












































































































































































Greene, \Vhich covers a large part of the 
surface. It is found on all the other 
northern islands (Hoffmann found it on 
Anacapa) r but nowhere else in the world. 
.Mr. Robert Brooks tells me that it acts 
on the sheep as a loco-weed, and is 
aYoided by them.· This circumst.ance 
fa Yo rs the island snails, which cling to 
the branches of the Astragalus and would 
have difficulty ln existing without it. 
These snails, a form of H elminthoglypta 
ayrcsiana (described from Santa Cruz) 
are very abundant, and have long existed 
on the island, as sho,vn by their presence 
in the eoncretionary rock on the top of 
the island and in alluyjal deposits near 
the shore. these surely antedating the 
period of human occupation. The shells 
are about as large as the end of one's 
thnn1b, and are light bro>,Tn. 1vith a broad 
\Yhite band on \\'hich is a very dark, 
nearly black, band. The subfossil shells 
are bleached >vhite, but all sho>v traces 
of the dark band. I searched long, but. 
could find no othpr snails on the island ; 
I suppose that any s1nall for1nsi JiYing on 
the ground, \'.\Tonld soon be overwhelmed 
by the drifting sand. 

..:.\nother island endemic, >vhieh occurs 
on San Nicolas as "·ell as the northern 
islands, is the shrubby Malacothrix im
plicata of Miss Eastwood, regarded by re
cent >Yriters as a yariety of a mainland 
species. The white, daisy-like flo\vers are 
'·ery conspicuous on the cliffs by the 
shorei and I found then1 attractive to 
wild bees. 

The yello\v-flO'\vered Erygin1um insu
larr: of Greenf'. related to the garden wall 
flo,Yer, is Yery abundant. and note,vorthy 
for the spreading instead of erect pods. 
This "'as described as an endemic, but 
has lately been taken from the list, as it 
occurs in some quantity in one district 
on the n1ainland. I am inclined to sup
pose that it is a f!enuine island endemic. 
:ind has been introdnc·ec1 on the n1ainland 
in rrcent ti1nes. I can 
E'Yf'll imaginf' that the yello>,·spined 
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prickly pear, Opuntia littoralis, so char
acteristic of the islands, owes its presence 
on the mainland to introduction by man; 
but should this be true, there would be 
no possibility of proving it . 

The ice-plant, Mescmbryanthernum 
crystallinnm., is excessively abundant, 
and in case of need "·ill keep animals 
alive. in the absence of >Yater. But :1Ir. 
R0bert Brooks tells me that it acts as a 
purgative on the sheep, and is g-ene1·aliy 
avoided by them. 'I'his plant is generally 
supposed to have been introduced frorn 
..:.\frica. but Greene tliought it "·as native, 
and it 1nay be one of the group of strand 
plants, suc:h as certain Convolvulaceae, 
v.·hieh ha,·e been sprt>ad >Villely OYer the 
"'orld, p1·es111nably through the agency 
of birds. I do not knO\\. >vhetber the 

and Californian plants have 
been carefully ccnnpare<l in the living 
state; as herbarium n1aterial they are 
almost unrecognizable. 

There is n1uch grass on the island, in
cluding a tall and very robust form of 
rye grass. Elynius condcnsatus, gro'Y.·ing 
in the Yicinity of springs, mixed with 
the introduced beard g-rass, Polypogon 
monspeliensis. Among the specimens I 
brought back .:rirs. ..:\.gnes Chase, of 
'\\' ashington, recognized Di.sti.chlis den
tal a Rydberi!. a plant new to the islands, 
and not g:iyen by l\!unz in his Manual of 
Southern California Botany, although 
they have a specimen at "\'lashing-ton 
\Yhich \vas collected in Orange County. 

\\Te did not plan to collect Yerte
brates, but Bruce DaYis, one of the 
Scouts, found a specimen of the very 
interesting endemic salamander, Batra
choseps pacificus, by the spring at the 
landing plaee. It is a worm-like crea
ture, with short legs; our specimen is 
darker than the descriptions indicate. at 
least as preserved in alcohol. lifr. Davis 
said that it appearecl n1ore brightly 
colored 1\·hen alive.• "\\'"e al..;;o obtained 
a sprci1nE:"n of the r1Hlen1ic >vhite-footed. 
n1ouse. Pcron1yscug nianiculatus strea-
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RESEMBLING TB.CNKS OF TRF.ES, ON TOP OF SAN MIOr~;J, ISLAND. 

