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Late Quaternary Evolution of the
Sacramento-San Joaquin Delta, California

*P.O. Box 20203. Long Beach. C~iL
~De~rtment of Soi~ m~d Plant Nutrition.

Uaivet~iw of C~fort~a, Da~fis, CMif. 95616 USA

.41~stract ¢onsiructinff. a sea-!evel cm’~e, and                                ¢omi~.~t" :-’,,,g "~ :]:cse
data widi a synthesis of world-wide cu~’es, it la~

"l’n~ Sacramento-San Jt~aq/fin Delta of central California
is the latest of several deltaic systems that have expanded been possible to identify a general ~ea of probable,
and contracted during late Quate~a~ time. Subsidencelate Quatern~ fa~ting. This may be not only of
,ff the ancient deltas apparently continued throughout academic interest, but also ~y have increasing
Quaterna& time, downwa~ing Pleistocene glacial chan-relevance for siting of large st~ct~s particularlynels and interglachl deltaic sedimen~ to elevations "
well below a bedrock notch "downst~am" toward San sensitive to geolo~c~ h~ards.
Frandsco Bay and the Pacific Ocean. Radiocarbon-
dated peat indicates that tl~c, Holocene transgression
reached the western Delta about 10,500 yea~ ago, and THE DELTA ENVIRON~ENT
that subsidence is continulnq, pr,,bably localized along
a previ,msly Hnrecognizcd cxt,,nsion (,[ the Rio Vista , The Sacramento-San Joaquin Delta, a roughlyFauh ,mdvr Sherman Island. triangular-shaped lowland, is approximately delimited

by the one-metre contour (Fig. 1). Bounded hv
Quaterna~ alluvial fans on its e~tem side, thv I)clt;~

INTm,Dt’(:TU,~ abuts against the Montezuma tIills and the Carl-

Ix the central part of the (;teat.Valley of Californiafornia Coast Ranges on the west or downstream side.

a complex of islands and meandering streamsBecause of this topographic constriction, the
, "’sloughs") is formed by the intermixing wate~ ofSacramento-San Joaquin Delta b~ expanded "head-

ward" ov to the east, rather than prograding seawardthe Sacramento and San .]oaquin rivers. This region,
called the "Sacrmnento-San .]oaquin 1)elta" or locally~ is characteristic of true co~l deltas. Thus the

the "’California Delta". contains over 200,000 ha.te~n "delta", although in common usage, is perhaps a
of peat and organic-rich deposits, in the Unitedmisnomer, for the California ve~ion does not have
~t;m.s second in m’ea only to the Florida Everglades.’classic deltaic areal geometl~ nor easily recognizable

vertical sequences of prodcltaic, dist,al l~ar. or shnlku""[h(~ %acra,,,c,ito-San .],,:,qui,, l)ch:,, although onlyfacies. In fact, from an enviromnental standl~ohit.’,~ km cast of the imlml.u~ Sat, l"ra,wisco Bay an’a,
i. iitth’ known to the gc(,l(,~ical community, and stillthe ])elta resembles more an estua~, or "perinmrint’’~

h’ss known to the public. Yet p,’ese~a’ed within itsarea of Dutch usage (tIageman 1969~, where sedi~

w, li,,wnts arc rcmnant~ of several great deltaicmentation is influenced directly by relative sea level

sv~tcn,s :rod intcrbcddcd channels which waxed andclmnges, but little affected by co~tal processes such

wmwd in response to Quat(’rna~ changes in streamas longshore drift or stom~-dr[ven waves.

rc~imc and sea level. The modern delta is a youthfulThe present delta landscape is ahnost entirely man-
~vological feature, formin~ during t[olocene time, butmade. Since reclamation began, about 120 yea~ ago.
c~scntiallv mirrorin~the cv(,lution of the earlier over 50 tracts and islands have been brought into
dchaic systems, intensive cultivation, and traditional spring-season

