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RECENT GEOTECHNICAL STUDIES
SOUTHERN ORANGE COUNTY, CALIFORNIA

DISCUSSION

This report documents the results of Southern California

Edison's investigative program which was initiated as a result of

_nSO_mBmHH earthquakes occurring at 5:54 and 6:01 GMT on January 3,

1975 smmw San Juan omvwmnnmno. California. In addition, Enclosure 1
of this report includes responses to NRC questions of August 19,

1975 which pertained to investigations of the Cristianitos fault

zone, The information contained in this report was presented in

a meeting among the NRC, USGS, ACRS Consultants, representatives

of California state agencies and SCE on October 15-16, 1975.

This summary presents a brief discussion of the January events

followed by a discussion of SCE's investigative program.

California Institute of Technology (CIT) indicated that
the above earthquakes were shallow events (less than 15 kilometers
deep) located several kilometers west of the Cristianitos fault
with local magnitudes of 3.8 wsm 3.3. Portions of Mission Viejo,
Laguna zwmcmw. and San Juan Capistrano reported the occurrences;
however, no damage was ﬂwvmﬁnm&. The strong motion instruments
at San Onofre Nuclear Generating Station, approximately 20 kilo-
meters away, were not triggered indicating that ground motion had
attenuated to less than 0.0lg. A field survey in a region around
the epicenters and along the Cristianitos mmcwn did not locate

any ground surface rupture.



As a result of the above mmﬂn:ncmem~ SCE initiated a
vﬂomﬂms,no investigate the significance of these events to the
San Onofre Nuclear Generating Station and to determine whether
they were Hmwmnmm to the Cristianitos fault zrwos is OOSmHamHma_
non-capable. The following discussion summarizes this vnomﬂma
which is described in detail in Enclosures 1 n:ﬂocmr 4 of this

report. - _ - _

mmWn:ncmwm boomnwos_u The crustal model m<mHHmUHm.

for use in analysis was a standard Southern omHHmOHSHm model
anwwwmm in CIT epicenter determinations. > new crustal model-
for a more Hwawnma ﬁmmwod was therefore developed to more
accurately locate the epicenters and fix limits on the 3%v0|
central depths. Hto omwwvﬂmnwos_mronm were detonated east of
the epicentral area permitting development of a specific crustal
model mm_awmoCmmma in Enclosure 4. This permitted accurate
amnmﬂawsmwwos of epicenter locations and restricted the w%vo|
central depths to between 2.03 and 4.60 km. Based upon the
m@womdnmﬁ Hoomnwosm and depth, the January events were noo far
west and much too shallow to have originated on the steeply
dipping Cristianitos fault. Projection of the focal mechanism
to the surface from the rwvonmdnmﬁ is located between Hﬁmcho
and San Juan Canyons. A geologic wumvmnnwon_om this area
revealed no features which could be associated Swnm the umSCWﬁ%

mmwnrnCNWmm.
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Earthquake Motion - The focal mechanisms were also

Wmnosmnﬂﬁnnma based upon the new crustal model. The fault plane
was mmnmﬂswnma to have strike- mHHv motion with a mwmnwmwomsﬁ
thrust component Hmmmﬁmwmmm of the vwmum chosen from the solu-
tions., The direction of movement wm.ovwwncm_ﬁo the Cristianitos
fault and is significantly different from the Bonwus which would
be expected to HmmcHﬂ from movement on a normal, dip-slip fault
such as the Cristianitos. This study is discussed in mmwmww in

Enclosure 4.

Reanalysis of Prior Events - Four nearby earthquakes
‘which occurred mwumm 1960 were Hmmsmwwmmm based upon the new
nﬂcman model. As discussed in mwnHOmch 4, it was determined
nwmn their focal mechanisms were not ooumwmnmnn with either the
January earthquakes or n#m motion nwmﬁmonmnwmnwn of any v5025

geologic structure.

Microseismic Investigation - A portable seismographic

array was installed around the epicentral area to w9<mmnmwmnm
microseismicity. This array was operated mwanwnmnmotmww with a
larger CIT permanent array and the data from both were analyzed
together. During 6,000 hours of Hmoo&&wﬂm_mwam with the portable
array, only 13 BHOHOmmeBHn m<m¢nw.2mﬂm recorded. This data is
presented in Enclosure 4. The recorded events were generally
located away from the nﬂwmnwms»nOm fault in the northwest

direction. This small number of events indicates virtually no
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activity when compared to most areas along mnmw<m_mmawnm in

Southern omHHmONSww._

Subsurface Geology - The subsurface geology in the

region of the epicenters was evaluated based upon data available
from various oil oova3wmm. This data included boring logs,
seismic refraction lines, gravity and aeromagnetic surveys. A
structural oOSnocw map and five geologic cross-sections were
prepared based upon this mmnm., The results indicate that no
major geologic structures exist in the vicinity of the epicenters.
This study confirmed that the ONHmnwmﬂHWOm.mwﬁHn is a normal
fault with the west side down and dips westerly between 60° and
75°. A downward projection of this mwv from the surface outcrop
indicates that the fault passes mwmuwmwnmsnww to the east of the

lowest possible location of the hypocenters.

mmovTmeomH Data - w<mwwmvwm mmovSmean data including
gravity and aeromagnetic surveys was mmmMBmenmm and interpreted
as discussed in mdoHOmcnm 4, The BmWSmnwn amnm_wsawomnmm some
Hmﬂmmmmanm magnetic anomalies within the Capistrano embayment.
An example of this is the large positive anomaly nmmH_MH_HOHo
caused by Tertiary basic igneous mwﬁmmt The magnetic map (Figure 23
of Enclosure 4) indicates a general change -in the basement rock
complex from the east to the west side of the Cristianitos

mmcHnb ‘These same vmnnmﬂsw are confirmed by the gravity map
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(Figure 24 of Enclosure 4). The mnﬂconcﬁm of nrmAnmvanﬂmﬁo
embayment is a general synclinal trough with the o&wmn»mnwnOm
fault clearly delineated by mHoannmm gravity maxima along the
eastern Bmﬂmws. As in the case of the mﬁﬁmcummnm.mnﬁconcﬂmw |
study, no other BNQOH geologic mmmncﬂmm can be mmmn in the

geophysical data in the vicinity of the epicenters.

Trench mevwsm,n A trench was excavated across the

Cristianitos mmcwn at the proposed site of the Viejo mcmmnmnwos
in Aliso Canyon. Four mHmBmdnm of the Cristianitos mmcwn were
exposed in nrm mxom<mnwos as discussed in Enclosure 1. Each
mHmsmSn was overlain by undisturbed and cnmmcwnma Pleistocene
ch<HmH terrace deposits. ZO indication of displacement or
expression of shearing in nﬁm nmﬂﬂmom deposits were found. All
evidence tended to confirm that the onwmnHmSMnOm.Hm not a

capable wmcwn.

Geomorphic Study - An analysis was conducted of fluvial

terraces and the marine counterparts at the coast to determine

the recency of movement across the Cristianitos fault zone. This

geomorphic study and analysis is mwmnﬂmmma in Enclosure 2. The
analysis was made by reconstructing terrace profiles, drawing
cross-sections through the canyons to the coast, and determining
| the relationship of the fluvial and marine terraces. HmWHmnm
-levels maintain a constant gradient to the sea unless they are
faulted. This study demonstrated that two dominant stream

terrace levels exist and are continuous and undisturbed through

»:



the Cristianitos fault zone. Based upon the estimated age of
terrace materials, the study demonstrates that no discernible
warping, tilting, or faulting of the profiles have occurred for

at least 120,000 years.

~ CONCLUSIONS

1. The location and motion of the January 3, 1975 events
indicate that these mmnnSQCmem_awm.uon occur on the
Cristianitos fault. This conclusion is based upon the

mOHHOSHnmn

A. The January events were located too far west
and were too shallow to have occurred on the

Cristianitos fault.

B. The Bonwos_om the um:bmu% events wm.mwmswmwnmsnww
different mHoB.nmm motion that zocHa be expected
from a normal dip-slip mmcHn such as the
o&wmnwmanOm.4msa the motion occurred in a

direction oblique to the Cristianitos fault.

2. mmﬂnrnmemm om this Bmmﬂwmnmm in California omnms cannot
be associated with geologic structures mapped at the surface.
These earthquakes smﬂm.uﬂovwvww manifestations of minor
readjustments in n#w crustal rocks resulting from residual

compressional stresses 85wnr_omnson be identified with
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regional tectonic strain patterns in Southern California.

The January 3, 1975 earthquakes were associated with a

structural feature sufficiently small that its presence

could not be detected using the following methods:

A.

B.
C.

Analysis of mmovr%mwomw,mmnm.swwor included

gravity data, aeromagnetic surveys, boring logs,

and seismic refraction lines.

Microseismic study.

Field reconnaissance.

There is substantial evidence that the Cristianitos fault

has had no movement within at least the last 120,000 years.

This is based on the MOHHOSMsm"

A.

Trenching at three locations mwosm_nwm fault traces
indicates that the fault is overlain by unbroken
wpmwmnonmnm fluvial terrace deposits which are

estimated to be more than 120,000 years old.

A geomorphic study of mwc¢wmwznmﬂﬂmom_mmv0munm
which cross the Cristianitos fault indicate that
no discernible warping or faulting has occurred

in at least the last 120,000 years.

There i8 no evidence for displacement at the ground surface

in the past 120,000 years or movement of a HmQCWden
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nature in nsm vmmn_uoo.odo %mmew do.MSmanamzanH%
‘determined Bmmﬁo|mmwmawown< that can be awﬂmOmH% related

to the Cristianitos mmcwn“_una wo m<wam50mymﬂﬁ a structural
Hmwmnwosmﬁwv with a capable fault. Accordingly, the

Cristianitos fault is concluded to be a non-capable fault

i

in accordance with the criteria of 10CFR100, Appendix A.
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Enclosure No. 1

NRC COMMENTS AND QUESTIONS mmmbwUHZO

INVESTIGATION OF THE CRISTIANITOS FAULT

SAN ONOFRE NUCLEAR GENERATING STATION

UNITS 1, 2, AND 3 -

Introduction

The mowwoswdo.acmmﬁH05m and background, regarding investi-
gation of the Cristianitos mmcwﬁv were Hmomw<ma_mﬁoa4ﬂ:m

NRC on August 19, 1975.

mmowmhocsa

Fife (1974)* Hm@OWﬁmm on a trench which cut the Cristianitos
fault near the north end ow the 0so <mwwm<. The ﬁﬂmbo:.mxn
.@0mmm a lime-filled crack mxﬁmsmw:akmhos.ﬁrm fault plane in
the bedrock upward ﬁsﬂocmu the o<mHH<Ham.00HH¢<MsE and into-
the "root zone". Fife indicated that the nﬂwow was not the
result of movement on ﬁmm,Omeﬁwm:MﬁOm fault because neither
mwwowmbmwmmm;_mmmOHEmﬁHos~ nor offset smHm.OGmmH<ma in the
mOmﬁ_HHSm filling. mm.ooswwamﬂma the crack to wmmcwﬁ from
differential mmHmEHm m:mstn between the Omo.!msumﬂ of the
Capistrano formation and ﬁ:m Lavida member of the mcmbﬁm
formation which are uﬁxﬂvammm.mowommmﬁwm.mmﬁwﬁt He sug-
gested that such mpmmmHmSﬁHmH mmwmswo shaking could result

from the different properties of two juxtaposed mowamﬁwo:m.

*Fife, D. L., "Geology of the South Half of the El Toro
Quadrangle, Orange County, California", California Division
of Mines and Geology, Special Report 110, 1974.

g



and may have been caused by ground vibration during a strong

southern California earthquake.

During our April ow 1975 site <Hmww~ we ovmmw<mm a mMBMHmH
condition in the trench dug by mﬁcwumﬂsmanHmOH:Mm mawmo:
ooawmmw mﬁ the north end Om.VHHmo <mem% which cut the
Cristianitos mmcHﬂ approximately one Bme north of the Oso
<mHHm< trench. We observed several traces of the fault
AmoCH.:mQ clearly mwmﬁwbmawm:wvwm mcﬁmmommvy which showed
displaced Smﬂmﬂwmw in the bedrock evidenced by mmcHﬁ_mocam_
and mineralization. chHHor structure and mwwnwmvmwmm
development indicated-both vertical and strike-slip move-
ment on these faults. Where they $mhm observed to inter-
sect, the fault planes with mdnwwmnmwww Bo<m5m:ﬂ offset
those having vertical ao<mam:n. We mvmmw<mm a linear
separation (or crack) located Haamawmﬁmw< mto<m_m:mAmP05@
the projection of one of the mmcwn_wwmsmm in a hw¢mn terrace
deposit. Although the linear mmvmﬂmnwos appeared to be a
continuation of faulting ws the bedrock into the overlying
ﬁmHHmom.EmdeHmH‘ no mvvamSﬂ_mwmvwmomamsﬁ could be observed

in two clay H:owcmwo:m_szos,mﬁﬂmmmwm the separation.

e



‘ " NRC QUESTIONS DATED AUGUST 19, 1975

1. With respect to the trench which we inspected on April
"9, 1975, your H=<mmﬁwnmﬁwos_mvocwm include the moHHozwumu

a) A ooavwmﬁm.m:m detailed geologic map of the
trench exposure.

b) A discussion of the significance of the hori-
zontal and <mﬂdwomw displacements in the vmmwvow

~exhibited by the faults and the truncation of
wwmAwmﬁﬁmH by the former. |

c) A discussion of the OHMWM: and safety mwmswmwl
ow:om of the lime-filled crack and the Pwvmmﬂ
separation in the river terrace above the fault
plane. |

‘ d) V&mﬁmﬂawsmdwo: of whether or :ow. the onnx
could 5m¢m Ummb4ohmmnmm by movement on the
Cristianitos fault and later filled with lime
- with no further §o<m3m5ﬁvwmwwsm vwmomw.

mv_ Is an. analysis feasible £Uwos zoch_mchwam the
lime-filled crack and the juxtaposed Oso and
Lavida formations on O@GOWWﬁm sides of the
fault, and possibly demonstrate ﬁsww mcmw.m
crack Bm% or SW%.:O# result from differential
or out of phase Hmmvosmm_Om the strata ucxﬁml,
posed along the fault? If so, perform such an

analysis and provide a mcaamhw.om the results.

. 2. With respect to the recent reports from the State of

California:

e



a)

b)

Investigate and determine the significance of
the mﬁmﬁmam:¢.os page 10 af the Fife report,
"Stream anHmmmm four miles north of the study
area on Santiago Wom&~ between Silverado Canyon

and Williams Canyon, have been tilted on end,

.mccmmmﬁwb@ that the frontal fault system may

have moved during mowoomsm time in that area. The
smmnmmd direct m<pmmsnm Om mowonmsm faulting was
found a mile mocnw of the mﬁcmw area- ‘at Cousteau.
Park. Wade Miller (oral communication, 1971)
estimates the age of displaced terrace deposits

as Umﬁsmm: 30,000 and 100,000 %mmhw Ummohm.vnmmm:n.
Morton (1974)** mentions ow page 9 a cmowurom
ﬁwmso: placed in 1971 Uw the Division of Mines

and mmoHOQ< which succeeded in meOmP:Q a wastern
branch of the OHHmﬁMmawﬁOm fault. He states that
this trench showed apparent displacement of a two-
foot thick slope-wash cover along two mﬁmmnm a few
feet apart. Kmxwasa dislocation of the soil-
bedrock interface was approximately two mmmﬁﬂ As
ﬁrwm m<wmm=om,mcoammﬁmm UOmeUHm.Hmﬂm :owoambm
movement, additional trenching was placed in the

same area by the Southern California Edison ooavms<

vw: June 1972 in order to check this possibility.

These excavations suggested that the apparent

**Morton, P. K., et al, "Geology and Engineering omoHomHo
Aspects of the San Juan Capistrano Quadrangle, Orange ooc:w<~
California", California Division of Mines and mmowom<,_
Special meOHﬁ 112, 1974.

foome



displacement of the soil cover may have been due
to a combination of animal borings and differen-
tial erosion of the bedrock surface with subse-
quent soil deposition. Iliowever, "Holocene move-
ment has not been ruled out.” Additional Trench-
ing is necessary to satisfactorily resolve the
questions raised mw these indicators of recent
movement on the Cristianitos in this area. The
placement of trenches should UmABmmm after care-
ful OOSmHmmHmnwos of where ﬁvm_@owm:ﬁwmw Sozwm be
favorable for obtaining &mmw:wnw<m,HmmcHnw.Ame:mvm
in consultation with others.who Uw<m worked in

the area.

