major zones of earthquake-related release of strain energy,

however, are primarily directly along the San Andreas fault,

and secondarily within the region of the Western Transverse

Ranges.
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1 The period of historical record of earthquakes in

the coastal region of central California is relatively

w

brief - about 2{" years - but the geologic evidence of late
Quaternary fault behavior in the region provides a sort of
"fossil record" of larger earthquakes over a period ranging
from about 10,000 to 17,000 years offshore to as much as
100,000 years or more on land. The geologic evidence appears

to indicate that the levels of seismic activity in the

W O 9 o U B

Southern Coast Ranges represented by the historical record
have in fact been reasconably representative of the seismicity

|
|
i
1l ! throughout late Quaternary time. This assessment is based -
|
|
|
i
I

12 on the observation that the cumulative slip along the largest
13 faults in the region west of the San Andreas and north of

14 the Transverse Ranges and transiticn zone appears to not

15|| exceed a maximum of a few meters during the last 10,000 (up

16! to 100,000+) years, and the largest earthquake of record is

17 ; about M 6.0 (the 1952 Bryson earthquake). Recurrent earth-
18 i quakes much in excess of this size -- say around M 6.5 or
larger -- during a comparable time span should have resulted

-
0

20| in greater amounts of recent fault slip than have been

21 || reported for the region.

2 This observed low level of fault slip and earthquake

! |
23| activity in the Scouthern Coast Ranges region may be attributable
24| to the concentration of fault slip and associated earthquake

25, activity strain release directly along the San Andreas

26 || fault. The amount of rigat slip recorded alcng the San
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Andreas, together with right slip on faults lying east of
the Sierra Nevada Range, during the last 200 years of his-
torical record, in fact essentially eguals the total current
rate of relative movement along the plate boundary. This
supports the historical and geclogic evidence that the rate
of movement along faults in the Southern Coast Ranges west
of the San Andreas is very low, with correspondingly moderate
seismicity in that region.

The rate of crustal deformation and the level of
historical seismicity in the Western Transverse Ranges, and
in the transition zone between the Southern Coast Ranges and
the Western Transverse Ranges, on the other hand, is much
higher, as noted previously in this testimony. This may be
attributable to the different orientation of tie pattern of
geologic structure in this area relative to the regional
north-south compression. The tendency toward active east-
west left lateral shear in the area may also result in part
from the effect of westward extension of the crust located
west of the San Andreas and north of the Garlock faults,
described earlier.

II
SITE GECLOGY

A. Ceologic Setting

The Diablo Canyon Power Plant Site is located on
the coast along the south-western side of the San Luis Range

(Figure 1). This peninsula-forming range is underlain by
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sedimentary, ignecus, and tectcnically emplaced ultrabasic
rocks of Mesozoic age, by sedimentary, pyroclastic, and
hypabyssal intrusive rocks of Tertiary age, and by a variety
of surficial deposits of Quaternary age. The lithology and
distribution of these rocks were studied by Headlee (1965),
and more recently the range has been mapped in detail by
Hall (1973). The geology of the San Luis Range is shown on
Figures 19 and 20.

¢ N Basement Rocks

A complex assemblage of rocks typical of the Coast
Ranges basement terrane west of the Nacimiento fault zone 1is
exposed along the south and northeast sides of the San Luis
Range. As described by Headlee (1965), this assemblage
includes quartzose and greywacke sandstcone, shale, radiolarian
chert, intrusive serpentinite and diabase, and pillow basalt.
Some of these rocks have been dated as Upper Cretacecus
(more than 70 million vears old) from contained microfossils,
and Headlee suggested that they may represent dislocated
parts of the Great Valley segquence. There is contrasting
evidence, however, that at least the pillow basalt and
associated charty rocks may be more characteristic of the
Franciscan terrane. Further, a potassium-argon age of 156
million years, equivalent to Upper Jurassic, has been

determined for a core of similar rocks obtained £from the

o

bottom of the Montodoro wWell No. 1 near Point Buchon.
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both tuff breccia and diabase in this part of the section
indicates either that local veolcanic activity c¢ontinued
beyond the time of deposition of the Obispo Fermation, or
that the section represents a predominantly sedimentary
facies of the upper part of the Obispo Formation. In either
case, the strata underlying the power plant site range
downward through the Obispo Formation and presumably include,
below levels of present exposure, a few hundred feet of the
Rincon and Vagqueros Formations resting upon a basement
terrane of Mesczoic rocks.

The Vaqueros Formation consists of resistant,
massive, coarse-grained calcareocus sandstone, and the over=-
lying Rincon Formation consists of dark gray to chocolate
brown calcareous shale and mudstone. The much thicker
Obispo Formation (or Obispo Tuff) comprises alternating
massive to thick-bedded, medium- to fine- grained vitric-
lithic tuffs and tuff breccias (in part intrusive), finely
laminated black and brown marine siltstone and shale, and
medium-grained light tan marine sandstone. It grades upward

into medium- to fine-grained siltstone and silty sandstone

that in turn grades upward into siliceocus shale characteristic

of the Monterey Fermation. The Monterey Formation itself 1is
composed predominantly of porcelaneous and finely laminated

silicecus and cherty shales. The overlying Pismo Formation

Q)

w3 e

cnsists of massive, medium- to fine-grained arkosic sandstone
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with subordinate amounts of siltstone, sandy shale, mudstcne,
hard siliceous shale, and chert.

3. Quaternary Deposits

Deposits of Pleistocene and Holocene age are
widespread on the coastal terrace benches along the southwest
margin of the San Luls Range, and they are present 1n areas
farther onshore as local alluvial and stream-terrace deposits,
landslide debris, and various colluv-.al accumulaticns. The
coastal terrace deposits include discentinuous thin basal
sections of marine silt, sand, gravel, and rubble, some c¢f |
which are highly fossiliferous, and generally much thicker
overlying sections of talus, alluvial-fan debris, and other ,
deposits of landward origin. All of the marine deposits |
and most of the overlying nonmarine accumulations are of
Pleistocene age, but some of the uppermost talus and alluwvial
deposits are Holcz-ene. Most of the alluvial and colluvial
materials consists of silty clayey sand with irregularly
distributed fragments and blocks that reiresent locally
exposed bedrock types. The landslide deposits include
chactic mixtures of rock fragments and finer-grained matrix
debris, as well as some large masses of nearly intact to
thoroughly disrupted bedrock.

4. Structural Features

The geclogic structure of the San Luis Range -
Estero Bay area and the adjacent offshore area 1s character-

i1zed by a complex system of folds and faults (Figure 19).
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These areas llie near the
west-trending Transverse

northwest-trending Cocast

zone of transition between the
Ranges structural province and the

Ranges province. Major structural

features within them are the long, narrow downfold of the

San Luis - Pismo syncline and the flanking antiformal
structural highs of Los Oscs Valley on the northeast and

Point San Luis and the adjacent cffshore area on the southwest.
This set of folds trends obliquely into a north-northwest
aligned zone of basement upwarping,

folding, and high-angle

normal faulting that lies a few miles off the coast. The ;
main onshore folds can be recognized cffshore, by seismic v
relection and gravity techniques, in the structure of the
buried, downfaulted Miocene section that lies beyond (west

of) this zone.