" tlooding is now reduced or prevented by c’ontimml
The general evolutionof the late QuaternmT build-up of surrounding natural levees. Owing largely

Nacr~tnlento-~n Joaquinl)elta is relatively easy toto these practices, many islands of the delta are now
dNccrn, for the sedimentsrecord broad alternating3 to 6 m below sea level and protected from floods
<ct}ttt*n:’es of intertingering glacial and interglacialonly by an intensively maintained levee system. 9"1~ .
dclmsits. For detailing its cv~,lutien logs of hundreds

rate of surface lowering, at least 7 cm/yr, appe~rs to ~of water wells and levee borings drilled within thebe increasing mainly owing to (1) oxidation of peat
last 30 years in the delta proper or on the adjacentafter exposure by plowing, (2) burning of peat soils~b~@irrigated alluvi.al terrain are available for analysis,to reduce weeds and insects and to return potash to.-
I.itholo.,aic and engineering data from the logs makethe soil, (3) wind erosion of loose peat, and (4) local ~
it pt~ssible to delimit many subsurface facies, especiallycompaction by heaw fa~ m.achinery (Weir 1950). ~basal peat and interdistributa~, d.eposits laid downIn addition to the obvious deleterious cnviron~
clurin,.~ t[olocene time. mental effects, this man-induced surface lowering has

Although typically complicated by subsidence,outlined low, sinuous ridges of silty and sandy old
i~static adjustment .and compaction, radiometrically-crevasse deposits now standing slightly above the adja-
dated dchaic sediments can provide a fi~t-ordercent, non-resistant peat (Davis 1963). Also the
indication ~ff the time and rate of sea level rise duringremoval of surficial pc.at, in some c~es to 3 to 4 m
the Iloloccne. Accordingly. a drilling and coringon the western delta islands, has unfortunately
program was set up to obtain samples for radio-made it impossible to date these youthful sediments
carbon assay from the Sacnunento-San Joaquin Delta.by radiocarbon, thereby precluding more precise
The 13 dates obtained thus far make it possible todeciphering of the late Holocene tectonic histoq and
outline the approximate IIolocene rise in sea levelrehtive sea-level ~anges.
and to reconstruct the paleogeography in this partThe delta tidM range is no--ally less than one
-f California. Also by dating the deltaic sed~ents,metre, but present river flood stage c~ exceed two

(2~tate,’.artt Studica-1¢. P. Stt~t~tate, M. M. Crcsstuel! (Eds.). Th~ Ro~a~ Society of Ne~t~ Zealand, W(’lllngton 1975, ~p 2.;9-~66.
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F~o. 1. ~The Sacrm~ento-S~n J~)aquin ~clt~, ccntrM C~IKornim

metres. The water is fresh, ~khoug~ a snline wedge splay deposits ~re common, espe~inlly Mon~ the
penetrates into the western ~sl~nds durin~ low dis- ~argins of the dek~, but litholog~c dat~ [rom borings
~h~rge in August Rnd September. ~he bydrolo~ic ~nd ~re thus far too sparse to permk ~ detailed thr~e-
s~dime~tolo~k’ c~i~s~ before recl~mRrio~, ~e ris~~ dimensionM pom-ayM of thes~ features.
to a vcgetationM p~tern o[ dense "rule" or bulrush,
(Sdrpz¢s lacustris) on the now reclaimed islands, with. G~<oLoom FRAME~VORI~
fringing willows and other woody plants on the slightly The modern Sacrament0-San Joaquin Delta is but
higher natural levees, Borings reveal that the deltathe latest delta that has developed in central Calf
peat is composed primarily of Scirpus lac~zstris" over-fornia since at least late (h’etaceous time. Information
lyiug a thick accumulation of fibrous reeds, mainlyabout the early deltas and their interbedded gravel-
Phragmites comm~nis (Cosby 1941~ The znaximumtilled channels has been derived mainly from analysis
thickness of peat is 18 m, under Sherman Island~ o[ logs o[ oil and g~s wells, hundreds of which have
logs indicates that re-entrants of mixed peat ~dbeen drilled in the immediate area (Safanov i962].
(Fig. 2) in the western part of the delta, thinnidgRecognizable precursors of the present delta probably ’
to the east. Analysis of water well and levee boringde~:eloped in early QuaternmN dine when continua}
orgauic-rich silt and day, 12 to 15 m below sea level,uplift and faulting wifl~in the Central Coast Ranges ’
extend "upstremn", generally underlying the modernoutlined the broad structure of the Central Valley,
Sacramento, San Joaquin, and Mokelnmne riversof California and San Francisco Bay (Fig. 1).
(F~g. 1: Shlemon 1971, p. 43!). Ancient crevasse andThroughout late Pleistoccm, time, several deltas had
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Peot ond
rich deposits

