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INTRODUCTION

In partial response to NRC question 361.35-regarding
the Capistrano Embayment, this repbrt was prepared to
supplement and revise my November 1975 report "Generalized
Sub-Surface Geological and Geophysical Study, Capistrano
Area, Orange County, California" (6). The present report
centers on interpretations of the relationship between
onshore and offshore geologic structure in the vicinity of
the San Onofre Site. The illustrations included in this
report are based upon newly acquired onshore seismic data,
recent geologic surface mapping, formerly acquired offshore
seismic data (2), and re-examination of all former surface
geology'and all available onshore and offshore well data.
A general discussion of the illustrations follow in order
to demonstrate the bases of interpretation, but in partic-
ular, this report addresses response to pérts (e), (a),

and (e) of the above NRC gquestion.
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 DISCUSSION OF iILUSTRATIONS

EXHIBIT A-1 - Generalized Contours Near Top of
Monterey Formation ‘

:General'cbmments'

To present a comprehendable picture that'reflects
relatively late tectonics involving an area partly covered
by water, a regional sub-surface contour map, based upon
the most shallow and youngest informatioh,'is necessary.

After reviewing horizons within the Capistrano Embay-
ment, the top of the Monterey-Formatioh’was selected as the
best and most shallow horizon that could be mapped onshore
and offshore. The contact of the top of the Monterey onshore
outcrop, as mapped by surface workers (1) is shown on this
exhibit. Microfaunal data indicate beds near this contact
range in age from the -lower part of the: Upper Mohnian to

. Lower Mohnian, Sub-surface control on this horizon is pro-

vided by wells (microfaunal and electric log data) and seismic
profiles, Where applicable, contouring of this horizon has
been guided by folds observed in outcrop.

Western Geophysical's seismic "B" horizon (2), which is
a "time map" was used to compile the offshore part of this
map.‘ Time "picks" on Western's map have been converted to
depth using Western's velocities.

An area of "no data" exists between the most landward
offshore seismic shot points and the shoreline. However,
information from Mobil "San Clemente" No., 1 core hole, depth
values from the seismic profiles, and extrapolition of on-
shore surface and well data to the offshore area--indicate
that Western's seismic "B" horizon is approximately equivalent
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to the top of‘the'Monterey as contouredvonshdre. In my
~opinion, the accuracy of the onshore and offshore contours
being equivalent is within 200 feet in elevation of each
other. ‘ | ' ’

A faulted anticline is interpreted to lié within the
"no data" area mentioned above because of the southwest
dip of seismic reflectors and the northeast dip of beds
exposed along the shoreline. The dip of onShore beds de-
creases southeasterly along the shore and becomes nearly
horizontal at the San Onofre Site. Quaternary deposits
cover most of the older sediments, and surface dip data
is quite sparse in the San Mateo Point--San Onofre area.

My structural interpretation of the offshore area is
approximately the same as Western's with the exception of
the fault near the Mobil "San Clemente" No. 1 core hole.
Western, on their "time" map of the "B" horizon, has inter-
preted a fault southwest of the core hole. I agree that
minor faulting may be present southwest of this hole.
However, considering the age of the formation (Lower Mohnian)
near the sea floor at this location together with the seismic
data on Line No, 123, I interpret the main and significant:
' fault to be northeast of the core hole as shown on this
exhibit. Evidence of this fault lies between shot points
87 and 99 where:

l. An offset of reflections appear along the axis of

' a syncline, and

2. The bottom of the syncline has no refleétionS'that

- flatten as they normally do. :

- In addition, spurious events (possibly reflected refractions),
that could have been generated by this fault, occur between
- shot points 123 and 99 (see'Structure;Section K-L).




GENERAL STRUCTURE

From the E1l Toro area to San Juan Capistrano the
overall structural settlng of the Capistrano Embayment
is a north-south syncllnal basin 1nterrupted by some ‘
west to northwest trending arches and some minor northwest
trending faults. From San Juan Capistrano southward into
the offshore area the‘synclinal basin becomes a series of
northwest trending folds and faults nearly parallel to the
shore line. Farther to the southeast and southwest the
dominant structure is a more homoclinal, :dipping southwestward.
The South Coast Offshore fault zone. comprises the major fault
structure offshore.