tori, which \\'as skinned by Mr. 11c
Gregor. This 'vas not considered im
portant at the time, but it proved to be 
of unusual interest. .l_\t the Santa Bar
bara :rtfuseum, Mr. E. Z. Rett showed n1e 
three mice from San 11iguel an<l a dozen 
from Santa Cruz, the latter belonging to 
the subspecies P. ni. santacruzae. The 
Santa Cruz mice, about half from near 
the beach and half from the central part 
cf tL;• island, all look alike, and are very 
dark. The tails vary from 77 to 92 mm 
long. The three San ]\.lignel 1nice are 
much paler and redder, and are srnaller, 
the tails 66 to 71 mm. But the 1nonse 
I brought back "'as considerably darker 
than Mr. Rett 's series, \Vi th a dark dorsal 
stripe, and the tail 78 min. On exa1nin
ing the skulls, Mr. Rett found that his 
three mice were all very immature, \vhile 
mine was adult. Thus it appears that 
the characters of the San Miguel race are 
more evident in the young mice than in 
the adults. , The pale color is what might 
be expected in a sandhill species. The 

tracks of the mice indicated their abun
dance on San Miguel, and Mrs. Lester 
told n1e that some time ago they were so 
nun1erous as to amount to a plague, and 
they had to destroy them around the 
ranch house. by traps and poison, to such 
an extent that they were buried in 
trenches. llearing this, I lamented the 

1 \Vaste of so rnan;.~ specimens of this 
enden1ic race, hardly represented in mu
seums. ''' e hopr to see a l!Oorl series 
secured for the Sa11ta Barbara :r.iuseum. 

The insects obtained will be reported 
on Iater. 4 Among the smaller insects, I 
expect to find few endemics, as they can 
be blown from the mainland by the 
strong prevailing winds. Collections 
made in the air by means of aeroplanes 
have demonstrated that many small in
sects are thus transported. Spiders, 
when young-. can travel on their g-osstimer 

"I have since worked up the bees. I find I 
colle<'ted sixtee-n spedes, of which seven are new 
species, and five others new races of mainland 
species. 



• threads. Many years ago, the well
kno\\'n zoologist Eisen C'ollected ten spe
cies of spiders on Santa l{osa, and these 
were ret•orded in l!J04 by I>r. N. ]~anks. 
Two of thf'1n v.·ere new spPcies and pern
liar to Santa Rosa. so far as the reeords 
then showed. Of butterflies, I found on 
San :rt.liguel only f\\'o sp(•cies, a f;yeaenid 
or ''blue,'' and a small ;vello'v skipper 
which I failed to catch. 'fhere are prob
ably others, but they can not be tH't!rly so 
numerous as ori Santa Catalina. \\'hC're 
27 species were taken by Dun :Jl<•ado\\·s. 
The few moths taken '\\'ere pair eolort><l, 
like t!1~ sandhill species of otht'r «onn
tries. A -kind of mealy-bug; perhaps 
ne\\·, was found -on Astraaalus 111ilju1'l
ensis. The females can not tty. and the> 
males fly feebly, but the young larvae ean 
be transported on the ff'et of birds. ''Te 
found cricket-like orthoptera. · entirely 
winµ-h'ss, of the genera 8tPno1H•ln1atus 
and Centhophilns, and these inay \Yell 
prove to be ende1nic. 
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~fr. :\!. E. ltodehaver very kindly took 
several of us o\·er to l'rineess Island, a 
small island, at the t'ntranl'e to the bay. 
It is commonly called l'rinee or l'rince's 
Island, and is so markPd on maps, but 
Iloffmann, in his herbarium, always wrote 
l'rincess. .:\Ir. I~rooks states that the 
name "·as due to a Jegend of an Iftdian 
''princess,'' "·hosr conduct \\'as not ap
proved of, and "·ho "'as transporh.>d to 
the island~ \\'here she 'vould soon have 
perished. J>rincess Island has been 
chiefly knO\\'n as the breedini:r place of 
innum('J'able sea birds. especially pelicans 
(Pelicanus californirus), tormorants and 
g-ulls. It is quitP steep, a1ul so covered 
\Vith ict>-plant that it is slippery and hard 
to clin1l~. Tl1t•1\• is a :.rood deal of prickly
pPars (Ujntnfia litforalis), but the eom
rnon ~\stragalus and Erysimum of the 
1nain island appt>ar to be rntirely ahsrnt. 
There are no s11ails, :o;o far as I could dis
eover. The boys foun<l Rhus, as already 
n1cntione<l. and on th~ top blackberry 

~~r:out f.:zpedition photo 
THE TOP OF HA~ MIGLEL ISLAND 

Vt"ITH SllU'TING SA!\'fl Dl.l'O•:s, LARGELY COVERED \VITH ASTRAGALl'S M!Gl"ELENSIS. 
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(Ruliu.~ ritifolius). "-hich had previously 
bern co11ected there by IIoffn1ann. r\ 
single bee ( .. Agaposteinon) \\·as found in 
a spidrr \; \Yeb. 

