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LIST OF MAP UNITS unable to fill the depressions) due to both lack of sediment supply and to erosion and transport of sediment during large north-
o ) ) ) o west winter swells. Such features have been referred to as “rippled-scour depressions” (see, for example, Cacchione and others,
[See Description of Map Units (chapter 8, in pamphlet) for complete map-unit descriptions] 1984) or “sorted bedforms” (see, for example, Goff and others, 2005; Trembanis and Hume, 2011). Although the general areas in
which both unit Qmsd scour depressions and surrounding mobile sand sheets occur are not likely to change substantially, the
OFFSHORE GEOLOGIC AND GEOMORPHIC UNITS boundaries of the individual Qmsd depressions are likely ephemeral, changing seasonally and during significant storm events.
Qms | Marine nearshore and shelf deposits (late Holocene)—Mostly sand; ripples common ~ The offshore decrease in slope at midshelf water depths (about 60 m) approximately coincides with a transition to finer
grained marine sediments (unit Qmsf), which extends to the outer (3-nautical-mile) limit of California’s State Waters. Unit
inferred to have been derived from the Russian River, the mouth of which is about 15 km south of the map area. Both Drake and
Qmsf | Fine-grained marine shelf deposits (late Holocene)—Mostly mud to muddy sand Cacchione (1985) and Sherwood and others (1994) have documented seasonal, midshelf, northwest-directed, bottom currents
capable of transporting fine-grained, suspended sediment from the Russian River to the Offshore of Salt Point map area.
Qmsd | Marine shelf scour depressions (late Holocene)—Inferred to be coarse sand and gravel in low-relief scours The onshore part of the Offshore of Salt Point map area is cut by the northwest-striking San Andreas Fault—the right-
lateral transform boundary between the North American and Pacific tectonic plates. The San Andreas Fault extends into the
Tgr | German Rancho Formation (Elder, 1998) (Eocene and Paleocene)—Well-bedded, fine- to medium-grained offshore about 5 km south of the map area near Fort Ross, and about 50 km north of the map area on the east flank of Point
sandstone, mudstone, and conglomerate Arena. The coast between Fort Ross and Point Arena, the northwesternmost exposed section west of the San Andreas Fault, is
known as the “Gualala Block” (fig. 1) on the basis of its distinctive geology, which has been widely used to develop paleoge-
ONSHORE GEOLOGIC AND GEOMORPHIC UNITS ographic reconstructions pf coastal California that restore as much as 150 to 180 km of right-lateral slip on the combined San
Andreas and San Gregorio Fault systems (see, for example, Wentworth, 1968; Wentworth and others, 1998; Jachens and others,
[Bedrock units compiled from Huffman (1972), California Geological Survey (1974), Blake and others (2002), Fuller and 1998; Dickinson and others, 2005; Burnham, 2009). The Gualala Block is underlain by a thick (as much as 9 to 11 km, in
others (2002), and Manson and others (2006). Quaternary unit designations are from Witter and others (2006)] aggregate), discontinuous Upper Cretaceous to Miocene stratigraphic section (summarized in Elder, 1998; Wentworth and
others, 1998), however only the Paleocene and Eocene German Rancho Formation (unit Tgf) is exposed onshore and is inferred
af Avrtificial fill (late Holocene)—Engineered and (or) nonengineered to form seafloor bedrock outcrops in the Offshore of Salt Point map area. The German Rancho Formation consists of sandstone,
mudstone, and conglomerate interpreted as deep-water, submarine-fan deposits.
Qsc | Stream channel deposits (late Holocene)—Fluvial deposits within active, natural stream channels The western boundary of the Gualala Block is located offshore. Using seismic-reflection data, McCulloch (1987; his fig.