FAULTING - Response to part (e) NRC question 3%61.35

Faults that more or less bound the Capistrano Embayment,
or are exposed in outcrop outside the Embayment, are the
Cristianitos fault on the east and the many faults of the
San Joaquin Hills on the west. Faults cutting the Monterey
Formation interior to the embayment are relatively rare, but
several are shown in Exhibit A-l generally south of San Juan
Capistrano. The more important of these are discussed below.
For discussion purposes three new fault names are introduced;

_'these are, from east to west, the "Carr®, "Vaciadero", and

"Offshore Dana Point" faults.

Evidence for the "Carr" fault includes surface: mapping
(3), (4), and (5), and sub-surface contour spacing based on
closest well control. The fault strikes north-northwest and
dips steeply southwest, Its vertical displacement is down
to the southwest (see Structure Section C-B). Its trace is
obscured on the surface over one mile onshore from the |
shoreline, However, the shoreward extremities of seismic
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llnes No. 108 and No.‘125 have ev1dence of faulting with
»”down to-the- southwest” dlsplacement ThlS dlsplacement ”
may possibly be the offshore extens1on of the "Carr"
fault '

At one local area near the onshore surface trace of
gthis fault a thin veneer of Niguel Formation has been mapped
'show1ng possible disturbance by this fault (4). The age of

the Niguel Formation is probably Iate Pliocene (5). Although
we find that, in general, the Niguel Formatlon_in.the Capis=~
trano Embayment isgrelatively undisturbed, this possible
evidence suggests that the latest movement on the "Carr®
fault may have been during the Late Pliocene. .

Evidence for the "Vaciadero" fault consists of sub-
, surface contouring based on local well control (dipmeter,
. ‘ paleontological, and electric log data). The fault plane
is not exposed at the surface and is, therefore, believed
to be older than the "Carr" fault. Its apparent direction
of displacement, although larger, is the same as the "Carr"
(see Structure Section C-B). Evidence of its strike is
.1a¢kiﬁg' Its strlke has been assumed to be similar to the
"Carr'" fault, ]
Ev1dence for the "Offshore Dana Polnt" fault consists
of the low structural position of the selsmlc "B" horizon
(approximate equivalent to the top of the Monterey) near
the intersection of seismic lines No. 110 and No. 129 com-—
pared to the older surface rocks (San Onofre Breccia) cropping
out at Dana Point. This suggests considerable vertical move-
ment, down to the south (see Structure Section C-B). Evidence
of "offset" of seismic reflections near the intersection of
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- line No. lIO and line No. 127 (SP 40), where a down—to-_

the-southwest dlsplacement is 1ndlcated 1s 1nterpreted as

. the southeast extension of the "Offshore Dana Point" fault.
If this fault is part of the Laguna Canyon fault zone

onshore, as suggested by its allgnment,;and the two faults.
are contemporaneous, then the last movement of the nOffshore
Dana Point" fault is probably no later than Upper Miocene,

The Dana Point fault has been mapped at the ground

.surface (l) Its dominant displacement appears to be ver-

tical and down to the northeast resulting in a horst block
in the Dana Point area. Latest movement on this fault was
also probably during the Upper Miocene.

The South Coast Offshore fault has been interpreted
as a zone of faulting including displacements that are down
to the southwest and down to the northeast., In occassional
areas possible lateral-dlsplacement has been interpreted.
Horst blocks within the fault zone have resulted from this
variable direction of displaoement The fault zone also
varies considerably in width (see Western's Horizon C map
(2) ). In addition, different age of movement has been
involved since only older beds are disturbed in certain

”areas along the fault zone (see Structure Sections C B,

HG, and I-J).

