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TESTIMONY OF DR. FERRY L. EHLIG
Would you please state y ur name?
Dr. Perry L. Ehlig.
By whom are you present.y emplcoyed?
I am a professor of geclogy at California State
University at Los Angeles.
In what manner are you associated with the
Applicants in this proceeding?
Over the past four years I have been retained by the
Applicants as a onsulting geclcgist. I have
conducted several geologic studies of the area
around San Cnofre involved with local stratigraphy:;
regiocnal and local structure and tectonics.
Would you please describe your formal training in
geology?
I received a B.A. and Ph.D in geology £from the
University of California at Los Angeles (UCLA) in
1952 and 1958, respectively.
What professional positions have you had in the area
of geclogy?
I have been a consulting engineering geclogist since
1954 to private consulting firms, the U.S. Army

Corps of Engineers, Southern California Edison, City

(20

of Ranche Palos Verdes, and a member of Los Angeles
County Engineering Geolcgy and S¢oils Review and

Appeals Bcard.
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Have you been associated with any educational
institutions?

Yes, I was a teaching assistant in geology at UCLA
in 1953-1954, a field geoclogy instructor in 1956 and
1958 at UCLA and at. Louisiana State University in
1957, and I have been a professor in geology at
California State University at Los Angeles since
1956.

Do you hold any professicnal registrations in the
State of California or any other state?

Yes, I am a Registered Geologist, No. 1692, and a
Certified Engineering Ceologist, No. 533, in the
State of California.

What are your pertinent prof
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or
organizational memkberships?

I am a member of the American Association for the
Advancement of Science; American Asscciation of

Petroleum Geologists; Association of

M

neering

[ X8

ng
Geologists; Geclogical Society of America;
Mineralogical Society of America; Sigma Xi; Scciety

of Econcmic Paleontologists and Mineralogists; and

Q

National Association of Geolegy Teachers.
Have you written or published articles in the field
of geclcgy?

. : . N s . = i
Yes, I have authcred or cc-authored numerous papers

and repcrts dealing with applied ignecus and
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metamorphic petrology, structural geology and
engineering geclogy. A list of published reports is
appended hereto.

Have you presented expert opinion or testimony?

Yes. I presented expert opinion to the Advisory
Committee on Reactor Safeguards ("ACRS") in this
proceeding In addition, [ presented expert opinion
before the Riverside, California Superior Court
about 1970. This testimony dealt with “he volume of
hard rock likely to have been present in an area
requiring blasting.

What is the purpose of your testimony in this
proceeding?

Cne of the issues in this proceeding is whether
based on the geclogic characteristics cf the 02D,
including its length, assignment ¢f M 7 as the
maximum magnitude earthgquake for the 02D renders the
seismic design basis inadegquate. The purpose of my
testimony is to establish the regicnal geoleogic
setting and the evolution of the relevant geologic
structures and stratigraphy in the San Onofre region.
Have you investigated or studied the geclogic
evolution 5f the San Onocfre region including the C2D?

Yes.
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Would you describe the basic geclogic evolution of
the San Cnofre regicn up to the time of development
of the 02ZD?

My studies indicate the geclogic evolution of the
San Onofre region began about 200 million years
("m.y.") ago when the western edge of the
continental crust terminated near the eastern margin
of the present Peninsular Ranges and sedimentary
strata of Triassic and Jurassic age, referred tc as
the Bedford Canyon Formation near SONGS, were
accreted against it, presumably as a ruvsult of
eastward subduction of cceanic crust (Hamilton,
Warren, "Mesoczoic Tectonics of the United States”
and Criscione and others, "The Age of Sedimentation/
Diageneis for the Bedford Canyon Formation and the
Santa Monica Formation in Scuthern California: A

RE/Sr evaluation," Mesozoic Palecgraphy of the

Western United States: Pacific Section, So. Ecocnomic

Paleontclogists and Mineralogists, Pacific Coast

Palecgecgraphy Syvmposium 2, Hcwell, D.G. and

McDougall, X.A., eds., pp. 385-396 (1978).)
Veolcanic and volcaniclastic rocks were emplaced on

top of the accretionary wedge along the western side
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California and Adjacent Mexicoe", in The Ceotectonic

Development of California, 284-30S (Ernst, W.G. ed.