14) mapped a shore-parallel fault about 3 to 5 km offshore, which Dickinson and others (2005) subsequently named the Gualala
Qt Stream terrace deposits (late Holocene)—Stream terrace deposits inferred to have formed in the last 1,000 Fault. Jachens and others (1998) evaluated aeromagnetic and gravity data across this zone and modeled this structure as a steep
years fault within the Salinian basement block, characterized by 3 to 5 km of right-lateral offset. In contrast, Dickinson and others
: : , . . Qot | Stream terrace deposits (Holocene)—Stream terrace deposits that formed in point bar and overbank (2005) consider the Gualala Fault a late Miocene strand of the San Andreas Fault, separating Salinian and Franciscan basement
38°35" = — e e % N . environments rocks, with minimum right-lateral slip of 70 km. Our analysis of deeper industry seismic-reflection data within California’s State
: - . - ] 38°3 Qf Alluvial fan deposits (Holocene)—Sediment deposited by streams emanating from mountain canyons onto Waters shows the Gualala Fault as a steep, northeast-dipping structure (figs. 5, 8 on sheet 8). Shallower seismic-reflection
alluvial valley floors or alluvial plans crossing the Gualala Fault reveal a thick late(?) Pleistocene section characterized by recent faulting and gentle asymmetric
Qls Landslide deposits (Holocene and Pleistocene)—Weathered rocks and soil; intra-unit contacts separate folding (figs. 1, 2, 3, 4, 6, 7, 9, 10 on sheet 8). Hence, the Gualala Fault appears to be a recently active “blind” structure that has
different landslide bodies deformed young sediments. Our mapping also documents a more nearshore zone of deformation that we refer to as the “east
Qmt | Marine terrace deposits (late Pleistocene)—Sand, gravel and cobbles deposited on wave-cut platforms, later Gualala deformation zone.” This zone extends through the central and southern parts of the Offshore of Salt Point map area and
- uplifted to their present elevations along the coast is similarly characterized by steep faults and gentle folds that deform inferred upper Pleistocene strata.
‘;d_",l;or Ohlson Ranch Formation (Blake and others, 2002) (Pliocene)—Horizontal, thickly bedded, This northern California section of the San Andreas Fault has an estimated slip rate of about 17 to 25 mm/yr (Bryant and
well-consolidated sandstone Lundberg, 2002). The devastating great 1906 California earthquake (M7.8, 4/18/1906) is thought to have nucleated on the San
Tgr | German Rancho Formation (Elder, 1998) (Eocene and Paleocene)—Well-bedded, fine- to medium-grained Andreas Fault about 100 kilometers south of this map area offshore of San Francisco (for example, Bolt, 1968; Lomax, 2005),
sandstone, mudstone and conglomerate with the rupture extending northward through the onshore part of the Offshore of Salt Point map area to the south flank of Cape
- German Rancho and Gualala Formations, undivided (Elder, 1998) (Eocene, Paleocene, and Late Mendocino (Lawson, 1908; Brown and Wolfe, 1972). Emergent marine terraces along the coast in the Offshore of Salt Point
Cretaceous)—sandstone, conglomerate, mudstone, and shale map area record recent contractional deformation associated with the San Andreas Fault system. Prentice and Kelson (2006)
Franciscan Complex (Eocene, Paleocene, Cretaceous, and Jurassic) reported uplift rates of 0.3 to 0.6 mm/yr for a nearby late Pleistocene terrace (exposed at Fort Ross, about 5 km south of the map
area) and this recent uplift must also have affected the nearshore and inner shelf, at least as far west as the Gualala Fault.
TKfss Sandstone within the Coastal Belt (late Eocene to Late Cretaceous)—Mostly massive, feldspathic and
feldspathic-lithic wacke
TKfs Sandstone within the Coastal or Central Belts (late Eocene to Late Cretaceous)—Mostly massive, REFERENCES CITED
feldspathic-lithic wacke . .
KJfs Grangcke and mélange within the Central Belt (Cretaceous and Jurassic)—Massive to well-bedded Blake, M.C., Jr., Graymer, R.W., and Stamski, R.E., 2002, Geologic map and map database of western Sonoma, northernmost
lithic wacke, siltstone, shale, and slate, grading into mélange x:{énl,i%%%ooughemmost Mendocino counties, California: U.S. Geological Survey Miscellaneous Field Studies Map 2402,
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PP P g ( (o) ) Bolt, B.A., 1968, The focus of the 1906 California earthquake: Bulletin of the Seismological Society of America, v. 58, p.
457-471.
EXPLANATION OF MAP SYMBOLS Brown, R.D., Jr., and Wolfe, E.W., 1972, Map showing recently active breaks along the San Andreas Fault between Point
Contact—Solid where location i ain. | dashed where location i it Delgada and Bolinas Bay, California: U.S. Geological Survey Miscellaneous Investigations Map 1-692, scale 1:24,000.
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* Syncline Cacchione, D.A., Drake, D.E., Grant, W.D., and Tate, G.B., 1984, Rippled scour depressions on the inner continental shelf off
central California: Journal of Sedimentary Petrology, v. 54, p. 1,280-1,291.
