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Figure 2. Morphology of San Clemente Basin region shows the character of an oblique rift that 

almost became a seafloor spreading center. A range of oblique extensional morphology is manifest 

along PAC-NAM transform plate boundary from pull-apart basins (Death Valley) to seafloor spreading 

centers linked by transform faults (Gulf of Cailfornia). San Clemente Basin resembles a rhomboidal 

pull-apart basin between the San Clemente and Animal Basin faults, and includes a NNE-trending 

volcanic ridge. The volcanoes are offset to the left, consistent with small transform faults in a nascent 

seafloor spreading center. NE-trending ridges adjacent to San Clemente Basin, Maximinos Knolls 

and 60Mile Bank areas, are consistent with tilted blocks or dikes orthogonal to the plate motion vector, 

possibly above detachment faults. Blue dash-dot line shows small circle for Pacific-North America 

relative plate motion (RM2, Minster & Jordan, 1978).

San Clemente Basin - Descanso Plain

Figure 3. Morphology of active spreading center and transform faults in the southern 

Gulf of California resembles San Clemente Basin, but with fully developed seafloor 

spreading with orthogonal rift basins and buried volcanic(?) ridges. Note that the 

Guaymas Basin has morphology similar to San Clemente Basin with a NE-trending 

axial ridge that separates two sub-basins. More evolved (greater extension or less 

sediment cover) basins produce new seafloor from a narrow NE-trending axial rift. The 

axial ridges and rifts are orthogonal to the relative plate motion vector (PAC-NAM). 

Map inset shows at same scale the morphology and linear trends in San Clemente 

Basin associated with oblique-rifting along the evolving transform plate boundary. 

Shaded-relief bathymetry base maps produced from GeoMapApp (Ryan et al. 2009).

Southern Gulf of California

Figure1. Isostatic gravity map (BGI, 2012) of the Southern California-Northern Baja California region with gray-scale shaded relief 

bathymetry underlay, major faults and terrane boundaries, locations of multichannel seismic reflection profiles, geophysical cross-

sections (Plawman, 1978), and seismicity (1932-2019) including waveform cross-correlation relocations (black dots, M>2; Hauksson 

et al, 2012), SCSN catalog (open red circles, 1932-1980, Hutton et al. 2010), and historic Northern Baja California Seismicity, 1932-

1980 (ANSS). Relocated epicenters show linear trends aligned along major active faults, clusters associated with complex faulting 

during earthquake swarms, and significant NE trends crossing the Peninsular Ranges and into the offshore Borderland. Note that 

the major tectonostratigraphic terranes correlate nicely with the isostatic gravity map. (BGI,2012). Yellow box shows location of 

San Clemente Basin offshore (Figure 2) where seafloor morphology shows many of these tectonic trends. Offshore seismicity 

shows same complexity as onshore seismicity, but at lower rates(?) Seismicity appears to diminish farther offshore and south into 

Mexican territory mainly due to lack of seismograph coverage for accurate location of small earthquakes. However, the Baja offshore 

seismicity has several moderate events (M5+).

Borderland Terranes and Seismicity

Figure 4. Morphology and faulting of the Owens Valley and Death Valley extensional region 

resembles the San Clemente Basin-San Diego Trough region (Fig. 2), but in mirror image with 

the linear graben adjacent to the batholith (east side for San Diego Trough, west side for Owens 

Valley). The Death Valley, Panamint Valley and Saline Valley (SV) resembles the rhomodoidal 

San Clemente Basin, although Death Valley resembles a Lazy-Z pull-apart basin (Mann, 

2007). The Hunter Mountains with NE-trending structural fabric resembles the Maximinos 

Knolls adjacent to San Clemente Basin. At the northwest corner of the Owens Valley lies the 

Long Valley caldera (LV), similar to the crater complex along the west flank of the San Diego 

Trough and Thirtymile Bank (Legg et al. 2004). Map inset shows the San Clemente Basin 

structural trends at same scale as the Owens Valley map.

Owens Valley - Death Valley

Figure 5. Seismic profile across the Outer Borderland/Inner Borderland terrane boundary near the 

San Clemente Basin rhombochasm shows the Miocene basin formed by subsidence in the initial rift 

including crustal block sliding into rift along low-angle normal (oblique?) fault during early Miocene 

epoch. Subsequent erosion produced the major unconformity mapped throughout the region (DeHoogh 

et al. 2019). Miocene sedimentation as the region subsided with continued oblique-extension covered 

the unconformity and minor post-Miocene transpression has produced local uplift within the Miocene 

rift basin. Note that the Miocene sedimentary sequences within this basin have been juxtaposed by an 

undetermined amount of right-slip. The tilted block resembles the Coronado Bank block that was tilted 

into the rift along the Thirtymile Bank detachment fault during the middle Miocene extension (middle 

Miocene strata are tilted on Islas Los Coronados, with the late Miocene rocks less tilted than the 

San Onofre Breccia. These sediments were also intruded by andesite dikes during the active rifting. 

The Sixtymile Bank crustal block consists of basement rocks including Catalina Schist and Miocene 

igneous rocks (Vedder et al. 1974; also Bell et al. 2019 ROV dive).

Terrane Boundary Seismic Profile
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Figure 6. Cross-Section I-I' of northern Baja California Continental Borderland (see Fig.1 for location of section). Numbers in 

colored regions are densities modeled from gravity data (Plawman, 1977). Magnetic and free air gravity anomalies are shown 

above the section. The top bathymetry and total magnetic intensity profiles are located along adjacentprofile by Krause (1965). 

Basement rocks (purple with hachures) are magnetic to produce the observed anomalies in the Plawman model. The crust is 

thinned in this highly extended region across San Clemente Basin and Southern Borderland, with numerous igneous and meta-

morphic basement rock intrusions. Note that the peak magnetic and gravity anomalies above the broad knoll east of Velero Basin 

exceed those above the San Clemente Basin "rhombochasm". Andesitic basalts intruded on the volcanic ridge are less magnetic 

than the inferred "ophiolite" uplifted at the edge of the Nicolas forearc terrane during early Miocene rifting (DeHoogh et al. 2019). 

Figure 5 shows a seismic profile across the Inner/Outer Borderland boundary in this area (ESCB fault zone) where a significant 

basement intrusion is modeled. In contrast, the regular (periodic?) magnetic anomalies on Pacific Ocean crust are associated 

with seafloor spreading at the former East Pacific Rise as the Rivera Triple Junction migrated southward (Lonsdale, 1991).
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Similar patterns of

Oblique-Rift Basins

and Fault Systems 

Exist Along Much

of the PAC-NAM 

Transform Plate

Boundary of

Alta and Baja

California

To Understand the Deep Structure and Seismo-Tectonic Character of the 

Southern California Region - We Must Understand the 

Structural Character and Tectonic Evolution of Oblique-Rift Systems

Corollary: To Understand the Blind Thrusts - We Must Examine the Oblique-Normal Faults