1981); Gastil and others, "Reconnaissance Geoclcgy of

the State of Baja California." Ceological Society of

America, Mem. 140, (1975).) Batholithic rocks
intruded the accretiocnary wedge during the
Cretaceous. The initial batholiths were emplaced
across the western half of the Peninsular Ranges
starting about 120 m.y. ago. The locus of magmatism
was nearly static until about 105 m.y. ago when it
began migrating eastward and eventually passed east
of the Peninsular Ranges 85-90 m.y. age (Silver and
others, "Scme Petrological and GCeological
Cbservations ¢f the Peninsular Ranges Batholith Near
the International Border of the U.S.A. and Mexico,"

in Mesozoic Crystalline Rocks Peninsular Ranges

ste:

-

Batholith and Pegmatites Point Sal Ophio

Depart. of Geoclogical Sciences San Diego State

University, Abbott, P.L. and Todd, V.R., eds.,

pp. 83-110, (1979).) Batholithic emplacement was
accempanied by uplift and erosion, but, by Late
Cretaceous, subsidence along the western margin of
the Peninsular Ranges permitted the sea to
transgress eastward to form a rugged shoreline near

the western margin of the batholithic intrusions

(Figure PLE-A, "Block Diagram of Peninsula

"

Ranges

wn
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During Cretacous”"). As seen today, the eastern
limit of Upper Cretaceocus marine strata forms a
relatively straight line from the Santa Ana
Mountains at the northwest corner of the Peninsular
Ranges to the Vizcaino Peninsula in Baja,
California. Gastil and cothers (supra at 47) refer
to this as the Santillan and Barrera line (Figure
PLE-B, "Location of Santillan and Barrera Hinge
Line"). The line was originally thought of as the
eastern edge of a geosynclinal basin analogous to
the Great Valley of California but in terms of
modern nomenclature we would refer to it as a
forearc basin. The Santillan and Barrera line is a
tectonic hinge line separating the thick, buoyant,
dominantly batholithic continental crust to the east
from the westward-thinning, accretiocnary wedge which
adjoins oceanic crust to the west. Downwarping to
the west of this line was probably controlled
primarily by isostatic adjustments and proceeded
gradually through time, probably in response to
loading by sediments eroded from the ccntinent to
the east of the line.

During the pericd 90-20 m.y. ago, frem the
Late Cretacecus through the Early Miocene, the

position and configuration of the cocastline wvaried

3

slightly, probably as a result of fluctuations ir

»
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relative sea level and minor crustal warping.
During the Eocene approximately 40 m.y. ago the
coast transcressed landward across the Santillan and
Barrera line but most of the time it was on the
seaward ~ide of the line. During the Early Miccene
(about 20 m.y. ago) the shoreline was immediately
west of SONGS and trended north-northwesterly across
the present Capistranoc Embayment as shown
diagramatically in Figure PLE-C, "Location of
Coastline During Early Miocene About 20 m.y. Ago"
(see Campbell, R.H. and Yerkes, R.F. "Cenczoic
Evolution of the Los Angeles Basin Area - Relation
to Plate Tectonics": Pacific Section of American
Association of Petroleum Geolcgists and
Petrologists: Misc. Pub. 24, pp. 541-558, (1976).)
At that time the Vagquercs Formation was deposited
under shallow marine ccnditions on the seaward side
of the shoreline while the continental Sespe
Formation was “feposited on the landward side.