Late Quaternary alluvial
and floodplain deposits

Early Quolernory dissected
alluvial deposits

Fro. 2.- -Qnaternary ~cohNy of |he Sacnamento-San Joaquln Delta, and location of racliocarlmn-clated ~ample~ (Table
1 and Fig. 4).

waxed and waned, each apparently formed during athe (lolden Gate, about 80 km .... downstrea-n from
glacio-eustatically controlled high stand of sea level,the delta. (Trask and Ralston 195I: Carls~m. et al.
In Ilolo(’enetime, a rise in sea level resulted in an1970). However, the nmx]munl~lepth to I~’chocl< ;n
eastwm-d transgression from ~e San Francisco Baythe intervening Garquinez- Strait, only :~2 km west
area, including th.atassostatically-controlled sedimen-of the delta, is -- 40 m, well above th~ oldest, recog-
tation and the expansion o~ the Sacramento-Sannizable Mokelumne River channel. The Pleistoc~ne
Joaquin Delta to its approxinmte present position.Mokelumne River channels also cliverge vertically

Quaternary Settin~
downstream, the longitudinal profile of the older

~ , ones see~ningly "bowed down" (Fig. 3~. Therefore,
The early Quatermu3, evolution of central Gall-apparently, the Mokelumne River channels and inter-

fornla, particularly the San Francisco Bay area, hasbedded deltaic sediments subsided to the present
been outlined by Taliferro (1951), Louderbackdepth, or alternatively, Pleistocene uplift in the San
{1951), Howard (195i), arid ~hristensen (1966).Francisco Bay ar~a has raised 5edrock chanuels far
In general, by onset of the QuaternalT an ancestralabove original levels. Based on the presence of a
Sacramento River had cut across the rising ~oastwell-defined scarp bordering the east side of the
Ranges and entered the sea at the present GoldenMontezuma Hills (Fig. 2), a fault w~ inferred to
(;ate (Fig~ 1). Subsidence and faulting of San Fran-offset Pleistocene deltaic and channel sediments under
cisco Bay continued throughout at least the Pleisto-Sherman Island (Fig. 2; Shlemon 1971, p. 435):
cene, etching out the broad ~tructural patteyn uponBecause there is no offset of the Delta surface, thewhich were superimposed glacio-eustatic fluctuationsfault was thought pre-Holocene: in age. Now, how-of the sea. ever, from the areal distribution and dcl)tb of radio-