Lesser but nonetheless important structural features
in these areas include smaller 2zones of faulting. The Edna
and San Miguelito fault zones disrupt parts cf the northeast
and southwest flanks ¢f the San Luis - Pismo syncline. A
southward extension of the San Simeon fault can be inferred
from linearity of the coastline between Cambria Point Estero,
and from the gravity

gradient in that area; this fault may

extend into, and die ocut within, the rock section beneath

[

tae

0]

northern part of An aligned series of plug

which intrude

lensoid masses of Tertiary volcanic rocks,

the Franciscan Formation along the axis of the Los Osos

Valley antiform, extends from the ocuter part of Estero Bay

-65-
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As shown by extensive marine geophysical surveying,
the stratigraphy and the west-northwest-trending structure
that characterizes the onshore region from Point Sal to
areas north of Point Estero extend into the adjacent offshore
area as far as the north-northwest-trending structural zone
that forms a boundary of the main offshore Santa Maria
Basin. Owing to the irregular outline of the coast, the
width of the offshore shelf east of this boundary zone
ranges from 2-1/2 miles to as much as 12 miles. The shelf
area is narrowest opposite the reach of coast between Point
Sal and Point Buchon, and widest in Estero Bay and in areas
south of San Luis Bay.

The major geologic features that underlie the
near-shore shelf include, from south to necrth, the Casmalia
Hills anticline, the broad Santa Maria Valley downwarp, the
anticlinal structural high off Point San Luis, the San

Luis - Pismo syncline, and the Los Osos Valley antiform.

These features are defined by the outcrop pattern and structure

of the lower Pliocene, Miocene, and basement-complex rocks.
Upper Pliocene strata that form the upper one to two thousand
feet of section in the adjacent offshore Santa Maria Basin
are partly buttressed and partly faulted against the rocks
that underlie the near-shore shelf, and th:; unconformably
overlap the boundary zone and parts of the shelf in several

areas.
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B. General Features Of The Site

8 Physiographic Features And Associated
Superficial Deposits

The power plant site lies immediately southeast of
the mouth c¢f Diable Canyon, a major westward-draining
feature of the San Luils Range, and about a mile southeast of
Lion Rock, a prominent offshore element of the highlv i
irregular coastline (Figures 21, 22). It occupies an
extensive topographic terrace about 1,000 feet in average
width. 1In its pre-grading, natural state, the gently
undulating surface of this terrace sloped gradually
southwestward to an abrupt termination along a cliff |
fronting the ocean; it rose with progressively increasing §
slope 1n a landward, or northeasterly, direction to merge
with the much steeper front of a focthill ridge of the San
Luis Range. The surface ranged in altitude from 65 to 80
feet along the ccastline to a maximum of nearly 300 feet
along the base of the hillslope to the northeast, but
nowhere was 1ts local relief greater than 10 feet. Its only
major interruption was the steep-walled canyon of lower
Diablo Creek, a gash about 75 feet in average depth. The
ridge that flanks the terrace cn the northeast has been
deeply scored by Diablo Creek, but farther upstream the
canyon broadens ocut as a large, irregular bowl-like feature.

Like many other parts of the California ccast, the

Diablo Canyon area is characterized by several wave-cut

-68-



I = T = S T = N R = R R S R
OO W D WU B W N = O

O @ 93 0 ;M e W N e

benches of Pleistocene age. These surfaces of irregular but
generally low relief were developed across bedrock by marine
erosion, and they are ancient analogues of the benches now
being cut approximately at sea level along the present
ccast. They were formed during periods when sea level was
higher, relative to the adjacent land, than it 1s now. Each
of the ancient benches is thinly and discontinuously mantled
with marine sand, gravel, and rubble similar to the beach
and offshore deposits that are accumulating aleng the present
coastline. Along its landward margin each bears thicker and
more localized coarse deposits similar to the modern talus
along the base of the present sea cliff.

Both the ancient wave-cut benches and their
overlying marine and shoreline deposits have been buried
beneath silty tc gravelly detritus derived from landward
sources after the benches were in effect abandoned by the
ocean. This ncnmarine cover 1s essentially an apron of
coalescing fan deposits, other alluvial debris, and colluvial
accumulations that are the thickest adjacent to the mouths
of major canyons and along the bases of steep hillslopes.

Where they have been deeply trenched by subseguent
ercsion, as along Diablo Canyon, these deposits can be seen
to have buried scme of the benches so deeply that their
individual identities are not reflect-d by the modern

(pre~grading) rather smooth terrace topography. Thus the

surface of the main terrace is defined mainly by nonmarine
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deposits that conceal both the oclder benches of marine

ercsion and some ¢f the abruptly rising ground that

separates them (Figures 23,

The cbserved and inferred relationships among the
terrace surfaces and the wave-cut benches buried beneath

them can be summarized as follows:

Wave~Cut Bench

24).

Terrace 3urface

terrace; in places
separated from lower
parts of terrace by

Most of main terrace,
a widespread surface
on a composite section
of nonmarine deposits;
no well-defined scarps

Altitude Altitude
(Feet) Location (Feet) Location
170-175 Small remnarts on Mainly Sides of Diablo
sides of Diablo 170-190 Canyon and upper
Canyon parts of main
145-155 Very small remnants Mainly
on sides of Diablo 150-170 low scarps
Canyon
120-130 Subparallel benches Mainly
elongate in a 70-160
northwest-southeast
direction but with
65-80 considerable aggre-
gate width; wholly
beneath main terrace
surface
30-45 Small remnants above 50-100 Small remnants

modern sea cliff

Approx. Small to moderately
0 large areas along
preseat coastline

Within the site area the wave-cut benches increase
Srogressively 1n age with increasing elevation above present
sea level, hence their order in the above list is cne of

cdecr2as.ng age. B2y far the 1¢st extensive of these benches

above modern sea
cliff

Nc depositional
terrace
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slopes gently seaward from a shoreline angle that lies at an
elevation of approximately 100 feet above present sea level.

B Bedrock Units

The entire site area is underlain by a complex
sequence of stratified marine sedimentary rocks and
tuffaceous volcanic rocks, all of Tertiary (Miocene) age.
Diabasic intrusive rocks are locally exposed high on the
walls of Diablec Canyon at the edge of the area. Both the
sedimentary and volcanic rocks have been folded and
otherwise disturbed over a ionsiderable range of scales.

a. Obispo Formation (Obispo Tuff)

Rocks of the Obispo Formation, the oldest bedrock
units exposed in the site area, crop out extensively in its
coastward parts and form nearly all of the offshore
prominences and shocals. They are dense to highly porous,
and thinly layered to almost massive. They range in color
from white to buff in fresh exposures, and from yellowish to
reddish brown on weathered surfaces. Most outcrop surfaces
have a characteristic "punky" to crusty appearance, but the
rocks in general are tough, cochesive, and relatively
resistant to erosion.

The Obispo consists mainly of fine-grained vitric

tuff, with locally prominent crystal tuffs. Other observed

1

rock types include pumiceous tuffs, pumice-pellet tuff
breccias, perlitic vitrecus tuffs, tuffaceous siltstones and

mudstones, and fine-grained tuff breccias with fragments of
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glass and various sedimentary rocks. No massive flow rocks
have been recognized anywhere in the exposed volcanic ;
section. Most of the tuffaceous rocks, and especially the
more vitreous ones, have been locally to pervasively
altered. Products of silicification, zeolitization, and
pyritization are readily recognizable in many exposures,
where the rocks generally are traversed by numerous thin,
irregular veinlets and layers of cherty to opaline material.
Veinlets and thin, pod-like concentrations of gypsum also
are widespread. Where pyrite is present, the rocks weather
yellowish to brouwnish and are marked by gossan-like crusts.

The various contrasting rock types are simply
interlayered in cnly a few places. Much more typical are
abutting, intertonguing, and irregularly interpenetrating
relationships over a wide range of scales. Septa and
inclusions of shale and sandstone are abundant, and a few of
them are large enough to be shown separately on the geologic
map (Figure 23). Highly irregular inclusions, a few inches
to several feet in maximum dimension, are so densely packed
togetnher 1n some places that they form breccias with
volcanic matrices.

