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SANTA BARBARA ISLAND, LOS ANGELES ommzaﬂ‘ CALIFORNIA



GEOLOGY OF S:N SICOLAS AWD S/ NP4 2:iRSIFA ISLANDS
SOUTHERN CALIFORNIA

GERGRAL STATEEENT

Sen Ficoles and Jente Barbera islends =re the loneliest end the
most desolete of the islends lying off the eosst of Southern Uelifornis,

npllmtively roferred to as the Channel Islands. Because of their

' isolation, smellness and umettractiveness they probebly ere the lesst
¥known of the entire group, The islands heve been mentioned casuelly in
the geologic litersture, tut there is, so far as the sriter knows, no
definite stntements coneerning the geology of eitier of the islendss The
geology of the two 131@-@ te dissimiler snd they present individual probe
lome; slthough the geologic history of eech island is intimately conneoted
with that of the other Channel Islands and the mr,y meinlend, It is the
purpose of ﬂtia dissussion to present the gﬁalagiﬁ features ani the phyew
iogrephic Ristory of sech of the two islands and to draw some conclusions
roparding their pert in the genersl dwaiwt of t!w pragent cosst line
of Southern Califwmn,

SAE WICOLAS IBLAED
INTRODUCTION

Lmtivm and Sizei» Sen Wicoles Island is the farthest from the

mainlend of eny of the islsnde off the coust of Southern Californine Tt
is under the jurisdiction of Ventura County on the mainland to the ;:twth,
_and is stout seventy-five milos south from the town of Ventuse. (Plate I,
Index Mep) The islend is roughly ovel sheped with its longest axis of
sbout ten miles oriented westemorthwest, while the meximujwidth is mbout
three and one helf miles, The totel ares is approximstely thirtyethree

square miles or about twentywone ‘thousend five hundred soress

Jopographyr- The island, which is part of an anticline in sandw



stones and sheles, belomgs to e muoh larger block which emerged from the
gset snd wes raduced by orosion and abrasion to 2 mrys with subdued pelief.
The mess wes then submerged for £ time, followed by s period of reemergence
during which the eroded smnticline wss sbraded by the sea which cut tere
races and cliffs, et sevorsl 2ifferent levels, some of whish are preserved.
The greetest elevetion is 850 foot nesr the south centrel portion of the
islend. The southern slope is & steep highly dissected erosional esoarp=
mont while the northern slope is gredual, stoppod down by soveral marine
terraces, and ocut by comseguent and insejuent streem channels. The
watershed is nesrer the south side end lies for the most part at or near
to the orest of the escarfent. The preveiling etorms come from the
northwest, und as & conseguence the western halfl of the igland is mede
desolete, by the building up of sand dunes snd windewept stretches, upon
which the dreinage channels sre subdued or obscured, In the eestern
half of the island intermittent stresm chennels heve curved the surfsce
into sn assoriment of comarso and fine textured tnp&mphy-
sccessivilitys~ San Nicoles Islend is mot eqsily sccoessitle, end
the only means of trensportation to the islend is by povernment bosts,
especislly through the courtesy of the United States Comst Gusrd st Zan
Pedro, or by private boat, Thore sre few lending points and these sen
be used only in felr weether. The best landing csn bo effected nesr the
middle of the north side just elow somes ranch houses, loosted hore bee
ceuge of this sheltered position. Telp Leds surround the islend and
are perticularly thick snd continuous off the northern shors, where they
form a strip over a mile wide between sbout the five end fifteen :at'm
-1imes, Inside the five fethom line is an aroe of clesr water. fn the

south and southwest sides the kelp is found only on discontinuous recfs



Plate I1

Fip, 1 A kitchen midden on one of the upper torraces., These nre

found precticelly everywhere on the island but sre particulearly
abundant in the westernm end.

Fig. 2 Typical remeins found in kitchen middens.



Plate 1II1

Pige 3 Ome of the larger petrifactions,

=

o —TT - - - T .

Fige 4 Evidence of former plant life neer the west ends Semi-
petrifactions of trunks and roots of shrubs and small trees
replaced by calcite cemented sand.



end from the crest of the southern esc-rpment the strike of the beds oun
be treced for some distsnoe out to ses by the aligmmentsof the scaweceds
Iphﬂbitantsw it the present time the island is inhebited by ome
gamily of shosp ronchers who grase some twelve hundred heed on the rathor
meagre growth of grass, There is mute testimony thet at one time s good
sized Ir%dign Mtién wns supported hers, for there is a groat numbor
- of ﬁ.teﬁm middens as well es remains of implements andhumen skeletons.
{(Plete 11, Fipures 1 & 2).

Flora end Faunsy- Plant 1ife is sperse, bein: limited to a few

sosttered shrubs and ceotus, ide plent, end some rether large tracts of
gress used for grasing, principally on the upper slopes on the eestern
half of the islend, Thers is ovidence thet st one time thore existed

& more extensive growth of shrubbery and probeily small tress. Jear the
west end ere stretches coverin: severel scres s woll se amall patohos,
where the remains of former plent growth are :‘nm&* renging in sice from
& fraction of an inch to several inches in dismeter. Apparently these
plents were buried by dune sends, which sbound on the nortiwestern or
windward end of the island, the orgenic matter repleced by calcite or
sand comented by celoite, and subsequently the burying matorinl blown swny,
leaving the somi=petrifactions standing. {P_htu 111, Figures 3 & 4). .
gowers(l) observed these on Sen ¥icoles Island in 1869 and #. S. Ts
smith(2) records a similer phenomenon on San Clemente Tsland, Contine
uous Mmm of sheep for s period of over seventy yoars has, mo doutt,
been an important ccuse for the decreesse inm growth of plsnt life on the

i‘i-&tuh

(I Towers, v Stephen; Celil. Stete Wining uresus, Uths Anne
~ Repte, mzc ¥inerslogist, for 1889, p. 56=-58
| (2) smith, %, S. Tengier; A Geologicsl Sketoh of Sen Clemente

‘ Island. UQSQG.SQ‘ 18th. Ann. Hﬂpt;, 1896=-97, Pat. 11, pe 466+

\



Pre Stephen Bowers{l) hes given an sccount of the soology of the
gglend and stetes "The only animels found on 3San NVicolas are s smell fox,
8 ksngeroo mouse, and a diminutive send lizerd.” He further states that
as for as he wis able to learn, the species of fox found is confined te
the Chennel Islands. (PlateIV, Figure 6‘:3‘ Severel spocies of lend birds
are found, smong which are the bald eegle, yround owl, reven, crow, end
plover. 7“eter fowl ere sbumdent and smon: them mre sulls, pelicsns, cor-
morants, ond sea piceons.

Climate:~ Only s sketchy snd inmecourste record of the elimate has
been kept by m of the remchers during the lest three vesrs. However,
his log indicstes & semiweerid ¢iiut§ with asperss rainfall moatly cone
fined to ebout four winter months, frecuent fogs throughout the yeer, and
winds which blow with violence gemerslly from the northwest. The winds
blow intermittently for periods of from one to ten deys throughout the
yesr, end the strong winds huve played a grest part in the configuration
of the island by erosion and deposition, especially in the western half.
‘ Yater:« Springs ocour in various places on the island, but most
of these springs are brackish and unsuited for consumption either Ly
stock or man. Thile in & few pleaces on the western hall of the islend
the spring weters ere poteble, most of the water for drinking purposes
is csught in cisterns at the ranch houses. The runm-off of rein water is
80 rapld thet the straem channels ere dry most of the time; slthough on
the upper terraces of the western half, wind dlown sands heve prevented
the formation of a surface &rﬁmée system, en’ the meteorioc weters which

fall are sbsorted in the pm covering of seolisn snd alluvial deposits.
The underground drainage ie there towsrd the northwost along the conbact

(1] Towers, DFe Stephen; Lelifs CEste MANINg Jureens, Uthe inhe
Repte, Stete Winerslogist, for 1880, pe 58=59.




with the underlying older sedimentary rocks, snd waters flow in this direce
tion issulng o8 spriogs in seversl loeslities in the western part of the
jslends The water thus trupped 1s poteble and the neturel reservoir is

of sufficlent aap%ity to allow the springs to flow the year vound. The
springs »hich exist in the eastern half are 2ll more or less brackish and
a1l emerge from the older sediments. These waters sre proba’ly meterols
waters, contaminated by salts taken into solution, while pereslating
through portions of the older rocks.

Iitersture:« The only published dete conmeerning the geology of Sam
¥icoles Island kmown to the writer are s tovographic ref«rence by W. S. Te
Smith(1), and some more gemers! notes by Dr. Cooper(2) and by Dre Stephen
sowers(3), Wr. Smith personslly stated thet he hed never vistted the
islend and his stetemonts were bused on a study of the svailable maps.

In spite of the correot reports of Cooper in 18886 snﬁ‘ fowors in 1889 to

the sffect thet the islend wes composed of sendstonos snd shales, the
Geologic Mup of the State of Californie issued by the State Mining Sureau
in 1916 erroncously shows the islend to be composed entirely of volesnioa,
Aecording to my personel cbservations only one smuell igneous dive wms found,
sutting the bedded rook.