\\" r had no opportunity to make any 
~tndy nf the n1arine lnannnals. but seals 
(Phoc11. richardii ge.ronin1rnsis) \\·ere seen 
abnnt l")rineess Island. and many dead 
oJJles '>re re found on the shorf's of the n1ain 
i.-:.land. f'hot by thr fishrrmen. In addi
tion to the eo1nnHn1 sr:d. no Jess than fonr 
difffrt:nt 1narinr n1;in1n1cds (exf·luo;;;iye of 
Crrarea) liaYf' been fnuntl about the 

.i·dand-;. nainely. thr (;uad<-1l11pe fnr sral. 
tl11· nr,rtht'rn (•lepliant seal. the ~teller sca
;~1,11 ;~11.l ::·, Cnlifornia .'5ealion. Thr first 
11!" tl1e-.;t• lia-.: not bC'en sren for snB1e ye<1rs. 
~.fr. J). ]->. Hngrn• reports reniains of the 
(fu_;:.(L1lnpt' fnr sral and elf'phitnt seal in 
l11d:<111 n1illdens. The kitc·hen n1iddens 
<:Ji' tli•.' ntil'it:nt ln\lians are Yrry c·onspi1_'ll
r,u..; r•n Snn ~Iignel. eonsi~ting n1ainly of 
'.!n·at J:,-•aps of :-:hells of the Pclible tnns::;el 
r .\lytil11_ ... ; 1Yith nu1nrrons rrd abalonrs. 
1-tn;..:vr~ ( l :"J:2rl) rrcoµ-n izes three .,;;ncccssiye 
type.-: of abfJrig-inal inhabitants on thr 
n1<.inla11d of ;-;.cinta I3arbara County. 'l'he 
first r)r e4rli1'st. callrd the Oak (iroye 
I)r·,,1p'''· iJJf Pr rr1nains in great abnndancE\ 
(;11t r,f such fragm'-.'ntary nature and so 
in1bedded in a srini-fossil state in a 
str'Jn:'.! Ino.trix thc.t thrir rcC'(Jl;ery and 
rr,sturation arc extreincly diffic·ult. 'l'he 
sr·t(Jnd ;:!TOUp is called thr IInnting Peo
ple, 2nd the thircl the Canalina Peop]('. 
The latt('r are supposed to }ia\·e been in 
full prisSf'-"-"ion nf the entire rrg-ion as 
early as 1000 A. n., and thrse arc thr 
perJp!e found by .T. I\. ('ahrilJ(i ·wlien he 
di:"('()y(·red the islands in 1542. rrhe 
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n1atrix in \vhich the Oak Grove remains 
netur lnay possibly be contemporaneous 
1\·ith and similar to the dense deposit, 
eontaining snail shells, on the top of San 
.Jiiguel.5 On San J1iguel, it appears to 
be definitely older than any of the Indian 
remains, but this should be expected, as 
according to Rogers the first t1vo types of 
inhabitants never reached the islands. It 
\\"<lS the (~anaJina type. presumably com
ing fro1n the north, 1\·ho had boats, and 
colonize<l the is1and:-;. 
Th~ recorded birds of San )Iiguel ap

pear to nnmber only 41 kinds, as against 
149 from Santa Cruz. This may be partly 
due to the fact that Santa Cruz has been 
more freqnrntly visited by collectors, 
but in the main it is an expression of the 
eon1paratiYe povt>rty of the island. 1vith 
a eo1nparatiYely liinitrd fauna and flora. 
:>fr. Brooks states that the white-headed 
eagle:-; (llaliaetus leucocephalus) do at
tack t hf> sheep. but are not nearly so in
jurious as the ravf'ns (Corvus corax sinu
atu.'\). \\'hich prey on the young lambs as 
t lH'Y are born. ~.\. form of song-sparrow 
(JI rlo::;piza nielodia rnicronyx of Grin
nrll) is peculiar to San .Jfiguel. 