The Obispo Formation is underlain by mudstones of
early Miocene (pre-Monterey) age, on which it rests with a
highly irreguliar contact that appears to be in part

intrusive. This contact lies offshore in the vicinity of

the power plant site, but it is exposed along the seacoast
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to the southeast. In a gross way, the Obispo underlies the
basal part of the Monterey Formation, but many of its
contacts with these sedimentary strata are plainly
intrusive. Moveover, individual sills and dikes of slightly
to thoroughly altered tuffaceous rocks appear here and there
in the Monterey section, not uncommonly at stratigraphic
levels well above its base. The observed physical
relationships, together with the local occurrence of
microfossils within the principal masses of volcanic rocks,
indicate that much of the Obispo Formation in this area
probably was emplaced at shallow depths beneath the Miocene
sea floor during accumulation of sedimentary stratu. The
volcanic rocks do not appear to represent a single,
well-defined eruptive event, nor are they likely to have
been derived from a single source conduit.

b. Monterey Formation

Stratified marine rocks variously
correlated with the Monterey Formation, Point Sal Fermation,
and OCbispo Tuff underlie most of the site area, including
all of that portion intended for power plant structures.
They are almost continuously exposed along the crescentic
sea cliff that borders Diablo Cove, and elsewhere thev
appear in much more localized outcrops. For convenience
they are here assigned to the Monterey Formation in cocrder to
delineate them clearly from the adjacent more tuffaceous

rocks so typical of the Obispo Formation.

73«



L N U 1

v oo 93 o

The observed rock types, listed in general order
of decreasing abundance, are silty and tuffaceous sandstcne,
siliceous shale, shaly siltstone and mudstone, diatomaceous
shale, sandy to highly tuffaceous shale, calcareous shale
and impure limestone, bitumincus shale, fine- to coarse-
grained sandstone, impure vitric tuff, silicified limestone
and shale, and tuff-pellet sandstone. Dark-colored and
relatively fine-grained strata are most abundant in the
lowest part of the section, as exposed alcng the east side
of Diablo Cove, whereas lighter-colored sandstones and
siliceous shales are dominant at stratigraphically higher
levels farther north. In detail, however the different rock
types are interbedded in various combinatiens, and intervals
of uniform lithology rarely are thicker than 30 feet.

The sandstones are mainly fine to medium grained,
and most are distinctly tuffacecus. Scme of these rocks
contain small but megascopically visible fragments cof pumice,
perlitic glass, and tuff, and a few beds grade along strike
into submarine tuff breccia. The sandstones are thinly to
very thickly layered; individual beds é inches to 4 feet
thick are fairly common, and a few appear to be as thick as
15 feet. Some cf them are hard and very resistant to erosion,
and they typically form subdued but nearly continuous elongate
projections on major hillslopes.

The siliceous shales are light colored platy rocks

that are moderately hard to extremely hard according to
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moderately well consolidated. They have been naturally
compacted, and the degree cf compaction is consistently
greater than that cbserved in any of the'assoc1ated
surficial deposits of other types.

Near the inner margins of individual wave=-cut
benches the marine deposits merge landward into coarser and
less well-sorted debris that evidently accumulated along the
bases ¢of ancient sea cliffs or other shoreline slopes. This
debris is locally as much as 12 feet thick; it forms broad
but very short aprons, now buried beneath younger deposits,
that are ancient analogues of the talus accumulations along
the inner margin of the present beach in Diaplo Cove. One
of these aprons is well exposed high on the northerly wall
of Diablc Canyon.

A younger, thicker, and much more continuous
nonmarine cover 1is present over most of the cocastal terrace
area. It cocnsistently overlies the marine deposits noted
above, and wher: these are absent it rests directly upon
bedrock. It is composed in part of alluvial detritus
contributed during Pleistocene time from Diablo Canyen and
several smaller drainage courses, and it thickens markedly
as traced sourceward toward these canyons. The detritus is
chiefly fine- to moderately coarse-grained gravel and rubble
characterized by tabular fragments of Mcnterey rocks in a

rather abundant silty to clayey matrix. Most of it is
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spaced high-angle fractures (Figure 27). In addition to
these features, cross-cutting bodies of tuff and tuff breccia,
and cemented “"crackle breccia" could be considered as tectonic
structures.
Exact ages of the various tectonic structures at
the site are not known. It has been clearly demonstrated,
however, that all of them are truncated by and therefore
antedate the principal marine erosion surface that underlies
the ccastal terrace bPench. This terrace can be correlated
with coastal terraces to the north and south that have been
dated as 80,000 to 120,000 years old. The tectonic structures
probably are related to the Pliocene-lower Pleistocene
episode of Coast Ranges deformation, which occurred more
than a million years ago.
a. Eolds
The bedrock units within the entire site
area form part of the southerly flank of a very large syncline
that is a major feature of the San Luis Range. The northerly
dipping seqguence of strata is marked by several smaller
folds with subparallel trends and flank-to-flank dimensions
measured in hundreds of feet. One of these, a syncline with
gentle to> moderate westerly plunge, is the largest flexure
recognized in the vicinity of the site. Its axis lies a
short distance north of the site and about 450 feet northeast
I the mouth of Diablo Canyon (Figures 23, 24). East of the

canyon, this fold appears to be rather open and simple in
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form, but farther west, it probably is complicated by several
large wrinkles and may well lose its identity as a single
feature. Scome of this complexity is clearly revealed along
the northerly margin of Diablo Cove, where the beds exposed
in the sea cliff have been closely folded along east to
ncrtheast trends. Here a tight syncline (Figure 23) and
several smaller folds can be reccgnized, and steep to near-
vertical dips are dominant in several parts of the section.
The southerly flank of the main syncline within
the site area steepens markedly as traced southward away
from the fcld axis. Most of this steepening is concentrated
within an across-strike distance of about 300 feet as revealed
by the strata exposed in the sea cliff southeastward from
the mouth of Diablo Canyon; farther southward the beds of
sandstcone and finer grained rocks dip rather uniformly at
angles of 70 degrees or more. A slight cverturning through
the vertical characterizes the several hundred feet of
section exposed immediately north of the Obispo rocks that
underlie South Point and the north shore of South Cove
(Figure 23). Thus the main syncline, though simple in gross
form, is distinctly asymmetric. The steepness of its scutherly
flank may well have resulted from buttressing, during the
folding, by the relatively massive and competent unit of
tutfacecus rocks that adjicins the Monterey strata at this

general level of exposure.
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confirmed by examinaticn of numerous samples under the
microscope.

Sedimentary layering, recognized in 27 of 34
samples that were studied, was observed to be grossly con-
tinuous even though dislocated here and there by tiny fractures.
Moreover, nearly all the samples were found to contain
shards of volcanic glass and/or the tests of foraminifera;
some of these delicate components showed effects of micro-
fracturing and a few had been offset a millimeter or less
along tiny shear surfaces, but none appeared to have been
smeared out or partially obliterated by intense shearing or
grinding. Thus the three larger faults in the area evidently
were superimposed upon ground that aiready had been deformed
primarily by small scale and locally very intense folding
rather than by pervasive grinding and milling.