Acknow omentsy» Altogether sbout & month wes spent in the field
investigetion during three trips to the islend, The United States Coast
and Ceodetic SM wns helpful not omly in Turnishing transportation on
the first trip to the islend, but in willingly permitting the use of their
most recent survey results on and sbout the islend. I wish to express my

(1) Mth{ﬁ S« Tengier; A Topogrephic Study of the islands
of Southern Californis. Univ. of Calif., Bull Dept. Geol., 1900 Vol. 2,
Hoe T4 PDe 178=230.
(2) Geol. Surve of Calif., Geols, Vol. 1, p. 184,
(3) zowers, Dr. Stephen; Op. Cite, ppe 57=61l.



thanks to Licutenant Bobert #. Knox of the Coast Survey for his pert in
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versity, eceompanied me on my first trip to the islandy Chester Cessel,
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indebted to Nessers Donald Hughes and Soris Leiming of the Texas Come
- peny for the determination of certain Poreminifers and to ¥essurs Frank
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to Pre Relph Arnold snd ¥r. Williss J. Xemnitser, my trother, for meny
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STRATIORZPHY '
The rocks forzing s;m Nieolns Islend, with the exception of the
recent subserial deposits, tho Pleistocene merine terrsce mﬁﬁ, and
(1T Foz: Took whioh Ties aoout TTvs wiTes & T
mtmﬂsfthcinhnﬂmdwmmdthdrmﬁnnmar the ex=
tension of the snticlinel axis, protrudes only sbout {ifteen feet above
the see and has sn srea of only about one hundred squere feet. The
depth of water immedietely surrounding this steck is closs to forty
fathoms. The rock ssmple obtained wns exemined snd found to be a fine

grained rhyolite with vague flow structure. Tt is likely that Begg Rock
represents the remments of a volecanic neck. :




COLUMNAR SECTION OF SAN NICOLAS TSLAND

FORMATION!Z NE

SECTION

THIEKNESH

IN _FEET

DESCRIPTION

Heecent and
Pleistocene

Unconformit

ATuvium; d~sds& ss and silts

EOCENE
Meganos

Marine terrace Deposits = beach ss & grs
0=-50 Coguins and marl e
200 Coarsely bedded ss & sh. Foraminifers
150 Massive buff med grd ss, thin sh partings
90 Buff ss & silty sh. Foraminifers
240 Laminated to paper sh. Two massive buff
ss. layers. Foraminifers in top sh.
500 Bl to buff sdy & silty sh, occasional ss
layers. Foraminifera.
Messively bedded buff ss separated by inter=-
450 bedded buff & gr ss & buff sh. Thin con-
glomerate in middle. Ostrea & a solitary
cup coral
470 Gr & buff ss, occasional dk gr sh beds.
€50 Bl-gr sdy & silty sh, occasional buff ss
layers. Foraminifera
Gr to buff ss & buff sdy sh. Ss thicker &
] 1100 somewhat concretionary near base. Sh
strat more numerous in upper half.
600 Buff to bl-gr sdy sh. Thin ss layer & lense!
riear base. :
450 Hd buff to gr concretionary ss. Occasional
Ostrea
50 Conglomerate zone, with blocky ss.
100 Hd. blocky ss.



one small igneous dike, érs 21l Tertisry romevolesnic marine sedimonts =~
RBocene in sge. Other Tertiery formstions are :mtr present, although it
is possibvle thot younger roockes might be present off éham to the northe
east, The shellow shelf slong this side of the island is close to four
miles wide; so there h adequate space for at least s pertial section
of younger formations to be present. '

The Focene Sedimentsi» There sre over five thousand feat of Focene

marine sediments exposed on the islend, the exposures being limited to

the shore line snd immediately adjecent sreas,end tim escarpment along

the soutside. There are few cuteraps of these older sediments in the
interior vortions of the islend, although they do vecur in the deeper
valleys. The rocks ere buff end groy sendstones slternating with buf?
and blueegray shales,snd seversl comparatively thin beds of eongloms
erste, The sandstones only slightly predominate the shales, and there
is alweys some intereslation of either the sandstones with the sheles
or the shales uiﬁh the sandstones, even in those pheses which appesr to
be purely shale or sandatome. This alternetion snd interonletion of
sandstone snd shale together with ocoesional conglomerste and conglome
eratie beds dntiesten & sentiumal change and alternetion of the comw
ditions of depositions The Bocene section is described fram top to
bottom in the following outline:

Thickness
Zone - _ Deaceriotion in feot.

13  Rather coarsely interiedied sendstones and shales.
Sandstone medium gruined, buff to grey, some soft
and crossbedded, others herd end concretionsry.
Shales generally silty end fissile, gray-buff to
yellowsbuff, and carrying Foraminifera (Plate IV
Figure 5) : 200

(Tontinued on next page)



Thickness
Zone Descoription (Continued) in feot.
s
5' i2 Hegsive buff medium greined ssndstone in beds 1
3 to 10 feet thick separated by thin layers of
silty shale 1 to 3 inches thick. (Plate IV,
4 Figure 6) 150

11 Interbedded buff sandstone snd silty shele, sand-
stone predomineting. Shales nodular to fissile,
ray buff and purplish, earry Foreminifera
%;late V, Figure 7) 90

10 Thinly laminated to peper shales. Beds of shale
separated by two massively bedded buff sandstone
strata 10 to 30 f'eet thick. Forsminifers in
top of shale. ; : 240

g Blue to buff, sendy and silty shale with occasional
thin buff sendstone layers and lenses. Foramine
ifera. 500

8 Messively bhedded tuff sandstone separated by ereas
of interbedded buff and gray sandstone and buff
shele. Thin erratic conglomerate strata and
pateches of conglomeratic sandstone about the
middle of this szones Specimens of ostrea rare,
and a solitary cup corals 450

7 Interbedded gray and buff sandstone with occas~
fonel derk grsy shalé beds. (Plate V, Figure 8) 470

& Blue grey sendy to silty shale with occasional
buff sendstone layers and lenses. Lowermost
Fptminifpra ZOTB 660

5 Gray to buff sendstone interbedded with buff sandy
shale. In the bottom helf the sandstone beds are
" thicker and somewhat comeretionsry, while in the
upper healf the shale strata ere more numerous.
(Plate VI, Figure 9 & 10) 1100

4 Buff to blue=gray non-fossiliferous sandy shale
interbedded with thin sendstone layers and
lenses increesing in nmumber toward the base.
(Plete VI, Wigure 10) 600

3 Hard buff to gray concretionary sandstone, masse
ively bedded. Local oross bedding and local une
conformities. Sandstone beds seperated by thin
silty shale layers, some of which carry carbon«
aceous meterial. Coneretions average about 3
feet in dismeter and many contain a single os~
trea. (Plate VIT, Figure 11) 450

(Continued on next pege)
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Thickness
Zone Deseription (Contimued) Fo s in feet.

2 Conglomerate gono. | Blocky buff ssnistone inters
bedded with conglomersate beds 2 to £ feet thick,.
The Conglomerate strats thicken and thin and ere
sometimes lenticular. The pebbles sre fairly
sorted, well rounded, renging in size from 1 to
18 inches in disweter with sabout 3 inches as the
averege. {(Plate VII, Figure 12) 50

1 Herd blocky, gray end uff sandstone. 100

Approyimete Totel Thickness 5050 feet.

The 'uépamet beds (Zone 13) exposed on the island sre st U.5.0.

snd O. stﬂ;iﬁﬁ "Eriob” on the northesst side of the islend sbout one mile

west of m u_#st end, while the bese of the section (Zome 1) is found on

the mthwrt shore & few hundred fest enst of the wast end of the island,
There 18 8 paucity of megascopiec fossils: OUnly & fow specimens of

SIitageostil Shkbih Suve Tiuil b5 The Sealitoncs oF ntat mekiy 3 ad

"By & salim‘m;b corsl was found in the ssndstone zone number 8., Howe

'ner‘ miorosoopie fossils, in the shepe of foraminifers, were colleoted

from the ‘:iu"‘f n‘h#le of zones rumbers 13, 11, snd 9 pesr ths top of the
seotion. m locelities where rmmmirm samples wore golleoted are '
shown. on ?Mp 1in m&ot.. m- determinetion of the forms ghows that

the fsuns m:-npond most aXaseiy to those of the middle ¥ocene, probsbly

Hegenos fam tion,

The fbiluwing species were found only in the upver szones 8, 11,
and 15;

Sulimina of. rostrata Hs Be 3!'&(13‘
Gaudryina ef. imdentata Cushmen » Jervis
Bethysiphon eocenice Cushmen & Henne
Bulimine eof, declivis Reuss

Bulimine eff. obtuse d*Or.;im
Rhabdemmnine spe

Globulimina sp.

Guttuline spe

Textuleria sp. (Conpressed)

Spiriline sffs vivpars (Ehrenberg)



10

81licoigmoline ofy celifornios Cusimman and Churoh
The following species were found only in the middle zone number £

. Lozostomun applini {Plummer)
= A1lomorphina globulose Plumnor
chﬂo&muaidu eocenica Cushman

Bulimine obtusa 4° _

Gaudryins aff. jnmia

Siphogenerine of. elegents Plummer

Pullenies uff. alasenensis Cushaen
Fodosaris latejugats Ofnbel
Ellipsopleurostonelle of. attenuata Plummer
Glotorotalin sp.

The following species were common to zones €, §, 11, and 13

B o R e i s eipe b S o i

Citicides perlucide Buttall
Citleides {Plenuline) elazenensis Nuttall
Eponides umbonsts Beuss
Spiroplectamnine of+ bentonensis Carman
Haplophramoldes sp.
Glotigerina
- Gyroidine florealis “hite
Rotulus (Lesticuline) of. imormata 4'Orbigny

Taale o pdotrn fo ok o e
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soaciitiam of Depositioni« The lithology of the exposed ssetion

wes not :ﬁ:uﬂiud irx sufficient Amn to weprant any definite conclusions

as to the Mdttiarss u'néu' which thua sediments were deposited. However,

T e

it can be nfaly seid thet the series of focene ssuds, sheles, snd cone

glomerates 'ﬁ_‘gra 1nid dowm in & merize enviromment. Foreminifera eceur

w R AP S

in Zones 13, 11, 8, snd §; and Ostree are found in zones 8 and 8. changoa
in the foree of the treuyartiag currents were no doubt freguent, as shown
by the altmtion of am&stmes and shale beds, as well es by the interw
ealation of ehele snd ssndstone layers in the thicker beds of eithers Com
cagionel ﬁmimh and conglomerstic beds and lenses occur, probadbly
inﬁmﬁné shore line conditions. WHinor problems of sedimentstion,which
umake the consideration of the general conditions of deposition more come
plex,exist in different horizons. There is some abrupt end rather strike

ing interfiogering and lensing of the messive sandetones of zone 7, with
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the top of the blue shale of some 6. This condition is excellently exposed
in 8¢ Blue on the southwest slope. #lso, on the north side abosai; & half
mile east of Corrsl Herbor a conglomerstie lemse is umexpectedly found
neer the middle of Zome 8. This leonse is made up of soft, cosrsewgrained,
Ylueegray sandstone studded with well rMﬁ igneous pebbles, ranging
from walmut to cocosnut size which are hephazerdly scattered through the
sand about a foot apert. 2 similar lense of much herder material and with
the pebbles more numerous occurs neer the bottom of gone 5, on the south
side not far Trom the west end of iha island. ¥any other problems of sedi~
mentation exist, but, ss stated, sufficlent time wms not spent in the in=
vestigetion of this phase to offer explenations.

The Igmecus Nike:« There is only one ocourrence of igneous rock

on the island and thet is a smell, meerly vertienl dike of disbese, loeated
nesr tha southesst flank of the islend. (Plate VIII, Figures 13 ani 14)

Tt ean be traced over s distsnce of sbout & mile and o helf in & ¥ 70% B
divrection from 1.3.0. and G.5, station “Oavlt", cutting across the

strive of the beds. {See Wep in Pocket] The dive rock is dsrk green=

igh buff meterisl which westhers emsily, so that it has an sppearance
gimiler to thet of the zérvonnﬁing gray Bmff ssndstons, and is, therefore,
rathor inconspicuous. 7here the dike diseppesrs into the ser nesr Stetion
"Seult® 4+ hes e width of sbout siz feet, bu' a few hundred feet northe
eagtward from this stetion, the dike divides into two parsllel dikes,

each sbout three feet wide, which condition holds for a distance of a
little over & mile, ofter which n single dike 1s found to resume e

width of six feot. little chempe can be noticed in the adjecent sande
stones snd sheles; except for & slight baking within a foct of the dike

itself. The age of the dike is postefocene (post-folding) and pre~I"leisto-
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cone {pre~terracing), for it cuts undisturbed scross the strike of the
tilted end folded sediments, and is truncated slong with other rocks in
the formation of an elevated ses pletform. Although the strike of the -
dike corresponds with thut of one set of faults, there is no evidence of

movement having taken place in the dike fracture.