At the beginn .ng of the Middle Miocene (about
16 m.y. ago) conditions changed radically along the
southern California cocast and adjacent cffshore
borderland. The change may have been brought on by
passage of the East Pacific Rise beneath this part
of the continental margin or by divergent transform

faulting postdating the overriding of the rise.
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The major changes included: 1) the suliden
appearance of Catalina Schist at the surface in the
area cfshore from the present cocast with local
shedding of schist debris in a northerly to easterly
direction to form the onshore occurrences of the San
Onofre Breccia; 2) widespread volcanism including
volcanic intrustions within and to the north of the
San Jocaquin Hills; and 3) crustal extension and
fragmentation causing the initial opening of the Los
Angeles Basin (Figure PLE-D, "Paleogeogwaphy in
Middle Miocene About 15 m.y. Ago"; (see Stuart, C.J.
"Middle Miocene Paleogeography of Ccastal Southern
California and the California Borderland -- Evidence
from Schist-bearing Sedim:sntary Rocks", in Cenozoic

paleogeography of the Western United States, Pacific

Section, SEPM, pp. 25-44, (Armentrou-, Cole and
Terbist, eds., 1979) aad the development of
northwest-trending ridges and basins in the Southern
California Continental Borderland. PLE-E, "Known
Distribution of San Onofre Breccia and Probable
Northeastern Limits of Catalirna Schist Basement"
shows the distrikution of Zan Oncfre Breccia which
consists of Catalina Schist cdebris and the probable
landward limi% of schist bedrock. The juxtapositicn

of the schist against Peninsu.lar Range basement is

'y
"

significant because tlLe two fcrmed in very different



1

w 0 ~N o v s W N

ol el el el ) e o e e b
W 00 ~N O U A W N = O

24
25
26

environments. The juxtaposition is important
because the two formed in very different
environments .nd were probably brought tojether by
lateral faulting. Whereas the Peninsular Ranges
basement formed in a shallow continan.al environment
by emplacement of batholithic magmi: believed to be
derived from a subduction ~one undergoing partial
melting at a depth of 175 to 175 km below the
surface, the Catalina Schist experienced low
temperature, high pressure metamorphism
characteristic of a subduction zone at a depth of 30
to 40 km (Platt. J.P., "The Petrology, Structure,
and Geologic History of the Catalina Schist Terrane,
Southern Terrain, Southern California”; in 112

Univer. Calif. Publ. GCecl. Sci., (1976)). The

limited available data indicates the schist was
metamorphosed synchronous with emplacement of
batholithic rocks (Platt, J.P., Stuart, C.J., Suope.
J. and Armstrong, R.L., "Potassium Argon Dating of

Franciscan Metamorphic Rocke: 272 American Journal

of Science, 217-233, (1972)).

In the area offshore from SONGS the contact
between the two terranes is likely to lie along the
C22 but the presence of a thick sedimentary cover

inhibits verificaticn. The gresatest known thickness

of San Cncfre Breccia is expcsed on San Onofre
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Mountain east of SONGS where it was deposited on a
piedmont alluvial fan (Figure PLE-F, "Idealized
Block Diagram, Depcsition of the San Onofre
Breccia"). Details of its depositional envircnment
in the SONGS area are described by me in "Miccene
tratigraphy and Depositions, Environments of the
San Onofre Area and Their Tectonic Significance" (in

Stuart, C.J., A Guidebook to Miocene Lithofacies and

Depcsiticonal Environments, Coastal Southern

California and Nerthwesternu Baja California, pp.

43-51, (1979)) and by Stuart, C.J., in "Middle
Miocene Paleography of Cocastal Southern California
and the California Borderland - Evideace from
Schist-Bearing Sedimentary Rocks", (in venozoic

Paloegeography of the Western United State:, Pacific

Section, SEPM, pp. 29-44 (Armentrout, Cole anu
Terbest, eds., (1979)).

Volcanism was wide spread within southern
California during the Middle Mioccene but in the
region around SONGS i* occurred mainly within and to
the north ¢of the San Joagquin H.lls. Here, the
volcanic rocks occur as flows and pyroclastic debris
interbedded with the Tcpanga Formation and as
intrusions a.iong faults (Vedder and others,

" -~

Geologic Map and Cross Section of the San Joaguin

M4

Hills - San Juan Capistranc area, Ca.ifornia; U.S.
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Ceclogical Survey Open - File Maps 75-552, (197%5)).
A southward plunging domal uplift developed in the
San Jcaquin Hills and the area to the north
simultaneous with emplacement of volcanic rocks.
McCulloh has mapped a steep-gradient positive
gravity anomaly over this area. (McCulloh, T.H.,
"Gravity Variations and the Geoclogy of the Los
Angeles Basin of California," U.S. Geclogical Survey
Research, Procfessional Paper 40C-B, p. B-32S5,
(1960)). Although McCullch suggested the anomaly
might be caused by a gabbro intrusion in the
underlying basement, it appears more likely that the
area is underlain by a shallow laccolith of Middle
Miocene age.