Only.that'part of the South Coast Offshore fault zone
nearest the shore is seen at the seismic "B" horizon (near
top Monterey). Evidence for this part of the fault zone
1s seen on seismic line No. 127, where labeled the "South

Coast Offshore Fault", and on alignment toward the south-
east, on seismic lines Nos. W-10, 145, WS 70-18, and 123,
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- However, the‘fault dbes'not continuously:displacé_this

horizon although oldér beds may bé disturbed. For example,

the fault does not displace seismic horizon "B" on seismic

lines Nos..129 or 125, Some lateral movement (possibly 25007'
feet) is suggested by offset contours near the 1ntersect10n '
of selsmlc lines Nos. 145 and WS 70-18.

‘The Cristianitos fault appears to dievout-southerly'at

‘ Mohterey depth., However, along the projection of the Cris-

tianitos fault, evidence of faultlng of older beds can be
observed on seismic line No 106 (see Structure Sectlon

’

Considerable minor faulting based on surface mapping

(1) is shown in the central part of T8S, R7W, where Monterey

crops out. 'Due to the lack of significant displacement of
the top of the Monterey contact in outcrop, these faults are
considered minor. At Monterey depth at more basinward
positions the contours accordingly show minor to no displace-
ment on these faults.« Since the nguel Formation, located
farther north and west within the Caplstrano Embayment has

had relatively little fault disturbance, it is believed that

movement on these faults in this area probably ceased durlng

the ILate Pllocene.

EXHIBIT B?— Contours,on Top of Cretaceous'(RéviSed)

This exhibit, when formerly'submitted under reference
(6), was intended basically to demonstrate the Cristianitos
fault at Cretaceous depth and its relationship to the January
1975 earthquakes.,

' The revised map, insofar as available data pernits,
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represents~e befterjand_mbre acCﬁrete_regional interpre-
tation of the area at Cretaceous depth because of newly
acQﬁired data and further study of faults in conjunction
with the.censtructioneof the Monterey map, Exhibit A-1.

_Most‘of the revieions of this map are confined to the
southwestern portion from the Dana Point--San Clemente area
northward into the northern part of 775, R8W.

Newly acquired seismic data, specifically line No. 147
(discussed further below), contains information that supports
the presence of a syncline, an anticline, and possibly, the
Shady Canyon fault, The location of this line is plotted
on this map and the interpretation of the structure at
Cretaceous depth has been fevised as shown by the contours.

The position of the Shady Canyon fault has been revised
to conform with its interpreted location on line No. 147;
that is, it is now shown about 1,000 feet northeast from
its former location in the vicinity of line No. 147, but:
otherwise remains as shown on the original map.

The possible extension of the Shady Canyon fault south-~
east from the location of line No. 147 is based on Cretaceous
well points to the'east and estimates of Cretaceous depths
west of the fault. More specifically, the Cretaceous depth, -
5, 360 feet at Roy Gill Krum No. 1, Section 7, T8S, RTW, is
regionally fairly shallow. There are no deep holes southeast
of the Shady Canyon fault except Roy ¢ill Forster No. 1,
Section 13, T8S, R8W. This hole did not reach the Cretaceous,
~ but it is estimated at-7,000 feet. I interpret this large
difference of Cretaceous elevations between the above holes
to be due to faultlng—-partly by the "Carr" fault (dlscussed
above) and partly by the Shady Canycn fault (see Structure
Section C-B)
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: The dlrectlon and length of the "Carrh and "Va01adero"
faults at Cretaceous depth have been changed to conform
with the Monterey map where their dlsplacement, direction,
‘and lehgth-have been disoussed above, These faults were
not named in the original'l975 report but “they can be identi- -
- fied on the original map by referring to Structure Section
C-B

An interpretatlon at Cretaceous depth of the Laguna
Canyon and Temple Hill faults, plus some additional minor
faulting have been added in the San Joaquin Hills area
- because they have been shown by former workers (1) and
(4). They probably disturb the Cretaceous, and they show
the direction of faulting in this area.

An interpretation is also shown at Cretaceous depth -
of the offshore anticline (near the shore line) cut by the
"Dana Point", '"Vaciadero", and "Carr" faults, (discussed
" above at Monterey-depth). '

Further Cretaceous mapping offshore was not attempted
since the horizon would fall below the "Acoustic Basement"
mapped by Western Geophysical (2). Seismic data is undiag-
nostic below this horizon offshore.

