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Surveys [U.S. Geological Survey, 2009]), which crosses shelf northwest of Salt Point; see trackline map for location. Note that vertical scale and exaggeration are significantly different than for high-resolution
profiles shown in figures 1, 2, 3, 4, 6, 7,9, and 10. This profile highlights faults (dashed yellow lines), including the Gualala Fault, and folds (magenta symbols show fold axes—diverging arrows, anticlines;

converging arrows, synclines) beneath the continental shelf. Dashed green lines highlight continuous reflections that reveal structure (not distinctive stratigraphic markers). Dashed blue lines show apparently

discontinuous, low-angle, angular unconformities. Purple triangle shows location of California’s State Waters limit (yellow line on trackline map).
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Figure 8. Depth-migrated, deep-penetration, industry, 2-D, multichannel air-gun seismic-reflection profile W482—-110 (collected in 1982 on survey W-4-82-NC; from USGS National Archive of Marine Seismic Surveys [U.S. Geological

Survey, 2009]), which crosses shelf south of Salt Point; see trackline map for location. Note that vertical scale and exaggeration are significantly different than for the high-resolution profiles shown in figures 1, 2, 3, 4,6, 7, 9, and 10. This

profile shows the Gualala Fault (dashed yellow line) and folds (pink symbols show fold axes—diverging arrows, anticline; converging arrows, syncline) beneath the continental shelf. Dashed green lines show continuous reflections in
large asymmetric syncline; dashed blue line shows angular unconformity above the folded strata that transitions to a conformable contact at the southwest end of the profile. Purple triangle shows location of California’s State Waters

limit (yellow line on trackline map).
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——2" \ / \ - | | This map sheet shows seismic-reflection profiles from surveys of the Offshore of Salt Point map area, providing imagery of
0.3 \ / 1 240 0.3 1 1 240 the subsurface geology. The seafloor in this area extends from the shoreline to water depths of about 90 to 100 m. The nearshore to
Figurg 1. USG'S high-resolution minisparker se.ism'ic-reflection profile PR-140 (cgllected in 2009 on survey §—8—09—NC), which crosses shelf northwgst of Salt Po'int;.see trackline map for Figure 2. USGS high-resolution minisparker seismic-reflection profile PR-138 (collected in 2009 on survey S-8-09-NC), which crosses shelf northwest of Salt Point; see trackline map for location. Profile shows faulted and folded Ir}rlir st:eIIf area (to \(/jvzli:_ter dept(f;ls of ach)eut 5?\ toFGO m)t'typlcé:éy dTgSgS;&W:::jrd ab(;)u'g l.gtto 1.5° and I-S ugde:jl_aun b%/ r?]ck}[/fgtcrr%ps
Iocat'lon. me'le_ShOWS generally southyvest-dmpmg folded strata beneath ‘{O"t'"?"tal shelf. Dashed red lines show faults. Magenta symbol ShO_WS inflection point in f°|df’d strata. Blue strata beneath continental shelf. Dashed red lines show faults. Magenta symbols show fold axes (diverging arrows, anticline; converging arrows, syncline). Blue shading shows inferred uppermost Pleistocene and Holocene 0 id (:] I? eoc(;entle an c()jcen(_e etrlmekl)n an(;:do (()jr_ma I?n (I e, ) antl sar _Sltf]e gSCS)ar_Is_(:]r ngaln(:.‘ sg_lmen ((js e¢ I ) t T
shading shows inferred uppermost Pleistocene and Holocene strata, deposited since last Se?'le"el lowstand about 21'090 years ago. Pink shading shows uppermost Pl'elst'ocene strata strata, deposited since last sea-level lowstand about 21,000 years ago. Pink shading shows uppermost Pleistocene strata thought to have formed as sea level fell, between about 30,000 and 21,000 years ago. Underlying folded mlts eh ,dun ert;?ln pre omlnzp y ty mu yfse t':.]en 5, S gpei morg gen ?1/'( ess 1922 -5°). The Russian River and small coasta