It is not known whether these faults were late-
stage results of major folding in the region or were products
of independent tectonic activity. In either case, they are
relatively ancient features, as they are capped without
break by the Quaternary terrace deposits exposed along the
upper part of the sea cliff. They probably are not large
scale elements of regional structure, as examinaticn of the
nearest areas of exposed bedrock along their respectiv
landward projecticns revealed no evidence of substantial
cffsets among recognizable stratigraphic units. Seaward

projection of one or more of these faults might be taken to
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explain a possible large offset of the Obispo Formation as
this unit is expcsed on Nerth Peint and Scuth Point. The
notion of such an offset, however, would rest upon the
assumption that the two outcropping masses are displaced
parts of an origirally continuous body, for which there 1is
no real evidence. Indeed, the two tuff masses are bounded
on their northerly sides by lithologically different parts
of the Monterey Formation, hence clearly were originally
emplaced at different stratigraphic levels 2nd are not
directly Eorrelative.

c. Masses Of Brecciated Rocks

Highly irregular masses of coarsely brecciated
rocks, a few feet to many tens of feet in maximum dimension,
are present in some of the relatively siliceous parts of the
Monterey section that adjoin the principal bodies of Obispo
rocks. The fracturing and dislocation is not genetically
related to any recognizable faults, but instead seems to
have been associated with emplacement of the volcanic rocks;
it evidently was accompanied or soon followed by extenszive
silicification. Many adjacent fragments in the breccias are
closely juxtaposed and have matching opposed surfaces, so
that they plainly represent no more than coarse crackling of
the brittle rocks. Other fragments, though angular or
subangular, are not readily matched with adjacent frogments
and hence may represent significant translation within the

entire rock masses.
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The ratio of matrix materials to coarse fragments
1s very low in most of the breccias, and nowhere was observed
to exceed about 1:3. The matrices generally comprise smaller
angular fragments of the same Monterey rocks that are elsewhere
dominant in the breccias, and they characteristically are
set in a silicenus cement. Tuffaceous matrices, with or
without Monterey fragments, also are widespread and commonly
show the effects of pervasive silification. All the expcsed
breccias are firmly cemented, and they rank among the hardest
and most resistant units in the entire bedrock section.

A few 3 to 18 inch beds of sandstone have been
pulled apart to form separate tabular masscs along specific
stratigraphic horizons in higher parts of the Monterey
sequence. Such individual tablets, which are boudins rather
than ordinary breccia fragments, are especially well exposed
in the sea cliff at the northern corner c¢f Diablo Cove.

They are flanked by much finer grained strata that converge
around their ends and rontinue essentially unbroken beyond
them. This boudinage, or separation and stringing out of
sandstone beds that lie within intervals of much softer and
mcre shaly rocks, has resulted from compression during
folding of the Monterey section. Its distribution is strati-
graphically controlled and is not systematically related to

recognizable faults in the area.
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as the principal remaining uncertainties involved structural
features 1n the local bedrock, additicnal effort was made to
expose and map these features and their relationships. This
was accomplished through excavation of large trenches on a
grid pattern that extended throughout the plant area (shown
on Figure 25), followed by photograpiing the trench walls
and logging the exposed geologic features. Large scale
photographs were used as a mapping base, and the recorded
data were then transferred to controlled vertical sections
at a scale of 1 inch = 20 feet.

During these suitability investigations, special
attention was given to the contact between bedrock and
overlying terrace deposits in the plant site area. It was
determined that none of the discontinuities present in the
bedrock section displaces eithev the ercsional surface
developed across the bedrock or the terrace deposits that
rest upon this surface. An example of the recording of the
pertinent data is illustrated by Figure 26.

Construction Geoclogy Investigation. Geologic work

done during the course of construction at the plant site
spanned an interval of five years, which encompassed the
period of large scale excavation. It included detailed
mapping of all significant excavations, as well as special
studies in some areas of rock bolting and other work involving
rock reinforcement and temporary instrumentatiocn. Th

mapping covered essentially all parts of the area toc be
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occupied by structures for Units 1 and 2, including the
excavations for the circulating water intake and outlet, the
Turbine Generator Building, the Auxiliary Building, and the
Containment Structures. The results of this mapping are
described farther on and are illustrated by Figure 27.

Exploratory Trenching Program. Four exploratory

trenches were cut beneath the main terrace surface at the
Unit 1 power plant site, as shown on Figure 23. Trench A,
about 1,080 feet long, extended in a north-northwesterly
direction and thus was roughly parallel to the nearby margin
of Diablo Cove. Trench B, 380 feet long, was parallel to
Trench A and lay abcut 150 feet east of the northerly one-
third of the longer trench. Trenches C and D, respectively
450 and 490 feet long, were nearly parallel to each other,
130 to 150 feet apart, and lay essentially ncrmal to
Trenches A and B. The two pairs of trenches crossed each
other to form a # pattern that would have been symmetrical
were it not for the long southerly extensicn of Trench A.
They covered the area intended for Unit 1 power plant con-
struction, and the intersection of Trenches B and C coin~-
cided in position with the center of the Unit 1 nuclear
reactor structure.

Eight additional trenches were cut beneath the
main terrace s.rface south of Diablo Canyon in order to
extend the scope of subsurface explcration to include all

ground in the Unit 2 plant site. As in the area of the
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Unit 1 plant site, the trenches formed two groups; those in
each group were parallel with one ancther and were oriented
nearly normal to those of the other group. The excavations
pertinent to the Unit 2 plant site can be briefly identified
as follows:

¥ North-Northwest Alinement:

a. Trench EJ, 240 feet long, was a southerly
extension of older Trench BE (originally designated as
Trench B).

b. Trench WU, 1,300 feet long, extended
southward from Trench DG (originally designated as Trench D),
and its northerly part lay about 65 feet east of Trench EJ.
The northernmost 485 feet of this trench was mapped in
connection with the Unit 2 trenching program.

- Trench MV, 700 feet long, lay about 190
feet east of Trench WU. The northernmost 250 feet of this

trench was mapped in connection with the Unit 2 trenching

program.
d. Trench AF (originally designated as

Trench A) was mapped earlier in connection with ° ‘atailed

study of the Unit 1 plant site. A section for this +* ach,

which lay about 140 feet west ¢of Trench EJ, was included
with others i1in the repcrt on the Unit 1 trenching program.
- 38 East Northeast Alinenent:
3. Trench KL, about

feet scuth of Trench DG (originally designated as Trench D)

+93=
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higher levels on sloping portions of the trench walls have
been projected to the vertical planes of the sections.

Center lines of intersecting trenches are shown for conven-
ience, but the planes of the geologic sections do not contain
the center lines of the respective trenches.

Interface Between Bedrock And Surficial Deposits.

As =z=xposed continuously in the exploratory trenches, the
cont:. >t between bedrock and overlying terrace deposits
represents two wave-cut platforms and intervening slopes,
all of Pleistocene age. The broadest surface of ancient
marine erosion ranges in altitude from 80 to 105 feet, and
its shoreward margin, at the base of an ancient sea cliff,
lies uniformly within 5 feet of the 100-foot contour. A
higher, clder, and less extensive marine platform ranges in
altitude from 130 to 145 feet, and most of it lies within
the ranges of 135 to 140 feet. As noted previously, these
are two of several wave-cut benches in this coastal area,
each of which terminates eastward against a cliff or steep
shoreline slope and westward at the upper rim of a similar
but younger slope.

Available exposures indicate that the configurations
of the ercsional platforms are markedly simi'ar, over a wide
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range of scales, to that of the platform
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approximately at sea level along the present coast. Grossly

(9]

viewed, they slope very gently in a seaward (westerly)

directicn and are marked by broad, shallow channels and by

“98a
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upward prc e<tions that must have appeared as low spines and
"reefs" when the benches were being formed. The most prominent
"reefs," which rise a few inches to about five feet above
neighboring parts of the bench surfaces, are composed of

hard, thick-bedded sandstone that was relatively resistant

to the ancient wave erosion.