~,).fr. Rogers thinks that this is not the case. 
Jfe ngrl'C's with me that this deposit appears to 
br> older tlian the n1iddens on the island and 
must antl'datr> the coming of the Indians. 
Bremner, in hi<i "Geolog:· of San ~liguel 
Island'' (published by the Santa Barbara 
~fnsl'11m, 1933) has a >cry good figure of the 
deposit, marked ''Sand ceinentcd with calcium 
rarlionat(', prC'serving the forms of roots and 
stumps of \"Pgctation <lestro:·cd in the past een
tnry, '' but he givcg nO reasons for assigning 
sneh a Y('<'ent date. The shells in the middens 
han: not disi11tpgr:ited, and the calcium carbo
nate is probably deri\•etl from n1inutc fragments 
of shells in the sand. 
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INTRODUCTION 

The island of San l\Iigucl is the most 'vcsterly of a chain of four 
islands that form the south side of the Santa Barbara Channel. A 
distant view of these islands readily suggests that they form a geologic 
unit, and but little imagination is needed to visualize a continuous 
range in place of the four islands. In fact, if the land were evenly 
uplifted a little less than 200 feet the islands would be connected 
in one unit, but there would still be a strait 10 miles in width and 
over 700 feet deep between the eastern end of the group and the 
Santa Monica Mountains, of which they structurally form a part. 
The greatest depth, over 2100 feet (350 fathoms), of the Santa 
Barbara Channel lies midway between Santa Rosa Island and the 
mainland. 

The Santa Barbara Channel Islands have until recently, been neg
lected by geologists, probably because an early map showed them to 
be composed almost entirely of volcanic reeks. It was not until 1927 
that work by Kew' on Santa Rosa Island disclosed the important role 
played by sedimentary rocks in the stratigraphy of the islands. The 
early report on the Channel Islands by Yates' refers to Anacapa 
Island, and that of Goodyear' and Rand' concerned Santa Cruz Island. 
Ke,v6 described the geology of Santa Rosa Island, and Hertlein, 7 in a 
preliminary report deals 'vith the invertebrate paleontology of Santa 
Rosa and San Miguel islands. A recent paper by the writer3 described 
in detail the geology of Santa Cruz Island. 

The ,vriter ackno,vledgcs 'vith appreciation the assistance of nir. 
R. L. Brooks, the lessee of San Miguel Island; also the technical assist
ance of Mr. W. H. Corey in the determination of Miocene fossils, and 
of }Iessrs. H. L. Driver and W. H. Holman in the determination of 
foraminifera. Dr. W. S. W. Kew kindly reviewed the manuscript and 
prepared the plates of fossils. The aerial map of this island was fur
nished by the Continental Air Map Company, Los Angeles, California. 

1 Published by permission of G. C. Gester, Chief Geologist, Standard Oil Com
pany of California. 

~Kev.·, \V, S. Vil., A Geologic Sketch of Santa Rosa Island: Gcol. Soc. America 
Bull., ·vol. 38, pp. 645-654, Dec. 1927. 

3 Yatcs, L. G., Stray Notes on the Geology of the Channel Islands: Calif. State 
M.in. Bur., 9th An. Rept., pp. 171-174, 1890. 

4 Goodyear, V\T. A., idem. pp. 139-170, 1890. 
6 Rand, V•l. Vl., Preliminary Report on the Geology of Santa Cru;r; Island, Santa 

Barbara County, California: Rcpt. State Miner., California State 1'Iin. Bur., Vol. 
27, pp. 214-219, April 1931. 

6 Kew, \\'. S. Vl., op. cit. 
7 Hertlein, L. G., Preliminary Report on the Paleontology of the Channel Islands: 

Jour. Paleon., Vol. 2, No. 2, pp. 142·157, June 1928. 
8 Bremner, C. St. J., Geology of Santa Cruz Island: Santa Barbara Mus. Nat. 

Hist., Occas. Papers No. 1, 1932. 
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LOCATI0:-1 AND TOPOGRAPHY 

San Miguel Island is the most westerly of the Santa Barbara Chan
nel Islands. It lies about 25 miles south of Point Concepcion and is 
separated from the most westerly point of Santa Rosa Island by a 
strait three and one-half miles \vide \vhich has a maximum depth of a 
little more than 100 feet (17 fathoms). The island is roughly triangu
lar in shape, measures about eight miles long and averages about t\vO 

miles \vide, though the maximum vv·idth is four 1niles. The area is 
about 14,000 acres. 