3. With regard to the site excavation:

a)

b)

Provide mehwmwomeOS of ﬂwm‘mNHmnwaHmv:Ho relation-

'ship of the marine (Qm) and non-marine (Qt) terrace

deposits in the San Onofre area. What is the wmmwn
mentologic relationship of these units in terms of
omoHowwo history of the area, including WOWmMmmHWI
tions of shoreline Eo¢m§m:ﬁm and fluvial erosion?
mmocwmm.owmﬂwmwomﬁMOS of Hmmwoamwﬂwo mmnwrm of the
Smhwsm terrace deposits (Qm). Included in this
clarification should be a discussion of the Hmwwmmwwwﬁ<
of the nvowwcauﬁhoanﬁwducs method when used for mol-
Hcmw.mmﬁwsm. In mmgwﬁpo&~ provide a discussion of

the difference between dating of "shell material” m:m_

"mollusks" as referred to in the PSAR and HmﬁmH.HmwOHdm.

. lﬂm.-,-mnanu



NRC QUESTIONS DATED AUGUS
AND_CORRESPONDING RIISPONSES

Question 1

With respect to the trench which we inspected on April 9, 1975,
~your investigation should include the following: °

‘a. A ooszmﬁm msm detailed @moHomwo Smw of the nHmso: expo-
sure.

b. A discussion of the significance of the horizontal and
vertical displacements in.the bedrock exhibited by the
faults and the truncation of the latter by the former.

c. A discussion of the origin and safety significance of
the lime-filled crack and the linear separation in the -
river terrace deposits above the fault plane.

G. A determination of whether or not the crack could have
been created by movement on the Cristianitos fault and
later filled with lime with no further Bo<m5msn ﬂmWHSQ
place.

e. Is an analysis feasible which would simulate the lime-
filled crack and the juxtaposed Oso and LaVida forma-
tions on opposite sides of the fault, and possibly
demonstrate that such a crack may or Sm% not result

- from differential or out of phase response of the _
strata juxtaposed along the fault? If mo\_@mwmows such
an analysis and provide a summary of the results.

wmmmosmm ﬁo_ocmmﬁwo: 1

The Viejo mcvmﬁwnwo: trench which smm.wbm©m0ﬂmm_uw the zwn
on April 9, 1975 is discussed w: the answers to ocmmwMOSm
la, 1b, and w&m @mww om_wn SWMWS Hmmmnmuﬁo ﬂmm linear sepa-

ration in the stream terrace deposits.’

The lime-filled crack referred to in Question lc, 1d and

le was found in the Mission Viejo trench, which the zwn_wbl
spected on October 16, 1975. Therefore, the answer to ﬁ:m_.
part of lc concerning the lime-filled mquw and the answers

to 1d and le refer to the Mission Viejo. trench.

foana



' Response to Question 1 (continued)

a.

A revised report (dated November 1, 1975) of the find-

.ings and oo:owcmHOSm from the Viejo Substation trench

with complete and amﬁmwwmm geologic maps of the trench

.meOmch is included as Appendix A and Drawings 1, 2

and 3.

wochvﬁoawmm:ﬁ shears which are elements of the
Cristianitos fault were wmooo:wwmm in ﬁwm Viejo
Substation excavation (Drawing w..vwwmbawx.wvw These
include: (1) the main trace, which usxwvammm_wwm
late Miocene Soquel Bmavmw of the wcm:nm wouamﬁwo: _
against the late ZHoomwmlnmmHHM wwwoomsm Oso member

of the owmww¢Hmso Formation, (2) o:m shear €M¢UWb_ﬂ5m
Puente Formation, and (3) two shears within the omvwmr
trano Formation. The mO;H_mwmmHm range in trend from
H3E to N25W, subparallel to one m:ow:mws and do not

intersect within the excavation.

On the southeast end of the northeast Smww of the ex-
cavation several wchHQH:mﬁm shears within the Puente
Formation trend from NS5SE to II89LE (Drawing 1, >@©mb&wx
>vr. The absence of these shears on the south wall of
the excavation indicates that (1) some mwm.iw:ow dis-
continuous mmmﬁcﬂmm~ Hsmwmﬁwluﬂ or not wwmmmbﬁ on the
south wall, and (2) some mﬂm nﬂcsnmwmm.v< Bo<m®m:ﬁAo:
the Cristianitos fault zone which trends ovwwasm_ﬁo |

these features.

.. ..—m.:m!..u



The direction of last movement on n:m.ﬁhoaw:m:ﬁ,m:mmﬂw,
as evidenced from the slickensides indicates both .near
vertical and ovwwacm_So<mmeww. The plunge of the
slickensides is highly variable not only vmwsmm: the
different shears but also between different localities
on the same shear (Drawing 3, Appendix A). Other
mwwoxmsmwmmm on the same shear surface range from (1)
5 to 64 degrees north (shear in Puente Formation), (2)
72 to 60 degrees south (Oso mOHamﬁHosv~ and (3) vertical
to 89 degrees south (Oso Formation). Since the shears
within the Cristianitos fault do not intersect one:
another within the excavation there is no example of
truncation or dominance of shears with particular
slickensides over others. . Our conclusion on ﬁwm ob-.
served slickensides is that they are not entirely re-
liable, and should not be considered conclusive evi-
dence as to the overall sense of movement on the fault.
‘The following statement from Hills (1963) Elements of
Structural Geology substantiates this wowbﬁu

"Slickensides may form under quite super-

-+ ficial conditions, as for instance on the

clay coatings of blocks or rock involved in

soil slides, at the base of landslides, or

even in masses of ore dislodged during slop-

'ing in mines. Quite small movements, of the

order of an inch or less, produce excellent

slickensides, so that they offer no guidance

~as to the total displacement on faults.":
A much better indicator of the overall sense of move-
ment on the Cristianitos fault is the geology in the
vicinity of Viejo Substation site. Areal @mowoam.msa

_available subsurface data indicates that ﬁmm Cristianitos:

. ,..ﬂ.-m-a.u



fault zone has a normal sense of movement, wnxwmwOmwbm
monm:m msm‘3wuawm_3wonm:m rocks against cvvmﬁ_2woom:m and
Pliocene (?) rocks in the area of maximum m»mwvmomamsn.
Maximum displacements (east. side up) occur M:_ﬁrm central
section of the fault, with the amount of displacement de-
creasing to the north and south. >=mH<mHm OH.mwmemoml
ments along the SOHﬁmmH: and southern @Owaonm of wsm

fault zone also indicates wvvmwm:ﬁ normal displacements.

'No evidence is observed ﬁo,wsmwomﬁm Hmnmhmw displacement

on the 2zone.

(Viejo Substation mxow<m¢»onv.

vvwnoxwimﬂmww_ﬂrﬂmm weeks after the <wmuo.mcvm¢mﬁwon ex-
cavation was opened, a linear mmvwﬂmﬁwob in the HM<mH
terrace deposits developed near Station qu_AUHmswsm 1,
Appendix A). The linear separation developed during the
third day of a rain storm which had saturated the smHHm_
of the trench. Detailed logging and b:Oﬁamnmwwm during
the ﬁiOISWmW inspection period after the trench was ex-
cavated OUSMHHBmm that the linear mmmmwmﬂwos.mwm not
exist @HMOH to the rain storm. Water ponding on a mm%<wom
road adjacent to the trench continued to pour over the
northeast wall for some time after the mﬂOHa‘.mmﬁcnmﬂwbo

the walls and filling the lower wmhwm of the excavation.

\

‘The linear separation developed in the lower part of the

river terrace deposits about 1 foot above the basal con-
tact and extended about five mmmﬁ_cvsmﬁm to within about

six inches of an M:ﬁmﬂvmammm sand lense (Drawing 1, Ap-

. Aﬂa:a
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_.vm:mwx A). The linear separation, which trended approxi-
mately N-S, Ho:@:ww aligned with and was mcuvmﬂmwwmw to
a- mcwonawsmﬁm msmwn Bmvvmm in the bedrock muvﬁoxpsman<
two feet from the main trace of the Cristianitos fault.
The trend of the stmmﬁ mmwmnmnwo: formed an acute angle

of about 30 degrees with the trench wall.

A detailed mxmausmﬁwoa of the ﬁmHHmom QmwOmwwmﬂ
wumwomﬁma that the linear separation was an ir-

- regular, fresh surface with no mineralization, and con-
tained no aligned or fractured meUHmm‘OH mHmMSm.tswn:.
might indicate shearing associated with the feature.
Careful examination of large rocks and stratification
within the river terrace deposits along the wﬁoumoﬁHOJ

0m ﬁsm.mmwmwwm indicated no QWmUHwomam:ﬁ along ﬁrmvwwbmmh
separation other than tensional mmvmﬂmeOby A sand lense
within the ﬂmHHmom vaOmwnm between mnmnwon qu and 166
was clearly oo:ﬂwscocm across the wﬂoumonpos of the
linear separation. A nmwmmcw Hsmvmoﬁwon of the terrace
Bmﬁmnwmwm on the opposite smHH of the trench (southwest)
revealed no evidence of cracking, mmwmnmﬁwos or Bw:mﬁwww
ization, Hbawomﬁwbm_wsm linear separation was not a con-
tinuous feature. It was concluded mHoB ﬁrm,mxmawsmn»o:
that the linear mmwmumﬁwos was the HmmcHﬂ of wchH< ten-
mwo:mw movement most wamww caused U% H:owvmed failure
of the mmﬁcﬁmnmm trench wall. Therefore, the linear

separation is not related to tectonic movement on the

..—m:uﬂn
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fault and has no safety significance to the site.

¢ (Mission Viejo Trench). & d.

-The OHHaHbmH,2wmmwos Viejo trench (locality of lime-
mHHHmm crack described by mwmm~ 1974) was excavated

and investigated by E. Beach Leighton m&m Associates
during September, 1971. The excavation was amwwosmﬁma
Geologic Pit No. 57, Oso Viejo Tract. &ww original

log of the excavation provided by F. Beach hmHmUHOB

and Associates (Drawing 1, Appendix B) shows the
OmeﬁHmmHnOm fault zone mxvomma on the floor of the
excavation, but mv@mwmswww.ﬁsm excavation was lOﬂ_ | .
mnﬁcmwww_mmmm enough to expose the Cristianitos fault

on the north wall. The original log indicates a "promi-
bmbﬁ.mmwwowmloomwmm.mHmoﬁch= exposed on the north

wall, approximately 12 feet southwest of the mmcwﬁ.nosm.

vvvwoxHSmwmwm_me_BOﬁﬁ:m after the original excavation
was opened, Donald L. mwmmy Geologist with the California
Division of Mines and 0mo~oom~ M:mvmoﬁmm the trench

and described a single lime-filled crack vﬂoummﬁwsa up-
Smwm through the colluvium into the o<mHH%Ml@_HOOﬁ zone.
Trench exposures at the time of his investigation were
poor and he could not accurately locate ﬁrm_oﬂmow with
respect to the Cristianitos fault, Upn he believed the
two were coincident Auo:mwm Fife, vmﬂmosmw ooas.v., He

also believed that the origin of the crack was due to

. Awman
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possible differential seismic shaking Om,OmO wsa
La Vida members on opposite sides of the mmnwﬂ. prob-
_mGH< occurring during one of the stronger historic

earthquakes felt locally.

A comparison of the Leighton trench log with a photo-
graph of the lime-filled crack described by Fife,
(1974, Photo 2) indicates that the owmnw,wm probably

more accurately located southwest of the fault zone.

.eo resolve this location UWOUHWS, prior to Hmlmxom<mW|
wso the ﬁwmbnw, Fugro, Inc., examined ﬁwm,vmwnwmwwm
backfilled excavation. cwwsm the photographs @Hmmmswmm
in Fife's report, the existing north wall Om.ﬂwm_ﬁﬂmdo:
was examined and lime coatings were ovmmﬂ<mm wu_wrm
colluvium at the approximate locality of Fife's lime-

filled crack (Plates 1, 2 m:m.u. Appendix B).

The Hmumxom<mﬁwm=~ September, qumy was cut as oHomm,
as possible to the original north wall msm.amm@msmm |
to adequately expose the bedrock - colluvial Hmww¢MOB|
ships wb the north smww._ Due to erosion and sloughing
of the original trench wall, Mw was necessary to cut:
into the original bonwr wall up to mOﬁw mmmﬂ. A south
wall exposure was also created in an effort to Um.nObu
clusive. about w:m_OHHmwa ow the HwSmIMMHHmQ crack.

The purpose of the new trench was m@mowmwomwww to re-
solve the question of the HHSmanHHmm crack mmmnﬁwdma

by Fife (1974).

.- Aw.ﬂ!.u
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The new trench exposed the Oso member 0m the omvwmﬁﬂm:o
Formation juxtaposed by the Cristianitos wwsww.mmmMSmﬁ
the La Vida member of the Puente Mowamﬁwo:. On ﬁwm
SOHﬁv wall of ﬁrm excavation clayey sand oo-n<wca un-
conformably overlies Oso-La Vida UmQHOQW_AUHmﬁwb@ 4,
Appendix B). The vmmﬂoow colluvial contact is sharp,
‘and has smooth mHOmMosmH.Mﬁﬂmmcwmﬂwﬂwmm. The contact
Hw continuous and there MmHso evidence of displacements

across ﬁ:m_OHHmﬁwmswﬁOm fault.

A detailed inspection of the colluvial material shows
:mwmwwbm cracks developed randomly ﬁwnocodocﬂ the col-
luvium ranging mwoi a few inches to five feet in Hmb@wm.
Only three of ﬁwmmm cracks are lime-filled or have lime
coatings mmwoowmnmm with n:ms. ‘The three lime coated
cracks trend N-S, N45W, N60W and are near <mnﬁwomw.m The
remaining cracks are short in Hmwoﬁm (6 inches to 4
feet) ﬂsm,bm<m variable orientations. The oHNQWm mwm

- distributed over mb.mﬂmm,mwwhowMBmﬂmww 15 ﬁo 20 feet on-
either side of the fault, and restricted no.ﬁrm col-
HG<H¢B. bvaHwﬁ0H< tests (particle size msmwwmwm_msm _
mxvmmmwo: ﬁmmﬁmv.o: the colluvial EwanHmH_Hsmwomﬁmu a
1.5 to qw.mvﬁwswmmm omwmowﬁw.,sswov Hm vawm<mQ to ac-
count for the occurrence of the Hmsmospw distributed
short hairline cracks. These cracks were noted after
the trench had been open for mm<mﬂmwvmm<m~ cleaned ‘and
the walls dried out. erm‘HOSQmmn Om ﬁvm lime-filled

nHmOWm.wm.m_mH:m crack about five feet long. It begins and

...Aﬁﬂlﬂ
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ends entirely within the colluvium and does not extend
to the Ummwoow or the ground surface. The crack is
near vertical, and Honmﬁmm about 12 feet mocﬁvSmw¢ of
the Cristianitos fault. The two remaining lime-filled
cracks mHm located approximately 8 to 9 feet southwest
of the mmcww.msm are vaCH ﬁso feet in length. These
occur within the central portion of the colluvial

unit (Drawing 4, bvvmbmwx B).

Carbonate (caliche) is mwmﬁﬁwvnﬁmm in many areas of the.

trench both near and well removed from the owwmwwmswﬁOm

"fault. Some significant concentrations have been noted

_ﬁv_wo 10 or 12 feet below the ground surface Hsmwomﬁwwm_ .
a much greater wm:mmﬂmﬁwos of calichification than can

be accounted for under the vﬁmmmSﬁ climatic conditions.

Based on the vaww of lime development, the fillings may

be as-old as the last major nHHBmﬂHn change (about

30,000 to 50,000 years b.p.).

The mx®0wchmm on the south wall of the trench (Drawing -
5, »vvmhmwx B) contrasted sharply with the north thH.
The south wall exposes approximately 1 to 5 feet of
slump debris directly overlying the bedrock. The

mwpsw debris is in turn overlain U%.mm<mﬁmw mmmn of

the light Uwozb clayey sand colluvium that wm exposed
on the bomn: wall of the excavation. The mwbav QWUHHm
is composed of weathered bedrock (silt and clay) and a
dark brown wo black sandy clay mmvomwﬁ~ rich in organic

material. Downslope movement of this material is evi-

- uane
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denced from the convolute relationship of the
weathered bedrock and sandy clay am@omwn,Nmsm the
no:wOHnmm Ummmwsa and rotated fragments of siltstone
within the smmﬁsmﬂma bedrock zone. The Ucnwmm Ummw
rock topography NBco: steeper than the modern ground
surface) and the adverse bedrock dips (siltstone dip-
wwsw nearly parallel to the wmwm0|ﬁo©OWHmbw<v Hsmwomwm
ﬁsmﬁ,oo:Q»wHOSW were suitable for Qotwmwovm movement
vHHQH to deposition of the light brown clayey sand
colluvium. The clayey sand colluvium o<mnw<wsa the
slump debris post dates most if not all the downslope
_movement. .erm_oowwc<wcs fills cracks and nmw::mwm
mm<mw0©mm in the slump mmUHHm~ and locally mwmvwmwm
crude horizontal stratification indicating that very
wawwm if any downslope Bo<m5mbﬁkwmm OWQcWHmm since

the deposition of the colluvium.

wmmmm on the ooswmﬁwm05 of the trench log by F. Beach
Leighton and Associates, the photo of ﬁ:m_wwamrhwwwm&
crack nmmoﬂwvmm by Fife and the findings mHOSpﬁrm re-
excavation of the OHMWW:mH ﬂwmsos~.wﬁ is concluded
wwmw_ﬁsm lime-filled crack described Uw Fife did not
coincide with the Cristianitos fault but was more
likely several feet southwest of the mmcH¢~_NnQ is

probably correlative with one of the ﬂdhmm.wwamumwpwmm

cracks described in the re-excavation.