As shown 1in the geologic sections (Figure 26), the
surfaces of the platforms are nearly planar in some places
but elsewhere are highly irregular in detail. The small scale
irregularities, generally three feet or less in vertical
extent, include knob-, spine-, and rib-like projections and
various wave-scoured pits, notches, crevices, and channels.
Most of the upward projections closely‘correspond to rela-
tively hard, resistant beds or parts of beds in the sandstone
section. The depressions consistently mark the positions of
relatively soft silty cr shaly sandstone, of very soft
tuffaceous rocks, or of extensively jointed rocks. The
surface traces of most faults and some of the mest prominent
joints are in sharp depressions, some of them with overhanging
walls. All these irregularities of detail have modern
analogues that can ke recognized on the bedrock benzh now
being cut along the margins of Diablo Cove.

The interface between bedrock and overlying sur-
ficial deposits provides information concerning the age of
youngest fault movements within the bedrock section. This

interface is nowhere cffset by faults that were exposed in

-96=
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the trenches, but instead has been developed irregularly
across the faults after their latest movements. The con=-
sistency of this general relationship was established by
highly detailed tracing and inspection of the contact as
freshly exhumed by scaling of the trench walls. Gaps in
exposure of the interface necessarily were developed at the
intersections of trenches. At such localities, the bedrock
was carefully laid bare so that all joints and faults could
be recognized and traced along the trench floors to points
where their relaticnships with the exposed interface could
be determined.

Corroborative evidence concerning age of the most
recent fault displacements stems from the marine deposits ;
that overlie the bedrock bench and form a basal part of the
terrace section. That those deposits rest without break
across the traces of faults in the underlying bedrock was
shown by the continuity of individual sedimentary beds and
lenses that could be clearly recognized and traced. As 1in
other parts of the site area, some of the faults are directly
capped by individual boulders, cocbbles, pebbles, shells, and
fossil bones, none of which have been affected by fault
movements. Thus :he most recent fault displacements in the
plant site area occurred prior to marine planation of the
bedrock and deposition of the overlving terrace sediments.

The age of the most recent faulting in this area

1s therefore at least 80,000 years. More prcbably it is at
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least 120,000 years, the age most generally assigned to
these terrace deposits along other parts of the California
coastline. Evidence from the higher bench in the plant site
area indicates a much older age, as the unfaulted marine
deposits there are considerably older than those that occupy
the lower bench corresponding to the 100-foot terrace.
Mcreover, it can be noted that ages thus determined for most
recent fault displacements are minimal rather than absolute,
as the latest faulting actually could have occurred millions
of years ago.

During the Unit 2 exploratory trenching program,
special attention was directed to those exposed parts of the
wave-cut benches where no marine depcsits are present, and
hence where there are nc overlying reference materials
nearly as old as the benches themselves. At such places the
bedrock beneath each bench has been weathered to depths
ranging from less than an inch to at least ten feet, a
feature that evidently correcponds to a lengthy period of
surface exposure from the time when the bench was abandoned
by the sea to the time when it was covered beneath encrcaching
nonmarine deposits derived from hillslopes to the east.
Stratification and other structural features are clearly
recognizable in the weathered bedrock, and they obviously
have exercised some degree of control over localization of
the weathering. Moreover, 1in places where upward projections

¢f esdrock have been gradually bent or rotatiocnally "draped"
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in response to weathering and creep, their contained fractures
and surfaces of movement have been correspondingly bent.
Nowhere 1in such a section that has been disturbed by weathering
have the materials been cut by younger fractures that would
represent straight upward projections of breaks in the
underlying fresh rocks. Nor have such fractures been ocbserved
in any of the overlying nonmarine terrace cover.

Thus the minimum age of any fault movement in the
plant site area is based upon compatible evidence from
undisputed reference features of four kinds: (1) Pleistocene
wave-cut benches developed on bedrock, (2) immediately
overlying marine deposits that are very slightly younger,

(2) zones of weathering that represent a considerable span
of subsequent time, and (4) younger terrace deposits of
nonmarine origin.

Bedrock Geology Of The Plan Foundation Excavations

Bedrock was continuously exposed in the foundation
excavations for major structural components of Units 1
and 2. Outlines and invert elevations of these large openings,
which ranged in depth from about 5 feet to nearly 90 feet
below the original ground surface, are shown on Figure 27.
The complex pattern of straight and curved walls with various
positions and .-ientations provided an excsllent three-
dimensional representation of bedrock structure. These
walls were photographed at large scales as constructio

progressed, and the photographs were used directly as a
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geclogic mapping base. The largest .xcavations also were
mapped in detail on a surveyed planimetric base.

Geoclogic mapping of the plant excavations confirmed
the conclusions based on earlier investigations at the site.
The exposed section of Monterey strata was found to correspond
in lithology and structure to what had been predicted from
exposures at the mouth of Diablo Canyon, along the sea cliff
in nearby Diablo Cove, and in the test trenches. Thus the
plant foundation is underlain by a moderately to steeply
north-dipping sequence of thin- to thick-bedded sandy mudstone
and fine-grained sandstone. The rocks at these levels are
generally fresh and competent, as they lie below the zone of
intense near-surface weathering. The appearance of the
thick bedded sandstone that was exposed in the excavation
for the Unit 2 containment is shown in Figure 21.

Several thin interbeds of claystone were exposed
in the southwestern part of the plant site in the excavations
for the Unit 2 Turbine Generator Building, intake conduits,
and ocutlet structure. These beds, which generally are less
than 6 inches thick, are distinctly softer than the flanking
sandstone. Some of them show evidence of internal shearing.

Layers of Luffaceous sandstone and sills, dikes,
and irregular masses of tuff and tuff breccia are present in
most parts of the foundation area. They tend to increase in
abundance and thickness toward the south, where they are

relatively near the large masses of Obispo Tuff exposed

-100-
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along the coast south of the plant site. Some of the tuff
bodies are comfortable with the enclosing sandstone, but
others are markedly discordant. Most are clearly intrusive.
Individual masses, as exposed in the excavations, range in
thickness from less than an inch to about 40 feet. The tuff
breccia, which is less abundant than the tuff, consists
typically of small fragments of older tuff, pumice, or
Monterey rocks in a matrix of fresh to highly altered volcanic
glass. At the levels of exposure in the excavations, both
the tuff and tuff breccia are somewhat softer than the
enclosing sandstone.

The stratification of the Monterey rocks dips
generally northward throughout the plant foundation area.
Steepness of dips increases progressively and in places
sharply from north to south, ranging from 10-15 degrees on
the north side of Unit 1 to 75-80 degrees in the area of
Unit 2. A local reversal in direction of dip reflects a
small open fold or warp in the Unit 1 area. The axis of
this fold is parallel to the overall strike of the bedding,
and strata on the north limb dip southward at angles of 10
to 15 degrees. The more general steepening of dips frem
north to south may reflect buttressing by the large masses
of Cbispo Tuff south of the plant site.

The bedrock cf the plant area is traversed through=-
ocut by fractures, including various planar, brecadly curving,

and irregular breaks. A dominant set of steeply dipping to
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that were mapped in these large excavations evidently are
not sufficiently continuous to have been present in the
exploratory trenches.

b All individual breaks are sharp and narrow,
and the strata between them are essentially undeformed
except for their gross inclination.

- {8 Some breaks plainly die out as traced upward
along the cliff surface, and others merge with adjoining
breaks. At least one well-defined break butts downward
against a cross-break, which in turn butts upward against a
break that branches and dies out approximately 20 feet away
(see structure section for details).