A microfaunal analysis of the Topanga
Formation in the northwestern San Joagquin Hills
indicates water depths increased from about 250 m
(800 £t.) at the start of the Middle Miocene
(16 m.y. ago) to about 1800 m (5900 ft.) in late
Middle Miocene (about 14.5 m.y. ago) as de*ermined
by Ingle (Ingle, J.C., "Biostratigraphy and
Palececology of Early Miocene through Early

Pleistorcene Benthonic and Planktonic Foraminifera,

San Joaquin Hills - Newpcrt Bay - Dana Point Area,
Orange Ccunty, California," in Stuart, C.J., supra,
pp. S53-78, (1979).) (Figure PLE-G "Bonita Canyen -
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Paleobathymetry Correlation"). This reflects the
initial opening of the Los Angeles Basin. As
subsidence progressed throughout the area and a
silled basin with oxygen-deficient bottom water
developed, sedimentation changed to the laminated
diatomaceous shale of the Mcnterey Formation and the
palecbathymetry changed as shown in Figure PLE-H
"Newport Bay - Palecbathymetry Correlation”". Along
the cocast southeast of SONGS, shale in the Monterey
Formation interfingers with massive sandstone
deposited as small submarine fans. This reflects
the presence of a relatively steep submarine slope
along the western margin cf the Peninsular Range
perhaps controlled iscstatically by a thinner crust
wvest of the 02ZD.

Subsequent to the Middle Miccene period, described
above, were there any significant changes in
geclogic structure or stratigraphy?

Yes.

Would you describe thcse changes?

During the Late Miocene, (approximately 10 m.y. ago)
the Cristianitos fault began to mova in association
with subsidence in the Capistranoc Embayment as
described by me in "The Late Cenczoic Evelution of

* an

m

~ 4 b 2 & 1 § o (1239
the Capistranc Embayment” (Geolcgic Cuide of

Cneofre Nuclear Cenerating Station and Adjacent
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Regions of Southern California, Pacific Sections

AAPG, SEPM, and SEG, Fife, D.L., ed., pp. 38-47,

(1979)). The surface trace of the Cristianitos
fault is subparallel to the Santillan and Barrera
line and lies at an average distance of about 6
miles (10 km) west cof it. As interpreted here, the
Cristianitos fault is a westward-facing listric,
nornal fault which passes downward into a
beuding-plane fault within the lcwer part of the
post-batholithic Cretaceous strata or underlying
Santiago Peak Volcanics which contain interfingered
marine shale. tructural factors controlling the
Cristianitos fault would be the westward dip of the
deep strata and the eastward pinchout of clay-rich
strata which might serve as surfaces of low shear
strengtn during gravity gliding. The dip of the
trata would be essentially perpendicular to the
Santillan and Barrera l.ne and the dips would be
steeper at the base of the sedimentary segquence than
near the top because of progressive westward tilting
through time.
Movement on the Cristianitos fault started

when the area was below sea level and is marked by a

O
in
"

change in sedimenta:icn om the decminantly

laminated diatomaceous strata of the Montere

"

L) |

ormation tec the pcorly bedded mudstone, siltstone
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and sandstone of the Capistranc Formation. Beds
within the two formations are concordant and are
gradational in lithology within the interior of the
embayment but are discordant and change abruptly
from shale tc sandstone adjacent to the Cristianites
fault. During deposition of the Capistrano
Formation, two large submarine fans had their heads
along the base of a west-facing submarine scarp
aleng the Cristianites fault. One is in the
northeastern part of the Capistrano Embayment and is
represented by massive sandstcne of the Oso Member
of the Capistrano Formaticon. Here, conglomerati
sandstone of the Oso Member rests upon a scoured
surface cut on slightly upturned beds of Monterey
shale. The sand of the Osoc Member was probably fed
into the area by the ancestral Trabucc Creek which
probably draired a large area some 50 km northeast
of SONGS, in the Perris region. The seccnd
submarine fan had its head along the Cristianitos
fault in the area between SONGS and San Matec Creek
and, although its massive sandstone is referred to
as the San Mateo Formation, it interfingers with and

is part of the Capistrano Formation. The ccarsest

Ly

part of the fan-head deposits is restricted to a
small area petween San On. “re and San Mateo Creeks.