STRUCTURE SECTIONS

Sections A-B, D-E, C-B, and H-G accompanied the 1975
report (6) but they have been corrected to reflect revisions
made on Exhibit B and to conform with the Monterey contours
and faults shown on Exhibit A-l. Sections C-B and H-G have
been extended seaward along seismic lines (2) and two .
additional sections, I-J and K-L have been prepared along
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seismic lines fo further demonstrate’the'geologic interpreé

‘tatiqn_and relafidnship between the onshore and offshore in
“the vicinity of the San Onofre Site. Seismic horizons "B"

and "C", mapped by Western Geophysical (2), have been con-
verted to depth on these sections. The location of the
South Coast Offshore fault zone, discussed above, is noted
on the offshore portion of each section.

‘Section C-B shows the offshore anticline originating
with a horst block (projected from Dana Point) and with
considerable relief. Also, note that Section C-B. shows
the "B" horizon undisturbed by the South Coast. Offshore
fault zone. However, this horizon is shown offset by the:
landward edge of this fault zone on Section H-G.

Structure Section I-J was selected to fall directly
under the San Onofre Site where a shallow hole bottomed at
989' in San Mateo Sands that appear in age to be: equivalent
to the lower part of the Capistrano. The offshore portion
of this section is tied to seismic line No. WS 70-18, which
illustrates the South Coast Offshore fault zone that forms
a large horst block. The interpretation is partially sup-
ported by two shallow core holes, No. 92 and No. 93. These.
holes were drilled in 1968 by an oil group that was gather-

ing data in preparation for offshore sales. These holes

support the presence of a thin veneer of Quaternary and
Uppermost Tertiary sediment in the offshore area, Based
on -these data, a thin, shallow interval of similar age
sediments isipresuméd to be present also in the offshore
portion of Section H-G and Section K-L.

Structure Section K~-L is supnorted by the Mobll "San
Clemente" No., 1 offshore core hole, total depth 6,130 feet,
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'seismic’offshore data, and'onShore'surface geology.' ror'-
~ reasons given under general comments, Exhlblt A-1, the
locatlon of the fault 1mmed1ately shoreward of the above
core hole dlffers from Western Geophys1cal's interpre-'
tation (2) Tbls fault is the landward edge of the South
Coast Offshore fault zone.

- Annotated Onshore'SeiSmic Reflection Profiles

The following profiles (lines) have been annotated

| with'geology and are discussed below in response to part
(e ), NRC questlon 361.35, The line locationsfare shown on
Exhlblts 'A-1 and B, | |

In general, these profiles have some value in relation
to the dip of shallow beds and they have been used to
support contours on Exhibit A-1l, However, seismic reflec-
“tions at- Cretaceous depth are very poor and have less
- value., ILine 147, the eastern part of line 152, and the
Mobil vibroseis lines have partially aided the constructlon
of the Cretaceous map, Exhiblt B.

Seismic Line No. 152

The original records (1964), even with modern process-
ing (1975), have resulted in very poor data to 1nterpret
‘The eastward one-half of this line shows reflections with
westward dip. The westward one-half has unreliable data
at‘Cretaceous_depth,-hoWever, some indication of minor
7,folding~at shallow depths occurs betWeen shot points 21 and
28, Ev1dence of faulting is very weak and, without the
‘beneflt of surface geology and well data, the fault inter-
pretatlon on the Crlstlanltos fault zone. and branch faults
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" as.shown on the‘anﬁotatedissCtion could:not-be'msde. Only
“with the knowledge of the fault locations at the ground
surface can the fault planes be extended in depth in the -
- manner shown based upon the appearance of reflections.
'The dips shown on the fault planes are partly influenced
by regional geologic evidence of westward dipping "down-
to-the-west" movement on the Cristianitos and associated
branch faults., . Therefore, the seismic line alone, with no
geologic sﬁpplementary data, has very little value in
determining'the age and capability of faults. It does, in
general, help to confirm the west d1p of the sediments east
of the Cristlanltos fault.