Since (a) lime deposits are ubiquitous in the trench,

4Avv the HHEmlmHHHmm cracks w: the colluvium are not

. Am:u!n
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directly associated with the Cristianitos mmiwﬁ~ and
(c) the basal contact of the noHHc<MCS clearly shows
no m<wmmsom of mevwmomam:ﬁm 0<mhzwrm fault, it is

concluded that ﬁsmHOHHme of ﬁrm,wwlmlmwwwmm crack 1is

not related mo movement on the Cristianitos fault.

The hairline cracks in the mxom<mﬁwon are short, dis-
continuous and widely distributed.  Based on labora-
tory tests, the expansiveness of the colluvial materials

is sufficient to cause this type of shrinkage cracks.

&:m lime-filled cracks mHm anmwvﬂmnmm as mmwso.owmmﬂ
than the small hairline cracks observed in w:m excava-
tion. This interpretation is Ummma on the deep pene-
tration of the carbonate which fills the cracks and in-
dicates that these cracks and ﬁmm mom,Om filling may be
as old as the last major mHHSNdMo change mwvﬂoxwamﬁmwm

30,000 to 50,000 years b.p.

The OWHQH: of the stmlmwwpmm cracks in the clayey

sand colluvium is Somw likely related to dsm.WOSmOHHmml
tion creep or Oﬁwmw slight So<m§m5ﬁm,wm ﬁrm_cﬁ&mﬁwwwso
slide ammhwm.._mwwasﬁ spreading or downslope ao<mam:ﬁ
would create cracking in the relatively brittle clayey
sand ooHHc<Hca and provide the environment for deposi-

tion of thin lime fillings.

Since the lime-filled cracks do not coincide with the
Cristianitos fault, and are not related to movement on

the fault, it is concluded that they do not indicate

A—m.m!ﬂ
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the existence of conditions significant to the safety

of the site.

A finite element analysis which would model differen-
tial or out-of-phase Hmm©OSmmm.0m different forma-

tions across the Cristianitos fault, socHQ be severely

limited by the following considerations:

1. Available two-dimensional finite element
programs would not accurately model the com-
plex three-dimensional hillside situation

represented by the actual trench location.

2. Appropriate three-dimensional dynamic programs-

which would evaluate the various topographic
and subsurface conditions involved mﬁ.ﬂwm
site are not available at the present time,

for geotechnical purposes.

The other conclusions about the lime-~filled cracks
which have become apparent from the analysis of the

trench (viz. lack Omxopoowmm:om between the fault and

the crack, the expansiveness of the clayey colluvial

materials and the presence of slump debris below the
colluvium) suggest more plausible mxwwmsmnwo:w for
the lime-filled cracks than any mathematical models

incorporating many aammﬁwoumvwm assumptions.

 fuene
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Question 2

2. With respect to ﬂ:m recent reports mhoa the State of
California:

a. Investigate and determine the significance of
the statement on page 10 of the Fife report,
"Stream terraces four miles north of the
study area on Santiago Road, between Silverado
Canyon and Williams Canyon, have been tilted
on end, suggesting that the frontal fault
system may have moved during Holocene time in-
that area. The nearest direct evidence of
Holocene faulting was found a mile south of
the study area at Cousteau Park. Wade Miller
(oral communication, 1971) estimates the age
of displaced terrace deposits as between
30,000 and 100,000 years before present.

b. Morton (1974)* mentions on page 9 a backhoe
trench placed in 1971 by the Division of Mines
and Geology which succeeded in exposing a
western branch of the Cristianitos fault. He
states that this trench showed apparent dis- i
placement of a two-foot thick slope-wash cover
along two shears a few feet apart. Maximum
dislocation of the soil-bedrock interface was
approximately two feet. As this evidence sug-
gested possible late Holocene movement, addi-
tional trenching was placed in the same area
by the Southern California Edison Company in
June 1972 in order to check this possibility.
These excavations suggested that the apparent
displacement of the soil cover may have been
due to a combination of animal borings and dif-
ferential erosion of the bedrock surface with
subsequent soil deposition. mo€m<mﬂ, =:oHo|
cene movement has not been ruled out. Addi-
tional trenching is necessary to mmwwmmmonOprw
resolve the questions raised by these indicators
of recent movement on the Cristianitos in this
area. The placement of trenches should be made
after careful consideration of where the poten-
tial would.be favorable for obtaining definitive
results, perhaps in consultation with others
who have worked in the area.

*Morton, P. K., et al., =mm0~oa< and Engineering Geologic

- Aspects of the San Juan Capistrano Quadrangle, Orange

County, California," California Division of Mines and
Geology, Special Report 112, 1974.

Am-nzﬂ
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Response to Question 2

a.

An investigation by WCQHO geologists of all the ex-
mOmmm fluvial terrace deposits mwoso_wzm :owws side

of Santiago Road between Silverado and SHHHHmBm_owrl
yons, Hm<mmwmm no evicence of tilted stream terrace
deposits. Several road cuts provide good exposures

of the terrace deposits and Msmwom#m that the crudely
to well stratified material is <Hﬂﬁcmww%vw0HHNouﬁmHL
At several Honmwwﬁwmm_mHOmwo:mH cut and fill relation-
ships were observed between fluvial terrace mmWOmHﬂm
and bedrock, and within fluvial ﬂmHHmomv&mUOmem.
however, the steeply dipping contacts are onmew o s

erosional features when inspected carefully. At four

" localities between Silverado and Williams Canyons, it

is noted that the upper surfaces of these elevated
fluvial terrace deposits are well preserved and slope

very gently m@@nostmﬁmww_wo.ﬁo 5° toward Santiago

f.nnmmw.

Subsequent to the field investigation, Messrs. Don TFife
and Paul Morton, omwwmowbwm,cw<wmwos,0m.ZHsmm and
Geology, were contacted to determine the exact locality

of the postulated tilted stream terrace deposits.

A visit to this locality, guided by wwsH_ZOHwoa~ pro-
duced the following findings:
1. The feature described by Fife is located

mU@HoxHSmme< 2 miles north of the last

. Aﬂn!n.
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mapped trace of the Cristianitos fault.

The feature is exposed in both walls of the
road cut, and is defined by a steeply dipping

© _ 50° N) zone of transition between

(45
aoamnmﬁmH< stratified fluvial nmﬂnmom deposits

and unstratified terrace deposits.

This zone of transition is wsmwm¢M:0ﬂ~ about 12

to 18 inches wide and trends mwvﬁoxwamﬂmpw N60OE,

near perpendicular to the trend of the Cristian-

itos fault. The transition is roughly coincident

entering Santiago Creek at this locality.

Detailed examination indicated no evidence of

a surface or shearing within the transition zone.

llo evidence of tilting of the fluvial terrace

deposits was observed on either side of the feature..

_mﬁhmﬁwmwomwwo:_os the southeast side of the feature

is virtually horizontal; northwest of the feature
the deposits are indistinctly stratified, but no

indication of tilting was observed.

In mwmocmmwsn the origin of the feature with wmcH
Morton, he stated that he saw the feature srws
ﬁvm road onn was originally opened, and inter-
preted it as ml erosional feature (i.e., channel-

ing within the fluvial terrace materials).

| .ﬂun!n ,.
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Based on mwsmwumm from field investigations it is con-
cluded ﬁsmw.ﬁ:mﬁm is no evidence of ﬁwwﬂmm nwwnmnm
‘deposits along Santiago Road between Silverado and
‘Williams Canyons. Cut and MMHH,HmHmHHOSmSme,mﬂm

. common in the fluvial terrace deposits observed in
this area and the feature described by Fife wHOUmUH<

represents channeling within ﬁ:mmm.mm©0mwﬁm.

Costeau. Park is approximately 3 miles west of the
Cristianitos fault. The original report of faulting
in Pleistocene deposits was made by Dr. Smmm,ZMHHmH.

(1971) Pleistocene Vertebrates of the Los Angeles

Basin and Vicinity (exclusive of Rancho La Brea), Los
Angeles County Museum of Natural History and Science,
Bulletin No. 10, while he was conducting paleontologi-

cal studies in the excavated areas for the park.

One fault was observed in the excavation which cut
overlying alluvial and lacustrine ﬂmvomwwmm a second
mmcww was inferred by Dr. Miller based on strati-

- graphic relationships observed in the mxow<mﬁHOB.

The visible mm:wﬁ.wwm a trend Om mem.,:mmnww.boﬂamw

to the Cristianitos mmcHﬁ~ with a near vertical dip.

The sense of displacement was bOHimH. displacing the
basal contact of the overlying Pleistocene deposits
m@bﬂoxHSmﬁme 7 feet. The shearing zmm_onmHH< mxvﬂmmmmm
in the Pleistocene deposits. Miller also noted that

joints in the bedrock were also expressed in the over-

. .dm.ﬂlﬂ
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H%H:a.wwmwmnoom:m deposits. wmmwoomﬁvos dating of
the Pleistocene deposits w:&wQWﬁmm_m: age greater
than the cl4 Hmsomn.cn. Miller mmﬁwamﬂmw the age of
the deposits to be 60,000 to 80,000 years b.p. based
on Pleistocene fauna collected mwoa the deposits

(Dr. Wade Miller, personal communication).

Since Dr. 3HHHmH.w studies, the original excavation
has been filled and the exposures of faults are no
longer visible. A reconnaissance field H:¢mmﬁwomnwo:
conducted by Fugro nosmwwama that there is no evidence

left of faulting or Qmmowamnwos.

While the faults observed by Dr. Miller may show evi-
dence for Pleistocene movement no evidence was observed
to determine whether or not holocene movement has

occurred.

We (S.C.E.) would like to mavrmmwnm our position with
regard to additional ﬁHm:o:Hsm.mOHOmm the Cristian-
itos fault. To date, at least five areas along the
omwmﬁwmswﬁom~mmcwﬁ including the Coastal Bluff, Plano
Trabuco, north Oso <m-m<..m:m Aliso Creek have been
trenched. Of these, three were excavated in wwmmm
displaying a clear terrace/bedrock QOSﬁWOﬁ and wzo in
areas displaying inconclusive soil/bedrock contact.,
Based on this mxwmﬂwm:nm~ we have searched for addi-

tional areas where terrace deposits can be found

-
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so that trenches could be mxow<mﬁma that would
yield useful data. SCE agrees with the NRC's posi-
tion stated in question 3b which H:mwmmﬁmm.nsmﬁ
vwmomambﬁ of trenches should be in mHmmmAmcwmeHm

for obtaining definitive results.

We have completed a thorough study of possible ad-
ditional trenching sites and have found none which
meet the above criterion. Therefore, no further ex-

cavating is planned.

nqm.nﬂu
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Question 3

With regard to the site excavation:

a. Provide clarification of the stratigraphic relationship
of marine (QOm) and non-marine (Qt) terrace deposits in
the San Onofre area. What is the sedimentologic rela-
tionship of these units in terms of geologic history
of the area, including considerations of shoreline
movements and fluvial erosion?

b. Provide clarification of radiometric dating of the.
marine terrace deposits (Qm). Included in this clari-
fication should be a discussion of the reliability of
thorium-protactinium method when used for mollusk dating.
In addition, provide a discussion of the difference be-
tween dating of "shell material" and "mollusks" as
referred to in the PSAR and later reports. .

Response to Question 3

The response to question zwm._wm provided as Sections II
and III of Appendix C, Summary of Geomorphic and Age Data

for the First Emergent Terrace (Qt,) at the San Onofre Nuclear

v

The response to.question 3b is provided as Section V of

Appendix C..

l.qm-ﬂ-an-
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Revised November 1, 1975

Mr. Gail S., Hunt

Southern California Edison Company
P.O. Box 800 : : :
Rosemead, California 91770

Dear Mr. Hunt:

This letter presents a summary of findings . from the
investigations of the Cristianitos fault exposed by the
bulldozer excavation at the proposed Viejo Substation
site. The following drawings are submitted herewith:

o A ooS@am:m:mH<m log of both the northeast and
southwest walls of the excavation; scale 1" = 5°',
with detailed areas enlarged to 1" = 2°', .

© Plot plan of surveyed location and elevations of
the excavation. _ _

- The site is located in the south half of the El Toro
Quadrangle, within the Aliso Creek drainage near the
northern terminus of the Cristianitos fault (Plate 1).
Field activities began on March 20, 1975 and included:

l. Inspection and logging of the northeast and
southwest walls of the excavation. v

2. 35mm color photography of awwﬁwomw areas of
the excavation. .

3. Collection of organic materials useful in ‘dating
the fluvial terrace deposits. ,

4, Hsmvmowwos of the excavation by NRC personnel
on April 9, 1975. : _

The following wm vaHHmm_mcaamﬂw of findings of the
investigation.

3777 Long Beach Blivd. « P. Q. Box 7765 » Long Beach, California 90807 » (213) 595-6611 and 979-1721 « Telex: 656338
‘ Branch Offices in Redwood City, California and Houston, Texas :
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Mr. Gail S. Hunt _ . F-SCE-75-22
Southern California Edison Revised Nov. 1, 1975
Page Two :

Lithologies within the excavation include:

1. Puente Formation (Soquel member, late Miocene)
a gray-green sandy, silty clay interbedded with
massive yellow to gray, angular, arkosic sandstone.

2. Capistrano Formation (Oso member, late Miocene to
early Pliocene), a white to light gray, massive,
arkosic sandstone with interbedded gray to orange-
brown sandy siltstone, bedding trends N30E, 40NW.

3. Fluvial terrace deposits (Pleistocene) dark brown,
bouldery, cobbly, silty sand and sandy silt
‘unconformably overlies the Puente and Capistrano
Formations. _ .

Four elements of the Cristianitos fault occur within the
excavation.. The fault planes undulate and attitudes are
variable; strikes range from N3OE to N25°W: and dips range
from 77°SW to 579NE. Projecting the faults across the
excavation indicates an overall strike of about N3OW.

The faults are expressed as gouge zones 1/4" to 1/2" in
thickness. Polished planar surfaces have mullion or
slickensides which indicate both vertical and oblique
slip. The amount of displacement is interpreted as.
being relatively minor on three of the fault planes;
two of these are within the Capistrano Formation, the
third is within the PUente Formation. The fourth fault
juxtaposes the Puente Formation with the Capistrano and
is believed to be the main element. The total amount
of displacement is unknown but the west side is down
dropped based on mapping by D. L. Fife, 1974.

Careful examination of the basal contact of the over-
lying Pleistocene fluvial terrace deposits indicates no
evidence of displacements on the contact, or. expression
of shearing in the terrace deposits.

'Should you require any additional details or written
description of the excavation, please contact me.

mwsomhmw<.

John D. Scott
Vice President, Operations

JDS/vv

cc: B. Strand
P. West
G. Hawkins

'
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APPENDIX B

- GEOLOGIC Hz<mm6HO>&HOZ OF THE
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November 14, 1975

Mr. Gail S. Hunt

Southern California Edison Company
P.0O. Box 800

Rosemead, California 91770

Dear Mr. Hunt:

This letter presents a summary of findings from the investi-
gation at the Mission Viejo trench (F. Beach Leighton excava-
tion of September, 1971) which was re-excavated during
September, 1975. The following drawings and plates are , R
included: : . . : .

o Comprehensive Hoam of both the southeast msm.nowﬁssmWﬁ
walls Om the bulldozer excavation:- scale 1" = 2'.

o Comprehensive logs of both walls of the backhoe extension
which was excavated nearly perpendicular to the east wall
of the bulldozer trench:. scale 1" = 2°', .

o A plot plan of the excavation: scale 1" = 20°'.

o The F. Beach Leighton log of the original excavation,
dated September 10, 1971.

o Photographs of the original trench before re-excavation and
the location of lime concentrations observed (Plates 1, 2
and 3).

Field activities began on September 23, 1975 to investigate
‘more fully the lime-filled crack reportedly found by Donald
L. Fife, geologist with the California Division of Mines and
Geology, in the original bulldozer excavation. The field
investigation included the following activities: :

o Careful examination of the original partially back-filled
trench (before re-excavation) for evidence of the lime-filled
crack (Plates 1, 2 and 3). _

o The inspection and logging of both the east and west walls
of the bulldozer excavation, and the north and south walls
of the secondary backhoe extension. ,

3777 ro:u Beach Blvd. « P. O. Box 7765 « Long Beach, California 90807 * (213) 595-6611 and 979-1721 » Telex: 656338
Branch Offices in Redwood City, California and Houston, Texas

e imbed with A1 17 C1IREA « Maad OHics- | sidschendam. Netherlands / Branch Offices: Arnhem ¢ Eindhoven * Curacao ¢ pParamaribo * Singapore



@

Mr. Gail S. Hunt
November .14, 1975
Page Two

o Photo logging (polaroid black  and white, and 35 mm color)
of both the east and west walls of the bulldozer excavation

o Collection and analysis of colluvium samples for clay content
and shrink-swell capacity.