This suggests that the fan was fed by a submarine
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canyon cut into the fault scarp alcng the
Cristianitos, probab.y by the ancestral San Mateo
Creek which may have drained a large area extanding
some SO km northeast of SONGS in the Perris region
during the Late Miocene.

Simultaneocus with the development of %he
Capistranc Embayment, the Los Angeles Basin deepened
rapidly in the vicinity of Newport Bay on the west
side of a submarine ridge which occupied the present
position of the San Jcagquin Hills. Faunal analyses
by Ingle (supra) indicate water depths were at least
3,000 m (9840 £t.) in the Newport Bay area during
the Late Miccene (PLE-H). At the same time water
depths were a maximum of 2,50C0m (8,200 ££.) in the
Dana Point-Capistranc area at the mouth of the
Capistrano Embayment (Figure PLE-I, "Capistrano-
Dana Point-Palecbathymetry Correlation"). The
palecgeography for this period is shown in Figure
PLE-J, "Palecgraphy of Capistrano Embayment Area
About 8 m.y. Ago". The arrangement of the Doheny
and San Mateo submarine fans indicates a relatively
steep scuth-facing submarine slcpe existed at the
mouth of the Capistranoc Embayment with a deep ocean

basin to the socuth.
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Would you please discuss the development of the
Cristianitos fault in *.e context of the regional
geology?

Movement on the Cristianitos fault and extension
within the Capistrano Embayment is alsc probably the
result of gravity gliding in a westward direction
into the Lcs Angeles Basin. That the Cristianitos
fault is a west-facing normal fault can readily be
seen in the coastal exposure southeast of SONGS.
Here, the fault dips 57 degrees west with
slickensides crie <ted down the dip. The west side
is down and reverse drag on the downthrown side
indicates 2 flattening of the fault plane with depth
(Ehlig, P.L., "Geotechnical Studies Northern San
Diego County, Octcber, 1977, Consultants Report to
Southern California Edison Company and San Diego Gas
and Electric Company," (1977)). (Figure PLE-K,
"Revarse Drag Features at the Cristianites Fault".)
Similar features exist along the fault within the
capistranc Embayment. For example, cross section
C-B by West (West, J.C., "GCeneralized Sub-3Surface
Geclogical and Gecphysical Study, Capistrano Area,

Orange County, California":

Consultants Repcrt to
Southern California Edison Company and San Diegoe Gas

nd E1

w

)

ct

"

ic Cempany, (1975)) Figure PLE-L, ("A

o
'

on a Geologic Section Across the Capistrano

-
8]

(o)
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Area") shows reverse drag on the down side (west) of
the fault. Figure PLE-L indicates bedding has a
regional dip of about 15 degrees west along the base
of the Cretaceous to the east of the Cristianitos
fault thus providing a structure suitable for
westward sliding. Although Figure PLE-L indicates
gentle dips along the base of the Cretacecus beneath
the Capistrano Embayment, structural control is
restricted to the .upper half of the sedimentary
sequence. The base of the Cretacecus sediments is
likely to continue to dip westward beneath the
Capistranc Embayment as a result of westward
thickening and the addition of older strata at the
base of the seguence in the seaward direction from
the Santillan and Barrera line. The base of the
Cretacecus may alsc dip westward beneath the San
Joaquin Hills structural high if the domal uplifting
of the high was the result of a Middle Miocene

laccolithic intrusion as appears likely.