J.<'ig. 1. 1'.Iap showing the location of the Santa Barbara Channel Islands. 

The topography of San Miguel is quite low in contrast to the high 
rugged peaks and ridges of the other islands of the group and, there
fore, it can rarely be seen from the mainland except on a very clear 
day. Most of the surface of the island is a wave-cut terrace from 400 
to 500 feet in elevation, above \vhich rise t\vo rounded hills, one to 
850 feet and the other to 861 above sea level. A lower terrace 
from 20 to 100 feet in elevation borders the south coast, and narro\v 
scattered remnants of the same terrace can be seen on the northi.vest 
shore. The island has been eroded but little since the terraces i.vere 
cut. Ti.vo streams heading on the flanks of Green l\fountain and floi.v
ing northi.vard and southi.vard respectively, have cut deep narrow 
canyons in the sandstones that underlie the terrace deposits. Another 
steep narroi.v ean~von heads on the terrace near the ranch house and 
drains north\rard to Cu~rler lfarhor. "'\\7illO\V Can~von, i.vhich is in the 
southeast corner of the island and drains east.\vard, has cut but a 
narroi.y shal1o\v trcneh through the terrace sands and into the under
lying roeks. 'rhis strrnm is prPvrntcd from derprning its channel 
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i·apidly by the ridge of hard andesitc agg101nerate that it crosses 
near its mou1h. The embayrncnt of (Juylcr IIarbor has bl~en formed 
\Vhe1·e a fault offset the ha1·<l ridge of volcanic rocks that forms the 
northeast coast, and allO\YC<l the \YaYcs to attack 1he softer i·ocks 
behind. 

The islaud \Vhen first visited by Europeans, \Vas coYcrecl \Vith a 
dense gro\\'th of brush, such as s1nnac and manzanita. Cattle and 
sheep \Vere placed on the island about fifty years ago and aJlo\vcd to 
mu1tip1y \Yithout restriction, \vith the result that much of the Ycge
tation \\·as destroyed. rrhc strong prevailing \\·inds from the north\vest 
then .forrned dunes of drifting sand that no\v cover most of the sur
face. rrhe dJ'ifting sand is gradually filling up Cuyler Ilarbor to the 
extent that anchorage is impaired by the huge s\vells that break inside 
tho harbor during the \Vinte1· season. It seems Yer~v probable that this 
condition did not exist \vhcn Juan Rodriguez Cabrillo, on the first 
voyage of discovery into these \raters, \Yintered his boats there in 1542. 

STRATIGHAPHY 

'l'hc stratigraphic section of San l\Jiguel Island is composed of 
'l~ertiary rocks \\·ith the exception of the I>Ic,is1ocrne terrace deposits. 
}fore than 10,000 f'<.~Pt. ol' Eo(•ene Jnarine sedi1nents arc represented, 
1500 feet ol' :J.Iioccne 1nari11e sedi1ncnts and over 2300 feet of l\Iiocene 
volcanic rocks. Thr ::\lio<'('llC rocks arc confined to the eastern part of 
tho island and the Eorl'ne to the \restc111 part. 

}~Ol'EXE SERIES (TTxnrFFEHEX'J'JATED) 

The old('s1 roeks on the island :-ire those referred to the I~occno 
series and ('l'Op out continuously along the shore from Crook I>oint on 
the south coast, \VCSt\\·ard to Point. J3ennett and thence east\vard on 
the northeast coast ahnost to IIarris J>oint. rrhc~· arc also seen on the 
surfaee at G-rcen ::\Ionntaiu and in a fa11ltrd block on tho shore of 
Cuyler Harhor. 

The section is con1posed essentially of massive ma1·i11e sandstones 
\vhil"h alternate \rith zonPs of thin-bedded san<lstonrs and mndstoncs. 
Some thin beds o_f fine conglomel'ate and one thi<'k massi,·c bed of 
('Oarsr- conglon1eratr occur "·itli the sandstones. The sandstones arc 
either thirk-brddcd or massi\"{']~~ developed, Yal'~' in grain fro1n 
1ncdinm ·to ('Oarse and eYen assun1P the ehal'artcr of grits, \vhich in 
places arr fin(•l,,· ronglo1nrratic. I.iarg'r sphr1·ica1 ron('l'l'tions \Yca1h('l' 
out of the sandstones exposed 011 the south roast. Thr rolor of the 
sandstonrs is light to <lark gray, \rcathcring to buff. Sandstones com
prise about 60 prr crnt of the rntire ]~ocene strata and occur mostly 
at the bottom and top of the sretion. ' 
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'l'ho middle part of tho section consists mainly of fine-grained, thin
bcddcd sandstones and mudstones, but thin bods of mudstoncs arc 
also intercalated \Vit.h the massiYo sandstones. 'l'ho 1nudstoncs arc 

Part of San 1Iiguel Island viewed fro1n Cuyler lfarbor1 showing the terraced sur
face of the island and the steeply-dipping Eocene strata on the shore. 

