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Three-stage evolution of the Los Angeles basin, southern California 

ABSTRACT 
\Ve propose that an episode oftranstension dominated development ofthe Los Angeles basin 

area from 12 to 6 Ma, following middle Miocene transrotation and prior to the modern trans­
pressional regime. Transtension resulted from the releasing bend of the San Gabriel-Chino 
Hills-Cristianitos fault, which acted as the primary transform boundary in southern California 
during this episode. Such an interpretation implies that significant transform motion did not 
occur on the southern San Andreas fault prior to 6 Ma and that the Gulf of California has opened 
primarily since 6 Ma. We propose a three-stage model for evolution of the Los Angeles basin and 
vicinity within the evolving transform-fault system: transrotation (18-12 Ma), transtension (12-
6 Ma), and transpression (6-0 Ma). Timing ofthese stages correlates with microplate-capture 
events, which occurred during conversion from a convergent margin to a transform margin. 

*E-n1ail: rir1g~r(ig~ss.ucla.~du. 
**Prnsent Addrnss: Exxon Exploration Comp:my. 

P.O. Box 4778, Houston. Texas 77210-4778. USi\. 

Figure 1. Present and pa!inspas­
tic geologic maps of Los An­
geles area. Legend in D is for 
A-D. In B-D, light lines separate 
blocks used in palinspastic re­
construction; some of these 
boundaries are known faults and 
others are suspected faults. A: 
Geologic map of Los Angeles 
area (after Jennings, 1977). 
BMF-Boney Mountain fault, 
CF-Cristianitos fault, CHF­
Chino Hills fault. EF-E!sinore 
fault, LA-Los Angeles, NIF­
Newport-lnglewood fault, SAF­
San Andreas fault, SAM-Santa 
Ana Mountains, SB-San 
Bernardino, SCI-Santa Catalina 
Island, SD-San Diego, SGF­
San Gabriel fault, SGM-San 
Gabriel Mountains, SJF-San 
Jacinto fault, SJH-San Joaquin 
Hills, SMF-Sierra Madre fault, 
SMM-Santa Monica Mountains, 
SSM-Santa Susana Mountains, 
SYCF-Santa Ynez Canyon fault, 
V-Ventura. B: Palinspastic re­
construction at 6 Ma (see Table 1 
for primary constraints). Sinistral 
and contractional movements 
have been reversed on several 
east-west faults, with few con­
straints. Contractional deforma­
tion resulting from left steps of 
San Andreas fault has been dis­

INTRODUCTION 
The San Andreas fa.ult system, bounding the 

North American and Pacific plates, dominates 
the present tectonics of California (Atwater, 
197CL 1989 ). Detailed knowledge of neotectonic 

events is critical for understanding seismic haz­
ards in active settings such as the Los Angeles 
area(Fig.1A)(e.g.,DolanetaL, 1997,Yeats 
el al., 1997). Less obvious is the importance of 
precursor events (paleotectonics) in creating the 
three-dimensional architecture of the surface 
and subsurface, withm which recent events are 
expressed. 

Intense study of neotectonics has resulted in 
detailed models for the kmernatics of active fault 
systems in southern California (e.g .. Bird and 
Rosenstock, 1984; Weldon and Humphreys, 
1986; Davis et aL 1989; Shaw and Suppe. 1996; 
Walls et al., 1998). Extrapolation of neotectonic 
transpressional fault motions is possible for the 
past 5 or 6 rn.y. (i.e., to the early Pliocene). but 
with increasing 1mcertamty with age. 
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tributed throughout western Transverse Ranges. White areas between fine and heavy lines represent areas covered either tectonically or deposi­
tionally since 6 Ma, and heavy lines are faults active between 6 Ma and present. Overlaps of blocks of A represent areas of 6-0 Ma extension, pri­
marily along southern San Andreas fault. FB: Initial transpressional Fernando basin. C: Pa!inspastic reconstruction at 12 Ma, based on 60 km of 
dextral slip on San Gabriel fault, which is shown as continuous with Chino Hills and Cristianitos faults. Right step of San Gabriel-Chino Hills­
Cristianitos faults east of Puente basin (PB) will result in 12-6 Ma transtension; slight left step of San Gabriel fault north of future Ventura basin 
(VB) will result in contraction to form Ridge basin (RB) (Crowell and Link, 1982). D: Palinspastic reconstruction at 111 Ma, based primarily on 110° 
of clockwise rotation of western Transverse Ranges (luyendyk and Hornafius, 1987; Luyendyk, 1991; Crouch and Suppe, 1993; Nicholson et al., 
1994); eastern Santa Monica Mountains area is northeast comer of western Transverse Ranges prior to rotation. Heavy lines show boundaries of 
western Transverse Ranges microp!ate prior to rotation (Crouch and Suppe, 1993; Nicholson et al., 1994). Fault boundary between western 
Transverse Ranges and Santa Ana Mountains is breakaway zone for !ow-angle detachment, along which Catalina Schist surfaced from under 
Santa Ana Mountains during transrotation (Crouch and Suppe, 1993). Most volcanism occurred along this breakaway zone. Future Topanga basin 
(TB) will form as supradetachment basin or basins near evolving breakaway zone. 
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The recognition of significant vertical-axis 
clockwise rotation of the western Transverse 
Ranges and some adjacent areas has stimulated 
the development of geometric models for fault 
motions and basin development dming tnmsro­
tatlon of major parts of southern California (e.g., 
Luyendyk and Hornafius, 1987; Luyendyk, 
1991; Dickinson, 1996). These models predict 
the overall contribution of trnnsrotational shear 
to relative plate motions, and they explain ob­
served paleomagnetic data. However, these 