0 The inspection of the excavation by NRC @mﬂmoszmw on
-October 16, 1975.

Following is a brief summary of the findings of the H:¢mmﬁwomdwos"

1. The Oso member of the Capistrano Formation (late Miocene -
early Pliocene) is down-faulted against the La Vida member
of the Puente Formation (late Miocene) along the
Cristianitos fault. .

2. The Cristianitos fault zone is defined primarily by two
major shears. The shear defining the western edge of the
zone trends approximately N5W to N15W, dipping 75 to 80W;
the shear which defines the eastern edge of the zone trends
from N1OW, to N8W, and dips from 60W to 87E.

The general strike of the zone across the trench is
approximately NS5SW.

Slickensides are best preserved on the westermost shear
(Drawing 4). The slickensides plunge 85N, indicating
dominantly vertical movement on the fault plane. eonmp
displacement on the Cristianitos fault (vertical) is
estimated to be on the order of one thousand feet mﬁ this
locality (Fife, @mﬁmozmw ooascbwomﬁwowv

3. Trench exposures show undisturbed colluvium overlying
the faulted bedrock. On the northwest wall of the excavation,
the bedrock=-colluvium contact is continuous and shows no
evidence of displacement across the fault. The southeast
wall shows the colluvium o<mww<wso an accumulation of slump
debris (Drawing 4).

4. Detailed examination of the northwest wall revealed three
lime— (carbonate) filled cracks in the colluvium in the
area of stations 35 and 40. No lime-filled crack was found -
over the Cristianitos fault. A comparison of the original
F. Beach Leighton trench log (Drawing 1) and photograph no.
2 in Fife (1974) California Division of Mines and Geology
Special Report No. 110, indicates that the lime-filled

~crack described by Fife (1974) does not coincide with the
Cristianitos fault. It is more accurately located 10 to
12 feet west of the western edge of the fault, and is
probably correlative with one of the three carbonate-filled
cracks observed in the present trench (Drawing 4).

._q:.a..a_
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5. Laboratory analyses of colluvium samples collected from
the northwest wall of the excavation indicate that the
colluvium has a clay content ranging between 10% and 18%
and a shrinkage capacity ranging between 1.5% and 7%. Thus,
the colluvial material is subject to cracking upon drying,

~and the expansiveness of the colluvial material is sufficient

to cause the small hairline owmowm observed on the northwest
wall of the excavation.

6. The origin of the lime-filled cracks in the clayey sand
colluvium is most likely related to consolidation creep or
slight movements in the underlying slump debris (i.e. _
slight downslope movement would create cracking in the
relatively brittle clayey sand colluvium and provide the
surfaces for the deposition of the lime fillings.

Based on our findings, it is oosowcmmm.ﬁwmﬁu.

1. The lime-filled crack described by Fife (1974) does not
coincide with the Cristianitos fault, but actually lies
about 8 to 12 feet southwest of the fault.

2. The lime-filled cracks in the colluvium are not-directly.
associated with the Cristianitos fault or related to
movement on the fault.

3. There is no evidence in this trench for Holocene movement
-on the Cristianitos fault.

Should you require any maawﬂwosmw mmﬁmHHm of the re-excavation,

- please contact us.

Sincerely,

A

wovmﬂﬁ L. Strand
Project Geologist

{F rmgﬂ

John D. Scott
Project Manager

RLS/JDS/ga

Enclosures
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Partially backfilled Mission Viejo trench, before re-excavation, Sept. 1975,
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PLATE 2 FUGRO geofogists locate lime concentrations
Using Photograph No. 2 from Fife (1974)

filled crack described by Fife was determined.

, befare re-excavation.
, the location of the lime-
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PLATE 3 n_ommncu of |

concentrations observed

‘in the old excavation.

MISSION VIEJO TRENCH BEFORE EXCAVATION

Project No.: 74-069-04
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Date NOV. 11,

1975
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APPENDIX C
SUMMARY OF GEOMORPHIC AND AGE DATA
FOR THE FIRST EMERGENT TLRRACE (QTy)

AT THE SAN ONOFRE NUCLEAR
GENERATING STATION

By:
FUGRO, INC.

Consulting Engineers and Geologists
Long Beach, California :

For:
SOUTHERN CALIFORNIA EDISON COMPANY

P. O. Box 800 .
Rosemead, Omwwmowbﬁm 91770

Project No. 74-069-~02

September 12, 1975
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I. ~ INTRODUCTION .

As described by Southern California Edison (1970, Appendix
va,msa in reports by Fugro Awmqnm,.wwwacv to Southern
California Edison, a major Pleistocene terrace deposit

(Qt;) has been recognized in w:m site <Hmw:HﬁM. oww‘mvamwﬁm

‘

contain interbedded marine and nonmarine sediments and oc-

05@% topographic benches mUo<m_ﬁ5m modern beach and San Mateo

.and San Onofre Canyons. The csww.:mm been previously dated

between qo~ooo and 130,000 years old (Southern California
Ldison, quo~_mmo¢wos 2.9) and used as a stratigraphic

horizon of known age.

As a HmmcHﬁ_0m a NRC field trip to San Onofre luclear Gene-
rating Station (SONGS) on April 9, 1975, the mowwoswsw items
concerning unit onH required owmhwmwomwwosu
,.H. Rationale for geologic division of unit OHH.
2. Stratigraphic relationships and geologic s»ww0w<
of the Qt, marine terrace materials and the ot

nonmarine deposits.

3. Distribution of Qt. marine terrace deposits near

1
the OHHmﬁHmswnom mmcwﬂ~ and age Om.QmGOmHﬁm used
to mmﬁwvwwmﬁ lack Om_so<mam5¢ on the fault. |

4. Correlations of the dated marine terrace QmWOmHﬁm
to ﬁsowm at or near the site, and the locations

of the fossil sites.

5. Reliability of the radiometric methods used and a

o



In

clarification of the material tested;

evidence for the in situ position of

wmionwW:o of the dated mommwwm.,

response, this report will clarify these questions.

o



ITI. COHCLUSIONS

Unit Qtq is a local designation Amocﬁvmhs California
Edison, 1970, »wmm:mww 2A) for part of an extensive,
widely recognized oommﬁmw terrace formed during the
last Smuoﬁ high stand of sea level (Sangamon time),

approximately 120,000 years ago.

In the SONGS vicinity, unit OHH contains interfingering
marine and nonmarine sediments (30 to 50 feet thick)
overlying a wave-cut platform and a stream-channeled

bedrock surface.

A basal bouldery terrace gravel o<mHH<Hdw the Cristian- i

itos fault is a marine platform QmGOmHWxOM Qt_. age.

This deposit indicates that the fault has not moved  in _

the last 120,000 years.

Unit owH in the SONGS vicinity is correlative with

other radiometrically dated terrace deposits.

Although some of the uranium-series age determinations
on mollusks are at present questionable, the age dates
obtained on corals and the grouping of all age dates

indicate that the Qt

1 deposits are approximately

120,000 years old.

Although the dated fossils were not in growth positions,
reworking was due solely to local wave action and move-

ment within the surf zone during OﬁH time.

Aﬂnﬂﬂ



III. RATIONALE FOR GEOLOGIC DIVISION OF UNIT Qt,

A. Discussion

The stratigraphic nmwmﬁHOmeva ovwmw<ma at SONGS consist of
a complex interfingering of Bmebm and :osamwwsm_mmGOmHﬁm.
In response to questions posed ooznmﬁsw:m the relationship
of :oanHHbm stream material to marine terrace deposits
ﬁmm following discussion will show that: |
1. The complex interfingering of marine mbm con~
ww:msﬁmp material is not c:nmcmw in this area.
2. Nonmarine QmﬁnwﬁWm is the dominant terrace vaomwn
at the SONGS site, and it omr be used as a mwnnwwr
‘graphic horizon of known age--stratigraphically
equivalent to Hmmwosmﬁmwomwww dated marine
terrace deposits. | |
3. The detrital material which directly overlies
ﬂrm_OHHman:Hﬁom mmcHﬂ at mvm San Onofre Bluff, -
mwnwocmr being OHMQHSWHHW,Om stream owwmws~ was
reworked in the msww zone during Sangamon time and
represents a marine mﬁwmﬁwmﬁwvrwo horizon of known

age.

‘B. 'Marine Terraces

The California Coast is notched U< a series of Pleistocene,
amwwwm, wave-cut benches formed during mw%uwmnmbmm of mmm
level. The benches are recognized from as much as 300 feet
below sea level to mw much as 1000 feet mUo<m.._moam of
these marine terraces wnm mcmﬁmdwomwww_mme<mm (formed as

the result of Pleistocene sea level fluctuations) and some

. | A..Lﬁ!ﬂ .



are tectonically derived (formed as the result om_nm0ﬁ05wo
cvwwmw of the land relative to sea level). The higher
terraces Bu< be as old as 1.0 Bnm. Aﬁmqum and others,
qummv~ and the lowest, submerged terraces are probably

of Wisconsin age (Buffington and Moore, 1963).

The most prominent and vmww preserved terrace level is
commonly referred to wm the "first emergent terrace" or
the :mm:mmaoalm@m ﬁmHHmmm=u At mozmmy this marine terrace
and its deposits have been identified as part of unit Qt,

(Southern nmwwmowbwm.mawmos~.woqo. Appendix 2A).

The Sangamon-age terrace is widely recognized along much

of the California coast. Although it ranges in mHm<mﬁHos
from about 25 feet to over 150 feet, owing to both local
tectonic activity and broad coastal mBmHumbom~,ﬁwm ter-
race can be widely traced and correlated. 1In areas of
late Pleistocene and Holocene tectonic activity, this ter-
race may not mowcmpww_vm the lowest emergent terrace, but
it can still be Hmoomswmmm,o: geomorphic and paleontologic
grounds (refer to mmcﬁwms on "Correlation of the Sangamon-
age Terrace by Surficial Mapping" of this report). The
commonly mvmmﬁ<ma m~m<wwwo: of the terrace is about 100
feet (30 m), mHﬁsoc@f some of the terrace deposit frequently
consists of a nonmarine colluvial cover. In the vicinity
of SONGS the mwsmmaos level AOﬂHv has a wave-cut vpmﬁmowa
elevation of about 55 feet. The platform is overlain by a
variable thickness (generally 40 to 50 feet) of Bmhwsm.msm

SODBW.HMSW terrace material.

g —



C. Nonmarine (Stream) Terraces

In response to mHGOﬁcmnwvm%cwmwmnoomsm.mmm levels, major streams
mmuCWﬁmm their regimens v<4mwn§mﬂvmamwmmwsm or mmunmawlm their
valleys. These mmohmmmnHoumwwmmmﬁmmmﬂwosww Qmonm are represented
by a eries of cut and mHHH stream nmﬂwmommAws almost all BwUOH
coastal drainages. At ﬁwmioommﬁ where the mﬁHmmim entered.

the sea, nonmarine material was mwm&mm within the streams

to the prevailing sea level.  Thus, at the mouths of the

streams, the stream terraces oomwmmom with equivalent marine
terraces and represent the former sea level altitudes as do

the marine terraces.

In the vicinity of SONGS, San Onofre and San Hateo stream
deposits of Sangamon age grade into marine deposits of
similar age and onto the Sangamon-age terrace platform;

these cmwﬁm are mHH.H:owcmmm as cwwﬁ OﬁH (Southern omHHmOHSMm
Edison, 1970, Appendix 2A, Figure 1l). Although consisting
primarily of mﬁHmmE‘mmGOmwﬂm~ unit oﬁw is similar to unit
Qt,, but occurs topographically mwmwmh than unit OWH_AMMQCHmm

1 and 2).

D. Description of oww Deposits at SONGS

As described by Southern California Edison (1970, Appendix
2A) and in a Hmvowﬁ by Fugro (1974a) to. Southern California

Edison, Qt. terrace deposits consist of nonmarine sediments

1
and small pods of marine deposits overlying a scoured bed-
rock platform. The nonmarine deposits are crudely

stratified, poorly sorted mixtures of gravel, cobbles and

. l-m...n-aﬂ
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boulders with silty and gravelly sand. The recognized marine

‘deposits consist of well-sorted sand and gravel.

The only marine meHmnm deposits previously believed to

"occur in the site excavation were located near the sea bluff

and have been removed during grading. Recent field investi-
@mﬁwo=m have shown, however, that the plant east wall of the
site mwom<mﬁwo: contains a mmemm of alternating marine and
continental mmaw&m:ﬁm. Poorly sorted, Gmswmmhw gravel
(stream gravel) is interbedded with well-sorted, crossbedded
sand (marine wmsav.w:m a sandy silt that is Umwwm<mm to be

an estaurine deposit (Drawing 1).

This sequence overlies an irregular mHOmHosmH surface (4 to
5 feet of relif) cut on the San Mateo Formation, and the
deposits represent a channel fill of San Onofre Creek. The
maximum depth of channeling can be seen approximately 1/2
mile northwest of SONGS mHosw San Onofre Beach tsmwm the San
Mateo Formation has been scoured nearly to sea Hm<mw._ Loca-
ted on the eastern margin of San Onofre Canyon, w:m,mozmm
excavation exhibits less channeling than ﬁrm center of the
canyon. Southeast om SOMNGS along the coastal bluff, the
channeled surface grades into a c:MmOHB._£m<mrocﬁ marine

platform (Figure 1).

As described in "Summary of the Geomorphic mwmﬁOHw of the
SONGS Area" of this report, the filling OH the channeled
creek <mHHm< 2mw contemporaneous with the formation of the
Sangamon-age Terrace. The Oﬁw soanHHsm &mGOmwﬁm.mHm there-

fore of Sangamon age.

g -



The interfingering relationships of marine msm.oo:a»:m:nmw
material within terrace ammOmHﬁm are also recognized at
several adjacent localities northwest of SONGS. .Hs the area
‘of maximum channeling by San Onofre Creek along San Onofre
Beach, a sandy silt containing marine shells (estuarine
Q@@Omwwv is overlain and underlain by San Onofre stream
gravel Acumswsw 2). At the mouth _om Prima Ummo:mowm Canada,
approximately 7 miles northwest of SONGS, mnhmms gravels
overlie a Smpwlmownmm marine sand and a mommwwwmmhocw.
sandy, Bmwwsm,mwm<mw._ The stream gravels underlie a sandy
silt that is an estuarine mmUOmHﬁ. At the mouth of San Juan
Creek at Dana Point, approximately 10 miles northwest of

SONGS, a fossiliferous sandy silt (estuarine deposit) is

interbedded with bouldery San ucws,nhmmw gravel (Drawing 3).

E. Basal emHHmom_mHm<mH Overlying OHHmemsHﬁom_MmcHﬂ
Three-quarters of a mile southeast of SONGS, the Cristianitos
fault is exposed in the sea bluff and is overlain by an undis-
turbed mm@cm:om of nonmarine-type ﬂmHHmom.AOﬁHv material
(Southern California Edison, 1970, Appendix 2A, Drawings 3,

4 and mv.; Whereas the bulk of the overlying terrace deposit

is locally derived continental material, a thin basal bouldery

gravel, as illustrated in Drawing 6 of Appendix 2A of Southern

California Edison (1970), overlies the wave-cut @Hmwmowa
between wrm omemenwﬁOm fault and SONGS (Drawing 4). The 1-
to 5-foot thick gravel was originally derived from San Onofre
stream deposits, but wﬁ is a wave-cut platform vavmwﬁ_msa not
a Qrmsnmw deposit because of: |

o lHigh degree of sorting,

fuone
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o Lack of bedrock channeling,
o Uniform mantling of the terrace platform, and
o Persistence of the gravel along-shore for at.
least 5 miles. |
The stream gravel was reworked in the mcwm Nosm of the Oﬁw
nmﬁwmnm Hm<mw~_UCmﬁ as stream gravel is being reworked on
the wwmmm:ﬁ beach. This Umwmw aHm<mH.wm.ﬁ3mHmm0Hm inter-

preted as a marine platform deposit of Sangamon Aowwv age.

The fact that the wﬂm<mH is undisturbed where it overlies
the Cristianitos fault confirms the 1lack of movement on the
fault since Sangamon time, mvwhoxwamﬂmw< 120,000 years mao.
(refer to following section on "Age Data for the Sangamon-
Age Terrace").