1Iassi,·c Eocene sandstonrs at Point Be11nctt1 the oldest bccls expo,;cd on the 
island. 

dark gray in color an<l occur usually as laminae about one-half inch 
thick. They alternate \Vith very fine, light-gray sandstono1 giYing the 
section a distinct banded appearance. In other places \Vhcrc the sand
stone 1a1ninae arc absent, the 1nudstoncs arc uniformlr dark an<l 
maSSlYC. 
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The conglomerates in the Jo,ver part of the sect.ion occur .in thin 
beds or lenses and, in gC'ncral, the pebbles arc small, about one-half 
inch in cJ-iamctcr, an<l are \\'C\l-ronnded and polished. rl'hcy arc COill

posed of hard clark-colorC'd aphanitic rocks such as chert an<l chalced
ony together \vith son1e light-colored quartz and quartzite. On the 
north,vest shore of the island there is a bed of very coarse massive 
conglomerate that, due to faulting, is repeated in the exposed section 
three times. This bed is from 200 to 220 feet in thickness and is com
posed of rounded and polished boulders varying in diameter from 
three inches up to one foot. These boulders consist of diorite and other 
granitic types, red and gray fclsitc porphyry, and quartz. The lithology 
of this conglomerate is similar to the ma!-lsive conglomerate that occurs 
in the Do1ncngine formation (upper Eocene) of Santa Cruz Island. 

If these two conglomerates can be correlated, then the 2200 feet of 
thin-bedded sandstones and mudstones nnder the conglomerate on 
San )Jiguel Tsland \vould correspond \Vith the Domengine lo\ver shale 
member and lo,ver sandstone member of Santa Cruz Island, and the 
massive sandstone belo\v the mudstoncs of San ll:Iiguel \vould corre
spond to the ~lartinez formation of Santa Cruz. The foraminifera in 
samples collected from the mudstones bclo'v the conglomerate on the 
north\vest coast of San 1fignel and from approximately the same hori
zon on the south coast, have affinities, according to II. L. Driver and 
,V. II. Ilolman, \\'ith the foraminifcral faunas of the Domengine lo,ver 
shale member of Santa Cruz Island. 

The uppermost part of the J~ocenc section occurs in a block 
between two faults and is exposed on the shore of Cuyler Harbor. 
About 880 feet of strata are exposed which consist of flne thin-bedded 
sandstones, gray sandy shale and light-gray clay shale that breaks 
\vith a conchoidal fracture, and thick sandstone beds separated by very 
thin grayish bands of punky shale. The shale beds in these strata con
tain an abundance of foraminifera .. A. thin bed of conglomerate in 
thick-bedded sandstone occurs bet,veen the t\vO shale zones and con
tains fincl;<t' comminuted fragments of oyster shells and other mo1luscs, 
but no other megascopic fossils \Vere found. The foraminifera in the 
shale beds arc similar to those in the upper shale member of the 
Domenginc of Santa Cruz Island. 

The entire }~ocene section sho,vs a striking paucity of moJluscan 
fossils. J\ fragment of Solen found in sandstone opposite Castle Rock, 
and the comminuted shells in the conglomerate on the shore of Cuyler 
Ilarbor, arc the only I~occn<' mollns('s notc<l. :B1 oraminifera arc present 
in most of the ari:dllaceous beds though not abundant, and the arcna
rcous forms predominate over the ca1C'arcons typrs. 