L)

The Cristianitos fault is likely to flatten
with Jep.h and become a redding plane fault near the
base of the Cretacecus sediments. Movement on the
Cristianitos fault vas prcbably caused by gravity
gliding of the hanging wall block and was the result

of inadeguate latsral support within the Los Angeles

Basin where the ccean flcocor was very deep and where

=
~J
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the westward continuation of the Middle Miccene and
clder rocks of the Peninsular Ranges had been
removed by crustal extension and/or strike-slip
faulting.

It sheould be noted that Les Angeles Basin had
a different configuration during the Late Miocene
and Larly Pliocene than at present. A deep trough
extended southward across the present ccast to the
west of the San Joaquin Hills structural high
whereas a northwest-trending structural high was
subsequently develcped along the landward slide of
the coast to the west of the San Joagquin Hills.
This is shown "y the fact that Upper Miocene strata
exposed akove sea level on the west side of 3an
Joaquin Hills were, according to Ingle, su»ra,
deposited at an ccean depth of about 10,000 feet
(3,000 m) whereas strata of the same age and
probably deposited at about the same depth are
presently 20,000 fee Dbelow sea level within the
deepest part of the modern Los Angeles Basin.
Vertical relief between the Capistranc Embayment and
the Los Angele:; Basin probably provided the 4driving
force for the gravitational gliding. A contributing
factor may have been lcss of lateral support by

deep-seated extension beneath the lLos Angeles Basin.
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Would you describe the amount of movement that is
evident along the Cristianitos?

The disvlacement along the Cristianitos fault is
greatest near the center of the Capistranoc Embayment
where West (supra) indicates the tcp of the
Cretaceous strata have a stratigraphic separation of
about 3500 feet with the west side down and
decreases both to the north and to t'.e south.

At the scuth end of the embayment near SONGS
the Monterey Formation has a dip separation of about
800 feet acrcss the Cristianitos fault as seen in
Figure PLE-M, "Geclogic Cross Section Between
Onsrhore Borings". Displacement appears to die out
completely several thousand feet ocffshore from SONGS.
Are there other instances in the vicinity of San
Onofre where faults were formed as a result of
gravity gliding during the same time period?

Yes. The San Joaquin Hills to the west of the
Capistrano Embayment contain several westward-facing
normal faults which were active at the same time as
the Cristianitos fault. A good example is the
Pelican Hill fault shown in Figure PLE-N,
"Cross-Section Showing Pelican Hill Fault", by

Vedder and others (Vedder, J.G.,

|

- 1
t al.,

1

"Preliminary Report of the Continental Borderland of

"

Southern California,"” United States GCeocl. Survey,
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Misc. Field Studies, Map MF-624, (1974)). The
diagnestic features are: (1) the west side of the
fault is down; (2) the fault surface dips westward
and the dip of the fault surface flattens with
depth, and (3) there is reverse drag along the down
thrown side of the fault. In essence, the fault
functioned as the base cf a large landslide with the
overlying strata sliding westward toward the Los
Angeles Basin.

Is there a structural relaticnship between the
Cristianitos Fault and the 02D?

No. The Cristianitcs fault dies ocut in the near
shore area before reaching the 0ZD. A likely
mechanical reason for its dying out is because of a
change in the physiographic and geoclogic structure
which existed in the vicinity of the present cocast
during the Late Miccene and Early Pliccene. In the
inland area to the east ¢of the Cristianitos, exposed
bedrock consists mainly ¢f Eccene and Cretaceocus
strata striking nearly parallel to the fault an
dipping gently in a westerly to scuthwesterly
directicn. To the east of the fault near the ccast
the San Onofre Breccia forms the principal exposed
bedreck. It strikes in northwesterly to westerly
directions and dips seaward at angles typically

ranging ktetwen 35 and 45 degrees along the south
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flank of the San Onofre Mountains (Ehlig, supra).

If a similar change in structure is present at depth
to the west of the surface trace of the Cristianitos
fault, it would tend to prevent gravity gliding
toward the Los Angeles Basin in the area south of
the present ccast and the steep dip weould tend to
caus: the Cretaceous beds to be buttressed in the
offshore area. An alternate or complimentary
possibility is that the downwarping of the coastal
area southeast of the Cristianitos fault tended teo
reduce the gravitational driving force along the
southern edge ~f tre gravity glide block thereby
causing displacement to die ocut in the offshore area.
Have you reviewed the earthguake potential of the
Q2D?