The first Quaternai3" deltas are thougiit to havecarbon-dated sediments, it appears that them was
formed in interglacial times when the Sacramento-.also movement on this fault in }-Iolocene tinle. In
San ]oaquin Delta grew headward or to the eastessence, the Quaterna~ evolution of the Sacramento-duri,~ high stands of’sea level (Shlemon 1971). WithS~~lta w~as go~er,~dl)rimaz:~,successive glaciations in the a~jacent Sierra Nevada,mternatmg sequence at gmcx~l k~d interglacial sedi-
ancestral chaunels of the Mokelumne River cut a~supenmt~~g~~flt~s~lJgRI~zi~ cozn-
dh’ect course to the theu lowered sea levels, carryingplieated-bF.pe~iodi~.f~-Mti~
basal gravels and overlying s~nds into the delta .......
(;ravel-filled channels and "oxidized" alluvial fanHolo[ene Evolution
sediments have .been traced ~o about 95. m. below,The effect of the Holocene world-wide sea rise on
present sea leve! on. the e~tern, side: of th~ delta, the Sacramento-San Joaquin Delta has been appreci-
(Fig. 3). This depth is less than. the -- 116_ m bed- ated only recently. Previous inv~tigations generally
rock ’~notck" of the Pleistocene Sacramento River at" ~sumed that the 18-20 m thlckne~ of peat w~
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due to "sedimentary processes" whereby floating peatIsland, ,~ small nnreclaimed tract (Fig. 2), the peat
mats settled out in deep water (Dachinowski-Stokesand organic-rich sediments were taken from about
1936) ; or tot~ally to "geologic subsidence", in which-- 6 m or deeper, in order to avoid contamination
the peat developed at or near senlevel, building upfrom contempora~2¢ rootlets, and to remain within
during a long period o~ regiona! subsidence (Cosbythe phreatic zone. Fifild inspection of the cores
1941 ; Stearns et al. 1930). There is truth in bothshowed no evidence of crushing of reeds, the pennan.-
hypotheses, for floating peat mats are still seen onent saturation of peat and clay below the water table
a few small unreclaimed islands, and the regionalapparently maintaining pore pressure and preventing
geologic framework indicates continuous- subsidencesignificant compaction. Some s~mplcs, however, taken
along the west side. of the Centr.al Valley of Cali-
fornia in general (Safanov 1962 ;=j Wahrhaftig and
Birmm~ 1965), and-in the Sacramento-San Joaquin TAoi~. 1. Radiocarbon ages and ranges~ Sacram~entoLgsn
Delta in particular (Shlemon 197~). Joaquitl Delta. (Laboratory data from Geochron Labora-

tories, Inc. (GX), and U.S. Geological Survey (use-s).)
To determine the age of peat and thereby partially

reconstruct the Holocene history of the Sacr~nento-
San Joaquin Delta, a drilling and sampling pro-
gramme was organized. Continuous cores werd .o. ~-~.~.

obtained from seven borings along a transect from.
Sherman Island on the west to Terminous Tract on
the east (Fig. 2). About 180 m of ~ore samples wereox-zg~, ~,.n., ~,. (~s~ -0.9 ~oo; ~70..~,.~t ~ /
obtained and 11 samples selected for radiocarbonox-z.~ ~,-n.,~,. ao~ -z.-~ z,4a0-’_~-’.0 .~ .... , C
dating. The dates, their ranges, and the elevationsGX-Z~ ~o,-n’, ~,. ~z0~ -.~.0 ~,~r~’;,0 ...... ] [
of the samples are shown in T~ble-!. Shown also are - "
data for peats collected and dated by the U.S.~x-ass~
Geological Survey (W-744; W-794). Samples col-c,x.zssz w.Sh .....~,. 0sl -0,~ ~,~o’s2~4 ...... ~/~
lectcd for dating were usually taken in the middle ofox-z~,~
a peat bed, and in some cases sever~al were obtained
from the same bore hole. Where possible sarnplesox-z~