Crowel1 
(1982) 

20 15 

models fail to predict the location and character 
of the Los Angeles basin and are geologically 
oversimplified. Luyendyk (1991) preferred to 
interpret paleomagnetic data as indicating a 
constant rotation rate from 18 Ma to the present 
Nonetheless. the data can also be interpreted as 
indicating rapid rotation ofthe entire block from 
18 to 12 Ma. \Vi th complex local rotations there­
after. The rotations that we interpret at each 
stage are similar to those of Nicholson et al. 
(l 994) (Fig. 1 ). 
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Figure 2. Timing of events discussed in text and literature. Patterned areas indicate times 
of initiation ofthree stages of evolution (transrotation, transtension, and transpression), 
which correspond to deposition ofTopanga, Puente, and Fernando Formations, respec­
tively. SGF-San Gabriel fault, SAF-San Andreas fault, CLAS-central Los Angeles 
basin, WTR-western Transverse Ranges, NLAB-northern Los Angeles basin. Modified 
from Rumelhart and Ingersoll (1997) and Ingersoll and Rumelhart (1997). 

Figure 3. Subsidence analy­
sis of Rancho #1 well from 
northern Los Angeles basin, 
showing start of 12 to G Ma 
rapid subsidence (see Fig. 2 
and text) and rapid uplift be­
ginning at 4 Ma. Modified 
from Rumelhart and Ingersoll 
(1997). 
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Neither neotectonic transpressional models 
nor geometric transrotational models explai11 the 
observation that the Los/l.ngeles basin area sub­
sided rapidly beginning at ca. 12 Ma. Wright 
(1991) pointed out that widespread deep-sea fans 
(e.g., Puente Formation) were deposited from 12 
to 6 J'vfa. a lime following rapid rotation and vol­
canism and preceding north-south contraction in 
the Los Angeles basin area. Tlus mtermediate 
stage of development is unexplained by existing 
tectonic models. 

We propose a three-stage paleotectonic model 
for the Los A11geles basin and smrounding areas: 
transrolalion( 18-12 Ma), transtension( 12-6 Ma), 
and trarnpression(6---0 Ma)(Fig. 2)(i.e.,Ingersoll, 
1988). These stages correlate with microplate­
capture evmts, which occurred during convc'fsion 
of the California coast from a convc'fgent to a trans­
forn1 margin (Nicholson et aL 1994; Bohannon 
and Parsons, 1995). Subsidence analysis based on 
oil-'Nell data (Fig. 3) suggests temporal correlation 
among microplate-capture events, basin-fomling 
processes, and deposition oftectonostratigraphic 
sequences (Topanga. Puente, and Fernando For­
mations, respectively) (Wright, 1991; Rumelhart 
and Ingersoll, 1997). We discuss each stage in 
tenns of the major basi11-filling units-the 
fopanga, Puente, and Fernando Fonnations­
consistent with the concept of classifying each 
sedimentary basin on the basis of its tectonic set­
ti11g dunng sedimentation (i.e .. Ingersoll, 1988). 

Tb.e principal diffr'fence between our model and 
previous models is the importance attached to tlle 
San ()abriel-Chino Hills--Cristianitos fault system 
as the primary transform plate boundary from 12 
to 6 I\1a (fig. lC). Our model in1plies little or no 
strike slip along the present southern San Andreas 
fault at this time because the San Andreas fault 
north of the we51em Transverse Ranges connected 
with the San Gabriel---Chino Hills---Cristianitos 
fault, wluch shunted trn11sform motion offshore of 
Baja California (Nicholson et al, 1994 ). 