F. Summary of the Geomorphic History
of the SONGS ARLA

The Pmﬁm Cenozoic geomorphic. history of the SONGS area is
dominated by the Eustatic fluctuations of sea level. 1In

the site area, a series of wave-cut marine terraces occur

up to several hundred feet above sea level and represent
former high stands of the Pacific Ocean. Some of the higher

marine terraces may .entirely be tectonically rather than

eustatically derived, but the two major lower marine benches

in the bana Point-San Onofre area AOﬁH. Oﬁwv can most likely
Um related to climatically controlled (glacio-eustatic) sea

level mwnwn:@mm.

These lower terraces have, however, probably been uplifted

subsequent to each of the high stands of the sea. Although

: Am.n-.-u
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little is known about the maximum elevation of the sea
during Qt, time, the maximum height of the sea during oﬁH
(Sangamon) time is believed wo rm<m been about 30 feet
“above the present Hm<ww (for example, Ku and others, 1974;
and Steinen and others, 1973). Since the oww.ﬁmﬁhmmm
occurs at elevations of 75 to Hoo,mmmﬁs_wmmwosmw or hydro-

isostatic warping may have occurred.

eﬁm same geomorphic relationships of stream ﬁmWHmnmm to
marine terraces exist at the mouth of the San Onofre Creek
as at the mouth 0mvmm: Juan Creek md.umsm Point (Fugro,
Hoqmv.. Stream terraces are owmmmm to mOHamH_wwm: sea
level altitudes and can be traced laterally to marine
terraces. Because each terrace level represents a long-

4 anvamm level stand, the HmwmﬁwormSMU of mﬁHmmB QQ@OmWﬁm
to Smwwbm_mmwomwwm is complex. Sea level @HOUmUH%Achol
tuated slightly during each of these intervals and the
volume of stream material entering the sea probably varied.
Therefore, a complex H:nmﬁmwbamﬁwn@ of marine and nonmarine

sediments is present at each level.

The block diagram of the mouth of San Onofre Creek (Fig. 1)
and the diagrammatic composite cross sections along San
Onofre Creek Amw@. 2) illustrate the middle to late Pleis-

tocene history of the SONGS area.

Based on the geomorphic history that has been developed for
San Juan Creek, on the radiometric and terrace correlation

data contained in this report, on vcvamsma,mba csvccwwmwma

. l?a..,a



C-11

literature, and on the observed geologic relationships in the

site area, the following geomorphic history can be outlined.

It should be noted that the major aggradational episodes

‘occurred during the interglacial high sea level stands, and

no deposits of glacial low stands are definitely recognized.

This does’' not exclude the possibility, however, that some

of the basal stream gravels were deposited immediately

moHHOZHso incision of the streams to the eustatically

lowered sea level.

1.

mmwww to middle wwmwmnmomsm time Hm.vﬂwsmﬁwww

represented by a sequence of smHM:w terraces

300 to 600 feet in elevation. These high ter- | .
races are highly mwmwmnﬁmm and poorly vﬂmwmn¢mm~ |
but best exhibited near Dana Point, about 10

miles north of the site, and near Las Pulgas

Canyon, about 6 miles south of the site. They.

- do not occur in the immediate site area.

Middle to late Pleistocene time is represented

by a sequence of marine and stream terraces con-

taining interfingering deposits. From Yarmouth

(?) time through the present, sea level has suc-

cessively risen msa fallen (transgression-regres=-

sion), and tributary mdhmmam have consequently

mmmﬂmmmm_mbm degraded. |

a. wwcﬁostmﬁmw< 200,000 %mmﬁm mwo AHmHBorns (?)
ﬁHSmw wHomome and Van Donk, 1970), sea level

wwoom wmﬂrme,mm much as 150 feet higher than

lqm-ﬂ-an-
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Late Cenozoic Geologic Time Scale

o

Geologic Time Units

Period | Epoch :

Age

SONGS Geologic Units

Holocene

Quaternary " Pleistocene

Wisconsin Glacial

Sangamon Interglacial

Illinoian Glacial

Yarmouth Interglacial

Kansan Glacial

Aftonian Interglacial

Nebraskan Glacial .

?

Pliocene

Tertiary

10,000 yrs. b.p.

1.8 m.y.b.p.*

Qal, Qb, Qf, Qsw

Degradational period,

no recognized deposits

Qt,

Degradational period;
no recognized deposits

Qto

NO'recognized deposits

No recognized deposits

No recognized deposits

?

Tsm

* The Plio—Pleistocene.boundary is pladed at 1.8 m.y. after Grichuk and others (1969).

- ¢T=0



present (Fig. 2A). San Onofre Creek was ag-
grading and contributing sediments (ot, ﬁmwr
race deposits) ano_ﬁbm transgressing area.
Between about 120,000 and Noo~ooo.%mmﬁm ago
AHHHHsoMm:_wHBmV wmeGme@m~ 1966) sea level
dropped Hmmcvﬁwsw in the mmmv,wsnwmwos of the
streams (Fig. 2B).

About 120,000 years ago Ammv@msos nw?m“ refer
to section on =wmmwoamﬁnwo Data mOH the mmbomaosu
Age emwhmom:v.mmm level rose to 30 feet above |
the present level, marine waters transgressed,
and San Onofre Creek aggraded Amwmr.wnv. A
wave-cut platform was beveled mOHOmm the &mﬁl
tiary formations and the Quaternary mPH:<me
QmwOmwﬁm~ and a sea cliff was cut into the

higher ow _SmanHmH OHH stream mvamHﬁm filled

‘the previously scoured creek <mHHm% and were graded

to the OWH marine terrace level. Continental
Qt, sediments interfingered with marine OWH.le.
posits mw sea level and continental mm&wamb#
volume fluctuated.

Between about 20,000 and 70,000 years ago
AEHmoosme time; Buffington and EOOHm‘ Hmmw.
mwmwsm: and others, 1973), sea level Qwowvma
several hundred feet from the onw,mwnwncmm

AMHQV 2D) . mmm.wm<mw was mbvwoxwamdmwm 200

to 300 feet below the present level and a wave-

-
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- cut @HmﬁWOHB was mOHBmm.mm<mme miles off the
present mUOHmHH:w. vam platform is now recog-
nized as a submerged, offshore terrace. During
this interval, San Onofre Creek downcut moo
mmmﬁ or more vmwos the vwmmm:ﬁ OHmmw level.

e. Since the maximum lowering of sea level during
Wisconsin time, sea level 3mw gradually risen
to the @Hmmm:w,wm<mw and num deeply mooswmm
owmmw valleys have been Umowmpwwmm to their

present level (Fig. 2E).

With the attainment of the present sea level, the
present wave-cut platform has been vﬁomﬁmmmw<mww
m:omomnrws@ on the Onw meHmom~,mxvomem,n:m marine/
nonmarine relationships. At the Bopn: of mw: Onofre
Creek, the sea cliff now mxmwvwww.amﬂwsm and non-
marine wsﬁmﬂwm%mﬂm overlying the osmbbmwmm.mms

Mateo Formation.

The Oﬁw stream terrace mmvomwﬁm pinch o:ﬁ_pmwmhmpww.
(Fig. 1) as the channel deposits grade out onto the
Qt; wave-cut platform. Beyond this gradational
contact, the San Mateo Formation, as seen in the
OHH bluff, is no longer channeled but is uniformly
beveled by the oty wave-cut vwmﬁmOHa. The wave-cut
vwmwmona slopes gently toward the sea, and it is
mantled by a thin AH to 5 feet) basal, bouldery
beach gravel and a <mHHmmHm thickness of marine

sediment and continental cover.

-
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‘IV. CORRELATION OF THE SANGAMON-AGE
TERRACE BY SURFICIAL MAPPING

The Sangamon-age Terrace has been locally identified and

,HmmwoamﬁﬂwomwwmAamwmm.wﬂ many localities along the California

coast (refer to mmOﬁHo:_os =>mm.Umﬁm for the Sangamon-Age

emwwmom: of this report). None of ﬁ:m @Hm<wocmwk published
H®W0Hﬁm~ 30£m<mﬁ~_sm<m correlated all of these widely sepa-
rated localities. esmﬁmmowmy the following terrace correla-

tion has been developed from a compilation of published and

unpublished Emwvwsm for the California coast and recent

field observations in the SONGS area. The correlation demon-

strates that: .a
1. Swmmww mmwmhmﬁma.ﬁmhhmomm are correlative based
| on published and unpublished mnﬂmwowmp Emvvw:Q.
2. Mapped ﬁmﬂnmomm of known Sangamon age (radio-
metrically dated) are correlative with the Qt;

units at SONGS.

mwmcmm_w illustrates the extent Om.vsvwwmvma and unpublished
mapping of ﬁsm_mmsomaosnmmm Terrace along the coast from San
Diego to Santa Cruz. None of the individual maps extend
continuously along the entire coast, but the overlap of

data mmﬁmdpwmsma.m,OOSUOmwﬁm mObﬁHSbHﬁw._ Hs moBm ommmwﬁ

the terrace has Umm: included in an undifferentiated unit

- or has been given various formational names. Although some
of the maps do not mnmowmwnmpww_wmm:ﬁwmm the terrace as

being of Sangamon ade, all of the individually mapped areas

.v lﬂ.:mznu



can be related to ﬁzm.chHHmsma radiometric data (Figure 4;

Tables 1-9) which establish the age as Sangamon.

The following describes ﬁwm.mxﬁm:m,om terrace mapping along
the California coast from San Diego to Monterey Bay,

graphically shown in Figure 3.

A. San Diego Bay to Del Mar

Ellis (1919) and Hertlein and Grant (1944) identified two

probable levels of the Sangamon-age Terrace near San Diego:

the upper "Nestor HmHHmom=~ and the lower "Tia Juana Terrace".

These two levels were included in a more extensive undif-
ferentiated unit by Ellis and Lee (1919) and Hertlein and
Grant (1954), and combined into a single unit aﬁm Jolla
Terrace) by Hanna (1926) and Peterson prqov. 0:H<,w:m
major level, ﬁrm Nestor level, was mapped by Ku and Kern
(1974). The most extensive wsm detailed mapping in this
area is that Omvxmssmmw (1973b) who recognized both levels

and mapped both terrace deposits as ﬁsm.wm< Point Formation.

B. Del Mar to Oceanside

The Sangamon-age level was included with a ‘series of undif-
ferentiated terraces UK Ellis and Lee Awwwwv msm mmWﬁHme
and Grant (1954). Phillips (1933) included it as part 0m a
series of unnamed Ummo: ridges and "marine river terraces"”
found along the coastal plain. The most detailed descrip-
tion was that of Palmer (1967) who traced a single level as
an unnamed coastal mewb.ﬁrwoc@: this area as vaW.Om a

regional study.

-
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C. Oceanside to San Clemente

North along the coast from Oceanside, the Sangamon-age Terrace

.Hmpﬁmoombwuma as a single, broad, ooHHc<HmH?no<mHmQ bench.

'

It was undifferentiated by Ellis and Lee (1919), Hertlein

and Grant (1954), Ball (1961), msmAmezo_%sa Cleveland (1968).

It was also undifferentiated through the Camp wmbmwmﬁmb area
by Moyle wawwv. but HM can be recognized on his map as an
csnmsmm.oommﬁmw wHwa.w wmwamﬂ aHmmqv also described the
terrace mw an unnamed mommﬁmp plain, and he documented the
continuity of the wwsmwm mcﬂmmom.ﬁdhocm: n:m area. .<mHBm_
(1973) mwmo,mmﬁmwwwmwmm a correlation Om.awm mHnWﬁ4mBmHmm3ﬁ
terrace through m&»m area by using map vmwmamﬂmHWn
From Oceanside through %sm_mozom‘mﬂmw~ the terrace was mapped
in detail mm,c:ww Qt, by Southern owwmeHsrmwmmHmos (1970,

!

Appendix 2A) and in present mmem investigations.

D. San Clemente to Newport Beach

North along the coast from SONGS to zmsvonn wmmo:..wsm first
emergent ﬁmHHmom is well preserved and mmmWHK.wmmbﬁwmmeHm.
It was undifferentiated by meP Awwmvv and Blanc and Cleve-
land (1968), but was mapped Hm detail by Vedder and owrmﬂm.
(1957), Hoskins (1957) and Fugro (1975). wHﬁWOSQS the
terrace is tectonically warped through the San Joaquin Hills
area, continuity was demonstrated by Szabo and Vedder (1971)

and Palmer (1967).

E. Newport Beach to Santa Cruz

Upcoast from the boundary of the Peninsular Province at

fusno
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Newport mmmo:~.ﬁsm mmsmwaosrmuo Terrace Hm.ﬁmnﬁouwamww<
deformed, meoo:mwbﬁocmy_wda ﬂwmmwocpﬂ to trace by surficial
mapping. mOmesw Awwmqv~,:osm<mw._mcoommmmcwww.mmao:mﬁwmﬁmm
that the first emergent terrace levels at isolated localities
can UmABmwvmm and correlated through paleoecologic methods.
He pointed out that widely mmvmﬁmﬁmm terraces mwm,nonwmwmﬁw<m
on the basis of fossil assemblages and reconstructed paleo-
isotherms, and he concluded that the separated mmoSmsnm‘mHm_

part of a ww:@wm terrace formed during mmbmmEOB_nHSm.

. ..—m.ﬂ%l
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V. RELIABILITY OF URANIUM-SERIES
AGE DETERMINATIONS

A. Description of Methods

chmswcslmmnwmmvnmosswacmm_Um<m been widely used to date
carbonate demwwmw from the Sangamon-age emﬂwmoms and they
vm<m yielded <mwwwsn results mmwmsmwso cco: the method used:
1. Uranium-thorium-protactinium method onpnowmwm~
2. Uranium-thorium-protactinium method on mollusks,

3. Uranium-helium method on mollusks (rarely used).

As described by Szabo (1969) and Rosholt Awwqu. the
Th230_p5231 deficiency Smﬁrom is based on the assumption _ e
that carbonate Smﬁmﬂwmw when formed takes in chmbwcs.msa_
insignificant amounts 0m.ﬁ30HHcS and protactinium. Age
determinations mwm_amam by measuring the amount of Th230

and Pa23l produced by the @mHmsw elements, U234 mba.cNum~
HmmﬁmOﬁH<mw<. The ages that mﬂm_wbmmvm:mm:www mmﬁw<mm from

the growth of the Th230 ang Pa?3l should be concordant,

thus providing a conclusive age date.

Helium -4 (alpha emission) wm_vnoasmma through the decay of
uranium and nrowwza.msa,owsmw,amcmswmh nuclides in the decay
series. The concentration of helium can therefore be used

for determining radiometric ages.

For any result to represent a true age, two assumptions
must be valid:

‘1. A measurable amount of the uranium was incorporated

.Afmzw
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into the mvmmwamn mcﬂwww its formation OH w: a
@mﬁwom on time wzmn_tmw short compared to the age
of the specimen.

2. No measurable cnmswcav,ﬁSOHMca, protactinium, or
helium has entered into or been leached from the

material (closed-system condition).

" Whereas these conditions appear to be met in corals, they

are not generally met in mollusks.

B. »smwwmwm of Uranium-Series Results

1. Uranium-thorium-protactinium

a. Corals. As mmmOmemQ.Uw Szabo (1969), solitary

| corals can Um_mconmmmmcwww used for uranium-
series dating of Quaternary material because:
(1) Uranium-238 Hw,m.vaame trace element in

coral (incorporated in the living organism).
230 _

ANV The Th \eumwmemﬁHOm are generally high
(i.e., <mH<AHm£ erwww.QOSﬁmbﬁwv~ thus
enabling moocmmﬁm correction factors to be
made mOH bowﬁmmwommbwn eswwo.

(3) Crystallographically unaltered mmsvwmm
form a closed system with respect to the
ﬂsmwo pa231 !

' , and uranium isotopes.

>w Ku (1968), Ku and Kern (1974), Ku and others -
(1974), and Kaufman and others (1971) found,
unaltered corals will meHQ.OOSOOHQmSﬁ HSNwo\chNH
and pa?31,y235 dates, wtcw providing mmOﬁwmdm

mcmowcﬁm mamm.

} . A.w.n!-u
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b. Mollusks. onHcmmms shells do wow generally
meet ﬁrm_oPOmmm.mwwﬁmE requirements outlined
under "Description of me:omw: because:

(1) chmswcawwwmﬂwm a secondary ﬁnmom mHmmew
w:_BOHw5wwm (incorporated after death).

(2) cnmschAm:a perhaps, ﬁo_m lesser extent,
.ﬁSOHHcE and protactinium are oosso:Hw.Sovwwmy
awohwﬁwb@ both in and out of the sample H#

unpredictable degrees.