were taken at similar depths in different holes inox-z~7~
order to "calibrate" the age-depth relationshipuses w-7..~ w.s~
between islands (e.g., UCD 14, 15, and 16; Table 1)., ~x-z~7~
The basal peat under Sherman Island in the western
Delta (UCD 11) was sampled particularly for verify- "
ing well log records of peat thickness in this area ~x-zs~s
and for comparing the resultant data with a previ-USGS.W-744~.\V’..Sherman Is, (2) -17.7 "’10,690+300~ organic silt
ously reported assay by the U.S. Geological Survey
(USGS W-744; no. 2; Table 1). Except for near-
surface samples (UCD 1.8-20), obtained from Devil’s
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near island levees, nmy be slightly depressed in eleva-result with cur~’es from many other places in the
tion, owing to local loading by "mineral sediments"world. Significant deviation of the local age-depth
l)[~ed on natural levees. These dated samples, there-plot may then ~ analyzed for possible effect of
fore, provide only an .approximate time for thetectonic, hydrologic, or even man-induced influence.
Holocene transgression in the Sacramento-SanThis is illustrated in Fibre 4, where a "’calibration
Joaquin Delta. As shown in Table 1, the deepestenvelope" enclosing the maximmn oscillato~" points
basal peats underlying Shernmn Island in the westernof 15 cu~es from presumed t~tonically stable areas
delta are about 10,500 years old, essentially delimiting(Curray and Shepard 1972), is compared with the 13
the Pleistocene-lIolocene boundmT iu this part ofradiocarbon ages and ranges a~lable thus far from
California. With the continuing Holocene transgres-the Sacramento-San Joaquin Delta.
sion, basal peats hn’med at progressively higher eleva-Except for samples from the smal! un~claimed
tions as the delta expanded to the east. Devil’s Island (UCD 18, 19, 20; Fig. 2), the eight

youngest points in the Sacramento-San Joaquin Delta,
Comparison with World-Wide Sea Leeel Curvesif connected, would approximate oscillations similarMany cu~’es purport to show the depth and rate ofin ~plitude and wavelength to the stmrt periodthe Holocene rise in sea level. There ~as a relativelytheoretical fluctuations postulated by Fairbrldgerapid rise of the sea from about 12,000 to 6,000(1961). However, ccmparihg the delta data with theradiocarbon years before present. Questionable, how-enve!ope of world-wide curves ,.I;ig.’ "" 4̄) shows thatever, is the amplitude and waveleng~ of presumedthe youngest dated sediments ~cur som~ 5 to I0 moscillations from about 6,000 )’ears ago to the present.

Were there fluctuations above present sea levellower in elevation than expected and tt~at the approxi~

("hypsither~l") ? What were the possible effects ofmately 10,500-year-old peats underlying the western

isostatic adjustmeut on glacio-eustatic shorelines?part of the Delta are about 15 m higher than antici-

These and a host of related problems are still unre-pated. Also, although having a "break-in slope" about

solved, although an increasing body of knowledge is6,000 yea~ ago, a plot of the Holocene transgression
in the Sacramento-San Joaquin Delta would be gener-presently available (see, for example, Curray et al.

1970; and Newell and Bloom 1~0).                 ally less steep than reported elsewhere. In part this
anomalous age-depth~ationship may reitect local

Often a Holocene sea level history is deducedp~p~pBal 19adj~)g of peat, and/or Holocene
solely from a few dated organic sediments, a cu~’etectomsm ~n the western part of the Delta. Of course,
drawn connecting age-depth points, and extra-~ the dated "peats do not indicate exact paleo-sea
polations made about rates of sea level rise for thelevels, for the original vegetation may have grown a
entire region. Unfortunately, little concern may befew ~netres above or below mean tide. Thus the
given to possible errors stem~ning fi’om modern carbonradiocarbon dates from the Sacramento-San Joaquin
contamination, local tectonism or compaction, orDelta are only approximate indicators of the tIolo-
post-depositional transportation of the dated sedi-cene rise in sea level for this part of California.
ments. Despite tlwse shortcomings, it is still quiteNevertheless, the apparent age-depth dispmqty, corn-
instructive to plot an apparent I[olocene transgres-pared with world-wide cun’es, calls attention to are~
sion for a particular location, then compare theof possible tectonism heretofore unrecognized.