PREVIOUS MODELS 
Transpression 

Tb.e southern Sani\.ndreas fault becan1e active 
at 6 Ma. as Baja California was transferred to the 
Pacific plate (Nicholson el al., l 994; A;.;en and 
Fletcher, 1998 ). The restraining bend of the San 
Andreas initiated contraction of U1e Fernando 
basin, which rapidly filled with the upward-shal­
lowing Pliocene-Quaternary Capistrano, Fer­
nando, and younger deposits ('.Vright, 1991 ). 
Contraction and rapid uplift have characterized 
U1e neoteclo1lics of most of the Los Angeles re­
gion, including the Ventura basin. Flexural load­
ing has induced rapid subsidence in front of 
Um1sts and reverse faults (Wright, l 991; Yeats 
andBeall, 1991; Schneider et al, 1996). 

Tnmsrotation 
Transrotation occurred during capture of the 

Monterey andArguello nucroplates by the Pacific 
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plate (Nicholson el aL l 994 ). Paleomagnelic 
data documenting, on average. 90° of clockwise 
rotation of the western Transverse Ranges are 
robust ( e.g" Luyendyk and Homafius. 1987; 
Luyendyk. 1991 ), but reconstmctions based only 
on these data suffer from the lack of palinspastic 
reconstruction of younger events. 

Extension along low-angle detachment faults 
during veltical-axis rotation exhumed nuddle­
and lower-crustal rocks (upper Mesozoic and 
lower Cenozoic accretionary prism) in the conti­
nental borderland (e.g., Santa Catalina Island; 
Fig. 1 C) and formed one or more precursors 
(herein called the Topanga basin; Fig. l, C and D) 
to the modem Los Angeles basin (e.g., Crnuch 
and Suppe, 1993). 

Determination of boundaries between highly 
extended continental cmst and transitional oceanic 
crust is complicated by the cryptic nature of base­
ment beneath the modem Los Angeles basin 
(Wright, 1991) and by overprinting during later 
u·anslensional and transpressional deforn1ation. 
Tlus basement could be part of the moderately 
extended upper plate (batholithic) or paitrnlly 
exhumed lower plate (Catalina Schist). 

Transtension 
Rapid extension created the bathyal Puente 

basin (Fig. l C), within which the upper Miocene 
Tarzana (Modelo) and Puente submarine fans 
and the Monterey Shale, the pnmmy petroleum 
source rock of the region, accumulated ('.Vright, 
1991; Critelli etaL 1995; Rumelhartand Inger­
soll, 1997). Rapid subsidence of the Puente basm 
between 12 and 6 Ma coincided with right slip of 
60 km along the San Gabriel fault (e.g., Crowell. 
1982 ). There m·e few constraint~ on slip hi~iory of 
the Chino Hills or Cristianitos fa.ults, which 
bounded the Puente basin. 

THREJ~-STAGE MODEL 
Our palinspastic model (Fig. l) was con­

structed iteratively by reversing kno'Nn or 
inferred fault motions from the present back to 
18 Ma. Major constraints are summanzed in 
Table 1; additional constrnints are indicated in the 
caption to Figure l. We present our modifications 
and additions to existing models in clu·onological 
order, opposite to how Figure 1 was constructed. 

During transrotation (18-12 Ma). U1e magni­
tude of extension decreased toward a pivot point 

east of the Santa Jvfonica Mountains. so U1at the 
middle Miocene Topanga basin deepened to the 
south and west. Transfer zones separated highly 
extended areas (e.g., western Santa Monica 
Mountains) from less extended areas (e.g., east­
ern Santa Monica Mountams ); basaltic magma­
tism (e.g., Weigm1d and Savage. 1993; Dickin­
son. 1997) was concentrated at the edges of 
highly extended blocks, especially near the 
breakaway. North of the western Santa Monica 
Mountains. footwall uplift al the breakaway (pos­
sibly U1e Bony Mountain fault) for the currently 
south-dipping detachment fault exposed a thick 
sequence of Cretaceous-Paleogene forearc strata 
in the Chatsworth and Simi Hills (Yeats. 1983, 
1987). No such footwal l uplift exists in the area 
ofthe San Fernando Valley. 

East of U1e Santa Ynez Canyon fault (or trm1s­
fer zone. newly named herein; see Dibblee, 
1992 ), the breakaway was along the south side 
(present orientation) of the eastern Santa Monica 
Mountains. Foot\.vall uplift here caused erosion 
of most of the Paleogene section prior to deposi­
tion of the Tbpanga Fonnation; the only exposed 
fragment of crystalline basement (Mesozoic 
Santa Monica Slate and batholithic intrusions) 
outboard (currently north) of the breakaway is 
found here. Our reconstruction places this base­
ment block al the north end of the Santa Ana 
Mountains prior to 18 Ma(Fig. l,A andD). 