Although uranium-238 Hm mmoosmmﬂws it SHwH lead
' to erroneous results only Hm_mmmwawwmﬁwos,smm

not occurred in a period of time that is short i
compared to the mnm.Om the sample. Broecker (1963)
found that uranium-238 was incorporated in the
mollusks quickly after death and that the intake
usually ceases after m.mmz.ﬁUOCmmsm.wmmnm.. NmCmBms.
and others (1971) nObchmma that whereas uranium-
238 uptake by mollusks ceases before an age of
10,000 years, a further addition (on the order

of 50 @mwomsﬁv does occur during the following
mm<mnww thousand years. Szabo Ac.m.‘nmowoowomw
mcH<mM~ 1975, oral communication) estimates that
wsm,cwmswcanmwm is incorporated generally within
5,000 years of death, and wc (University of
Southern California, 1975, oral communication)
believes that the uranium addition is close

enough to the time of death to have only a slight

effect on the ages of interest (greater than

foune
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50,000 years). In any case, the resultant age
dates, if reliable, will still represent only

°

minima.

As mocﬁm U% Blanchard and others (1967), the
m<mnm@m.:wm:wc3 ooswmdd.ws fossil mollusks is
generally Swasmu_nwms in modern shells, thus
indicating mmﬁmﬂlammﬁs uranium addition. erm<
concluded, based on w ooavaMWOb of sﬂmbwnau
mmHMmmAmom_mmﬁmm with known age Qmﬂmm~.n:mn

uranium-series disequilibrium measurements are

' sometimes valid, but in general are not likely to

Similar conclusions were reached by Szabo and

Rosholt (1969) and Szabo and Vedder (1971) .

.wmcmam:.msm_Oﬁ:mHm Aquwv have analyzed the uranium-

series technique on mollusks most thoroughly.
They found through wrmmm:wwwmwm.Om over 200
molluscan mmavwmm that:

(1) Hb_mmawﬁwo: to the assimilation of secondary

U238 sfter mmmﬁ&~_m process exists which

adds cww» relative do,cwwm to most mollusks for
possibly rc:mwmam of thousands of years after
death. This mamwnwow »w over and above wrm
cNup_ﬁrmﬁ should decay QCHMSQ this time.
(2) More than half of the mollusks wcw to the

test show a discordance between wwmuw\cwuw

oo
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and ewwwo\Cwa ages which cannot be explained

by analytical error.

(3) . Where independent ages are m<mHHmUHm~ these
disagree with- _E..Nuo\cNuNH momm by more than
twice the analytical c:omﬂﬂmMSﬁw in at least
half ‘the cases. When cl? ages (which may be

. questionable) mﬁm excluded, this mwmmohmmam:ﬁ

w, : | occurs in mUOdn 70 percent of the cases.

An analysis of 17 wwmwmﬁoombm mollusks from
Southern California lead Szabo and Rosholt (1969)
to conclude that a nHOme -system mmmcsvﬂwos is

not applicable. Based on ermwo\mmmww

age dis-

, '~ parities in their samples, they oonowcama that
..\_ | in the absence of wmmuu. momm (such as in Bradley
M | : and Addicott, 1968) closed-system HSNwo ages are
mwm3p< suspect., .ermmpmox of estolwmme concordance
Md‘dsm mvaHmm @Hmownmma a closed-system model,

but allowed the Qm«mHoanzd of an open-system

model that would vhmmcamUH< compensate for the

. isotopic contamination.

The open-system model was developed as 'a result

231 relative to ewwwo

in the samples. The excess mewH was attributed

of a measured excess of Pa

to the presence of mobile uranium that migrated
. : 1 !
,wbﬁOHUmm:mHH~wHomcomm mmmw .msmekuo mmco:¢mﬁ

,-\ mHmBmSﬁm~ but was not assimilated into the shell.

oane
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Based ou,ﬁw»m uranium mobility, a mathematical

solution for the age nmﬁmﬂawbmﬁwou_OM the open-
‘system mmswwmm.zmm mm<mwovmmu€rwo:.mHHOSmm the

omwocwmﬂwos.on_nsm ovmbwmwmﬁmaummmm for dsm

msmeNma samples (Table 1).

Szabo and Vedder (1971) similarly analyzed 22
SOHHCmomn;mmamem from Southern nmwmestm and
found that use could be ammm,Om the ovmslmwmﬂms
model only under certain conditions (some of

their Hmmﬂwnm are menma H:.emvwm 2). 1In numerous

cases they found a Pa231 deficiency relative to

e:wuo rather than a mmwuH mxmmmm as in mwmco 4 . e
and wOm:owﬂ.m.EvmmH. This deficiency was mxwwmwbmm

by assuming that the mOmeHm had assimilated an
additional amount of uranium, thus HOSmHHsQ

_ 31
the values of both e:mwo\cwwh and wmm \cwwm.

In such situations, where there was a wmmww
deficiency, they concluded that the open-system
model was not applicable, and that no reliable

means of absolutely dating individual samples was

possible.

This ovaImwmﬁma model of Szabo and Rosholt wamwv
has been thoroughly evaluated in Kaufman and
others (1971). They no:nwc&mm_w:mﬁ based on
analyses of over 200 molluscan mmswumm.nvmvovmun
system model is invalid in that the model does

not cope adequately with the more complicated

’ |1=m!ﬂ



and variable conditions onocwwsm_ws nature; it
does not yeild any more reliable ages than the

closed-system model.

At memm5ﬁ~ the status of wsm ovmbum<MﬁmB model
is still in @cmmﬁMOﬁ. m02m¢mm. m. J. Szabo Ac.m.
Geological Survey, 1975, oral oossc=wmmﬁwo:v_
believes that a good working model can be

successfully developed.

muo_msa Pa

-

In the absence of concordant Th 231

mumw and reliable open-system dates for individual
mollusk samples, an approximate age for a mmWOmwﬁ
can be Qmﬁmﬁswbmm if a mmhwmm of cwmswcaleOﬂch
mollusk Qmwmw QHSMﬁmH,maocnm the same age (T. h.
Ku, University Omgmocﬁ:mﬂs California, qum. oral
communication) . .m<ms_ﬁ:ocmsvﬂrm mmﬁm_Amm.meﬁmm
in Tables 1-9) may som mo:ﬂmwb individually
reliable ages, Hﬁ.om:~ in total, be used to
mmnmvwwms the approximate age of ﬁ:m,mmvomwm by

grouping Om_mmﬁmm (Table 11).

Uranium-helium. Uranium-helium m:mw%mmw are also
~subject to closed m%mﬁms requirements. The age det-
erminations of Fanale and Schaeffer (1965) for the
vaOm Verdes Hilis were based on closed-system assum-
ptions and, mwﬁroco:.ﬁ:m derived ages agree well with
other correlative deposits, no detailed evaluation of

these ages is available.
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Conclusions

1.

3.

Unrecrystallized corals provide the most accurate
means of uranium-series absolute age determinations
because they possess. primary uranium and remain

closed systems with respect to uranium, thorium

and protactinium following burial.

. 4
Mollusks are less than ideal for uranium-series /7
mmﬁwsw"
a. Age mmﬁmHSHbmﬁMo:m.mHm_Hmamﬂmmm as reliable

only if QOBWOHQmSH ekuo.msm pa23l ages are
‘obtained on individual samples, mua.ﬁvmb_ﬁsm<
are only minimum ages because uranium addition
to the sample Mm.om a mmoosmmﬁw bmwchm.

b. ,feﬁmvaOﬁowmw of M:ﬁmwmmﬂ~.ws particular ﬁ:@mm ‘
of uranium, are commonly mobile, migrating UO#J
in and out of ﬁsm_mmiVPm, thus resulting ws
mHHo:mocm OHOme:mwmwa ages.

c. >l open-system model &wwos corrects for isotope
Sw@ﬁmﬁwob‘smm Qm<mwovma by Szabo and Rosholt
(1969), and it was suggested by them that it
can be mﬁoommmm;ww% Cmmm in determining accurate

, 231
ages on mollusks that have discordant Pa and

ermw@ ages. Kaufman and others (1971), however,
demonstrated that this open-system model cannot

be valid.

~Urahium-series dates on mollusks can be used as an

approximate age indicator for a deposit if a series

of dates cluster around the same age.

.Afnzn
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VI. = AGE DATA FOR THE SANGAMON-AGE TERRACE

The available wcdwwwrmmvmmm dates mOH,ﬁrm Sangamon-age
emHHmnm mwm presented in emmwmm H to 9 and are @wOﬂmmm by
locality in Figure 4. As meﬁmmx ﬂwmwm are several types
of HmWOMﬁmm age dates:

o Th230 ages

o Th230-pa23l (concordant) ages

o Calculated ovmsym%mwma uranium-series ages

o Uranium-helium ages |

0o Amino-acid.ages
As vﬁm<wocmwm described in "Reliability mm Uranium-Series
Age Umwmhawsmﬁwonm~= the only ages shown to be of absolute
value mwm"

o Th230 ages of oowwpm.

o Concordant Th230 - Pa23l ages of mollusks

Ten such absolute ages have Umm:,ﬂmvownmm at present (Table 10).

The ages range from about qosooo to Huo~oco years and agree
zmHH_SHﬁs documented zowwm|£Hmm stands of mmsmmBOb sea level.
For example, Veeh (1966) and Ku and others Awwqu established
that a high stand of sea level occurred on Hawaii 120,000 |
years ago. Ku (1968) moucamaﬁmm three mwmﬁwnoﬂ.mmsmmsow sea
levels on Barbados at 80,000, 105,000 and 120,000 years; of
these high stands, the only one that ooocHHmm above the
present level was the m:m at 120,000 years (Steinen and others,
quwvA mﬂo: mamm,mnm also in mmwmmsm:ﬂ with world-~wide
climatic o%nwmm as M:ﬁmﬁvﬁmﬁmm.vw Broecker and Van Donk (1970)
who established that a major deglaciation occurred at 127,000

t

+ 6,000 years ago.

. ’ Amu.m!n
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>Hﬁ:oaas some of the mUmoHcﬁm ages are as young mm_mo,ooo
years, ﬁvm Qt, ﬁmﬂwmom deposits at SONGS are interpreted
as being about 120,000 %mmwm,on because:

o) eww coral ages owcmﬁmw m&o&umfwwo~ooo_<mmﬂm\ (Table 11).

o The Th230 mollusk ages cluster around 100,000 to
120,000 years (Table 11).

° The HSNwO|mewH concordant mollusk ages are only
minimum ages since the uranium is secondary.

o The Qtj terrace has been shown to be OOHHmHmﬁM¢m to
the zmmWOH_emHHmom~ dated at an average wsowwcau
vhowmoﬁwbwsa coral age of 120,000 + Ho»ooo_wmmhm (Ku
‘and Kern, 1974). | |

o >Hw:oc@s multiple high stands of the Sangamon-age
sea have been documented world-wide the only high.
mﬁwsm believed to have ooocﬁﬁmm,wuo<m the present
sea level has been Qmﬁma.wﬁ mmvhoxwimﬂmww Hwo.ooo

years (Steinen and others, 1973).

wawsolmowm age dates are w:owcmma in the data (Table 8),

but BOmﬁ_Om the yielded ages m@@mmw to be slightly vwor.

These ages were determined by Lajoie and others .(1975a

and qumvv through maw=o|mowm mﬁmumoo:mawmﬁnw. The esti-

mated amino-acid ages of 140,000 to 150,000 %mm&m.n:m# are
derived for this set of ﬁmﬂnmomm are slightly high due either
to w:m use of a kinetic model (as opposed to calibration of

the ratios zww:_m known Hmmwoamﬁwwo_umﬁmv or just wo analytical
error, which is probably + 20 vmwomSﬁ (K. wr.bmuon~ u. s.

Geographical Survey, 1975, oral communication).

- fuene



! , ‘ . Table 1

m>ZO>ZOZ|>Om TERRACE
AGE DATA FROM SZABO AND ROSHOLT (1969)

M Closed System Closed System Open System

- fuane

- ermuov@m Pa23l Age _ Age
Location ‘Sample Fossil = Axpouwﬁv (x103 yr) Axwou yr)
First PV-S-1 Mollusk 104+8 >130 86+15

~ Terrace , oo .
_at Palos PV-5-2 Mollusk 104+8 125_3, 95415
Verdes Hills +30
| PV-S-3  Mollusk 111+8 10825 110+15
PV-S-4  Mollusk 103+8 >125 84+15
PV-S-5 - Mollusk 93+8 >130 70+15
PV-S-6 Mollusk .mMHm Hm0|¢o 78+15
. s
M2017" Mollusk 92+10 Hﬁwlwo 81+15
Avg. 10046 Avg.  86+9
: , | oo
Point Dume DT-S-1 Mollusk 95+15 melmo 112415
Terrace . :
DT-S-2 Mollusk - 124+10 >200 101+15
DT-S-3  Mollusk 127+10 >150 111415
DT-S-4  Mollusk - 117410 >140 106+15
M1710-A  Mollusk 128+10 >200 103+20
M1710-B  Mollusk 178+20 >200 102+25
M1710-D Mollusk - .161+25 >200 wwHNm
Avg. 131421 Avg. 10445
Malibu CC-S-1  Mollusk.  139+10 >200 115+15
Terrace "C" o , .
CC-s-2 Mollusk 184+10 >200 124+15



TABLE 1 (Cont.)

SANGAMON-AGE TERRACE
AGE DATA FROM SZABO AND ROSHOLT (1969)

¢-30

Closed System Closed System -

Open System

e:mwowmm . pa23l >wm Age
Location Sample  Fossil Axpow%nv s AxHOM.%HV (x103 yr)
Malibu CWM-115  Mollusk  232+30  >200 154+30.
Terrxace "C" : :
Avg. 185431 . avg. 131415

.ﬂwaﬂaﬂ
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TABLE 2

Sangamon-Age Terrace
Age Data from Szabo and Vedder (1971)

C-31

Open m%wnma

Closed System

(1970, Sec. 2.9, p. 5).

, .Awaaa

| Th230 pate  Pa23l pate Date Date
Location Sample Fossil (x103 yr.) (x103 yr,) (x103 yr,) (x103 yr,)
' Newport NB-S-2 = Mollusk 115+8 170 - 95+18 -
Beach . :
NB-S-3 Mollusk 70+5 68+7 - 69+7
NP-S-4  Mollusk 240+40 - 160+35 -
NP-S-5  Mollusk 240+40 - 130+30 -
NP-S-6  Mollusk 137410 - 114+18 -
NP-S-7  Mollusk 82+5 96+15 72+15 94+17
NP-S-8  Mollusk 69+4 53+4 65 -
Laguna* IB~S-1  Mollusk 4443 35+3 41 -
Beach :
LB-S-2  Mollusk 72+4 65+6 - 69+10
Dana* DP-S-1  Mollusk 146+14 - 112+12 -
Point .
san* SC-S-1  Mollusk  178+16 - 77420 -
Clemente
San Diego SD-S-1 Mollusk 154+]12 - 131+20 -
(Mission , C :
Bay)
San SNI-S-1 Mollusk 177+17 - 128+25 -
Nicolas .
Island
* Same sample localities as listed by Southern California Edison



emva 3

Sangamon-Age Terrace
Age Data from Ku and Kern (1974)

Locality , | e:\.wo\ucwﬁ Age

Location Number MOmmMH _ - (x107 yr.)
Point Loma 2577 o coral A. | Hoon

2577 coral - 131+8

2577 coral 124+7

2577 ~ mollusk . 84+6

2523 mollusk .HNQHHo

2523 mollusk 100+6
Pacific o :
‘Beach _ 1845 mollusk . 9343

- fuano
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Table 4

Sangamon-Age Terrace .
Age Data from Valentine and Veeh Awwmmv

- ‘ _ ewwwo\wCNu» Age _
Location Sample Fossil (x10~ yr.)
_ o | .z
San Nicolas SN-1 , coral >120 .
Island . . : . -
SN-13 coral 120420

e



Table 5

Sangamon-Age Terrace
Age Data from Veeh and Valentine

(1967)

Hrmwo\chwm Age

Location | Fossil (x103 yr.)
Cayucos ) coral 130+30%

_ chiton 140+302
1

2

.

Recalculated by Ku and nmn: (1974) at 124 + 27,

Recalculated by Ku and Kern (1974) at 97 + 24.