The Pleistocens and Recent Sediments:= Unconformably overlying the
truncated iocens s;\:imantu ere undisturbed Pleistosens end recent deposits.
{Plete IX, Figure 15) These sediments consist of veds of coquine (Plate
1%, Figure 18}, beach m&: and gravels, dune eands, end poorly sorted
debris :nd wash of send and silt. These deposits sre found on practicelly
81l of the clevated uriﬁa terraces and vary greetly in thickness up to
sbout f1fty foet. The grostest thicknesses sre obteined in the ssnd dune

 sroas on the western helf of ths isjand, and neer the tssge of the slevated

oliffs, 1t is diffieult if not msﬁble to detersine where the Pleiatos
cene ends nnd the recent slluviuny beping, tecause the recent deposits sre
in part reworked Pleistocens. Howere{l) gave & st of fossils from e
soquina bed on the lowspmost terrece which he determined to he Plicceve
in sze, but & check of his list with the results of Grant and Gsle shows
the fauna to be mostly Pleistocenel®). Considering this with the fuct
thet the mariueltemen are spparontly unwerped and unfaulted their age
mey be placed at urpor Pleistocene, presumably after the Pleistocene
m&in-ttdﬁw}»

The streams of the island sre ppactieslly everyshere corrading and
thers is little deposition by the stresms at present. However there is
somo daposition.or meterial on the island by wind as well as by ocomsional

sheet washes, The wind has sproad sand and construoted sand dunes while

{References 1, 2, snd 3 on following page)
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the sheet washes have instigeted small mud flows throurh which stroeems

have cuts

U1 Towers, Gtophen Ops Gite D 68
(2} time renges of species given in: Bowers, Stephen; San
Hicoles leland; Cal. St ¥in. Bur., Bth in, Rept. 3t, Hineralogist, 1889,
ppe 5781, (1850); sp 58, Data taken from Grant, U, 8. snd Gele, He Ha:
Catalogue of Harine Plioccene snd Pleistocene ¥ollusce, etc; San Diego
SOQ. Hﬁtg ?:13t. EEMO‘i.rs 1’?01;. 1 1951!
- e e BRNLRINS B Wi Piaian)
PLIOCEBE PLRISTOC:BE RECINT
Acmaoa mitrs Esch. g : - .
ke astine Fsch.
L pelta Esch. . . —
A« spectrum Nutt, ;
F- scabre Butt.
4s persone Eschs. : non
Arjonte gabol Newe.
impbissa eorrugrte Roe. - ,
#ittivwn esparum Leach S————
Crepidule adunca Sbhy. : - s o
Chlorostome brunneum FPhil. custn
Chema oxogyrs Con. ' s
Chlorostome pfeifferi Roe.
Calliostome annulstun Nart,
Chlorostoms funebrale Ad. : -
Crepiduls dorsata Frood. ;
Cumingia enlifornics Cona - s o e .
Drillis inermis Hde. -
Eupsryphs tryoni FHewe.
Figsurelle voleano Roe. -
Glyphis sspera fsch. : - —
Gedinia radiate J. G. Cooper : ——— — o
Heliotis oracherodii Lesch S—
Hipponyx entiguatus Lin. e
lottia gigantea Gray
Lscuna solidulas Mont. : : o
Lazeris subquadrats Cerp. : - -
Lunatis benisii Gld.
Lucins cslifornica Con. : , . '
¥itrs msurs Roe. e
Murioldes subsngulata Stearns - —e
Pomaulax undosus Yood e 3
Petricols cerditoides Con.
Stenoradsia magdalensis foe.
Strongylocentrotus drobechiensis :
Serpulorbis squemigerus Cerp. . -
Septifer befurcatus Roe. -
Tepes stemines ruderata Conm.
Tapos staminee Cone - :
: (3) Grent, U. S. end Gale, H. R. ops oit. pa 67




Flste IV

o8 e g
g of the Zocens section exposed on the islend

e

Wiew teken on the northesst side of the island

Fig. 6 Wassively bedded sandstone of Zone 12. Outerep weer beach
about one end a half miles ecst of the ranch housde. Wote smell
3 ¥

fox in wnder ledpge. (W.Jd K. & Rake)
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Plate V

Inter bedded sandstones snd shales of Zone.1ll. Uie#'takgn
on northesst side of island ebout one and a helf miles east of

ranch house. (W.J.K. & Rehs)

Sendstones of Zome 7 out cropping on northwest shores just
west of the Gerdens. Springs of potable water issue in the
aree and {low the yesr round. (W.J.K., & R.A.)



suff to blue gray shales (Zome 4) cepped by the busal por-
tion of the sandstone of Zone 5, on the right faulted agasinst
the interbedded sandstones and shales of zone 5. View taken about
one and & half miles east of Big Sandy, on the south side.

- e

Figs 10 Coneretionary sandstone

' ) ) A
4» ("OJ¢E’. : ,ffﬂ\z't'..‘j

bed near hasal portion of Zone



Plate VII

Figs 11 Hard buff .to gray coneretionary sandstone (Zome 3) near
the shore line oun the south side about two miles esst of the
west end. The plane surface at thé top of the picture is
pert of the fifth island pletform and the oliff is the pre-
sent one with backeshore terrace in the foreground.

Fig. 12 Conglomerate zone (Zome 2) exposed in the present islend
eliff sbout three guerters of & mile east of the west end on
the south side.



e Ptate VIIT

Igneous dilke eutting almost at right

Figs 13 >
ted Hocene sandstones and shales. The
the scoured and dissected pletform of

surface is the ¢
islend stage as revealed on the south side of the island.

. ¥ote the abscence of in=fill.

"

4

a fow hundred fect

ikes taken

z :Eowing two parellel d
northeast from the sbove view.

fe 14 View



‘Figs 15 Unconformity between the Plelstocene terrace deposits end
the Focene Marine sediments exposed in the present islend
811ff on the north side just below the rench.

’

Fige 16 Coquina bed on lower terrace. (7.J.K)



14

STRUCTURE ‘ s

© Foldingie Sen ¥icolas Islend is the emergont portion of the southe
easters nose of sn eroded antioline, whose axis striles northwestwsouthesst
and plm_ig;es_ ge.ntly to the sowthemst, The trace of the anticlinal exis muns
elong the southwest flanmk of the island tboué tiwea Q@f#eﬂhf & mile
imimn, d).at&noﬂy south of the islend sxis, in thn eroded esenrpment.
It goss out to ges to the muthcast at gtation "Ceult®, &m! lsaves the
ﬁhnd tﬁ the mthmt at a point imt m quarter of a :z‘xu wost of Ste-
tion *emw*,. (m L d Pocket) The a@iﬂim is 8lightly esemetrissl
with the mtnunst flemk dipping sbout. m dagrms !ﬁ:&ege* than the
northesst rlmk* The sversge é&p af the fﬁmﬁr is ﬁmut thirteon dema
northeast, while thet of the latter is sbout seventeen degroes southeast,
It happens that the ssymmetyy of the fold ie apperently reflected by the
topography of the islend, ss well ss by the submsrine contours edjacent
fm the islend, tut thers sppsers to be no struetural comnection. (Plate
X, Figure 17) There is a southeast clesure to the fold and nesr the
center of\ the southern flank of the fsland the beds oen be followed sround
the nose of the enticlime. The attitudes of the beds shew the open side
of the nose to be po&nw towsrd the extension of the fold northweetwurd,
with the axis contiouing in & northwesterl; direstion tomsrd Sante Qosa
 Islend end through & point ebout one snd 8 belf miles souttwest of Begy
| Rogke 43 indlented sbove, no northwoest closure of the anticline is te
be found on the islend, but meer the west end there is a tendemcy for the
tilted beds to flatten and m submarine contours off the wostern ané show
& brosd, relstively flest wﬁﬁ-ﬁntw surfsce in the direction of the exten~
aifm of the saticline for e eam«& :beat five miles, sfter which there
iz & gredusl dnacent of the ses {loor m%mtwwd* It esn be inferred

from this evidence timt an ercded dome mey exist in this ares, snd that
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the apex likely would lis sbou two snd « hal? miles norihwest fpom the
west ond of the islsnd,

.Continving northwestwerd the sutmsrine contours show s notable
submerine platesu with & brocd rounded arest extending on the gea floor
from Sen ¥icoles Island to Santa Pose Island, 2 distance of about Piftys
five wiles. (Map 2, in Pocket) The platosu aver:ges sbout twelve miles
in wi&fh botween the 100 f&tﬁam lines and the souniings indic-te an
undulsting see bottom, which slégas gently fyom each islend tow:rd a
» trensverse depression midway ba%ug%n the 1xiaads, ebaut twe hundrod

fathoms dgep ot 1ts midpoint. The platesu is hounded by defintte subnere
ine &saarpmaﬁta slong its porthesst end southwost Flanks. The northeast
flenk descends to s depth of over hind hundred fothoms from the 100 fathom
line in about three wiles, to an extensive deep, The southvezt slope reaches
over four hunéred fsthoms in depth in less then & mile ant s hall {rom the
100 fgthﬁmrline. The sutmerine pletesy with its broed subdusd top, and

its steep flankz descending to pronounced dﬁega gon Te considmred 4; up
| thrust orogr-phic block with the fuglts located nesr the deelivities, It
might further be inferred thet the ssddle nesr the middle of the platesu
represents the laé?tién of & eross fsult, dut whet the intimat-~ gtructure
of this largé SIcak might be, can only be guessed. It sppeers, however,
- that San Eidoiaa'islnnd is 2 part of this blogk and that the islend owes
its prowinence to movements of end within the bloeck.