-- THOUSANDSOF YEARS BP
I0 8 6 4 2 0
~ ~ ~ T T ~ T

~ 20 ,

~ 15 14 16
I ~ J

~2 8 I0

/ -II I ENVELOPE DEFINING 15 O

~
PUBLISHED HOLOCENE     SEA/
(Curr~y ond Shepord, 19721

F~o. 4.~Radi~arbon age ~d dep~ of ~c~ent~8~ Joaquin Delta ~dimen~ compared ~th a
envelope" of world-wide Hol~ene sea level ¢u~es. S~ple locatio~ nhown in Fi~ 2.
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Holocene Paleogcography. The changing Holocene in Holocene sediments in San Er_ancisco Bay (Helley ...
paleogeography of the Sacramento-San Joaquin Delta ~,t al. 1972, p.
was broadly controlled by the rising sea, transgressing
eastward from San FraaacJsco Bay. As shown inLatc, Quaternary 7"~’ctonism
Figure 5, the sea reached the western part of theThe area immediately west of the Sacramento-
present delta about 10,500 years ago forming approxi-San joaquin Delta is tectonically active (Sharp 1973:
mately 8,200 ha of deltaic terrain. As transgressionBurke and I-Ielley 1973), but there are no faults haw
continued, the deltaic area increased to about 28,000ing surficial cxprcssiou across the Delta, nor would
and 36,000 ha respectively, some 6,500 and 3,500such be likely to be preserved in marsh and estuarine
radiocarbon years ago. These values are approxima-terrain. Howeve,-, numerous faults cut Tertiar,," sedi-
tions only because they do r~t reflect possible effectsments underlying the Delta; indeed, many Deita gas,
of local tectonism or regional subsidence. Conse-fields are developed in fault-bounded structures,
quently, the area of deltaic deposits, especially before(Safan~v 1962; Edmonson 1965). Two main lines of
about 6,500 years ago; may have been substantiallyevidence suggest that tectonism probably continued
greater than shown, into the Holocene.

Radiocarbon-dated peats in adjacent San Fran-First, as noted, the bedrock Channel of the Car-
cisco Bay indicate that sea level there reached its~ quinez Strdit, west of the delta (Fig. 3~. is ox:er
present position about 5,000 years ago (Lajoie 1972).m higher in elevation than Pleistocene channels of
This would similarly be the expected time for maxi-the Mokelumne River. This relationship, per se,

mum areal extent of the Sacratnento-San J~oaquinsuggests late QnaternmT relative uplift of the
Delta. However, from Figure 4, the 5,000 year oldCarquinez Strait and subsidence of the Delta, pos-
basal peat is about 9 m below present sea level, andsibly localized under Sherman Island (Sblemon 1971
deltaic expansion appears to have increased steadily )iqg" 3). Second, although requiting further d,~ta for
to the pre-reclamation period, about 120 ),ears ago. �’verification, the age and depth of dated deltaic sedi-
This continued growth of the Delta may indicate,ments, compared with other curves depicting the
alternatively, (1) uninterruI~ted regional subsidenceHo!ocene transgression, suggest possible periodic dis-
and local compaction, (2) a Holocene sea standplacernent along one or more faults under Sherman
higher than the present, or (3) peat formationIsland mad possibly west of the delta. The relative

movement appears similar to that which displaced theseveral metres above sea level. Of these three hypo-
older Mokelumne River channels; that is, the entiretheses, subsidence and related local compaction
delta has been subsiding in Holocene time complicatedappears most plausible to explain continued deltaicby periodic uplift of the Carquinez Strait and western

expansion within the last 5,000 years, for similarSherman Island.
phenomena occurred in the Delta throughout muchThe probability of t-Iolocene-age displacement of
of Pleistocene time (Shlemon 1971), and are observeddeltaic sediments is also indirectly suggested by a fau~t

MONTEZUMA
HILLS

~Lodi

Antioch" .~.~

SACRAMENTO - SAN    dOAQUIN
DELTA PEAT DEPOSITS -

,o, oo

~    4,500

[~ Present, pre -reclomotion     ’~

Thickness of peo,,~15 -- pre-reclamation (meters}

FIo. 5. -- Thlckness, approximate age of peat, and Holocene growth of the Sacramento-San Joaquln Delta.