Yes. I have reviewed it from the standpoint of what
I consider to be the maximum earthgquake likely to
occur along it based on its features, geclogic
strain rate, and regional tectonic setting.

Cne ¢f the issues is whether Mg 7 is an appropriate
maximum magnitude for earthguakes cn the 0ZD. Do
you believe Mg 7 is adequate?

Yes, I do Zor the following reasons:

: L The absence of extensive and/or throughgoing
fault ruptures in near-surface strata aiong much cf

the CZD is typical of faulting asscociated with
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earthquakes of less than about Mg 7. For larger
earthquakes the high rate and large amcunt of ground
displacement during such an earthquake would favor
propagation of faults to the surface and would also
favor extensive secondary faulting and lurching near
the surface. For example, there is a lack of
near-surface faulting in the vicinity of Dominguez
Hill near the center of the NIZD. 1If Mg 7 or
greater earthquakes had occurred in this area, [
would expect extensive evidence of near-surface
faulting.

- 8 As I interpret the regicnal tectonic setting,
north-south compression and right lateral drag alcnag
the Big Bend in the San Andreas fault is causing
widespread deformation within the upper crust to the
west of the San Andreas. Displacement along the 02D
is only cne aspect of this deformation. Folding,
broad arching, and other faulting is alse occurring
over a wide area. Because of this and th
variability of rock types and geclogic structures
along the C2ZD, I would expect variations in the
orientation and intensity of the stress field along
the 0Z2D. Because its strain rate is only about

C.5 mm per year, only a relatively small segment of
the OZD is likely to have shearing stress at or near

the elastic limit at any given time. Consequently,

ro
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I would expect strain release by localized
earthquakes of less than Mg 7.

Are you fam;liar with present-day thecries of what
is commonly called wrench tectonics?

Yes.

Would you please describe your understanding of
wrench tectonics theory?

The current theories of wrench tectonics are

described by Wilcox, Harding and Seely in "Basic

Wrench Tectonics", 57 American Asscc. Petroleum

Geclogists Bull., p. 74-9€ (1973). They attempt to

relate certain types and patterns of shallow folding
and faulting to horizontal shearing strain within
the underlying crystalline crust. Their
interpretations are based on the deformation
produced in clay models by moving tin sheets beneath
a clay cake. Different styles of deformaticn are
achieved by varying the sense and amount of
strike-slip movement and by combining divergent or
convergent motion with s*rike-slip motion.

The basic concepts of wrench tectonics have
veen known for several decades in asscciation with
studies of strike-slip faults but wrench terminology
has become popular conlv recently, particularly amon
petroleum ge.logists. An understanding of the

terminclogy is essential in order to comprehend the
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Bull., p. 1207-1246 (1956)). According to their
theory, the earth has been broken into major blocks
bounded by first-orde: tnnjugate wrench faults
formed by north-south (eguator to pole) crustal
compressicn. The major blocks were then broken into
progressively smaller blocks by second-order and
third-order conjugate wrench faults caused by
reorientation of the stress field within blocks.
Other types of deformation including thrust faults,
compressiocnal folds .2 drag folds are associated
with the wrench faults. Their thecry assumes (1)
that crustal blocks are mechanically homogeneous
with conjugate wrench faults forming at an angle of
30 degrees to the axis of compression and (2) that
the local stress field has a constant orientation
through time except for changes brocught about by
progressive develcpment of higher order wrench
faults. The weaknesses ¢f this theory are discussed
by Badgley (Structural and Tectonic Principles,
p. 261-272 (196%)). The major weaknesses include:

(1) The basic premise of north-south global
compression is incompatible with modern knowledge of
plate tectonics.

(2) Local stress fields change orientation
through time due to interactions between crustal

plates. As a result, faults and folds formed during
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one stage ir. the tectonic evolution of a region may

be inactive during a later stage when cther types of

deformation may be taking place along new
orientations.