Juéging from the presenmce of *Mga btvoad sulmarine swell sposrently
connecting Scnta Rose Islsnd with Sam Wicolms Island, it is possisle that
&t one time there mizht have been 8 land connection between tﬁ;ee two

ielends. Pleistocene vertebrate remsine have been Pfound in the terrsce



Plate X

Pipg A7 Penoramic view of the southorn erosions1 escarpment loole
ing eastward from Big Sandy. In tho centrsl part of the pic-
ture is seen the shale of Jone 6 orpped by the buff sandstone,
of Zone 7. On tho left can be seen & steep normal fsult which
hes dropped the Sandstone of Zone 7. The enticlinel exis
strikes acout normel to this nicture Just right of the base
of the cliff beck of the fifth islend terrsee, seen in right
center., 4 '

43

Fige 18  Close view of the normel feult with the downthrow to the
west. Zone 7 (left) if brought into fault contact with Yone
) _ 8 (right). ) . | .
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depogita of Gente Hoss Eslandcl}. find Sen i uel Islend<z), which indicste
& pecossery commoction W th the meinland during Pleistocere tima(s). The
deepest wator hetwecn the maiuien@ and these chsnnel iasiznds in theiy
el¥ipgment with the Jente Konica iounteins is mbout two humired snd fifty
fothems; so & depression of thia'§mount would heve broken such & cone
gection., If such a movement hed affeeted the submnrine swell between
Sente Nose Islend snd Jan Ficolss fﬁlﬁﬁd. the letier islend elsc might
heve been connected to the meinland, 4 concentrsted sffort om Sen

ﬁidniga to 5iﬁscver some vertobrate remains yielded negutive resulis; so
this speculstion is st present wnasubstentisted.

»ault1n§~~ The zsults on the island wore perceived from streile
greaphic changes snd few of the setusl plapes of mouvement couls be erswined,
but aertrin pertinengt datz wero obisined from which teniestive conclusions.
-_ might be drewne Peulis occur on the island in two systems, ome av§g$ging
H BelQP ¥ and thé'othar ¥ 7% 5. {#np 1, in Pocket) "md.r this condition
tho wajor “&ul systems meko en enple of about forty=five depreos w*%f the
nort rwss+ qtri e of the antiolinal} axis, bul there are alsc & Tew faults
nearly perallel to this exis, and cecesione]l small blocks Lave been moved
up or down & few feet. WMost of the feults sre sppsrently normel with rathey
steep dips; (Plaote X, Figures 17 & 18), but they msy be shesr Tevlis with

& lerge psrt of the movement tskeu up in strike slip. The vertiecsl diaw

\IT Z%ock, Chester and FTUFIONE, fa Lej GCi6nos s ‘ugs 10, 1978
Vola LKVHI, Hoe i?“g Phe 140141,

Fote: Drs Stock personslly stated that certein clephant
remeins were also found on Santa Crus Islend, but becesuse these wers
diseovered in e kitchen midden it wis not certein that these remlins HOTe
in plece or truly beloagod to this island, '

(2) Bay, 0. P.; Carnegie Inst. “ashe Pubs. 3220. pp. 42, 43, snd
81, 1827
(3) Hoy, Ce Paj Ope cite, ppe 28 and 19¢.
Chaney, Ralph %., and Mason, Herbert L.; Coernegie Inst,
“lash. Pube 415, Ppe 2022,
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nlecement novhere hes been more than five hunired foet snd in moat ontes

it is much less, slthough the horizontsl movement in zome cases may be
graatar.. Yone of the faults hes 1ts exprossion the Pleistocene or later |
dapasiis; so thore is no topogruphie expression of thé feultings It is
then, impossible to trece feulting azross the terrceces, o observetion

of tho faults is limited to the exposures neer the shore line. |

The fow major faults observed in the westorn helf of the island
show & down throw to the west, snd this movement mey account in part for
the southe:st nose of the mmticline being preserved as s high noint on the
iathar extensive orogrsphic locky that is, there has been 8 comtinmal
up=stepping of the minor blocks eastward. Host of the storma come from
the north#est; g0 the downwthrown blocks would be more vigorously ate
tacked and hence in & position to ve more readily plened. No intersection
betwean faults wes found, Th&rafara no éafiaita stetement oan be mede us
to whether one may have displesed the other. It iz probebdble thet all the
faulting accn}reﬁ‘at about the semc time snd thet either set mey have
displeoed the other, or that ome fault might die out sgeinst enother,
The éﬁnjugate grrangsmcnt‘af the mejor fault systems =¢ farﬁy~riva
degress to the anticlimal axis, the lack of eny oredominent feult, and
the occurrence of smell horsts and grabans,'espeeially thase parallel
to the anticlinal axis suggests thst the fraecturing snd movenent wus
duﬁ.te‘ndgustmant at the time of, end aieasiy following folding.

There sre nc.raulta on the island of sufficient megnitude to.ba
raﬂgﬂnsib}e for raising the islend to praminbmca. The steep southern
flenk might be sssumed to Ye an eroded fault scerp (Plate X, Fipgure 17),
tut the study of tﬁe zeology on the island does not verify this sssumption,
for the exposed beds show regulsrity in their attitudes,which oan be obw

served to extend for some distence off shore by the allignment - kelp
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beds growing on eudaqueocus ridges, seen from the heights slong the south
side of the islend. 1If the south flenk be an eroded fault scerp the
abragive aci:ion by the ses supplemented by strosm erosion hes worn back
the escarpment so for from the fault itself, that there is no direct
evidenico of the fault perceptibles Such a feult could lie et lesst two
miles south of the present shore line, for here there is o decided sube
marine declivity indicated by the bathymetric mep. However, there spe
pears to be little doubt that the ﬁ»mtim of an orogravhle bloek upon
which the San ﬂiéolas Antioline wes a swell, asccounts for the origin of
the islend, The locetion of the limits of this block cen only bo infere
red from & study of the bathymetric chert. Such a study indicates sn
uplifted block between faults which appesr to intersect some twenty
miles east of the islend. (Mep 2, in pocket) OUme limit of the block lies
 from seven to thirteen miles northesst of the islend and strikes northwest
to form the northeest {lemk of the sutmerine platesu already referred to.
The other limit lies about two end & helf miles southesst of the island,
and strikes & little north of west snd ferther slong may curve to form
the southwest -oundery of the submarine pletesu connecting San Ficolas
and Sante Rosa irslends. |

PHYSIOGRAPHY

General Statementi~ As discussed sbove, the rocks forming Sem

Ficolas Islend ere elmost wholly composed of sandstones and sheles, neither
of which 1is very.reaiatant to weathering, elthough the sandstones og=
casionally ere sufficiently more reai&mt then the sheles to have been
preserved as ridges or promontories. The only igneous rock present is

& nerrow dike sbout six feet wide on the southesmst side. The dike ﬁeuds

in & northeast direotion and is not prominent, nor is it more resistant
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to weathering than the othor rooks of the islend; so its topogrephic exe
‘pmu&on is slight.

4lgo es pointed out previously, the islend is elongete, with its
mejor axis running in & ¥ 709 ¥ direction. The submerine contours
reflect ¢ similer trend in a much lerger mess and further indiocste a
rether extended uplift in a northwest direction towerd Sants Sosa
Islend. (Yep 2, in Pocket}! Saen Nicolss 18 e high polnt on this uplift
snd the sttitudes of the sedimentary series suggests that the ieland is
the southenst end of mn eroded snd feulted anticline, uf!.th the sntie
clinsl axis ebout one wmile lendwerd along the southwest shore, trending
roughly northwest., The thy is in harmony with the folding, and
the shepe of the island is guided by the strucoture of the underlying
sedimentary rocks,

Mora' the succession of emerpences which brought ebout the cubte
ting of the seversl terrsces now evidonced on the islend wes ineupurated
in the lsn Ficolas sres, & great emount of erosion hed elready ha;km
place, for the oldest marine tMm now seen on the island truncetes
teds well down 1n.tha folded series of sediments, It is wnlikely that
this erosion took place during these emerpgonces snd the evidence oblidte
ereted, for the smount of Pleistocene and recent sediments now on the
island is too insignificent to include even s smell frection of the mate
_eriel eroded from the anticline, slthough such @ view eould be an altere
netive explunation. It is ressonsble to believe, et lesst for the pure
pose of e phyaidgraphte study, that during end f’ai‘lowing the period of
faldiag in posteEocene time, probably lower ¥Wioeene, the San Wicolas
swell was lergely land for s period of timq long enouch for the warped -

area to be eroded to & subdued surface. This condition wes followed by
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submergence which lasted until middle Ploistocene when » reemergence of
the island began, snd it ie from this point on in the history of the
islend thet we find more tengible evidenee of the succession of events
affecting the physiogrsphic history of the island,

Five marine terresces aiove the one now toing ebraded show succese
sive steges in the cerving of the islsnd. (Plate 7I) ¥Ho doubt there ere
nOre st&ggs in the development of the island where the energence was
more gredusl, or where subaerial erosion end later abresion misht have
obliterated.law oliffs formed in the comparstively soft rocks, ut thotu‘
intermediste terrsces are not clearly menifest. The five terraces which
have Leen mapped are traceaile on the north zids for some distance, mét
oven there, sometimes they ere discontinuous. #lopg the steep soth side p
erosiofhas erfsced ell but the very lest terrace.

The folding end fsulting in the Focene rocks sntedeto the terrace
ing for in every csse the marine terrece outs soross the beds disregarding
the underlying structure snd there sreo no feotures which might be essigned
to recent faulting. The terrsce surfaces are not porceptibly ssemrped

ars : :
and nesrly perellel to one smother; so there ig no conclusive evidence

A
of foldinz since emergence began.

4 condition suggested Ly Professor 9avis{l) which must be borne
in mind when treating with ?léistéeann marine terracing, is the osoilla=
tion of ses level during glacial time. 7hen a large aren on the contine
ents wes covered with o mantle ice, there wes a lowering of the see level
due to the extraction of water from the sea for the formation of the

glaciers. This resulted in s consejuent slight emerzence of the lsnd

(I Davis, Ws Na; Olecisl Spochs of The oants fonios HOunteins,
Californie, Proc, Net. Acad. 5e., Vol. 18, Wo. 11, pp. 659-6565, Nov.
1932, |
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end weekening of comtemporsry sbrasions. 7ith the melting of the ice end
the return of the water to the een, the l.wél of the ses fose, rasulting
in slight sutmergence snd e more vigorous sttack on the cousts by the ses.
How mach of the emerpgence snd submergence of the lend is due to orographio
movemente end how much might he due to changes in ses level during gleciel
end interpglaciel epochs is mot kmown, for no sdecuste eriteris for this
dii’i‘mtiation hes yet been worked outs

I¢ mirht be well to ree:ll et this point, that when the gea is
foreed to seese cliff eutting beceuss of a rexeztﬁe uplift of the lend,
88 the m recedes an smount of only partially worn en? poorly sorted
debris scocuruletes st the oliff base, This debris is covered by more
détritua washed from the higher rround es faﬁsogreasim of the gee contine
ues and %:he meterisl is deposited in such e manner e to form 2 chernctors
istic oonoceve surface, the conoavity of which trosdens es the deposits
thicken, ‘uch &éposits will be referred to as the in=fill, Messwrement
of the swmount oi‘ emergence in emch cese is besed on the differences of

eliffsbese alevetions.