_r Significant inflection (change in dip) within limb of fold California Geological Survey, 1974, Alquist-Priolo Earthquake Fault Zone Maps of Annapolis and Plantation quadrangles, scale
1:24,000, available at http://www.quake.ca.gov/gmaps/WH/regulatorymaps.htm.
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High Water (MHW) to the 3-nautical-mile limit of California’s State Waters. MHW is defined at an elevation of 1.46 m Goff JA Mayer ' L.A., Traykovski, P, Buynevich, I, Wilkens, R., Raymond, R., Glang, G., Evans, R.L., Olson, H., and
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leading to broadening of the continental shelf, progressive eastward migration of the shoreline and wave-cut platform, and Bulletin of the Seismological Society of America, v. 95, p. 861877, doi:10.1785/0120040141
associated transgressive erosion and deposition. Land-derived sediment was carried into this dynamic setting, then Manson, M., Huyette, C.M., Wills, C.J., Huffman M E ém.elser GG’ Fu.lle.r M.E.. Domrose C and Gutierrez. C.. 2006
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influences impacting shelf morphology and geology are related to local faulting, folding, uplift, and subsidence (see Geological Survey Special Report 196, 26 p., 2 plates, 38 maps, scale 1_12' 000 '
below). . ' " ' L BN e
. . . McCulloch, D.S., 1987, Regional geology and hydrocarbon potential of offshore Central California, in Scholl, D.W., Grantz, A.,
. Bedrock of th_e Paleocene and Eocene German Rancho Formation (Elder, 1998) (unit Tgr) uno_lerlle_s much of the and Vedder, J.G., eds., Geology and resource potential of the continental margin of western North America and adjacent
inner shelf, extending to water depths of as much as 60 m. Although onshore coastal outcrops of this unit are well bedded, ocean basins—Beaufort Sea to Baja California: Circum-Pacific Council for Energy and Mineral Resources, Earth Science
seafloor outcrops imaged on high-resolution bathymetry (sheets 1, 2) have a hackly surface texture and abundant fractures. Series, V. 6, p. 353-401 '
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nent embayments occurs about one kilometer north of Salt Point at the mouth of Miller Creek (see fig. 1-2 in pamphlet). Prentice. C.S. and Kelson. K.I.. 2006. The San Andreas fault in Sonoma and Mendocino counties. in Prentice. C.S
These coastal watersheds are relatively small and steep, extending to a drainage divide just 2 to 3 km east of the shoreline, Scotchmoor. J.G.. Moores. E.M.. and Kiland. J.P. eds. 1906 San Francisco Earthquake Centennial Field Guides: Field trips
an_d are inferred SOUrces of coarse-grained sediments. I_mmedlately east of this onshore _topographlc d|v_|de, dramagg along associated with the 100th Anniversary Conference, 18-23 April 2006, San Francisco, California: Geological Society of
this part of the coast is captured by the northwest-flowing South Fork of the Gualala River (pamphlet fig. 1-2), which runs America Field Guide 7, p. 127156, doi:10.1130/2006.1906SF(11)
paralfel 10 the coast along i trace of the San Andreas Fault, o i ; e Reid, J.A., Reid, .M., Jenkins, C.J., Zimmerman, M., Williams, S.J., and Field, M.E., 2006, usSEABED—Pacific Coast
| 2lven relalively shatlow water depins (0'to abou . m) and exposure to high wave energy, modern nearshore to (California, Oregon, Washington) offshore surficial-sediment data release: U.S. Geological Survey Data Series 182,
midshelf sediments are mostly sand (unit Qms) and a mix of sand, gravel, and cobbles (units Qmsc and Qmsd). The available at http://pubs.usgs.gov/ds/2006/182/
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a few tens of centimeters deep and range in size from a few tens of square meters to more than one square kilometer. doi*10.1007/s00367-010-0225-8 ’ T ’
Similar unit Qmsd scour depressions are common along this stretch of the California coast (see, for example, Weber, K.M., List, J.H., and Morgan, K.L.M., 2005, An operational Mean High Water datum for determination of shoreline
Cacchione and others, 1984; Hallenbeck and others, 2012) where surficial offshore sandy sediment is relatively thin (thus pésition’from’ topoygraphic lidar ,data' U S Geoiogical Survey Open-File Report 2005-1027, available at http://
12330° 193¢ 199°30° pubs.usgs.gov/of/2005/1027/.
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Figure 1. Regional map showing the location of the Offshore of Salt Point map area (red
square), the San Andreas Fault (SAF), the Gualala Fault (GF; location from this work and
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