(3) Most of the earth's crust is
inhomogenecus with new ruptures tending to follow
surfaces of weakness. Thur the geometry of the
faulting is influenced by the fabric of the crust

and not just the orientation of the stress field.

Also, the assumed orientation of wrench faults at 30
degrees to the axis of compression requires crustal

rocks to have a constant angle of internal friction

of 30 degrees. Measured values are variable.

(24) The theory of Moody and Hill requires
wrench faults to form as a result of horizental
compression in a system of non-rotational
pure-shear. Wrench faults asscciated with plate
koundaries, such as those in California, tend to
form by simple-shear and may be associated with
rotaticnal and dilational n>tion.

Thus, aithough wrench tectonic concepts and
mcdels may be used to identify wrench zones
underlain by deepseated strike-slipr faults, th
concepts are of little value when interpreting

regional tectonlic hlstory.
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Would you discuss how tha 0ZD fits into the wrench
tectonic system?

Assuming the 02D marks the boundary between the
Peninsular Range basement and the Catalina Schist,
the 02D criginated about 15 or 16 m.y. years ago
during the Middle Miocene. As indicated in my
earlier testimony, the difference between the two
basement terranes seems to regquire them to have
formed at a considerable distance from each other
and to have been brought together by faulting.
Based on our knowledge of regional geology and plate
tectonic reconstructions by Tanya Atwater
("Implications of Plate Tectonics for the Cenozcic
Tectonic Evoluticn of Western North America", 81

Geol. Soc. America Bull. 3513-3536 (1970)), the 02D

was probably part of a system of right-lateral
faults which formed the Pacific-North American plate
boundary within the California Continental
Borderland during Middle Miocene. Thus, the CZD
probably originated as a wrench fault. However, the
San Andreas fault and its branches constitute the
present plate boundary. Assuming the 02D is active,
it is probably responding to the effects of crustal
compression along the Big Bend in the San Andreas
fault or tc drag along the plate boundary. In

~ ™

either case, Quaternary deformation along the 02D is
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crustal shortening in a northeast and scuthwest
direction. In the vicinity of the Tapistrano
Embayment shortening is causing upwarping near the
coast and downwarping within the inland area as
shown in Figure PLE-O, "Location of Axes of
Quaternary Upwarping and Downwarping”. Under
existing conditions the Cristianitos fault is
buttressed and cannot move. Conseguently movement
on the 0ZD weculd not cause movement on the
Cristianitos fault.

Have you investigated the onshcore area between the
Rose Canyon fault and the northern extent cf the
Vallecitos fault?

Yes. I have reviewed the literature, examined
aerial photographs, and have made a limited geologic
reconnaissance of the area.

Do you have an opinion as to whether there is an
association between those faults in that loccaticn?
My opinicn is that there is no apparent association
betwzen the Rose Canyon fault and the Vallecitos
fault. The northern end cf the Vallecitos fault
either dies ocut or is overlapped by Eocene
conglomerate as reported by Gastil, Kies and Melius,
("Active and potentially active faults: San Diego

County and northermost Baja Califcrnia”, in

-
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Diego Assoc. of Geologists and Geol. Soc. America,

Field Trip Guidebook, Abbott, P.L., and Elliott,

W.J., eds., pp. 47-60 (1979)). I have examined
aerial photographs of the 30 km interval between the
most northerly mapped position of the Vallecitos
fault and the U.S. border and find no lireament or
other feature suggesstive of a through-geing fault
along the projected trend of the Vallecitos fault as
mapped in Plate 1-A by Gastil, Phillips and Allison
in their book, "Reconnaissance Geoclogy of the State
of Baja California", Geological Society of America,
Memoir 140, 1975. 1In a few places
northeast-trending features, such as the margin of a
bathilithic intrusion, extend across the projected
trend of the Vallecitos fault without visible offset.
Gastil, Kies and Melius, supra, discuss
evigdence for the "Tijuana lineament" which might be
used to infer the presence of a concealed fault
along the Tijuana Valley subparallel to, but
northeast of, the Vallecitos fault. All of th
evidence is equivocal and may result from causes
other than a hypothesized fault along the Ti
Valley. An examination c¢f aerial photographs

.
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