though't to have formed as sea level fe!l, petvyeen abgut 30'_000 and 21,000 years ago. Underlying f°|_d9d reflectois are ofl!n}"erred Ple|§to?gne age. Dashed green I'|nes h{ghllght'contlnuous reflectors are of inferred Pleistocene age. Dashed green lines highlight continuous reflections that reveal structure (not distinctive stratigraphic markers). Narrowing between reflections labeled “1” and “2" reveals significant, wa erSs ef_s_a:e de [;]rllrrary s%_lmer: s_ource; 'Orth Is area ( r,? € anf thacr::' Irc])ne, luti )- ismic-reflecti files (figs. 1. 2. 3
reflect|on§ that reveal structu_re (not dls_tlnptlvg stratlgra_ghlc ma.rkers). Narrowing between reflectlons labeled “1” and “2 rev_e_als significant, West_-to-_east stratlgrapr_uc thinning across west-to-east stratigraphic thinning associated with Gualala Fault deformation zone, indicating deposition during fold growth. Dashed blue lines show low-angle unconformities; dashed purple line is unconformity with Tertiary L 7ug Iil(;i an s ta fC);/v se lr_l’:en ;Ig]&:jge_ Il? g lt;i)per pfo_r lfons g | te tlltszjl —_rt:so u lotn sslsimlc—re ec I_:_);’]] prot\:ves ( I?S ,h, ,
fOIf‘Ij cres;c '; G“flal‘?‘ del‘lorn:1atlonlzone_, |nd|;:gt|:1_? de_posguon d\;'v”“g foll_d g”()wﬂ‘ DT_ShEd blue Ik'Fes shov;/ low-angle unconformities. Dashed yellow line is seafloor multiple (echo of seafloor bedrock. Dashed yellow line is seafloor multiple (echo of seafloor reflector). Purple triangle shows location of California’s State Waters limit (yellow line on trackline map). ccl)néis"( olf un)cgﬁrs]g:?d;tedvzzt;jirr]rl\:n(tsar?dihe[?:nco?:bineS%?cklr?e:ries Shaos\fn O:ISsh(:;r;e 'I?he ?:oﬁ:rc]te k?gt?/;/eenefP?ese?JrL:(r:](I)r?sf)?icdated
reflector). Purple triangle shows location of California’s State Waters limit (yellow line on trackline map). :
strata and underlying units is a sharp erosional surface marked by minor channeling, and a common upward change to lower
1 km amplitude, more diffuse reflections. The lower unit (pink shading) typically consists of or includes a downlapping sediment wedge
I I l 1km | that formed adjacent to and on the southwest flank of nearshore bedrock outcrops. The upper unit (blue shading) comprises
SOUTHWEST \ 4 VERTICAL EXAGGERATION ~ 125 NORTHEAST SOUTHWEST v D RTICAL EXAGGERATION - 126 ! NORTHEAST gently-offshore-dipping, continuous, parallel reflections that onlap and (or) drape the lowstand wedge. These reflection character-
0 0 0 0 istics and geometries suggest deposition during a regression (lower pink unit) and subsequent transgression (upper blue unit), with
German Rancho the units separated by a transgressive surface of erosion (Mitchum and others, 1977; Catuneanu, 2006). The lower unit is inferred
Formation bedrock to have formed between about 30,000 and 21,000 years ago (marine isotope stage 2), as sea level fell from about 60 m to the Last
Glacial Maximum (LGM, about 21,000 years ago), approximately 125 to 130 m lower than present (Waelbroeck and others,
downlapping 2002). During the LGM, time the Offshore of Salt Point map area was emergent and the shoreline was about 20 km west of its
sediment wedge downlapping present location. The upper unit is inferred to have formed during the post-LGM transgression. Post-LGM sea-level rise was rapid
east Gualala sediment wedge (about 9 to 11 meters per thousand years) until about 7,000 years ago, when it slowed considerably to about 1 meter per thousand
deformation zone years (Stanford and others, 2011).