The follo\ving is thP stratigraphic scetion of Eocenr rocks exposed 
on San ::\:figuel Island: 
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S>:c·r10N AT EAs·r Eom o>· CUYLER HARBOR 
(fault) Feet 

fl'ine thin-bedded sandstone ...........•.....•.........•.......... 410 
Sandy shale . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 110 
Thick-bedded mcdiu1n-grained sandstone with thin bed of fine con-

glomerate containing co1nminuted shells........................ 80 
Light-gray shale . . . . . . . . . . . . . . . . . 110 
Thick-bedded sandstone with thin beds of graJJish punky shalt ...... 170 

(fault) ... ......................... Sub-total 

SECTJON ALOKG NOR'l'H\.VEST COAST 

(fault) 
Thick sandstones with lenses of conglo-mcratc at bottom ............ 690 
Not exposed (thin sandstones and mudstones?) .....•..•........•.. 700 
Massive coarse sandstones and grits, finely conglo1ncratic, with a few 

six-inch beds of mudstone .................................... 320 
Fine thin-bedded sandstones and mudstones . ....................... 240 
Thick sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IO 
Thin gray .~andstone and mudstonc . .............................. 2.50 
Very massive coarse conglom·erate with polished boulders of diorite 

and felsite porphyry ... , ... , ................................. 430 
Massive sandstone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
}lot expo.~ed (thin-bedded sandstone and mudstone?) .............. 310 
Thick sandstone and thin mudstone. . . . ........... 120 
Thin-bedded sandstone and mu(lstonc ............................. 230 
Lam:inated mud.~tone ..... ,, .. ,, ........................ ........ . 
Lami·nated .~andstone and mudstonc ............................. . 
Massive concretionary sandstone. 
J'hin·bcd(led sandstone and mudstonc. 

350 
530 

70 
110 

M assi-ve sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 530 
Thin-bedded sandstone and mudstonc......... . . . . . . . . . . . . . 520 
]l.fassive sandstone with fine conglomerate at bottom ................ 360 
Thin-bedded sandstone .......................................... 350 
Massive sandstone . ............................................. 350 
Not exposed ................................................... 570 
Coarse sandstone and conglomerate................. 100 
J..T ot exposed ................................................... 640 
Thick sandstone with thin bands of mudstonc. . . . . . . . . . . . . . . . . . . . . 410 
Massive sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 710 

(Base not exposed). . ........................ . 

880 

Bub-total 8,920 

Total 9,800 

lvlIOCENE SRRIES 

VAQUEROS FORMATION (LOWER :MIOCENE) 

The oldest sediments of the :Miocene series belong to the Vaqueros 
formation, and form a continuouR Rcquence 'vith the overlying Tem
blor formation, from whjch it is separated on1y on pa1eonto1ogic evi
dence. 
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~rhe Vaqueros formation rests upon the underlying Eocene rocks 
'vith a slight angular unconformity. This unconformity is exposed 
for a distance of 200 yards in the short canyons that cut the upper 
bluff opposite Crook Point on the south coast. The actual contact 
sho\VS a gentle undulating surface of erosion il1 the massive Eocene 
sandstones upon \vhich the fine, silty conglomerate of the Vaqueros 
was deposited. The discordance in dip is very little, probably under 
five degrees at this point, but the trace of the contact perceptibly 
crosses the strike of the older rocks. Over 800 feet of the uppermost 
Eocene strata that are exposed at Cuyler Harbor have been apparently 
overlapped, as they do not appear on the south coast. 

The Vaqueros formation measures 600 feet in thickness and con
sists of interbedded thin-bedded fine conglomerates, sandstones, and 
shale. The conglomerates are composed of small pebbles of quartz, 
hard, dark-colored chert and other aphanitic rocks, well-rounded, pol
ished, and not exceeding one-half inch in diameter. The beds range 
from a fe\v inches up to four feet in thickness and in places are 
fossiliferous. The sandstones arc medium to fine-grained, \veather 
bro\vnish in color, and in places arc calcareous or contain very thin 
limestone partings. The calcareous beds arc also fossiliferous. The 
shales are sandy or silty, \veathcr olive-gray, and are interbedded \Vith 
tho sandstones. 

The following section is exposed in the upper part of ,(Jic canyon 
that empties at Crook Point and represents the lowermost beds of 
the Vaqueros formation: 

Feet 
Sandy shale with thin calcareons beds earrying Spond.11lus perrini and Pectcn 

niiguelcnsis ....... , .................. , , . . . . . . . 40 
1f crliu1n-grained brown sandstone. 20 
Pine conglomerate with well-rounderl pebbles. 4 
Sandy shale calcareous in places, C'arrying Scutella fairbanksi cf . .>:antanensis, ::l5 
Fine muddy sandstone, conglomcratic at base. 25 

unconfonnity 

).Jassivc sandstone and thin n1udstonc, Eocene. 

Total 124 

Fossils from beds referred to the Vaqueros formation. (See map 
I'l. 2 for localities.) 