3 Nearly all the breaks curve moderately to
abruptly in the general direction of movement along them.

4. Most of the breaks are little more than
knife-edge features along which rock is in direct centact
with rock, and others are marked by thin films of gouge.
Maximum thickness of gouge anywhere observed is about half
an inch, and such excepticnal occurrences are confined to
short curving segments of the main break at the southerly
margin of the zone.

$. No fault breccia is present; instead, the
zone represents transection of otherwise undeformed rocks by
sharply-defined breaks. Noc bedrock unit is cut cff and
juxtaposed against a unit of different lithology along any

of the breaks.
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In 1977, Steven Graham and William R. Dickinson
published an hypothesis based on a series of correlations
inferred by them and by Clarence Hall and Eli Silver. They
suggested that about 115 km of right slip has occurred along
a series of breaks extending from the San Andreas north of
San Francisco through the San Gregorio fault to the Hosgri.
This hypothesis assumed the existence cf through-going links
between the known faults, thereby providing a continuous
fault of at least 400 km in length. In contrast, studies at
various points along this series of faults by D.H. Hamilton |
and C.R. Willingham indicate that the tctal anount of right
slip along any of these faults in the area extending south-
ward from the Santa Cruz Mcuntains cannot have exceeded a
maximum value of approximat:ly 20 km. Moreover, they found
that the Hosgri and San Simeon faults are not ccnnected by a
through-going link, an interpretation consonant with the map
prepared earlier by Hecskins and Griffiths.

Other work, including seismologic studies by
Stewart W. Smith and detailed high resolution gecphysical
surveys of the ocean floor in the epicentral area >f the
1927 earthquake, has led to a conclusion that the earthquake
did not occur on the Hosgri fault, but instead procbably
originated on a currently active fault asscociated with a
large anticline located offshore from Purisima Pecint, south-
west of the Ecosgri fault. The Hosgri fault itself terminates

in this area, where its trace is overlain by apparently

-110-
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undisturbed sea-floor deposits of from around 10,000 to
100,00C years of age.

B. Exploration; Geophysical Manifestations

Throughout 1its known length, the Hosgri fault
underlies the ocean floor, along which it has no consistent
topographic expression. Thus explcration of this feature
necessarily has been accomplished chiefly through use of
various geophysical technigues. Methods that have been
emploved include several types of seismic or acoustic
reflection profiling systems, as well as mapping of the
earth's gravity and magnetic fields in the region traversed
by the fault. Samples of the rocks and surficial deposits
that underlie the sea floor near the fault trace have been
gathered by means of dart coring techniques. One deep test
well, drilled earlier at a location west of the fault,
provides for ccmparison of the stratigraphic section there
with the onshore section east of the fault at wvarious places.

Maps showing some of the regicnal and local geo-
physical survey track lines that have yielded data applied
to the Hosgri fault investigation are shown on Figures 31
and 32. The several techniques tlat have been applied in
exploration of the Hosgri fault are descrilbed briefly as
follows:

Seismic-Accoustic Reflection Technigques

Three major categories of reflecticn-surveying

procedures have been used in the investigations alcng the
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Hosgri fault. All involve rece.ving and recording energy
reflected from the sea floor and from various horizons
within the geologic section beneath the sea floor. The
resulting data define a seismic cross section through the
ground along the survey line; this section usually resembles
a geologic cross section through the corresponding area.

The three systems can be described as single-channel, multi-
channel, and shallow high-resolution.

Single channel systems are commonly referred to as
sparker or airgun, according to the source used for input
energy. The reflected energy is picked up by hydrophones,
then recorded by a one-channel analogue procedure that
usually employs a strip-chart recorder. Energy penetration
beneath the sea floor varies according to geologic conditions;
it also varies with power and frequency of the energy input,
higher power and lower frequency giving deeper penetration
but also lower resolution. Horizontal or gently inclined
layered sedimentary sections give the best energy returns;
massive or complexly deformed bedrock generally gives little
in the way of useful returns.

The earliest and most extensive surveys ¢f the
Bosgri fault employed single-channel sparker systems. Fault

breaks tend t.  ppear in the resulting reccrds as disruptions

b

or truncations within the section, as zones of disturbance
indicated by confused or inccherent seismic returns, as

sharp changes in apparent dip ¢f strata, as changes in the

-112-
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character of adjacent sections, or as zones where diffraction
patterns originate. Figure 33 shows an example of the
appearance of the Hosgri fault on a single-channel sparker
record.

A more advanced type of reflection surveying
involves recording the seismic returns on several channels,
usually in digital form on magnetic tape. This allows use
of the "common depth point" (CDP) technique of data processing,
which greatly improves the accuracy and usefulness of the
seismic information. Fault breaks have the same general
manifestations in multichannel CDP records as ‘n single
channel records. Energy sources commonly used for multi-
channel reflection surveying include sparker, air gun,
expanding sleeve explosion chamber, and explosives. Most of
the multichannel CDP surveying of the Hosgri fault has
yielded data proprietary to oil companies and contract
geophysical surveying firms, but data from two surveys have
been acquired for use during the investigations relating to
the Diablo Canyon site.

Shallow penetration, high-resclution survey pro-
cedures are used to investigate the details of sea floor
morphology, surficial deposits, and structure in the uppermost
few %tens of feet of the underlying rock section. Mocst high
resclution systems employ a single-channel analogue recording

system.

-113-
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Point Sur uplifts, in contrast, the magnetic anomaly map

pattern can show both faults and unfaulted blocks of rock
between faults. Figure 34 shows the magnetic map of the
coastal margin and its relationship to mapped faults of the
Hosgri and San Simeon zones.

Gravity Field Mapping

The earth's gravity field can be mapped using
procedures similar to those employed in magnetic mapping.
Data from scattered points or traverses of gravity-field
measurements are plotted and contcured. The measurements
are made from shipboard or with land-sited gravity meters.
The resulting map of gravity anomalies essentially shows
areas of contrasting density in the upper part of the crust.
As with magnetic mapping, this data can reveal, under condi-
ticns where rocks of differing density are structurally
juxtaposed, useful information about geologic structure.

c. Geology Of The Main Reach, Peint Sal To Cambria

The main or central reach of the Hosgri fault
(Figure 35) extends over a distance of about 60 miles,
between the approximate latitudes of Point Sal on the south
and Cambria on the north. Bevond this reach the fault
extends about 10 miles farther scuth and about 20 miles
farther north, to give a total length of about 90 miles for
the entire zone.

Within the main reach, the fault zone is fairly

straight and trends about N25W. North of Estero Bay, the

=115~
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strike bends westward and the zone widens and evolves into
separate splays and isclated breaks. Folding of the strata
within and adjacent to the fault zcne becomes prominent near
the ends of the main reach.

The Hosgri fault, in its main reach, is a nearly
vertical planar break or a narrow zone of such breaks that
appears as segments within thick sections of late Tertiary
sedimentary rocks opposite the Santa Maria River Valley and
oppesite Morro Bay. These geometrically simple segments are
separated by a more complex zona, comprising at least four
large breaks, where the fault cuts across the more resistant
rocks of the Point San Luis structural high. The area of
multiple breaks includes a graben, or down-dropped slice,
between the two dominant fault strands.

Sections across the Hosgri fault to a depth of
about 5000 feet show that Pliocene and older rocks are
displaced downward to the west along it (Figure 38).
Commonly the displacement can be seen to have been progres-
sive through late Miocene and subsequent time. Evidence of
at least local, deeply buried, pre-late Miocene reverse
faulting 1s preserved alcng the reach of the zone opposite
the Point San Luis high (Figures 36, 37). Within the upper
two to three thousand feet c¢f section, the fziult planes of
the Hosgri zone are relatively narrow, clean breaks, apparently
with minimal develcpment cf gouge (crushed rock in the

fault) and little severe distertion or fracturing ¢of the
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adjacent rocks. The relationships seen in cross section
suggest long-te.m incremental displacements in a vertical
sense.