D--0301 28
D-030128



S~LV.MON, B~:~,o--Evolution o[ the Cali[ornia Delta 265

scarp bounding the eastern side of the Montezurnaand immediately to the west of
II[lls near Rio V~sta (Fig. 2). The fault dips steeply,Pleistocene time, interbedded glacial channel gravels
and displaces about 30 m of Pleistocene sedimentsand sands, and interglacial deltaic sediments were
(Reiche 1950, p. 1529). superimposed on the subsiding trough.

Projecting the Rio Vista Fault about 2 km south- The rising sea reached ~e western part of the
ward places it directly through Sh~n Island (Fig.presen~ Delta about 10,500 radi~arbon yea~ ago.
2). The inferred fault offsetting pre-Holocene sedi-IIowever, age-depth points of radiometrically-dated
ments underlying Sherman Island (Fig. 3) maypeat, compared with an envelope enc!osing world-
therefore be the Rio Vista Fault or part of a relatedwide cu~’es, suggests that subsidence continued into
s~tem. Most Holocene displacement along thetIolocene time, complicated by periodic displacement
infe~ed fault seemingly occu~ed between aboutof the Rio Vista Fault under Sherman Island.
10,000 and 7,000 )-ears ago. This is suggested by theThe late Quaternary evolution of the Sacramento-
deptt~ of the approximately 10,500 ye.ar old basalSan Joaquin ~mlta, as outlined, is still only partially
peats west of the fault (USGS 2 and UCD 11; Tableknown. The rate and time of the IIolocene trans-
I) occurring well above the age-depth plot of thegression, however, may be estlmat~ more precisely
Curray and Shepard curves (Fig. 4). However,by additional radiometric assay of the extensive
younger rumples, even from the s~e borings, fororganic deposits. Addlt[onal dagng may also call
example USGS 1 and UCD 9 and 10, consistentlyattention to potential faults and othez" geological
lie below the mean of the sea level cu~’es. Thus,hazards heretofore unrecognized.
although requiring more da~a for confirmation, the
cumulative vertical departure of the dated peats from
the mean of the Curray and She~rd cu~-es (Fig. 4)
suggests that possibly l0 to 15 m of periodic disOlace-We thank the staff of the Sacramento offices of the Call-
merit has occurred under Sherman Is]aud duringfornia Department of Water Resources, U.S. Geological
Holocene time. As also shown by the age-depth re]a-Survey, and U.S. Burean of Reclamatlo~ f,w pro~Sdiog logs

~;f bores and other unpublished data pertaining to the study.tionship of the peat (Figs 2 and 4; Table 1), itWe thank also Alan Carlton for selecting field .sites and
appea~ that since about 7,000 years ago the entiregreatly aiding in the drilling program; Car[ Shauger for
delta has been generally subsiding, t[owever, in viewcartographic services; and Professor Charles Higgins for
of the tectonic histo~5’ of the area it is conceivablereviewing an early draft of the manuscript. Support for

radiocarbon-dating and field work was provided by thethat there may have been pauses in this subsidence Department of Soils and Plant Nutriti¢)n, University of
and possibly even local uplift east of the projectedCalifi,rnia, Davis.
Rio Vista Fault. Although conjectm-al, continuing
movement of the Rio Vista Fault might be respon-
sible for the recent swarm of low-magnitude earth-
quakes localized near.Antioch (5[cEvilly and CasadyBt.~n~. D. B., and g. J. HEm.~Y 1973. Map ~howing
1967; Fig. 1). Itt summation, the precise times, evidence for recent fault activity i~ the vici~ity of
apparent periodicity and absolute magnitude of Antioch, Contra Costa C,nmty, California: U.S. Geol.
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