The First Island Stage {1)1= The resppearsnce of lend in the San
Ficolss erec was the rise of two small low islends of low reliefs These
snull tslends were loceted on the northeest limb of the entleline about
e helf mile from the crest of the mmticline, and were eomposed of sande
stone gently dipping to the northesst. ¥No see oliff wae cut, but rather
a gently sloping pebbly beech wes formed. This festure ia still preservcd
in severs] places et an elevation of eight hundred sn? fhirty feet end tho
tracing of these pebbles together with 2 gentle thourh merked chenge of

slope indicstes the limits of these primsl islits.



The Second Islend Stege (II)i= 4 further emergence of twenty feet

joined these two islende and m continusnce of this same movemenmt for about
sirty feet moro esteblished the seeond ieland stage. The island at this
stage had o moximm relief of less tham two hundred feet end might be

- roughly estimated to h» oval sheped #bout thres miles long end onme mile

wide with the longest axie oriented wost northwest. The shore lime of the
socond islond wes eliffed to Mght of sbout twemty five foot and benched
over an sres more than s hnlt -ue wide., It is testified to Ly the clesr
though 'zmﬂ'o‘ slope of the inefill snd by sctusl oliff basos, which sre
revenled irn two localiMies where stresm chemnels have gut through the cove
ering of subseriel dat#m and ses floor venecer, into the bedroeks Howm
ever this is true only on the north side of the islsnd, for on the south
side erosion hns oblitersted all evidence of this shore line, 4t the
prosent time the shore lime of this island stege hes an elevotion of

yabout seven hundred end fifty feets

Tho Third Ieland Stege (111):= Approximetely one hundred snd fifty

feet ia the difference in elevation botaum: the Second Islend stage end
the Third Islsnd stege of mgmo md on iglend with & meximum relief

of ebout three hundrod feet and estimeted to have beem sbout five miles
! long end two miles wide with the longest axis oriemted sbout westenorthe

west was formeds The cutline of the ielend et the third stage i better
preserveod than that of either of the previous two, but as in tho case of

‘msw.mlythcwthmahwomhm«dtwwmmm

istie eonceve slope of the in=fill in the erens between tho eroded oliff
base exposed in the streem channels, The eliff out during thin stege

had @ height of sbout fifty feet, while the platform still preserved
varies from nbout & thousand feet to over a mile and a half in widthe.
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To thc south the shore of this island hes been em-.m by erosion, with
the moption of the southwest side where the p-uma of the eroded oliff
is seen, and & six foot coquine deposit lies om truncated older sediments.
Along the western end of the third islend the reseding s1iff apposrs to
have sonsumed the ¢liff line of the second islsnd, In the northwest pore
tion there is on extensive segment of the third islend platform wherein
the ooqnim bed ig,"ln view of sotion eince mbm\;mt emOrgonoe, now overs
lain by asolisn sends and other subserisl deposite whish heve Leen levsled
and pecked by the wind end percolating weters. This sector is flunked on
the south end the nortMesst by prmonm.u on the tlﬂrd island shore line,
-udthqurubmnéhusumwurrmmmtorwm
pnrt of the islend., The ares is not dissected by sny definite drainage
syetem, nor sre thore sny prounounced stresm chennels o charscteristie
eleowhere on the islend, but there is & gemoral slope townrd the northe
sweet mtrél_lqd by the original inclination of the third ieland adrasion
platforn, now mesked by cover. Apparently wind blown sad other wube
serial deposits kept ahesd of any chennelling sotivity snd the meterinl
laid down Ly th;av forees is so porous thet amy meteoric weter is repidly
i.1:««»-1:;.«1 and flows northwestwerd through underground aguifers, emerging
‘as fresh water springs at verious pleces slong the northwest ilap- uf the
p}um islend= notably Tule Creek, Corral Harbor, and the Gardens. (mﬁ

1 in Pocket) The in={ill on the other remments of the third islend plete
form on the northaide is lurgely sheet wash of elluviel meterial, rether
then seolisn gonds and silts, “ The im=fill 18 here highly dissected

by imsequent and comsejuent chennels runaning into deep steep walled cone
sequents which have ocut beeck as far us, and in como cases into the limits
of the second island. The preseont elevation of it shore features is ap=-

 proximetely six hundred feet.



The Fourth Islend Stege {IV)1= The fourth island wns formed by e

further emergence of one hundred and forty=five feot. This island wes
elzo elongate in 8 mb-northnat direction with its longest ‘-:ds atout
six miles and its maximum'width sbout two miles, end hed & meximum re-
lief of about four hundred and fifty fest. 4s in the omses of the seeond
“end third islends the buried oliff line is indicsted by the slope of the
inef111 and the eroded olLfF base is exposed in saversl of the despor nejor
gtroam ehnmﬂ:. The abrasion pletform developed st ‘thiu time was also
rether lerge verying from elout s thoussnd feet to over & mile end shelf
in width, while the o)iff mpposrs Yo huve been out to,height of about
ety foet, The puw’qm is chown by the trosd gemtly #loping in=fill
‘ m the north side of the esstern half of the islend, and a five foot co=
quine bed wes deposited wpon the older sediments. The outline of the
islend ut this stege is rsthor olesr along the north end northeest flenks,
; ek oa Yhe porthwest snd west sides, send dunos &8 well as wesh have grontly
obpoured the ovidence of the oliff line,sn? the shoro of the fourth island
f ow only be guesgsed in these salionts, 'J:'.long the south side of the island
, .;\ erosion has vdostroyod #11 evidence of this stage of uplift, The festures
| of 1%s shore line sre mow found st an elevetion of about four hundred and
' fifty-five feot. . >

/' Zhe Fifth Island Stage (V):= The fifth islend shows sn emérgence
of three hundred snd thirty=five feet. This 4sland wes oval shaped with
its lmost axis orfont nesrly e that of the present i¢lind, north-northe
west, but only about seven and s helf miles long. The width wes sbout two
end a half miles end it hed a maximm reliel of arcund eight hundred feot.
In mﬁ of this greet difference in elevetion this movement may not heve

been mecomplished during ome comtinuous period of emergence Jbut any evidemco
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19 Anecient sea esve in the aliff of the fifth 4a3land now
about one hundred and fifty feet above the present level
of the sen, View taken on the north east side of the
izlond shout ome mils frem the east end,
T, |
Aoy
e & Ll .Lm'*}’ln aour'u"eﬂt o e *ﬂﬁn eand dune sres tow rd the
west end of the islond showing how drifting sends hnve gube
dued the topography. (W.J.K. & R.A.)
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to the contrery is lackings The eroded cliff of this fifth island is one
of the imposing. fentsﬁgq:f%agfant of which the abraded platform, renging
in width from five hundred foet to over & half mile, forms a more oOr 1aaal
continuous run around the isleand, Along the north flank of the island
about ome hnlf mile inshore this steep acelivity rises about two=hiundred
and fifty fect, from the top of 'whish the covered platform of the fourth
island ascends gently to ite gliff bage. The height and steapngus'gf thia
eroded oliff indiestes m long period of persistent sbrasion during ;h!ch
timé evidence of any intermediate stages of emergence have been consumed,
The in=fill in front off this ameient oliff is metuelly visible in many
places nlong the horth ‘eide of the island, and on the northesst flenk
near the emst end, ancient sea caves are to be seen, now about one hundred
and firty feet above the present level of the seas. (Plate II, Figure 19)
It is notable that this is the only case on ths islend of sea caves still |-
preserved and visible in an clevated sea eliff, Aiong the northwest,
wosk, snd southwest, sand dunes have obscureé the location of even so
prominent a‘reature es thias, and its location in these sectors oan only
be 'surmis,od_. (Plate 3(11. Figure 20) However, along the south side the
cliff base ean rather safely, I believe, be inferred from the chanige of
‘slope in tha cut and scoured surfaces of the truneated older sediments,
no 1nrrili‘havin& remeined on tﬁc sbraded platfbrﬁ along thitwflnﬁku
Along the north shore of the fifth igland  the eliff 11ne hes suffered
groatly zéém undercutting, slumpitng, und landslides, presenting a very
broken and ruggé& steep rise to the gentler terrace slopes on the top of
"the islaudz Along the northern side, however, the accumulation of debris

by wesh from the highlands and by landslides, hes preserved the sea floor

which is exposed in numerous chenmels snd along the prezent sea shore where
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Fige 21 Looking west along northern shore about one mile east of
ranch. Wete low cliff apd back shore terrace of present island
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Flgs 23 View looking esst tmken mbout three mnd & helf miles east

of the wost endion the south eide of the ialand showi. fz. 0 pore

tion of the platform now being sbreded in the shales oF Zone 4.
ote cliff of the present igland and %I i i 1

che atripped
the fifth ielend in the background.

ylatl o

Figs 24 Itew looking weet tuken about two miles east of q
ond 'on the south side, showing the stripped platiorm of the
fifth dsland, the present ¢liff line and the narrow backe
shore terrace in hard rocks. In the distanen can be ssen sand

this side

dunes which have subdued the erosional escarpment of

Vil

ol “the islend.



Plate XV

s 28 jeach on solttheast ghbre, showing low cliff &% nurrow
sendy back-shore beachs (HedeEe & Raia)

=i

igs @6 View looking west along north shore t

shore about two miles east
of renchs. Showing low oliff end bagkeshore terrapge cut in
gandstone. Yhite coating on the rock is birdguanc.
e dia )

£ i
o e die



. the most recent oliff hns besn cuts Apperent differences in the olevation
I of the sen plutform exist, but these WIMﬂu eorregspond to tho conw
i ﬂgwéticn of the present shoreline; that i8, in arens of soft bedruek.
embeymente rnd beiches are formed, snd in sreas of hard bedrock, promone
tories and reofs p&ﬂtt, proﬁneiug e uneven plutform surfaces At the
present time, the clAff base of this ielend stage hes en sverspe elevetion
of about one hundred snd twenty feet.