C-35
Table 6
mmbmmEOblwom.emHHmom
Age Data from Fanale and Schaeffer (1965)
. : : U/HE Age
‘Location . Sample Fossil Axwo yr.)
First 853A ~ Mollusk 200
Terrace ‘ . , : _ _
at Palos - YC-1 Mollusk . 105+30 _ .
Verdes o - .
Hills - 853C ~ Mollusk . 130+20
ss-1  Mollusk 115420
RS-1 .~ Mollusk : 1 115+20
Gs-1  Mollusk 95+15
855D ~ Mollusk | 130+20

W.Aﬂnlb



Table 7

Sangamon-Age Terrace
Age Data from Bradley mbu Addicott (1968)

Th230/ y238 age

Location wwsﬁwm _ mOmme _ Axwow,wﬂmv
Santa Cruz ~ Cal F-1 Mollusk | 88+14
| Cal F-2 Mollusk © 68+10
Cal F-3  Mollusk | 76+8
- Cal F-4 . Mollusk | : 16+2
cal F-5 Mollusk L 10047;

91+7

' fucero

»



Sangamon-Age Terrace

Table 8

Age Data from Lajoie and others (1975b)

»EMSO|WQMQ Age

Location .YMOmmWH (x10” yrs)
Ano Nuevo mmwmowvom 140-150
Santa Cruz Pelecypod .HAOIHmo
Cayucos Pelecypod Uwaoawmo
oowmﬁm wmwmowmom 50-70

Newport Beach Pelecypod Hborpmo
San Nicolas Island Pelecypod HboLHmo
Torrey wwsmw Pelecypod prOIHmo

. |qm..n=.u

»



Age Umﬁm from Szabo and others (1970)

Table 9

Sangamon-Age Terrace

Open System Closed System

Age Age
Location Sample Fossil (x103 %Hm.vw Axpou %Hm.vm
Point Dume M-1710-A Mollusk  103+20 128+10°
First PVH-S-1  Mollusk  86+15 104+8 3
Terrace : o :
Palos PVH-S-2  Mollusk 95+15 104+8 3
Hills : _
Terrace cc-s-1 Mollusk 115+15 139+103
-O: m..ﬁu R
Malibu
Newport NB-S-3 Mollusk - 7447
Beach o
Homwocwm#mm from ewwwo\cNuh and wmmww\cwwmf

momwocwmﬁma from ekuo\CNw» mnnw<wﬁw ratios.

ummam datca mm Table 1.

Toome



emvwm Ho

Sangamon-Age Terrace
Radiometric Dates of . vvmochm <mwcm

Location Ages (yrs.)

Reference-

H:Nwo\mmwwHAZOHHcmw Ages

_wmwom Verdes - 110,000+15,000
“Point Dume _pr.ooowwm.ooo_
Newport Beach - 69,000+7,000
Newport Beach  94,000+17,000

Laguna Beach  69,000+10,000

230

Th Coral Ages
mowsﬁ Loma 109,000+6,000
mow:w Loma 124,000+7,000
wOMWﬁ Loma HwH~ooon.Ooo
San Nicolas Hwo~ooono.ooo
Island
Cayucos 130,000+30, 000

Szabo

Szabo

Szabo
Szabo

Szabo

and Rosholt (1969)
and Rosholt (1969)
and <mnamﬂ (1971)
and <mammﬂ (1971)

and Vedder (1971)

Ku and Kern (1974)

Ku and Kern (1974)

Ku and Kern (1974)

Valentine and Veeh (1969)

Veeh and Valentine (1967)

11.5!9
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TABLE 11

Plot of Radiometric Umwm.
For the Sangamon-Age Terrace

AGES (yrs.) TYPE OF AGE DATE
240,000 ~ e @ ® Th230 Mollusk
a d & Th230.pa?31 Mo1jusk
220,000 B ® Th230 coral
O U/He Mollusk
200, 000 | _
. . A Amino Acid Mollusk
. _ °
180, 000 - o6
160,000 T
, ®
ArAAAL
140,000 =

120,000 e

100,000 -

80, 000 -
| A0 ae
60,000 . A
40,000 . °
20,000 n
[ e
0] -

NOTE:

Average Th230-pa23l ¢1osed system ages are wwonﬁm&r

Open system Th230 ages ar

mtm.Oﬁ
. R

%HOﬁﬂma.



V1l. REWORKING OF FOSSILS

Although few, if any, of ﬁwm.amﬁmm fossils were obtained
from undistrubed growth @Omwﬁwo:m. communications with

two of the original investigators and Hmombm.mwmwa investi-
gations confirm that dated fossils are the same age as the

deposit.

The mollusks collected by Vedder (Table 2) were rarely in
the growth position, but the lack of mixing of assemblages
indicates non-reworking (J. G. Vedder, U.S. Geological

Survey, 1975, oral communication.).

The corals collected by Valentine (Tables 4 and 5) were not
in growth positions, but the abundance of species of corals
and mollusks leaves HHﬁﬁHm doubt that the reworking was only
from wave action in the surf zone Au._SA <mwmsw»sm.

University of California, Davis, 1975, oral communication).

Field investigation of wso of the fossil localities, DP-S-1
and SC-S-1 AemUHm 2) , supports the conclusion that wmsonwwsa
from older deposits is improbable. Examination of a selected
group of shells suggests that reworking has been due only

to wave action:

o m0mmwwm are abundant and evidence of assemblage
mixing is lacking.

© Most shells reflect a similar mﬂmﬁm.0m preservation.

o ZOmﬁ_mommMHm are ﬁrwowuwsmwwmm and well adapted to
survive wave action. They still maintain delicate

interior shell features, and, occasionally articulation.

Am.nan
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1X. GLOSSARY OF TERMS

abrasion platform - See "terrace."

bench - See "terrace."

estuary l_wwmowww:~ UmQW|£mﬁmw ml<wﬁosamnﬁ at mouth' of
stream where stream empties into ocean. This condition
presently exists and has periodically mxwmﬁmm w: the
past as interglacial sea levels rose and marine
waters flooded the mouths of the deeply incised
streams.

eustatic - Change in sea level relative to sta.amnw<ma
from fluctuation of the ocean, as opposed to ﬁmmﬁouwo
fluctuation. on0H0|mcmﬁmﬁHom sea level fluctuation
due to climatically 0ordHoHHm& glacial and inter-
glacial episodes. |

fill terrace - See "terrace."

HHHH:on:_m@m - Glacial period preceding Sangamon Inter-
@Hmowmw period mvwﬂostmﬁmwk 150,000 (?) years ago.

platform - See "terrace."

Sangamon age - Interglacial vmwwmm from about 75, 000 to

4 125,000 years moo~ Hsammwmﬁmww_vhmomawbw last glacial
period. a

shoreline mUWHm - Break in mwovm at rear, landward edge
of marine terrace tzmwm_ﬁ:m flat surface of the
terrace (tread) meets the sea bluff (riser).

strath - See "terrace."
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ﬁmﬂﬂmom - Elevated landform exhibiting flat, amuﬁw< sloping

upper surface and representing former level of fluvial,
marine, or lacustrine activity; elevation of landform,
due to lowering of altitude of abrasional or deposi-

1) .
tional level. Underlying terrace deposits may or

may not be present. Form is also referred to as a

"bench" or "platform."

Types of Terraces

abrasion - Marine ~mH lacustrine) terrace formed
through prolonged wave action and erosion
followed Uw_HOSmHM:o of wmw level (or lake)
relative to land. Actual beveled bedrock un
surface is generally overlain by mantle of
terrace deposits.

_mMHH_l Fluvial Awoomwww~ marine OHAHmocmﬁHHsmv
terrace formed through filling 0m.m,@ﬂm<wocmww
scoured channel; mcvmmncmsﬁ stream w:owmwosv
results in this channel fill forming elevated
terrace.

mwnmws_r wwc<wmw terrace formed by abrasional
beveling of bedrock; little or no mmmonwmﬁmm
‘deposit. Also includes terraces cut on older
fluvial fill deposits. Term is infrequently
wvwwwmm to abrasion or wave-cut platform.

wave-cut - Same as "abrasion."

transverse gradient. - Gradient, or slope, or terrace surface,

perpendicular to course of stream (or wave) flow at

time of terrace formation.

Afnau



‘ tread - Upper, flat, gently sloping mcnmmo.m of a terrace;
bounded at head and toe by terrace scarps or "risers."
wave-cut platform - See =meHmom.=
Wisconsin age - Last major glacial vmﬂwoa from about 10,000
.to 75,000 years ago.
Yarmouth age - Hbﬁmhmwmo»ww period preceding Illinoian

glacial period approximately 200,000 (?) years ago.
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Marine and
estuarine

deposits

San Onofre Creek
Gravel

San Onofre Creek Gravel

Exposure on plant east wall of SONGS excavation shewing
marine and estuarine-type desposits interbedded with
San Onofre Creek gravel.
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San Mateo Formation
Covered by Colluvium

San Onofre Creek Deposits

Fossiliferous Estuarine Deposi't

San Onofre Creek Gravel

Exposure at mouth of San Onofre Creek showing estuarine

~type

deposit interbedded with San Onofre Creek gravel

exposure approximately 75 feet

. Height of

EXPOSURE MOUTH OF SAN ONOFRE CREEX

SOUTHERN CALIFORNIA EDISON COMPANY
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San Juan Creek Gravel

Fossiliferous Estuarine Deposit

San Juan Creek Gravel

doe
sy
TR

Exposure at mouth of San Juan Creek at Dana Point showing

estuarine-type deposit interbedded with San Juan Creek gravel

EXPOSURE, MOUTH OF SAN JUAN CREEK

(i CKELL BY M & ANDECAN

APPRULED b1 .\m&ﬂ.

Project NO  74-068-02
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Basal Bouldery Gravel

Wave-Cut Platform

San Mateo Formation

Looking southeast from SONGS afong Oty terrace. Basal
gravel (Marine deposit) mantles @ty wave-cut platform at an
elevation of approximately 50 feet above sea jevel (seen at
far right)-

houldery

WAVE CUT PLATFORM SOQUTH OF SONGS
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SEA LEVEL

San Onofre Stream Deposits;

interfingered with marine deposits

at mouth of creek

San Mateo Formation

TAGRAM. MOUTH OF SAN ONOFRE CREEK
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SCOPE OF STUDY

A detailed geomorphic analysis of stream terraces in San
Juan Creek and Bell ﬂmswo: and marine terraces at Dana

Point was initiated in OHQWH ﬁo,mmﬁmhawum rec ency of move-
ment within the Cristianitos fault zone. Although none of
the branches of ﬁ:m.OWHmﬁHmSMﬁam fault Nomm,wm believed

to displace overlying ocwwmﬁbmH< stream mmWOmHﬁm (Edgington,
1974; Fife, H@Q»» Morton, 1974; and Morton and others, 1974),
absolute ages of these undisturbed Quaternary deposits

have been uncertain. &3mwmw0Hm. n:m.moovm of this geo-

morphic study was two-fold:

6 To amwmwaw:m~.wm possible, absolute ages of the
Quaternary stream vaOmem overlying. the
Cristianitos mmcHw zone by correlating stream
terraces with dateable Bmﬂwsm.ﬁmﬁwmommL

o eo_mmao:mﬁﬁmﬁm.w:m absence or existence mm
deformation of the stream terrace profiles

extending through the Cristianitos fault zone.

The Cristianitos fault zone mxﬁmsﬂm north from the San
Onofre bluffs to Santiago Creek traversing several major
stream mnmwswomm which ooswmws will preserved terrace
remnants. hm<mﬁ (1940) and Oates (1960) attributed these
wﬁwmma terraces to uplift of the Santa Ana Mountain block

in the headwater regions of the streams. A review of other

. current literature suggests that the stream terraces can be

related to the series of eustatically-derived marine-

Aﬂnzu



cut benches found at elevations of 75 to 600 feet or
more along this part of the coast (Edgington, 1974; Morton

and Miller, 1973; Palmer, 1967; and Vedder and others, 1957).

If ages can be mmwmuwwmwma through meHmom‘OOHHmHmﬁwol for
successive stream levels crossing the Cristianitos fault
zone, recency of movement as well as recurrence inter-

vals Bw@:n be mmmeSwsmmL wwﬁﬁocmd the nmcwﬁ,no:m has not
been found to displace oamnmﬂ:wnw stream deposits, differ-
ential movement could have occurred mwwocms.omumHmH.Smﬂvwbc..
Putnam (1942) moc:m such a HmHmﬁHObm:w@ mHObw the Ventura
River ssmwm the <mbncwm stream- terraces mxsvaﬁ a_convex
profile Qosnmﬁwmms owing to general uplift in the ombﬁﬂmwvﬁmﬁﬁ e
of the stream @HOWHHm.. An absence of such warping, however,
can be demonstrated by Hmmswwmwwd@ consistent downstream
terrace altitudes, such as was done by Palmer Awmmwv along

the Santa Ana River.

The San Juan Creek area was selected for investigation for
the mOwwOﬁw:m reasons: |
o] mm¢mﬂmw levels oﬂ mﬁwmms,ﬁmﬁwmomm are well preserved
and easily identifiable H:_mms ucmu Creek.
o Several levels of marine meHmomw are well preserved
and easily Hmmnﬁwmwmwwm at wmm mouth of San ucmb
Creek at Dana Point.
o ewm_smwwsm and stream terraces have been partially
memmwm:hwmﬁmm and vawmm by previous investi-

@m#dnm.
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O Dateable material is available in the marine
terrace deposits near Dana Point.

0 Most of the area is mmmww% accessible.

PREVIOUS INVESTIGATIONS

Stream terraces within San Juan and Bell Canyons were
originally recognized U%.hm<mﬁ (1940) and Hmﬁmw mapped

in detail by Oates (1960). More recent work by the
California Division of Mines and Geology and wsm U. m
Geological Survey has UHO<HQmQ additional maps msm data

on the stream and Bmwu:m nmﬁwmomm (Edgington, 1974; Morton,
Hmmw 1970, 1974; Morton and Miller, 1973; zonno= and

others, 1974; Neblett, 1966; and Vedder and others, 1957).

The marine terraces at Dana Point have been previously
studied, and the data have been published by Vedder and
others (1957), Edgington (1974) , Morton mbm EHHHWH (1973),
and Palmer (1967). ‘Much of the field data, however, remain
as unpublished information of D. L. Fife of the omHHmOH:wm
Division of Mines and Geology and J. G. Vedder of the U.S.

Geological Survey.

A radiocarbon date om.oﬂmmwmw than 32,600 years (Southern
California Edison, 1970, Appendix 2A) was obtained on
vowHUObmomOCm material from a Trabuco Canyon terrace mvamHﬁ
that is oowﬁmwmww<m with a similar stream terrace mm©Ompﬂ
AOﬁ ) in San Juan onmmw (Oates, 1960)-. _OHOmmaumwmme and

open-system :nm:wcanﬂromwca dates of 146,000 H.Ha~ooo years

AER!O
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and 112,000 + 12,000 years, respectively, were obtained by

Szabo and Vedder (1971) on mollusk shells from the first

" emergent terrace AOﬁBHV at Dana Point. A compilation of

“all radiometric data for the first mBmH@m:w terrace indicates

however, ﬁﬁWﬂ the m@m of the terrace is approximately 120,000

years (Fugro, 1975).
DESCRIPTION OF UNITS

The terraces that were differentiated for this study are

shown on Figures A-1A and A-1B.

mm:.ucms Creek ow»owvmﬁmm in the Santa Ana Mountains, flows
in a general southwesterly direction, joins with Trabuco

OHmmw.mﬁ San Juan Capistrano and debouches into the Pacific
Ocean at Umsm Point. San Juan Creek is a oosmm@cm:ﬂ stream

that is apparently uncontrolled by any underlying geologic.

‘structure. Several of its tributary streams, however, are

wcvmm@nmSﬂ streams that have contributed to a rectangular OH_

‘trellis network within the San Juan owmmw.&wmwsmomr Bell om:&o:~
Canada Gobernadora, and mewmm Chiquita flow remarkably mﬁhmww:n
to the south where they are right-angle tributaries to San Juan
Creek. Their mﬁﬁmwotﬂbmmm and vamHHmHHmB is wﬂovmvww mcm to
some underlying geologic structural ooswon. The courses are
‘aligned with the strike of the underlying sedimentary beds
msm,am< be influenced by PwﬁroHomwn mwmmmﬁmsomm_SWﬁvwn the

‘underlying units.

San Juan Canyon and Bell Canyon display four to six levels

AED!B



of paired and unpaired, fill ﬁmHHmomm overlying Cretaceous
and Tertiary bedrock. The terraces are developed on the
Cretaceous Williams Formation, and the emhﬁ»mww_mww<mummo~
Santiago, Topanga, mm:,OSOmHm~ Monterey, and Capistrano
formations. The terraces range in altitude from approxi-
mately 25 feet to as much as 400 mmmw above the present
.mwwmma level Awwochmm A-1A and A-1B). The best developed
wmwnmom level AOﬁ»v is about 60 percent vmwmmﬂ<man the

Qt, level is about wo.mmwnmbﬁ preserved; the Onw level is
about 10 percent preserved; and the other terrace levels
are less than Ho percent preserved. The <ocsommw and
-lowest terrace AOdmv is included on mwmcﬂmm >|H> and A-1B,
but it is not included on the profile or in the following
discussion. It . is found at elevations of 20 mmmﬁ.OH.wmmm
above the present mnHmwB level msa,5w< be part of the
recent floodplain AmoHoomsm.m@mv. It is mwmo poorly pre-
served because it has been destroyed w: many areas by man-

made activities.

Although some of the best preserved remnants are found on
the east side of San Juan Creek upstream mnoa the - confluence
with Bell Canyon, the terrace remnants in Bell om:wo:.imﬂm
used in the vHOMHHm.HmoosmﬁﬂcoﬁMon because ﬁ:mw are more

numerous and more laterally extensive.