Subsidence analysis (Rumelhart and Inger­
soll, 1997) indicates t11at the Puente and Fer­
nando basins subsided most rapidly from 12 to 
4 Ma (Fig. 3t m contrast the Topanga basin 
subsided most rapidly from 16 lo 12 Ma. These 
observations are consistent witl1 increased rates 
of sedimentation away from the northeastern 
pivot of the western Transverse Ranges during 
lransrotation ( 18-12 Ma), and concentration of 
y01mger transtension in the Puente basin, close 
to the San Gabriel-Chino Hll ls-Cristrnnitos fault 
zone (Fig. IC). 

In our model, the San Gabriel-Chino Hills­
Cristianitos fault zone became the primary trans­
form boundary at 12 Ma. with initiation of 
Guadalupe and Magdalena microplate capture 
(Fig. 2) (e.g .. Nicholson et al., 1994). This fault 
trend formed a releasing bend separating mag­
matic-arc basement (Santa Ana Mountams) on 
U1e east from a deep basin to the west. Om model 
predicts that the greatest subsidence of the Puente 

TABLE 1. PRIMARY CONSTRAINTS FOR PALINSPASTIC RECONSTRUCTION OF FIGURE i 

Time 
6Ma 

12 Ma 

i8 Ma 

Amount of movement 
255 km right slip on San Andreas fault 
25 km right slip on San Jacinto fault 
30 km right slip on Elsinore fault 
20° clockwise rotation of western Transverse Ranges 
60 km right slip on San Gabriel fault 
30° clockwise rotation of western Transverse Ranges 

(total of 50°) 
60° clockwise rotation of western Transverse Ranges 

(total of i 10°) 
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Source 
Dickinson (1996) 
Dickinson (1996) 
Wright (1991) 
Nicholson et al. (i 994) 
Crowell (1982) 
Nicholson et al. (1994) 

Nicholson et al. (1994) 

basin (PR Fig. l C) occtUTed along U1e eastern, 
fault-bounded margin of the basin (e.g., Wright, 
1991 ), 'Nhere basement consisting of eitl1er 
batholithic or accrelionaiy rocks beneath the 
Puente basin was stretched and intmded. 

[n contrast, north of the eastern Ventura basin. 
the San Gabriel fault fonned a restraining bend, 
northeast of which the predominantly nonmarine 
transpressional Ridge basin developed concur­
rently with deposition of the Modelo, Puente, and 
Monterey Formations (CrO\.vell and Link, 1982 ). 

Positive structural inversion (i.e., Williams 
et al., 1989) has characterized the transition from 
lranstension to transpression in the Ventura and 
Los Angeles basin areas: such structures m·e espe­
cially well expressed along the southern side of 
U1e Ventura basin in the Santa Susmia l'v1ountains 
(Yeats el al., 1994) and the south side of!he Sm1ta 
Monica Mountains (SchneidL'f et al., 1996 ). 

DISCUSSION 
This three-stage model has the fiJllowing impli­

cations. 
1. It resolves the general relationship between 

oceanic microplate interactions along the coast 
and specific fault zones mKl basins on land. 

2. It demonstrates how a small area along an 
evolving continental-oceanic transform plate 
margin can 1mdergo distinctly different stages of 
~iructural and basin developnm1t without chm1ges 
in kinematics of maJor plates. For example, recent 
refinements ofNorthAmerican-Paciiic relative 
plate circuits indicate that microplate-caplure 
events and their onland consequences occurred 
indq:iendently ofchanges in relative plate motions 
(Atwater and Stock. 1998). 

3. It provides a framework within which to in­
vestigate neotectonics of the area and predicts 
possible subsurface structure (e.g., Fuis et al.. 
1996). Seismic risks might be better evaluated 
with these paleotectonic constraints in mind. 

4. It provides a general framework for stmc­
tural control of basin formation, paleoenviron­
ments of U1ese basins, and tinung of subsidence 
and structural disruption (Wright, 1991). These 
aspects influence petroleum creation. maturation, 
nugration, and trapping: our model may find ap­
plication in future exploration ofthe Los Angeles 
and Ventura areas, two of the most petrolifrrous 
basins on Earth (Biddle, 1991 ). 

5. It provides a framework within which to 
view the e:\.iraordinarily complex local environ­
ment oft11e Los Angeles area. A systematic re­
construction of this tectonically active geologic 
environment has great educational potential. 

Future work will integrate structure, stratigra­
phy, petrology, mid paleoenvironments at a larger 
scale in order to refine our three-stage model. Im­
proved understanding of the sequential evolution 
of southern California will constrain neotectonic 
models applicable in seismic hazard assessment 
and provide a context within which lo 1mderstand 
the geologic histo1y of this complex area. 
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