Strata that occur beneath the shallow, latest Pleistocene (marine isotope stages 1 and 2) units (and overlie the German Rancho
/ Gualala Fault Formation to the east) are represented on sheet 8 (figs. 1, 2, 3, 4, 6, 7, 9, 10) by low-to-high amplitude, high-frequency, parallel to
S deformation zone subparallel, continuous reflections.. Reflections are commonly flat to gently folded with dips less than 10° (though they appear
201 4-\-; «)}1— ~— L g0 much steeper because of the 12.5:1 vertical exaggeration). The upper contact between these strata and the two upper units ranges
S ' /,\/ % 2 0.1+ 9}4— 1780 » from angular (where the lower unit has been folded) to parallel or subparallel. These strata are inferred to be Pleistocene in age
§ 7 // 2 5 / £ (marine isotope stage 3 and older; Waelbroeck and others, 2002) because (1) they underlie post-LGM strata, and (2) because their
= P /' // / E § P / S horizon can be traced continuously with other data from USGS cruise S—-8-09-NC to the Quaternary section penetrated in Shell
& // // Y, J/ / = = /// / / = borehole P-027-1 (Heck and others, 1990), located 15 km south of the map area. Similar to the overlying post-LGM deposits,
E 7 // s / // = g — T — - Ve / / g_ these underlying strata represent wave-reworked deltaic and shelf sediments derived primarily from the Russian River.
T e — // // J/ // / 3 &= Ve ——— // / — /’_' 3 Bedrock of the German Rancho Formation is exposed onland and in the nearshore along the coast across the entire Offshore
s - 7/ / 7 // / £ [ / _ e / // AN - = of Salt Point map area (sheet 10). Nearshore bedrock is cut by numerous faults and has moderate to steep dips. The unit appears
P N — _ /// J/ // / g £ // — ////// / S 7 £ massive and “reflection-free” on high-resolution seismic-reflection data (see, for example, figs. 2, 4, 6, 7, 9) forming an “acoustic
= /// T T T ~—__—~ / / / g P /___,/—-"‘ T - // // //‘ I § basement” for overlying Quaternary sediments. On higher-energy, industry seismic profiles (figs. 5, 8), basement rocks of likely
2 ———_—_——— /// — T~ / / /// 2— i - —_— s 7 J | oy Tertiary age are characterized by low- to high-amplitude, parallel to divergent, continuous reflections.
= - o —— _,,;; // — / / // E i . // // S | < Seismic-reflection profiles show shallow faulting and folding in a southwest-trending zone above the Gualala Fault (“Gualala
0.2 / T —— // P / / / 160 02l _’,___/ TSN - Ve // l | 160 Fault deformation zone”) and in a more nearshore zone (“east Gualala deformation zone”). Faults cut and (or) are aligned with
/// //// - \\\_// / ' === / \\‘\__’// // / many fold axes and faulting is a clear control on fold development. Both faults and folds trend northwest, parallel to the shoreline
/ - // / [ /;/ / / // I (sheet 10, this report). There is notable stratigraphic thinning between synclinal troughs and anticlinal crests indicating that
// /// / ’ 7~ / / / | deposition occurred during fold growth. This pervasive deformation of Pleistocene strata and the overall pattern of faulting and
—_— /,_\_____/// / / / / / l folding (sheet 10, this report) suggests active northwest shortening above a northeast-dipping fault zone that may include one or