The degree of preservation of individual terrace remnants

is variable, but, in general, the lower levels Aoww, ombv

possess the best preserved remnants. The older and higher

..—..:man.
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" remnants are more dissected and less extensive than the

lower ones. Terrace levels Qt3 and Qt, are the dominant
levels. They are mm:mwm~w< flat-crested and commonly ex-
hibit gently sloping surfaces. The slope of their tread is
largely colluvial cover generated from the mmumomsw slopes.
The remaining lévels above OHw.mHmvEOHm mwmmmowmm and more

undulatory.

All of the stream terraces are fill type terraces with as
much as 50 to 60 feet of alluvium comprising the fill.
Each level consists of a separate deposit capping a bedrock

bench.

No discernable difference was found in the lithologic

~composition of the terrace deposits. All levels contain a

bouldery gravel (igneous and metamorphic Uocwmmwm as much

as 3 to 4 feet in diameter) within a red-brown sandy matrix.
The alluvium is WOOHH% sorted, crudely stratified, sub-angular
to sub-rounded, and moderately to well oo:ﬂowwmmﬁmm. The
gravel is locally m0<mnmm by 5 to 10 feet of overbank mHHn»

containing remnant B

2 and B, soil horizons, and colluvial silt.

The marine terraces AOHEH. Oﬁaw~ oma Qtm , Qtm ) near Dana

3’
Point are wave-cut benches, overlain by Sww»:m_mwm non-marine
deposits, occurring at elevations of approximately 100-150,
200-280, 300-320, u»owwmo m:m‘um0|Aho feet above sea level. The
m:OHmHHbm angle elevations 0m the MOSmH two terraces AOﬁBH~ owSNV

are 150 and 280 feet, wmmvmoﬁw<mwww These marine benches were

formed by prolonged wave erosion of the bedrock and therefore

| ...—.....nlﬂ
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truncate the underlying faulted m:& tilted capistranoFormation.

The lower terraces (Qtm Qtm , Oﬂawv are flat to steeply sea-

1’ 2

ward-sloping benches, whereas the higher terraces Aowsp~.on5mv
are moderately well dissected and cap only the high ridge

crests.

The lower three marine terraces NOHSH‘ On5m~ OﬁSuv contain

ten feet or Bowm of marine sand and silt and @Hm<mww< sand
H:nmwmwbamﬁmm with a <wHHmUHm thickness Om,mﬁﬂmma deposits.

The imwwbm sand is gray, crudely mnﬂmﬁwm»mg- Bommwmwm~<
consolidated, and fossiliferous, containing a basal bouldery

gravel about one foot thick. The silt is a HmQIUHO£:~ non-
stratified, Boamﬂmﬁmuw consolidated, fossiliferous estuarine e
deposit. The stream terrace deposits are similar to those

found in San Juan Creek. At the mouth of San Juan Creek mHOSQ

Del Obispo Road, stream deposits H:nmhmwsmmﬁ.zwﬁs a red-brown

fossiliferous sandy silt that is an estuarine deposit. (Fugro,

1975, Plate 3).
- PROCEDURE

In order to accurately reconstruct terrace @HOMHHmm,moHOmm
the Cristianitos fault zone Qosumﬁﬂmms to the oommwmw
ﬁmwﬁmomm~ it was necessary to determine terrace elevations
more precisely than the 20-foot od:#OGH intervals on the

7 1/2 awbcﬁm topographic maps would allow. From the con-
fluence of Bell and San Juan Canyons downstream to. the

coast, ﬁmwwmnm elevations smHm mmwmﬁawbmm using owmsam.oocsn<
WHOOQ no:wHoH.DHmﬁHHnﬁ,ﬁovoowmvwo maps of San Juan Creek

(2 and 5-foot contour stmw¢mwmn Orange County Flood Control

—



District, 1970), and by using a mimawms Paulin Ummoamano
altimeter. The altimeter zmmAHmmamUHm to 2-foot intervals,
and measurements were made mooowaumo to procedures outlined

in Hodgson NHoqov. Base station readings were' generally taken
at least every hour at established U.S. Geological Survey
benchmarks. Wmmmw:@m were temperature corrected and adjusted
mon diurnal and :ostvmﬁwomwo.cmﬁoamﬁﬁwo pressure changes.
These barometric corrections were Qoawwmuowmowma m@mw=Mﬂ4Hm1
corded barometric pressure readings taken at El Toro Marine

Weather Station about 10 to 15 miles from San Juan Creek.

Terraces were mapped using published maps and aerial photographs
on a scale of 1" = 2000°'. m&m@wocmww mapped terrace vaowwﬁm
were m»mwa.o:mowmm~ and it was mmﬁmwawsmm that accurate terrace
elevations could be established only by using surfaces that

were clearly identifiable on the aerial photographs. Some of
the areas previously aww@ma as terrace materials either con-
tained no recognizable deposits or the deposits occurred without

any recognizable surface.

Terraces from the junction of Bell and San Juan Canyons
downstream to the coast were field checked and elevations

were mmwmwawsma mwﬁ:WH from Orange County Flood Control District
maps or from the barometric altimeter. Points of spot elevation

were established in the field by judging which portions of the

‘individual surfaces were the.most representative. Colluvial

cover, transverse gradient, surface undulation, and man-made

alteration were taken into account.

The terraces in Bell Canyon were inaccessible, and elevations

..—munln
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were obtained from a 7 1/2 minute ﬁovoonmwsHo map with a

contour interval of 20 feet.

A profile line was drawn down the approximate center of

Bell and San Juan Creeks (Figures A-1A and A-1B). Terrace

locations and elevations were plotted parallel to the stream

profile line (Figure >ywv..

Summary.

RESULTS

The mapped terraces (Figures A-1A and A-1B) and the recon-

structed terrace profiles (Figure A-2) in San Juan and Bell

Canyons indicate:

(o]

Four major (Qt , Qt , Ot , Ot ) and three minor
1 2 3 4

(0t , Qt , Qt ) terrace levels are present.
2-3 3-4 5 4

.Two terrace profiles (Qt , Qt ) mxwmsa_c=awmﬁcﬁvmm

3 4
across the Cristianitos and Mission Viejo fault

zones. The higher terraces are not preserved

across the fault zones and therefore could not Um

correlated.

Two intermediate terrace levels (Qt , Qt ) exist
B : 2-3. 3-4
through the Mission Viejo fault 2zone.

‘The two dominant terrace levels (Qt , Qt ) correlate

, .3 4
to two prominent marine terraces (Qtm , Qtm ) at
_ 1 2
Dana Point.

The two dominant terrace levels (Qt , Qt ) rise in
3 4

|mm=m-=-
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Discussion

about 2 miles of the coast.

10

altitude above wwm,vnmmm:w stream level within

‘The identifiable stream terrace levels in Bell and San Juan

Canyons occur at mwwwoxwamwmww the following altitudes above

the present stream level:

t
© 1

Odw
Qt;_3
Qtj

ot

-4
@ o
/

Oﬁm

300-400

200-220
160-180
140-150
100-110
60 feet

25 feet

feet

feet
feet
feet

feet .

The identifiable marine terrace levels at Dana Point occur -

at approximately the following elevations:

Qtm
1

tm
© 2

OﬁEu

.OﬁBA

t
Q aw

Only two of the terrace profiles (Qt

100-150
200-280
300-320
340-380

380-440

3

along the entire length of the study.

@

fuano

feet
feet
feet
feet

feet

, onbv are continuous

»
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The two upper terrace levels Aoww.

in the upper reaches of the drainage system. Downstream

onwv are preserved only

from the confluence ow Canada Gobernadora, no levels above
OWw_mHm Hmnomswnmvwm~ @HOUmUH< owing to a greater Qmmnmm.
of QHmeOﬁHoz in this area. H:m highest level AOﬁHV is
vnmmmzﬁ only as fragmentary exposures at varying altitudes

and cannot be used to reconstruct a @HOmwwm.

At least two intermediate levels (Qt Q ) are present

2-3' ﬁun»
where the Mission Viejo fault zone crosses San Juan Creek,

and these remnants can be used to reconstruct profiles of

only about one mile in length. These levels are not recog-

nized anywhere else mwoum the stream system, H:mwcmwbm the Ve
area where the Mission Viejo fault zone cuts across Bell

Canyon. The wbﬁmﬂsmawmﬁm levels suggest UOmﬁldeHmom,Bo<m|

ment on the Mission Viejo fault, but they are most wwowmvww

minor levels formed during a downcutting phase of the stream.

This :o:|ﬁmodeHo origin is supported by wwm_oo:ﬁwbcwa of both

the Qty and Oﬁu_wm<mwm through the 2zone.

It was found during the field investigation that Morton (1974)

‘erroneously labeled the terraces upstream from the confluence

of San Juan and Bell Canyons. The levels OWu;msm owN mapped by
Morton should Um.wmvmwma ow» and Oﬂw~ Hmmvmowu<mww. (Morton's
unit designations are the same as those used in this wmvown.w.
They then agree fuw: Oates (1960) and can Um.QOHHmoﬁH< plotted

on the profile (Figure A-2).

The reconstructed lower terrace profiles AOdu~ Qt ) are con-
4

Aﬂn!n



~tinuous and undisturbed mmHOmm the Cristianitos fault zone.

Terrace remnants are physically preserved on either side of

the fault zone, and the continuity of the projected terrace

‘profiles indicates that no discernible faulting, warping, or

wwpﬁw:@ has occurred in the vicinity of the fault. The pro-
files remain parallel to the present stream level throughout
the length of the traverse until Swnﬁws about ﬂto miles of the
coast. At the confluence of Trabuco and San Juan OHmme, the
Qoawsm:ﬁ terrace level AOn ) Umowbm to rise in altitude mco<m
the memmsﬁ stream level mHoa 60 feet to over 100 mmmn. An |
apparent rise, ‘as reflected in the altitude of the last down-
stream oww remnant AMH@ch A-2), is due to the preservation

of only w:m higher portions om the terrace. Downstream from

the confluence of San Juan and Trabuco Creeks, the terrace

remnant has been eroded back so that generally only the higher

portions of the transverse tread gradient remain.

e:m_0¢w level rises from 140 feet above the present level

-to over 200 feet. The last downstream Qt_ remnant (Figure

. 3
A-2) occurs at a slightly lower altitude than the adjacent
owsm.amwwbm bench. This may be due to the mdwwvvpzo of the

upper fine- @Hmpsma part of the ﬁmHHmnm mmUOmHﬁ

The two HOSmﬂ terrace levels AOﬁw~ Oﬁ»v can be reasonably
correlated with the two HOSQH.BmHHJm terrace Hm<mwm, AOﬁEH.
Oﬁsmv,mw Dana Point on ﬁvm basis of vHOumonwos of profiles
(Figure A-2) and mapping AMHatnm A-12A). The non-marine

terrace profiles can be projected to the corresponding

nqw_n:n

12



amﬂwsm.vmwo:mw at the mouth of the mﬁwmma~_mdm the stream
terraces can be traced laterally downstream into the marine
terraces. This lateral continuity is mcvvownmm by a similar
marine and non-marine terrace correlation in San Onofre Creek
(Fugro, 1975). No other marine benches exist within the range

of these lower stream terraces.

The higher stream terraces (Qt OHHV are not well enough

2,
preserved to allow reconstruction to the coast, but they are

J

probably related to the higher marine levels AOﬁaw» OHBA.

OHBmV.

Slight warping of the onp stream terrace near San Juan
Capistrano is suggested by the anomalously high elevation

of the lower marine platform Aonswy at Um:m Point. The

OﬁBH Um:nv has a shoreline angle elevation of approximately
150 feet at Dana Point and appears to Hmﬂam up to an elevation
of 180 wmmﬁ north of Dana Point along Pacific Coast Highway.
This same marine terrace om:_Um.deomm continuously to the
south- where at San Onofre ZGOHmmW Generating Station the

abrasion platform is mvwﬁostmﬁmww 55 feet above sea level.

The multiple marine platforms in the Dana Point area are all

apparently warped over the anticlinal structure of the San

Joaquin Hills (J. G. Vedder, U.S. Geological Survey; D.L. Fife,

California Division of Mines and Geology, 1975, oral commun-

~ication). The marine terraces rise in elevation south along

the coast from Laguna mmwo:~ reach a peak in the Dana Point

foene.

13
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area, and descend toward San Clemente.

The age of the lowest emergent marine platform at Dana

Point (Qtm;) and at SONGS (Qt,) is Sangamon (Fugro, 1975).

esm mm:mﬂmwww accepted Sonwauiwmm elevation of the mmvmmso=1
age :Hw: sea level stand is mvvnostmﬁmw< 30 feet (Flint,
1971), as determined M:%mmOﬂoswomHH% stable areas. This sugg-

ests that the Qtm, terrace has been subjected to regional

1
uplift or hydro-isotatic warping such as the Nestor Terrace

at San Diego has undergone (Ku and Kern, 1974).

The absolute age of the first marine terrace Aonawv has been
shown to be approximately 120,000 years (Fugro, 1975). This
marine terrace can be correlated with mwawwmﬂ terraces along

ﬁ:onmHHmombwm coast that have been radiometrically dated.

A correlation of the Qt, level with the Oﬁaw,wm<mw (Figure

A-2) indicates that ﬁsm.OHA terrace is 120,000 years o0ld. This
age wm supported by nvm_wmssm:ﬁ B, and B,y soil horizons which
indicate a mmuomSOJ age or older. The Qt5 stream terrace is

graded to the Qtm_ marine level, but this marine level has not

2
as yet been absolutely dated. It is, however, vmﬁﬁmvm~ on the

order of 200,000 years old since the emergent, eustatically-

-derived benches were apparently formed at approximately Hoo.ooo.

year intervals, as.interpreted from oxygen isotope data (K. R.

Lajoie, U.S. Geological Survey, 1975, oral communication) . eswm

age is supported by a mollusk sample from the OﬁSN level at

Newport Beach w:mn yielded a uranium-thorium oHOmm@ymwmﬁma age of

350,000+ 80,000 years and an open-system age of How~ooo +

e

v
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40,000 years (Szabo and Vedder, 1:971).

CONCLUSIONS

Two QOSHum:d stream terrace Hm<mpvaOWu~.O#pv can be
traced down San Qcms and Bell Canyons. The profiles

are continuous and undisturbed through the Cristianitos
fault zone. No discernible zmwwwlm\ ﬁwwﬁwbm. or faulting

of levels Oﬁu QH Qt  has occurred and no intermediate

4
terrace levels are present through the zone.

Stream terrace levels OHA and Oﬁw are graded to marine
terrace levels OﬂBH msm owsm,.Hmm@mowH<mF<. mo£m<mw~
both terrace systems are mwwmﬂm:ﬁww warped in the Dana
Point area Amvocﬁ 12 miles from the mwﬁmv where ﬁrm
marine terraces are arched over the San Joaquin Hills
anticlinal mﬁHGOﬁ:Hmr |

Terrace levels Oﬁb_m:m Qtm., are of Sangamon age---

1
approximately 120,000 years old---based on recent com-
pilations of geomorphic and age data (Fugro, 1975).

o discernable tectonic movement has therefore occurred

through the OWHmWHmSHHOm mwsww NOlm in the last 120,000

years.

Aﬂnan
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GLOSSARY OF TERMS

abrasion platform - See "terrace".

bench - See "terrace". |

consequent stream - Stream that develops across terrain in
response omw< to trend and relief of terrain.

Qwuwumw - Daily; i.e., daily fluctuation.

esturary - meome:~.UmQW|£mﬁmH ms<HHossm:w.mﬁ mouth of
stream where stream msvﬁwmm into ocean. This condition
presently exists and Jmm periodically existed in the
past as interglacial mmm levels rose and marine
waters flooded the mouths of ﬂrm deeply Hsowmmm
streams. |

eustatic - Change in mmm_wm<mw relative wo Hmn& derived
from fluctuation of the ocean, as opposed to tectonic
meOﬁcmﬁwos. | |

fill terrace - See :wmwwmom:.

" platform - See "terrace".

Sangamon age - Interglacial period from about 75,000 to
125,000 years ago, Msammwmﬁmww preceeding last glacial
period. |

shoreline angle - Break in slope at rear, Hm:atmﬁm mmumJ

| of marine terrace where the ¥lat surface of the |
terrace (tread) meets the sea bluff (riser).

strath - See "terrace".

subsequent stream - Stream that develops its course in

response to underlying geologic structure in bedrock;

Afnzo



21

transverse gradient - Gradient, or slope, of terrace
surface, perpendicular to course of stream (or wave)

flow at time of terrace mOHSmﬁHOb.

tread - Upper, flat, gently sloping surface of a terrace;

bounded at head and toe by terrace scarps or "risers".

wave-cut platform - See "terrace".
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NATION

ary stream terraces; flat-crested with
sloping and gently undulatory surfaces.
ing deposits consist of red-brown, poorly
subangular to subrounded, moderately to
1solidated bouldery gravel. , .

nate heights of stream terraces ahove
stream level:

300-400 Feet
200~220 Feet
160180 Feet

GRO
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