The Sixth Islend Dtege (V) Pregent Tsland

Shorelinese About ome humdred and twenty feet is the amount of the
moat recent emergenes ‘wWhich brought about the formution of the sixth ork
present 1sland, 111 ehound the present ielend is o 1iff which sversges
nbout twenty foet bigh, » beckeshore terrecell) sbout five feet high with
8 wldth verylng from e fow feet to hundrede of fest, snd am sbrasion plete
form some hundreds of feet An width, »ll giving evidense of the work of
the sea sinoe that most recent movement, (Plate XITI, Figures 21 & 22
Plste XIV, Figures 23 & 24) The oliff aud back shore berr-ce are ate
tacked only during periods of exceptionsl storms, end the width end
beight of the buckeshore torrace very sceording to the exposure te tho
weather and to the tM‘d‘ ﬂnﬂlﬂﬂu bedrocks In areas of herd
rock exposed to l‘l‘m.‘ the mn line is dlese to the mgh tide shore line,
end the back shore tmll mtﬂ M*lﬁlﬂmﬂ ﬂt‘lla in areas
of sof't=rock in protected aﬂtn. enbayments are wate wtth the o¢I1fr wall
back from the high tide shore line, end the beck shore ﬁemw is developed
into a drond besch, (Plete XV, Figure 25 » 26) Along tﬁ, wost end of Zan
Hioolas Islend, which is unprotected frem the prevailing ttm; coming from \
the northwest, there is en insignifieant hnk-ﬂ:m-a terruce, and the oliff
itgelf in in many pleces be&u'g abreded in ordinary westhor. (Plete IVI,

(I) Joknaon, D. Way Ohore Proccsses and Uhoreline Development

Pe 182e



Plate EVI

=
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. Aiew of present island oliff about one mile east of the
west end on the south side of the ieland showing tide poole

in the buckeshore terroce. Here exposurs to the woathmsr
has brought about s decresse in the size of the back-shore
torreoce and the cliff is almoat at high tide shore linos

Figs 28 View 3f the present island cliff just below the ranch on
the north side of the island. This is protected sector and
the bagle=shore terrw:efbroad; 50 the eliff is only resched

by water during exceptional storms.



Plate XVII

Figs 29 The extreme west emd of the island exposed to the full
foree of the prevailinmg northwest storms., Here the nresent
cliff line ie attacked by the surf in ordinary weathor.
(Wednks & Rudka) :

L

Fige 30 Send epit on the sxtmeme emstorn or leeward end; Luilt by
ghore drif't saleng both sides of the island. The lossotion of
this spit has shifted over a helf mile to the southeast during
the last fifty years, (Wed.Ke & RoA.)



%mﬂ 27) Along the northesst flank sre seversl protected sepments where
the ol4ff lino 18 several hundred fest from the high tide shore lina, and
only in exceptional storms is the entire backeshore terrace covered with
waters (Plete XVI, Fimo 28) There are besches, but these sre llmited

to aress of softer underlying bedrosk. S1ight embayments ooour whero
sandstone promontoriss snd reefs have provided a slight breslwmter, but

' none of thesg is sufficiently protected to furnish shelter in all kinds

of weather, /A notable festure on the shore line iz the sand epit m the
southesstern or iuiw& end due t0 scoumulstion of send and gravel hrousht
by shore drift slong b#gh sides of the lslead. (Plate SYII, Figures 20 &
50) Reunlon Islend, & fyaxmu island in the southern Indisn Ogeom in

en exemple of s similar cocurrences pavia(l) desaribes this island as bew
 ing ovel in outline with harborless shores. "Its exposed shore (to the
southesst), where the tradewind suef strikos with full force, ie siightly
out baok in low and regged oliffs spparently mhb yot provided with beschs
e8"svuses ™ datritel cuspate foreland of pravel and sund hes boen pro=
graded at the northwestern or lesward end of the island; an artifieisl
herbor, exseveted in this forelend, gives the amly protestsd lsnding place
in the mnt. The base map used wna m;yd by the United States Comst
and am;exe smuy in 1878 and shows the spit of Jan moom Island over
e half mile northwest of Ats present position. Suﬂm :-Mly-mu by
the Cosat Survey show that the spit hes chenged shaps mnd position within
the laat few yesrs. These surveys further indieste thet the movement of
the apit has been gmﬂhtw rather than a sustained 'ni;_ratim in & core
tain diriet&oa. The waters nlong the téuth side of the spit afford n'

good anchorage in most westher and o landing cen generally be made st this

TYY ma. W Wag The E'm'! Mool Problem, AMe UGOLs [0Ges SPBGs
Pub. Yos ¥, 1928 p. 244
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Desolate espect of the upper wind blown and
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a8 dreinage syatem.
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Plate XVITI

wind scoured

"

arroces in the western half of the islend. ¥Note the abaonce of
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pateh of sheot=like cnliche in the upper terruces of



Plate XIX

Fige 33 Highly dissected erosionul escarpment on the =south side.
- = = Sy % B —_— o - PUN—
| ! ¢ P,

i L
N
Ly o =
Fig. 34 View tsken about one helf mile west of the a'ove, show=

ing how drifting ssuds heve subdued the aspect of this erose
ional escarpment.
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point, The shore festures on this j2lapd iniicrte rn sdvensed gtere of
development, which weans that len Higoles lslend 15 ot the presant time
experiencin “nother period of qulescenscao.

Topogrephy und Drainage:= 3an Wicolre Island pressmts ¢ twofold

expresasion. [1o westorn half is desolatas, with its shellessnd dunes in
the lowor terr ces, and its wind blown snd wind senurnd uppar portions
whore the noeolien deposite have kept ahead of the efforte of the strosms
to esteblish any sort of drainege system, (Plate (7I1T, Pigure %31) The
bleakneszs of this ond of the island is intenmsified Ly traocts dnd putches
of sheet=1i¥: chelky 8nliche, whish protrude sbove tho surfac; in violent
array mixod with tho sbove mentioned petrifactions of shrube replecod by
onloite comentod sand (Plate AVIII, Figure 52), and by immense kitchen mide
dena with thoir millions of shells end vertebrate bonss end here and there
a weathered human skoleton exhumaed (rom ite plece of burial, 11 these
factors produce mixed impressions. Possibly not so long spo 'nan Wiecolns
Talemd ha?! 2 more [avarable climate = at least it wus apersely wooded and
habiteble, but now it ig almost destitute of vegetstion sn! forbidding

to man, The uppor terreces slope gently to the northwest, and as stated
above, thore is no npperent drelneage aystem, but beyord tha limits of the
uppar bench=like ares the slope ineremses wnd is cut by stremm channels
mostly fflled by drifting sends. There i3 no shorp Hatinetion batween
the sevarel terrsce levels in this portion of the island, Lut a rough
irrsgular descent to the ses. To the scuthwest even the erosional escerpe
ment which mononalizes ones &ttentiog'all along the south eide is subdued
by drifting sends onrried by the fierce winds from the northwest. (Pluto
Y1X, Figures 33 & 34) The eastern limit of the desert portion of the
islen? 19 irreguler and werka the plece where the wind hes teen forced to

unload its burden.
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Plete X3I

Fige 37 T-ghaped can you
of one of the mejor
gtreans cut desp into
bedrock near where it
gmerpes throuzh the
Fifth Islend eliff.
( ”9 'T- ?".e A ;?c ‘o )
9
Fige 38 [mother Veshaped

canyon ocut deep into
bedrock. (Vod«.¥K.®
E‘i-x‘.o)




In tho esstern nart of tho izlawnl 1g observad & more siriling
diffarence in the offects nf crosion betwesn the southorn snd northora
slopes, 7o northorn slope is gontle und all of tho murina terreces aro
presorva?, covered by wogh to thicknesses up to fifty fuet, The mejor
drainage of thie portion is to the north and most o tho stresm n~hennels
have th?ir sources. in tha unper terracos of ths lszl.nd, ‘On thean uppor -
banch=1iks atrotches the intermittent stroeme heve cut a mess of tortuous
channels, somn steep wnlled end fairly deep, others shailan BN COMpn e
tively brord. In plasces one Mimds badlan? topography im mimiaturs end
in othors « lat murrﬂfn eut shruptly by almost verticslly willed chane
nsle severel eet in depth, often meking oressin; imposeible. (Plote
%Y, Figure 35) Tn this upper arom msny of the minor atresma from a
higher arcs ere lost on the in-fi1l below, vhile ethers form part of n
highly dendritic system of the higher rerches ol the major strorma,

The middlé segment of thesa mejor stresms 18 marked by s sinuous nourso
pnd Pow tributcries, with flat, gress covered intervening sreas;

while further towrrd the terreoce={ront the streems have out deep Ve
shepad onnyone which beocome deeper as they sdvance, ocutting desp into

the bedront, ewpecielly neer where they have incleod the two=hundred snd
fif'ty foot cliff the creat of which merke the northern limit of the upper
terranes, (Plate ¥, Figure 36, ?latalxxt, Tpures 37 2 38) Wﬁﬂrn the
major stresme amerpge onte the lowermost terrace they here sut dovm threough
the detrital eovering and into hedrook, but here the chrnmol i broad and
mora boxelike end mt.the moat only fifteen feet deep, finslly ending st
gea level. On the terrace below the two-lundred end fifty Poot cliff the
minor streams arnlinitlntod on the steep cliff alopas,'nnd have eroded

rapidly to form gullies in the faee of the eliff, which only in » few



FPlete %1 IX

‘ox=11ke chénnele out in the ipwrill of the fiffh Fslond
terrece.

Looking south from the Rameh. Gullies cut on the fnce of
the Fifth Izlsnd eliffe In the senter of the platurn can be
geen 8 normal fault which has brought Zone ¥ (left) in contact
with Zone 6 (t“i-f)ht\).



Plate XXIII

Fig. 41 Ambhitheatrc formed on the south side by the conlescence
drainage areas.