2 J/ / // | / / [ more blind splays.
/ // / //"" / // Except for the profiles in figures 5 and 8, all profiles displayed on this map sheet were collected in 2009 on U.S. Geological
// J/ / e | / / I Survey (USGS) cruise S—8—-09-NC. The single-channel seismic-reflection data were acquired using the SIG 2Mille minisparker,
- / // | // l which used a 500-J high-voltage electrical discharge fired 1 to 4 times per second, which, at normal survey speeds of 4 to 4.5
,,”’_—2 - / -~ | - | nautical miles per hour, gives a data trace every 0.5 to 2.0 m. The data were digitally recorded in standard SEG-Y 32-bit floating-
/ | / "\\\ /// | point format, using PC-based Triton Subbottom Logger (SBL) software that merges seismic-reflection data with differential
// ’ ~—— - GPS-navigation data. After the survey, a short-window (20 ms) automatic gain control algorithm was applied to the data, along
0.3 240 0.3 ‘ | 240 with a 160- to 1,200-Hz bandpass filter and a heave correction that uses an automatic seafloor-detection window (averaged across
Figure 3. USGS high-resolution minisparker seismic-reflection profile PR-135 (collected in 2009 on survey S-8-09-NC), which crosses shelf northwest of Salt Point; see trackline map for location. Profile shows faulted and folded strata beneath . . . - _— . . . . - . . ) 30 m of lateral distance covered). These data can resolve geologic features a few meters thick (considered “high-resolution”),
continental shelf. Magenta symbols show fold axes (diverging arrows, anticlines; converging arrows, synclines) and sharp flexure (single arrow, showing direction of increased dip). Blue shading shows inferred uppermost Pleistocene and Elgu;e:. U(jSES h|g:]1-resfolulttloanmlspiarker Eellsmlr]c-re?«al((:itlon pr(tziflle PB'132 (coIIectetq Ilr'] 200_9 on survey $-8-03-NC), :’_Vh'c)h ;lrossehs Zhe” vzest Of Sfalt P:mt’ see trathI:IIlr?etmap for Iczicstllon. Profllte sthO\(/ivs fau.ltedd ?“d f?ldid strata. down to subbottom depths of about 400 m
Holocene strata, deposited since last sea-level lowstand about 21,000 years ago. Pink shading shows uppermost Pleistocene strata thought to have formed as sea level fell, between about 30,000 and 21,000 years ago. Underlying reflectors are as_le rlei m;es ‘:i ol\)/v 2;18600'399” a symPp E sho;\./ 0 haxes |verg|ngtaPr|rOIV\is, antic |tnets, (t:lsnverrlgtqltngharrm:(vs, sygc nes .I ue; ? I? t:ng; owsbm igg Oéjoppe;n;?sooo eistocene aS q Ol o.cer}eksj r: a,ﬂ ept93| ¢ Sm? ?S d Figures 5 and 8 show deep-penetration, depth-migrated, multichannel seismic-reflection profiles collected in 1982 by
of inferred Pleistocene age. Dashed green lines highlight continuous reflections that reveal structure (not distinctive stratigraphic markers). Narrowing between reflections labeled “1” and “2” highlights significant southwest-to-northeast ;Ta_ fve ows anD a hOl:j ! Iyearshgghcll.. hltn S : Ing s O;VS Eppertr:ots e'si otcenf S r? at df"i_g t'o atvet.ormeh. as Sez ev)eDe h 3 bleeT' a ouh ! | ajn | ! ye?rs agp. ] g err]y:jng 0 | el' re. ec |0nsfare (')t n iﬁ_ i WesternGeco on cruise W-4-82—NC. These profiles and other similar data were collected in many areas offshore of California in
stratigraphic thinning. Dashed blue line shows low-angle unconformity; dashed purple line is unconformity with Tertiary bedrock. Dashed yellow line is seafloor multiple (echo of seafloor reflector). Purple triangle shows location of California’s bee(;fotz:iegz:t?:c.i :Islo:v Ii?\;e;nscler;?lsoolrgm;?ti IZO(Z(:El:)Ool:‘Ss:aeafﬁ)coIrorl;?lecjorr)evlfuar Slentjr(i:alrj]relellzovllss Ilrc])(c:::éii)s (r)? (Igrl?fgrrl1(i:a['];a8rt:tres\)Va?esrselimitu(e ellrl]:vflfinzv‘(l)notvrvazzl?nz L::o)n ormities; dashed purple fine is unconformrty wrth fertiary the 1970s and 1980s when these areas were considered a frontier for oil and gas exploration. Most of these data have been
State Waters limit (yellow line on trackline map). ' y P -Turp g ¥ P publicly released and are now archived at the USGS National Archive of Marine Seismic Surveys (U.S. Geological Survey, 2009).
| 1 km | | 1 km | These data were acquired using a large-volume air-gun source that has a frequency range of 3 to 40 Hz and recorded with a
I 1 SOUTHWEST [ { . multichannel hydrophone streamer about 2 km long. Shot spacing was about 30 m. These data can resolve geologic features that
S%UTHWEST v VERTICAL EXAGGERATION ~ 12.5 NORTHEAS—(I; 0 v VERTICAL EXAGGERATION ~ 12,5 ! E NORTHEAS-I(; are 20 to 30 m thick, down to subbottom depths of about 4 km.