Evidence cf strike-slip (horizontal) movements
aleng the Hosgri fault is less definitive than is the cobvious
evidence of vertical separation. The three main lines of
evidence that indicate or suggest a component of strike slip
movement are:

1. rocal mechanism solutions of small earthguakes
on the Hosgri show a right oblique sense of fault slip.

2 The fault zone is nearly straight alcng its
central reach, which is a characteristic of lateral-slip
faulrs.

3. Scme onshore parts of the San Simeon fault
and the Sur fault zone members of the Coastal Boundary zone
show geomorphic evidence of right-lateral offsets.

E. Wagner of the USGS has cited, as possible
evidence of lateral slip along the Hosgri fault, cbserved
differences in thickness of Tertiary rock sections on opposite
sides of the fault, along with inferred differences in
character of juxtaposed Tertiary and Quaternary units as
seen in seismic reflection records (Wagner, 1974). Although
some lateral slip may well have occurred, these conditions
might better be attributed tc successive episocdes of vertical
offset combined with continuing sedimentation on the down=-

dropped side and erosion on the up-thrown side of the fault,
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and also to changes in the seismic registration of similar

but differently oriented strata.

The large amount of right-lateral slip along the

Hosgri fault, as propcsed by C.A. Hall (Ball, 1976), apparently

reflects an hypothesis that was developed independently of

any direct study of the actual fault zone geometry or charac-

teristics. The hypothesis was based on an inferred correlation

of rocks exposed at Point Sal and near San Simeon, and on an
inference that the two rock assemb{ages were originally
together and subsequently separated by more than 80 km of
right slip along the Hosgri fault. The hypothesis has been

challerged on both stratigraphic and structural graunds, and

1t is here regarded as invalid. Consideration of all available

evidence leads instead to a conclusion that not more than
about 20 km of right-lateral slip could have occurred along
the central reach of the Hosgri fault since early Miocene
time (about 20 million years ago); the actual amount could
be asz little as a few kilometers. Vertical movement dis-
placement along this part of the fault zone has ranged
between 1 and 2 km during the same time span.
Considerations that appear to limit the amount of

possible lateral slip along the Hosgri fault include the
following:

t I The fault is not through-going in the sense
of connecting with otner faults in a way that would permit

transmission of tens of kilometers of lateral offset.

-118=-
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Instead, it dies out longitudinally in folds and in groups
of separate, isolated fault breaks.

- . The stratigraphic section penetrated by the
Oceano Well, located west of the fault, is similar to the
stratigraphic section of the adjacent Santa Maria - Casmalia
region east of the fault. Further, it is unlike the strati-
graphic section south of the Santa Ynez River, with which it
should correlate if many tens of kilometers of right slip
had occurred along the Hosgri fault. The similarity of
sections between the Oceano Well and the onshore Santa Maria
region appears to limit possible lateral slip tc a maximum
of about 20 km, although it actually could have been much
less.

3. The existence of a wider, more complex pattern
of faulting in the Hosgri zone directly opposite the Point
San Luis structural high strongly suggests that lateral slip
in that region has not exceeded a few kilometers, at least
since Pliocene time. Otherwise, lateral movement of the
seaward block would have carried the wide zone progressively
northward across Estero Bay.

The sea-floor morphology along the main reach of
the Hosgri fault varies chiefly in accordance with recency
of uplift in local areas and with differential resistance to
erosion of rocks juxtaposed across the fault. Opposite and
south of San Luis Cbispo Bay, the fault lies within younger

Tertiary rocks and has no surface expression (Figure 38).

«119=-
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wWhere they are adjacent to the Point San Luis high, the more

easterly fault strands locally ceocincide with submerged
marine terrace steps (Figure-39). The steps in places are
localized at the fault wher= it forms a boundary between
rocks of lesser and greater resistance, which makes 1t
difficult to determine whether some of the slip differential
elevation could represent vertical fault movement. Opposite
Estero Bay, the Hosgri fault locally coincides with small
sea-floor ridges or steps, including one that faces landward.
Som2 of these features are interpreted to represent possible
local sea-floor offsets. The existence of an undisturbed
sea-floor across the fault at other nearpy points, however,
precludes any possible Holocene rupture along the north-
central reach of the Hosgri from exceeding a few thousand
feet length.

D. Geology Of The Hosgri Zone North Of Point Estero;
Relationship To The San Simeon Fault

The Hosgri fault zone can be traced for a distance
of about 30 miles, 50 kilcmeters, north of Estero Bay.
within this ncrtherly reach, it changes progressively northward
from a narrow zone with large vertical cffset to a wide zone
of folds with less .ell-defined fault breaks, and thence to
an unbroken fold structure (Figures 40, 41).

The general trend of the Hosgri zone curves gradually
toward the west between Estero Bay and Point Piedras Blancas,

thence back to a trend similar to that ¢f the central reach.

-120=-
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approximately parallels the shore line between Point Estero
and San Simecn Point 1s not displaced as it should be if
offset by major vertical or lateral faulting.

3 The Monterey cherty shale that lies along the
southwest side of the San Simeon fault at San Simeon Point
can be traced 4 miles to the southeast in seismic reflection
records, indicating that the San Simeon fault does not veer
toward the Hosgri in that reach.

4. The splay faults that branch westward from
the San Simeon fault north cf San Simeon Point f~rm a dis-
tinctive structural pattern. These faults may well extend
to the northernmost part of the Hosgri fault, but their
orientation precludes significant transference of strain
(especially right-lateral strain) between the major parts of
the two faults.

g. The Hosgri fault dies out north of Point
Piedras Blancas. It does not veer toward the San Simeon
fault, but instead gradually dies out along a trend that is
subparallel to that of the San Simeon fault.

Additional evidence regarding the possibility of a
Hosgri - San Simeon fault link, not dependent on interpre-
taticn of seismic reflectiocn profiles, is provided by the
aercmagnetic map of the Point Estero - San Simeon regiocn
(Figure 42,. This map of residual magnetic intensity clearly
shows the San Simeon fault as a linear magnetic low, or

trough, between the proncunced magnetic high asscciated with

-122~
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the ophiolite basement rocks west of the fault and the more

scattered magnetic highs of the mixed Franciscan and ultramafic

terrane east of the fault. The Hosgri fault, as mapped from
seismic reflection data, 1s associated with the gradient
along the southwesterly, seaward side of the San Simeon area
magnetic high. This magnetic high appears to be associated
with a block of basement rocks that extends unbroken between
the Hosgri and the San Simeon faults in the area that would
contain any linking break that could permit through-going
transfer of slip from one fault to the other. The magnetic
anomaly pattern indicates that no such break exists, and
reinforces the conclusion that the Hosgri and San Simeon
faults are distinct, unconnected breaks.

E. Geology Of The Bosgri 2Zone South Of Point Sal;
Relationship To The Western Transverse Ranges

From about the latitude of Point Sal southward,
the Hosgri fault progressively loses definition as a separate
major break and merges into a zone of complex folding that
generally characterizes this region (Figure 43).