Fig. 42 Eroded and dissected platform of Fifth Island.



cases orrry on to tho sesu, most of them ending im maall lluvicl {nna on
thea torrrnooe. (Mlete XAIT, ®purss 30 % 40)

28 mentioned rhore the wnter shed lies near the south sldo ebout
thras qurrtors of 2 mile 1#51’*.0:'01, nesr the eroat of a pronounced arcsional
asenrpnent forming the slope te the zouth shore, The disceotion of this
side of tho islrnd is elmost complede. Most of tho strenm chasmels are
rteop an? deep, tnd the sldes of the Veshepsd osnyons «re abrupts * large
mijority of the interstresm divides are sharp, end only in s Tew cesos have
_ tho herder gerstone ledges withstood the rapi? eroslon to nrogsorve Yroad
ridpes. Yony of the &raineges heve monﬁuMmd their gepoereting divides %o
¢1ch an extent thet nmhlthestres heve developed. (Plate Y117, Fipure 41)

2 & aonseiucnae to the repl? erosion in this muerter all evidencs of more
‘ne terracing hes heon effree? wiih the excoption of thetl of ths lust tere
rﬁma which io shown only by n disscoted snd scoured platlorre (Flete X1I17,
“igurs 42) vpylting in tho underlying beds han hed 1ittle part in the
control of dreinmge, ond only in the onse of gsome mipor subsetuent streems

osn the position of the chemnsl be-mttributsd to such o control.
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SANTA BARBARA IJLAND

INTHODUCTION
Location and “ize: Santa Barbare Islamd 1s 2 small forbidding

island off the coast of Southern California belonging to Los Angeles
Qounty, lying about 50 miles scuthwest of 3an Pedro and apyroximate-
ly 21 miles northeast of San Nicolas Island. The island is roughly
trisnguler with its rounded apex to the south and en indented base
to the north, The total area is about 680 acres or a little over
one aquare mile. 4

Topography: The shore line is neerly everywhere precipitous,
with oliffs ranging in height froam uhogt 10 feet to over 500 feet.
Two high polints ocour, one 547 feet high elose to the almost vert-
ioal c¢liff about the middle of the west side, and the other 517 feet
high near the middle of the steeply cliffed north side. A gentle
alope conneots theoe two hills with the saddle & little over 400
feet high. Vest of the saddle the slope 1s rather steep to an ele~
vation of about 300 feet whence it flattens considerably to fomm a

triangular benched area on the northweat This peninsula

also has rempants of lower terraces. Iiast of the saddle there ie
a gradunl slope %o a zome not far from shore to am elevation of a=-
bout 150 feet, from where the descent to the water's edge 1a very
steep and there 1s little or no evidence of terracing. Streams
bave made little impression on the topography of the island and only
on the eastern eide have they cut straight eoursed V-shaped gullies

for a short distance back from the shore.
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Acgessibility: The trip to “anta Darbara Island can be made
only by private boat or through the courtesy of governmemt agencies,
prineipally the Coast Guard. Only in very fair weather can a land-
ing be effected, and then not without some risk, for even a skiff
must be kept clear of the rooky and precipitous shore. ibout the
middle of the northern half Iot the east side is a slight cove whieh
ie beat suited for a trial at landing and for anchorsge, the area be-
ing fairly well protected from storms blowing from the norihwest.
Lobster fishermen hawe constructed some frall landing gear at this
point which is & comsidereble aid. FKelp beds are thick but discon-
tinuous around the island.

Inhsbitants: The island is uninhebited, although there is an
abandoned cabin, a polluted cistern, and same mtfteroﬂ farm imple-
ments now yuined by exposure, all voieing a sad, hopeless effort by
someone for independence. There is no evidence that the island wase
ever inhabited by Indisns, but low down on the more gentle cliff
slopes are & few mmuall heaps of molluse shells, probably left by trave-
elers to or froas “em Nicolee lsland.

Water: There are no springs oen the lasland and any water for
domestic use must be imported.

Fliora and Feuna: Plant life is sparse - limited o a few types
of low growing caetus, ice plant, grass, and patches Coreopsis mari-
tima. On the flat triengular area of the northwest peninsula end
on the slopes of the esstern flank are platis of omce-tilled land

with grain still struggling.



The only animels seen on Canta Barbare Island were & kangareo
mouse and & couple of house cats now grown wild. Ceveral species
of land birde were observed, although there were not many individ-
uals, Uater fowl are abundand.

Ciimate: The elimate in general is similar to that of Canm
Hicolas Isliand; that ias, semi-arid with the rainfall confined %o the
four ¥Winter months, and frequent fogs. However, there is no evi-
dence that Santa Derbars Island 1s subjected o winds of the fierce=
ness cbtained on “an Hiecolas Island.

Acknowledgement: ive days were spent on the ialand in the car-
ly part of Cetober, 1932, A United States Goast and Geogetliec Survey
party .under Lieutemant Acbert W. Knox was making soundings sdjecent to
the island, and 1t was through his courtesy that this fleld trip was
accomplished. Mr. Lawrence W. Kichards csmped with me on ithe island
during this first trip. A second trip wasg made about a year later
in the eaxly part of October, 1933, scoompanied by George idchards,
then a student of geclogy at “tanford University. This time/Wére
token out and bask by the U.S. Coast Guard, remaingng orly one full
day on the island.

" I am indebted to Er. Robert %. Kleinpell for the determination
of wertain foreminifers found on the island, and for the estimation
of the mge corrvelation of the zone. The staff of the geology depert-
ment at the Gelifornie Institute of Technology has been helpful in
the prepasration of this paper. repeeially, the late Dr. William
M. Davis encouraged and eritieized me in my efforts.

Literature: The geology of uta Barbars Island has been

trented oven more casually in the literature than has that of “an-



Nicolas Island. WeiaTs Cmith made a topographic referemce to it (1)

(1)
WellsTe Smith, "A Topographic Ztudy of the Islands of “outherm Cal-
ifornia", Univ. Cal. Bull. Dept. Geol., Vol. 2, Ne. 7, p 106 (1900)

and refers to Dr. Cooper ss having mentiomed the existence of three or
four imperfect terrsces and that the island is composed of volcanie

rocks. (2) Smith d4id mot visit the island but limited his work to

(2)
Calif. Stete liining Bureau, 9th Ann. Aept., State Mimervloglst,
for 1889, p 183.

s study of the svailable maps. The Geologieal Map of California
issued by the Nining Hureau in 1916 correctly shows the island to eome

posed of voleanics.

STRATIGRATHY

Genersl Statement: “anta Barbare Island is composed of two
types of voleanie rocks separated by a thin whitieh bed of soft sandy
shale composed chiefly of foraminiferas, determined to be niddle Mio-
cene in age. The lowermost voleanic bed is an ellipsoidal ("pillow”)
basalt highly vesiocular and brittls, while the rock overlying the
foraminifera zone agglomerate cemented with chert end ealeite.

Ellipsoidal Basald: The greatest portion or bady of the island
is composed of the lower or ellipsoidal bdasalt. This phase outerops
all about the ;alud axcept on the northeast corner where the northe
easterly dip of all the beds brings the agglomerate below smea level.
The imposing eliffs of the southern, Western, and northern sides are

cut in the more massive voleanic rocks. The ellipsoidal character
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of this lower phase apparently does not hold throughout, but is
chaructoristic of the lower portion of the member. ‘The lower
portion exposed in the imaccessible ¢liffs or the southwest side
of the island were scanned with aid of binoculars and appears to
bs massive but st11l high veslecular. The Tommation 1; dark col=
ored, but is blotched with irregular areas of black and reddish
basalt.  The thickness of this member is indterminate, but thers
are at least one thousand feet exposed.

Foreminifera .gpes Overlying the ellipsoidal basalt and ex=

posed only in several of the cliff faces is a light colored very
fine grained sandy ahale composed chiefly of foreminifera. This
thin bed of soft material showa no scorching effect elther on its
lowsr or upper surfaees in contast with the voloanic roeks. The
thickness varies from several inches to several feet and the ex-
posures on the north cliff give the impression that this bed wes
deposited irregularly on a slightly uneven surface of the ellipe
soidal basalt., Thia fossil zone occurs as an ivregular stripe
ranning dlagonelly up from the northeat sorner of the ialand acryoss
the northern ¢liff. The only other loecality chere this bed was en=
eountered 42 on the south side of the island on the face of & cliffl
in a mthex; secluded bight difficult of accesa.

The feveminifera collected from this bed were detsmined as
belonging tc the middle lMiocene near the base of the lModelo foma-
tion. R.M. Kleinpell statea: “As to the corr€lation, 1 would be

atrongly inclined to place the fauna in the transitional zone, or
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subzone between the Beggina robusta and the Pullenia miocenica zones -
in other words it is just above the Gould shale of the Vallsy (lan
Joaquin) west side seetion, but not ruite as high ss the so-called
Valvulineria zone (Pullenia miocenics zone) of Chico-lartinez Creek."
The following list gives the species identified by NMr. Kleinpell:

Valvuliperia californica var. oﬁroau

Valvulineria californica var. obosn

Daggina xobuate

Cansris sp.
Bolivins ef. floridans

Basaltice Agplomerate: Overdying the irregular surface of the
foraminifera zone 18 a bed of basaltie agglomerate cemented with chert
and caleite. The rragments are all dark eolored basalt and same of
them are vealcular. They vary greatly in size and there appears to
have been little sorting, although from 8 distenes off-shore on the
northeast alde the sgglomerate appears to be crudely hedded. This
member covers the northeastern segment of the island and is exposed
from the northeast corner weatward to the middlie of the morth side
and southwerd to sbout the middle of the east side. It can be studied
best along the north half of the east Shire.

Fleistocens and ®Pecent Deposits: The top of the islend is cove
ered with & mantle of Pleistocene(?) rarine sediments end recent al-
luvial detritus derived from the Plelstowne(?) deposits and the older
basalte. The thicknesses of the younger covering varies greatly
from place to place from a few inches up to about 40 feet. The Fleis~
tosene(?) marine deposits carry indeteminate foraminifera, shell

fragments and hallotis specimens which are found over the highest points



on the island. The thickest accumulation of these later sediments
is found on the large flat of the northwest segment of the island.

Conditions of Deposition: The indications are that all of the

voleanic material accumulated under the sea. It is believed that
the ellipsoidal structure of the lower basalt is due to submarine
cooling, although the existence of the pillows does not conclusively
point to subacueous origin. However, as the soft foraminifera bed
overiies the uneven but uneroded surface of the basalt and shows no
signs of secoréhing 1{& is highly probable that the lava was ammssed
under the sea. The thin foraminifera zone is malrine, but the from
the fauna collected wage not diagnostic of a certain depth range.
The agglomerate is aleco acousidered to have been accurnulated under
the sea, for the cementing material of chert and limestone could be
of marine origin, there is a distinet though crude stratification,
and the upper surface of the foraminiferal zone also shows no effeects
of heat.

The source of the volecanie material is unknown. Doubtlesa the
island itself -is not a voleano, for the structure is that of a homo-
eline in pyroclastic and flow rock, rather than a radial dipping con-

iecal accumilation.