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Figure 6. USGS high-resolution minisparker seismic-reflection profile PR-130 (collected in 2009 on survey S-8-09-NC), which crosses shelf west of Salt Point; see trackline map for location. Profile shows faulted Figure 7. USGS high-resolution minisparker seismic-reflection profile PR-127 (collected in 2009 on survey S-8-09-NC), which crosses shelf south of Salt Point; see trackline map for location. Profile shows faulted
and folded strata beneath continental shelf. Dashed red lines shows faults. Magenta symbols show fold axes (diverging arrows, anticline; converging arrows, syncline) and sharp flexure (single arrow, showing :inr(;éic)itj:gfsitr::::ende:;[2)Cgrjlen:t?;zlizzeslzo[xss?nef:rr:a(:i l:anepSefrr:]%vsvtsF]’?el:;zc'\::g?:; ;ZT;?:?:::&;;OI:e?))(()i?t((:ilvs?r:i??a:,:r::;sie?/lﬁlT;aes:;rfgr;\:)eorg':;% glr):]OxS;rzy:;:n:islzka::afj?:;ps:Eajsri;()?ng]:ozzr:h‘{\li’sizzxgg
direction of increased dip). Blue shading shows inferred uppermost Pleistocene and Holocene strata, deposited since last sea-level lowstand about 21,000 years ago. Pink shading shows uppermost Pleistocene : ' ) ' :
strata thought to have fo?med as sea Ie\?el fell, between abpoput 30,000 and 21,000 years ago. Underlying re?lectors are of inferred Pleistocene age. Dashed gr\:een Iinvgs highlight con?[inuous rerfjl?ections that reveal strata thought to have formed as sea level fell, between about 30,000 and 21,000 years ago. Underlying reflectors are of inferred Pleistocene age. Dashed green lines highlight continuous reflections that reveal
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Figure 9. USGS high-resolution minisparker seismic-reflection profile PR-124 (collected in 2009 on survey S-8-09-NC), which crosses shelf south of Salt Point; see trackline map for location. Profile shows faulted
and folded strata beneath continental shelf. Dashed red line shows fault. Magenta symbols show fold axes (diverging arrows, anticline; converging arrows, synclines). Blue shading shows inferred uppermost
Pleistocene and Holocene strata, deposited since last sea-level lowstand about 21,000 years ago. Pink shading shows uppermost Pleistocene strata thought to have formed as sea level fell, between about 30,000
and 21,000 years ago. Underlying reflectors are of inferred Pleistocene age. Dashed green lines highlight continuous reflections that reveal structure (not distinctive stratigraphic markers). Dashed blue line shows
low-angle unconformity. Dashed yellow line is seafloor multiple (echo of seafloor reflector). Purple triangle shows location of California’s State Waters limit (yellow line on trackline map).
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Figure 10. USGS high-resolution minisparker seismic-reflection profile PR-122 (collected in 2009 on survey S-8-09-NC), which crosses shelf south of Salt Point; see trackline map for location. Profile shows faulted and folded strata
beneath the continental shelf. Magenta symbols show fold axes (diverging arrows, anticline; converging arrows, syncline) and sharp flexure (single arrow, showing direction of increased dip). Blue shading shows inferred upper-
most Pleistocene and Holocene strata, deposited since last sea-level lowstand about 21,000 years ago. Pink shading shows uppermost Pleistocene strata thought to have formed as sea level fell, between about 30,000 and 21,000
years ago. Underlying reflectors are of inferred Pleistocene age. Dashed green lines highlight some continuous reflections that reveal structure (not distinctive stratigraphic markers). Dashed purple line shows unconformity with
Tertiary basement. Shallow reflections in the northeastern part of the section are partly “masked” by gas (see, for example, Fader, 1997) and the “bright spot” in the crest of the anticline in the southwestern profile of the profile is
also likely related to a gas accumulation. Dashed yellow line is seafloor multiple (echo of seafloor reflector). Purple triangle shows location of California’s State Waters limit (yellow line on trackline map).
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