The southernmost extension of the Hosgri zone may
continue for a distance of about 10 miles south of Point
Sal. At 1ts extreme southerly end it apparently dies out
within a zcne of tight folding that extends seaward from the
vicinity of Purisima Point. This interpretaticn agrees
closely with the original Shell 0il Company map of the

Hosgri fault published by Hoskins and Griffiths, and more
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generally with the map included with Appendix 2.5.E of the

Diablo FSAR. An early interpretation by the USGS (e.g.,
Figure 2 of USGS open-file report 77-593, McColloch et al.,
1977) that the Hosgri fault continued southward as far as
Point Arguello evidently has been revised, and the most
recently released USGS map of the fault (Map MF-310, Buchanan =-
Banks, et al., 1978) shows the break as ending just south of i
Purisima Point. '

The substantial displacement across the central |
reach of the Hosgri fault diminishes southward, and strain
in its southerly reach evidently has been accommodated by
folding distributed throughout the region, as well as by f
local reverse faulting. Some movement probably has been
taken up along the Lions Head fault, which extends onshore
south of Point Sal. This fault has the same east-up sense
of vertical displacement as the Hosgri farther north, whereas
the southernmost break alcng the Hosgri trend is east-down.

The southerly end of the Hosgri is in the region
where mutually interfering strain systems are present.
These are the dominantly right-obligque system extending from
the Coast Ranges and ocffshore basin to the north, and the
left-cbligque system extending from the Western Transverse
Ranges to the east. The major structural feature that shows
evidence of late Quaternary tectonic activity, indicated
geclogically by £old arching and fault disrupticn of the sea

floor, is the offshore Lompoc anticline and reverse fault

=124~
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system, located several miles west of the Hosgri trend. The
Hosgri itself offsets rocks of Pliocene age, as 1t does

along its central reach to the north, but it has not been

found to exhibit evidence of late Quaternary (post-Wisconsinan)

surface displacement.
F. Overall Structural Relationships Of The

Hosgri Fault

As has been noted earlier in this testimony, the

Hosgri fault forms the southerly part of the Coastal Boundary
zone of features and faults that lies between the uplift of
the Southern Coast Ranges and the structural depression of
the offshore basins. Because of its location at the south
end of the Coast Ranges it is also involved in the transition
from Coast Ranges to Transverse Ranges structure. The
overall structural relationships of the Hosgri can be general-
ized into three regions, each characterized by a particular
set of relationships. These are, first, northerly region,
where strain is transferred across the Piedras Blancas
antiform between the Hosgri fault and the next major member
of the Coastal Boundary zone to the north, the San Simeon
fault. Second, the central region, where west-northwesterly
rending folds and faults in the uplifted ground east of the
Hosgri are detached across it from north-northwesterly folds

in the downdropped basin on its west side. Lastly 1is the

«125=-
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southerly zone where the Hosgri enters and dies within the
region of merging between the northwesterly, right lateral
structure trends of the Southern Coast Ranges and the east-
west, left-lateral structure trends of the Western Transverse
Ranges. These general relationships are illustrated on
Figure 44.

In the cent-al regicns of both the Hesgri and the
San Simeon faults, vertical strain is accommodated chiefly
by high angle dip slip displacement, so that sections of
early Miocene and younger strata ranging between 1 and 3 km
in thickness are buttressed against the faults. Right
lateral slip is alsc at a maximum along the central regions
of each of these faults, although it preocbably does not
exceed about 10 km, and it may amount to only a few km.
Along the central part of the Hosgri, the structural trends
across the fault differ in orientation by about 30 degrees,
an”. the folds in the ground on the east side are large, long
established features that show evidence of progressive
evolution since upper Miocene time. This pattern of large
folds oriented oblique to the trend of the Hosgri fault may,
at least in part, represent accommodation by fclding of the
right lateral strain along the central reach of the fault -
essentially in effect of "wrinkling" the crust on one side
of a set of horizontally sliding blocks.

In the northerly region of the Hosgri, the vertical

strain is mainly taken up by the large complex upwarp of the

=126~
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Piedras Blancas antiform. This fold, together with a series
of reverse fault splays contained within it, apparently
effects the transfer of both horizontal and lateral strain
hetween the Hosgri and San Simeon faults, and the faults
—~.2mselves are less developed in this region. The antiformal
transfer region nonetheless appears to be a zone of relatively
higher stress concentration, since it has been the socurce of
frequent small to moderate earthquakes throughout the time

of historic record.

The southerly region of the Hosgri fault lies
within the transition zone between the Southern Coast Ranges
and the Western Transverse Ranges structural provinces.

Here the main east-up vertical strain from the central reach
of the Hosgri is partly taken up along the Lions Head fault,
which extends onshore south of Point Sal as a steeply dipping
north-up right-obligque fault with .t least 1000 meters of
vertical displacement, and which dies out to the east. The
remainder of the vertical strain is apparently dispersed in
the series of tight foclds that exist in the strata adjacent
to the Hosgri fault. Right -lateral slip that extends
southward frcem the central reach of the Hosgri fault partly
transfers to the Lions Head fault, and partly is accommodated
in folds and isoclated faults along both sides and across the
end of the scuthernmost break ¢f the Hosgri zcne, along the

reach between Point Sal and Purisma Point.
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| G. Evidence Relating To Late Pleistocene And Holocene
Displacements

' The Hosgri fault underlies the gently seaward-sloping,
near-shecre margin of the continental shelf area. The nearest

abrupt topographic rises lie 2.5 miles (4 km) east of the

o v e LN

fault trace at Pcint Buchon and along the mountainous coast-

u
- ! line between Point Estero and Cambria. There is no overall
i toprographic expression of the favlt, and there is little

9| associated micro-topography such as commonly exists along

10 i traces of active late Quaternary faults on land. It can be
11| suggested that either the lates% large-scale offsets along

12 : the Hosgri fault occurred far enough back in time =-- at

13 ; least hundreds of thousands of years ago =-- to have been

14 é obliterated by successive episodes of marine and coastal

15 i erosion, or that late Quaternary movement has been dominantly

16 ' horizontal.

i 4 } In considering the significance of the fine details
18 E of sea~-floor morphology and of relations of faulting to

19 % surficial deposits underlying the sea floor, it is important
20 g to note that the sea floor to depths of about 400 feet was

ZIiL exposed to subaerial ercsion during the late Pleistocene
2211 Wisconsinan low stand of sea level and was then subjected to
23 (i marine planation during the succeeding rise in sea level %o
24!, 1its present elevation. The rise, which occurred mainly

25 !| between about 17,000 and 5,000 years ago, resulted in oblit-

26 || eration of earlier small-scale topographic evidence of
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surface fault movements during the past 10,000 to 17,000
years, after submergence exceeded the depth of active wave
erosion.

Surface displacements that have occurred since
this resubmergence should have created detectable disturbance
of the sea floor and of the late Pleistocene and Holocene
deposits that locally underlie. Seismologic evidence that
earthquakes in the region have right-oblique mechanisms, and
geologic evidence that the Hosgri fault has a history of
vertical offset, and geologic evidence that the most recent
movements of faults in the San Simeon zone have been high-
angle reverse or vertical strongly indicate that any recent
surface movements along the Hosgri should have had significant
vertical components and therefore should have created scarps
and vertical offsets of contacts that wou.d be detectible on
high-resolution seismic reflection profiles. Furthermore,
any recent surface faulting associated with large earthgquakes
should have produced topographic effects along substantial
reaches of the fault trace.

The entire length of the BHosgri fault zone has
been surveyed by intermediate and high-resolution systems.
The density of survey coverage 1is greatest along the reach
between Estero Bay and San Luis Obispo Bay, but good recon-
naissance coverage exists for the fault zone as far as 1its
nerth and south ends. The results of this exploration show

that both the sea floor ard the wave-cut rock surface beneath
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