STRUCTURE

General Statement: The voleanie rocks foming the island are
eralely stratified, & condition:  more apparent when viewed from a
distanee than when scrutinized at close range. This iz true not on-

ly of the lower flow mamber, the ellipsoldal basalt, but also of the
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Fig. 44 Steep fault plane on the north side of the
island, striking N6O'W. Note the steepnesa and the
elean cut character of the fault. The steep face
at the top of the picture is part of the fauli plane
and the north side of Hill 517.
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pyroclastic member which more than likely mccumilated under ciroume
stances that might have resulted in more definite layers. The gon~
eral atruetural aspest is that of a northeasterly dipping homocline
with a tilt of about 20 degrees, complicated, however, by an inter-
secting system of faults end some minor folda.
Folds:  The folds are difficult to recognize, but they are

seall and of little Importence. Only one small anticline could bde
observed near the northeast corner, and even this fold was seen only
in the agglomerate and mapped only at one locslity. Other folds
probably ocour and ;an be inferred from differences in rather vague
attitudes. lven were these folds mappable it is my belief that they
eculd be oonsldered as undulmtions in the general homo¢line and would
doubtless have no great vertical or lateral extent. From observations
of the insipgnifiesnt wayp on the northesst end of the isjand, it is
difficult to pleture this structure as exieting also in the ellipsoid~-
al basalt.

ts: A system of intersecting faunlts ocours on the island,
one set striking N 10° ¥ and the other set striking at about N 60° %,
The strikes c!“ these fsulte are nearly the same as those of the faulss
obsorved on Sen Nicolas Iesland. It canmot be said which of the iwo
seta of faults 1a the older, for in no locality wes one fault found
displacing snother, but, as in the case of the San Nicolas Island feults
I believe both sets to be contemporancous each set displacing or being
displaced by the othem, It is diffienlt aleo to meke any estimate as
%o the amount of movement on say of the faulis or to staite which set

had the major smount of activity, but the character of both the northe
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ern ¢liffs and the western cliffs points to the inference that the
faces are escarp ments primarily caused by faulting. If this be
true, then the major movement would have %o be over 500 feet, with
both sets sharing in importance. fHven then this epparent displece-
ment may not be the result of movement on just one fault but may be
the resuit of movement and subsecuent erosion of thin slices between
roughly parallel faults, a situation indicated alcng the morth side.
Here four feults, striking ¥ 60° & with just a few hundred feet be-
twoon them, eye mapped. The dips of the fault planes very within
themselves from about 85° o vertical with the direotion of dip
tending to the north. The plane of the most southexly of thia group
of faults is excaptionally well erposed near the edge of the cliff
fnr\about three cusrters of the distanse across the north side of the
island, while the remaining three are identified for short didtances
cmiy eutting meross promontories along this side. Altogether it
appears that the displagement in this region has been cumiative,
although 1t was impoesible to memsure the amount of movement along
eny one fault. The group character of the faulting is not evident
along the imposing western cliff, but i% i3 likely that the north~
 south et of faults hae acted in the same uamner; that is, closely
spaced bresks vith amall displacepenteunalating movement until a very
pereéptible scarp is obtained. Feuld planes of both sets in the
intersecting system can observed in severml places on the cliff faces
about the {sland, and in some cases the topography of the surfuce
can be fnterpreted as being Msr struetursl control, but no features
conclusively due to faulting ocour on the main uplend. An interest-
ing set of features surrounds the two high points of the island: the



west flank of the northemn eminence and the east flank of the south-
ern hill are in a],;;zmnnt with the sirike of two observed fault
planes, one on the morth cliff and the other in a smaell bight near
the southern #ip of the ieland. Both rfault planes agree as to at-
titude and emlosiag rocks, and the entire set of features are in
sympathy with the N 10° W 20% of faults. If these features repre-
sent the reflectlon of faulting, and I believe they do, then the ia~
lasd is mede up of two distinet blocke which have had 8 rotary move-
ment in relation with one another, with the point of rotation locate
ed pear the midpoint of the island or perhaps a bit north of thse mide
point. At any rate the action would be séeh thal the esstern bloek
was relatively depressed on the south and eleowated on the north while
the western block was relatively tilted down on the north and raised
o;z the soutk, 1n comsequence of which movement the two hille separ-
ated by a saddle are found as promineat tepographic features. This
rotational fault is displaced by or displaces at least two frectures
of the mst—msﬁ set, observeble only on ¢liff faces and by slight
eteepening of the genmeral upland slopes. It would be difficult to
prove the rotary movement of the mid-island fault, for where the fault
plane can be observed the enclosing rocks are the eollipsoidsl basalt
which defies zoning fto any accurate degree, especlally in the area
of ineceessible declevities. IHowever, as in the cease of other faults
of the island the movement has not been great, but is part of the
gonersl fracturing britile rocks under pressure.

With the fault zysteme at sbout 45° to the general strike of the
honoelinal beds, and with the group charaster of the two sets, to-
gether with the cumulative displaceament rather than a large single
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Fig. 45, Lools:ng Nexrth 500 faet south ef Hill 547. cmnpura-
tively gentle slope to the east with bedded marine Pleise
tocene or vecent meterial overlying basalt.

Fig. 46 Looking north from the same position as Fig. 45,
showing abrupt eliff of the west side of the island
a2ll in ellipsoidal basalt,



displacemént, 1t seems rether %o point to freeturing being due to the
same forses csusing the general tilting either at the seme time or
closely followiag. It would be impozsible %o accurately date the
time of feulting or tilting eloser than to say that both phenomena
took placs after middle iocene and befare Pleistocene, for the ag-
curately dated foramimifera zone ia fauited, while the Fleistocene

and later marine terracef deposits sre unfaulted.

FHY STOGHAFEY
General Ststeménts The hard brittle volesnie rocks which make

up Santa Barbara Island are not easily molded by weathering processes,
espeoially those due to the sea and weves, and &s a result the shore
i very uneven, with pmetisnlly no beaches, the roek surfaces which
form the shore line being cavernous and jagged. Not only are caves
and tunnels found at the present shore line, but like festures are
foumnd above &s remnant configurations slong previous shore lines.
There are roeky shosls sbout the island and stasks of volessnle rocks
add to the rugged but ploturescue scenery. Curiously, however, the
upland surface of the islamd is rounded and gentle, This ecndition
48 due to the mantle of marine sediments and the recent alluvium de~
rived from them, &8 well ue the less viclent weathering of the vologne
ie material, After one climbs about 150 feet up the steep eliff of
the east side and then plods up the more gentle slops toward the 547
bill he i» astoniched at the abruptness with which the almost vertical
wall slong the west of the islamd is encountered. There is no warning
of & change of slope untlil the edge is practically resched and the

sheay drop of 500 feet is viewed. The same feeling is experienced
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Pig. 47 Looking north along west side to the northwest
§ peninsule, showing remnsunts of #be 25 foot, ¥ foot,
150 foot, and 300 foot marine Serraces.

Pig. 48 Looking esst along the sorth side of the island,
showing the northeasserly dip. The dark bed is agglome
erate, overlying the roraminifera sone,



$0 a lesser degree along the north side of the 1sland.

Jtrean sction has been slight =nd only on the sast side is
there a few straight coursed, steep-sided, Veshaped gullies which
have cut baek but a few hundred feet. Tlsewhere around the island
the rim appears %o de practically void of established ehannels, sl=-
though steep freshet courses can be zeen on the eliffs end occasion=-
al undecided shallow water paths exist in the flatter portioms.

Harine Terraces: lMarine terraces are present in fractions of
their original .extgnt. four stages of eliff c¢utting are present a=-
bove the present on\o et elevations of 300 feet, 150 fest, 75 feet,
and 25 feet above sea level. As brought ocut previously s mantle of
marine meterial covers the island, and the positien of the ecovering
which overlies the debris at the base of the 300 foot eliff indicates
complete submergsmnce after a prior island stage. The oseillatory or
unstable condition 12 to be expesied in a losality of crustal sdjust-
ment.

The 300 'root eliff base is atrikingly seen in two looantions, on-
ly one of which is accesasible for exemination, but the other can be
soanned with & high degree of certainty with mid of rield glasses,

On the north eis,rr about 600 feet west of 517 hill) the debris at

the base of the aneient Z00 foot ¢liff ¢an be examined and the relaw
tionship between this fsaturs and the overlying sea flcor clearly ob-
sorved. Simllar conditions were observed on the face of the cliff
about 1000 feet north of 547 hill, and as the islandward limits of
the northwest terrace conform to an arcuate conneection between these

two points of observation the 00 foot marine terrace lins has been
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Figs 49 Detail of 25 foot marine terrace on the northwest
peninsula showlng aneient eliff base, in~fill, and plat-
fomm, as well as present day ¢liff cutting.

¥ig. 50 Looking west on north side of northwest peninsula
showing 25 foot marine terrace remnants. The black

spot imn the upper eenter portion of the pleture is a
sea cave of this period.

» .
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Fig. 30 The 300 foot cliff bdase and L‘l&n‘ﬁlt; of marine material
exposed on the north oliff of the island, This festure ia
deseribed in the last parepraph pf page 43 of the textk.

Mg. 52 Similer exposure sceon on the west eliff.

0y
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assumed here. It 1s apparent that after an emergence of something
over 250 feet w perioﬁ of rulescenee or slight submergence insugurated
eliff cutting and the formation of a broad marine platfom. Come
reemergence nust have taken plaee long encugh for the scoumulation
and induretion of the in~fill, for upon complete submergence & portion
of the in-£ill mé ratainad. The resubmergence must have been rapld
in oxder to prevent obliteration of all the debris and to preslude
camplete leveling of' the island mess. That entire submergence took
place 18 evidenced by the mantle of sedimenta m‘-hmx marine foxms
have been collected,' unfortunately fragnentary and indetercinste but
nevertheless definitely mmxine. The block rose partislly, no doubt
rapidly a% firet and then more alowly, for al an slevation of' about
375 feet a sseond reef-like marine flvor overlaps the first at an zngle
of fram 10 to 15 degrees. ' The extent of these sea floors eannot
be determlimed and they are best observed on the northwest susrter,
though the first certainly covers the highest points and can be seen
in place on the eastern slopes of tbe island,

A period of gulesecence and slight reculmergence oecurred when
the island had an elevation of samething over 400 fee®, for the next
eliff base and the acconpanying in-fill is clearly seen at the pre-
sent elevetion of about 150 fest. Hemmanis or thie feature ars %o
be seen on the neorihwest corner just northwest of 216 hill, on a
promontory S00 feet ssat of this point on the morth side of the is-
land, and on the noriheast tip of the island. There is also vague
indications of the 150 foot ¢liff base along the north half of the
east side, but only & mnall amount of in-fill remains.

Furthar emergence then occurred until theuisland had an elevation

of something over 475 feet, but this is not definitely shown for the
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eliff now at an elevation of 75 feet is vaguely apparent in only
one loeality on the northwest comer of the island.

The next emergence ceased when the island had an elevation of
something over H25 feet, for a ¢liff base and the accampanying in~
11l oecur at various places about the island &t a preseat elevation
of around 25 feet. This feature is observable on both the southwest
and the northeast sides of the northwest corner of the islend, snd
again over a distance of about 7000 reet slong th; south half of the
saast side of the islapd. On the norihwest corner is a sea cut cave
now about 20 fest ut:ova the level of the water,

There is a eanpieto lack of beaches and very little agcunulse
tion of dchris at the base of the present imposing cliffs, showing
“that oliff cutting 1 going on &% the present time. This condition
togethexr with the presence of stmeks and rocky shoals about the ise
land indicates that “anta Berbera Island iz experiencing a period of

cufescence or possibly some submerpgsnee.