Vibroseis Iine No. 8

This seismic section (1971) has slightly more useful
data than N-152, Some evidence of faulting exists which
 can be interpreted withdut the aid of surface and sub-
surface-supplementary geologic information. The best fault
evidence consists of the termination and apparent offset
of reflections between shot points No. 190 and No. 200,
which coincides with a surface fault that is a branch of
‘the Mission Viejo fault. The Mission Viejo fault, however,
which is a large fault, has little evidence of offset in
~the reflections. With the aid of surface geology and well
 data that falls on this line, a fairly good geologic inter-
‘pretatlon is shown on this annotated seismic section. How-
ever, in respect to defining and evaluating the.age and
capability of faults, this seismic line alonef-without
surface and sub-surface geblogy has little value. Geologic
structure section C-B, which falls partly on this seismiec
‘line, suggests that the Mission Viejo Fault and its branches
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'occurred sometlme after the Lower. Tertlarj. >ﬂ1th the
surface geology, however, the reflections on vibroseis
line No. 8 aid in determlnlng the amount of fault
dlsplacement. '

Seismic Line No. 147

This line was shot in 1954 and reprocessed in 1964
'rby Standard 0il, More useable data 1is present on this
" line than any other onshore seismic line examined in this
area, Still the reflections are comparatively of low
quality, but they do define an anticline and a syncline,
Faulting is indicated where shown as the possible extension
of the Shady Canyon Fault that is mapped on the surface in
the San Joaquin Hills area to the northwest., A predominance
of northward dipping reflectors (l,S'to 2.5 seconds) is
. shown on the section--mainly on the southern half. These
' data probably do not represent geology in the plane of the
section. They are believed to be refractions from a source
away from the plane of~the section-~possibly from faults
located to the west on the eastern slope of the San Joaquin
Hills., The section is supplemented by well data shown .
annotated along with an interpretation of the geology.
Fault evidence is not strong, but the reflections indicate
disturbance in the area where the Shady Canyon Fault is
interpreted as: possibly present. In this case the seismic
data suggest that the latest movement on the Shady Canyon
Fault was just prior to the dep031t10n of the Monterey,
probably during the Middle Miocene.

Seismic Line No. 160

o | : ‘This line was recently acqulred from Standard 0il along
. ' with line No. 147. It was also shot in 1954 and reprocessed




SEISMIC LINE NO. 160 =~  Page 14

in 1964 by Standard. Reflections on this line are very
poor and there does not appear to be aﬁy substantial
evidence to sﬁpport‘faultihg. Some minor folding is sug-
- gested in. the more shallow beds as shown by the annotated
'geology. The poor data does partly support the general
geology where the line is located on the contour maps--
Exhibits A-1 and B, ‘ '

Well Data -

Well data comprise all available information pertaining
to logs of "borings" requested under part (d) of NRC question

361.35. 1In August of 1977 all of the well data was:cbmpiled and

annotated on electric logs of all holes that had run electric
logs. The annotations showed in briefed form all significant
data such as dipmeter, cores, sidewalls, tops of geologic
horizons, fault interpretations, and paleontology. Where:
electric logs were not run the history and drillers log were
compiled. All of these data were forwarded to the NRC in
‘December 1977.

CONCLUSION

In addition to responses to specific portions of NRC
question 361.35, this report includes an illustration
(Exhibit A-1) of the most extensive, shallow,. and mappable
sub-surface horizon onshore and offshore in the San Onofre
region. The interpretations shown on this and the additional
illustrations suggest that the major tectbnic activity within
ten miles of the site took place prior toithe termination of
the Pliocene epoCh, possibly two million years before present;
-and since that time the area has been tectonically quiet--
with the exception of the South Coast Offshore fault zone along
which»somelmovement:probably occurred in the Late Pleistocene.
Data that I have examined reveal no additional faults of this

or younger age Within-about five miles of the San Onofre site.,
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