7 8 9 12 14 15 
F.chinoidC'a 

Scutella fairbanksi ef. santancnsis Kew ........... x x x 
Seutella cf. vaqncroscnsis Ke'". x 

Pdccypoda 
Pertcn miguclensis Arnold s.s.. . ... x 
Pecten miguclensis (Arnold) submignelensis Loel & 

Corey ........... . 
' 
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7 s 9 12 H }.) 

Spisula catilliformis (Pack). x 
Spondylus pcrrini V\'icdcy. x 

Ti vela 1 cf. inezana Conrad. x 

Gastropoda 

:Katica cf. rcclnsiana J)cshaycs. x 

Rapana vaqucrosensis ~A..rnold ........ x 

R·apana vaqueroscnsis i1npcrialis (IIcrt!C'in & Jordan) x 
Turritella inc;:ana Conrad s.s ........ x x 

Turritella ten1blorcnsis \Vicdey .. x 
Turritella tritschi Hertlein ....... x 

Bryozoa 

sp. ~ .......... x 

Arthropoda 

Balanus sp. . . . . . x 

The forms Scntella fairbnnksi cf. santanensis Ke,v, Scutella 
i:aquerosensis Ke\v, and 'l'urritella. inezana Conrad are diagnostic for 
the \r aqueros formation, but Peet en niiguelensis Arnold, Ilapana 
vaquerosensis Arnold, and 'l'urritella · tritschi Hertlein are also found 
in \vhat Corey regards as a transition zone bet\veen the \T aqueros and 
the true 'l'emblor faunas. 

TB1IBLOlt 1"0Hl\IATION (l\IIDDLE l\llOCEXE) 

The rocks comprising the Temblor formation may be divided into 
three parts, (1) a lower member of marine elastics, (2) a middle mem
ber of volcanics

1 
and (3) an upper member of marine elastics contain

ing tuff. 

Fossils from beds referred to the Temblor formntion. (See map 
Pl. 2 for localities.) 

l'clecypoda 
Arca n. sp.?. . ....... . 
Ostrca vcspcrtina Conrad ... . 
Ostrca sp .... 
PeC'tCn cf. andcrsoni Arnold. 
Pectcn crassicardo Connul. 
Pcctcn 1niguelcnsis Arnold s.s .. 

Gastropoda 

/,ou:cr MPmber 

6 1:~ 

x 
x 

x 

x 

x 

Tnrritclla ocoyana Conrad. x x 
Turritclla ocoyana (Conrad) bOsC'i (Hertlein & 

Jordan) x x 
Arthropoda 

Balanus sp. x 

Upper .llem-bcr 

4 16 17 

x 

x x x 
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'fhe sandstone bed underlying the oyster beds that contain 'l_'tlrri

tell(l. ocoyana. Conrad \\·as arbitrarily chosen for the <liYision bct\veen 
the \Taqueros and Te1nblor formations, although this be<l might be in 
the \Taqueros-'remblor transition zone and not true 'l'emblor. The 
upper member \vhich contains I)ectcn crassicardo Conrad and Pccten 
andcrsoni Arnold is probably true 1'emblor. 

Lou·er 1neniber.-rrhe lo\ver member of the 'l'emblor formation rep
resents a continuation of the \T aqucros sedimentation under the same 
conditions, and the lithology is, therefore, essentially the same. 'l'he 
beds arc exposed on the south coast cast of (;rook Point~ and in the 
bluff bct,vecn the lo\ver and upper tcr1·accs. 'l'hcy consist of thin fine 
ronglomerates, calcareous sandstones, and oliYe-gray shales. 'rhe 1nem
her is about 2.00 feet thick and like the \Taqueros, is fossiliferous. 

J".'\TO)ll'LETE SECTIO".'\ OF Lo"-ER 11E?IIBER ExPOSED J\1.oxo SouTrr 
COAST l~A~'l' OF CHOOK l)OIX'l' 

Platy tnffaC'cons shale (in basalt niemh('r) ... 
Bed coinposcd 111ainly of Ostrca 'fCSpcdina- .. 

Sandstone 'vith calcareous 11odnlC's ..... 

HrO\\"ll silty sa1Hl .. 
< 'akan'ous sa1Hlsto11c ·with 1'11rritclla ocv.11011a .. . 
~alldy clay with abnndanee of Ostrca. t·cspcrlina .. . 

Sandy (']ay with r·a1c::i.r0011s noch11es. 

OliYc-gray silty shale. 

Oyster lied. 
Ilard hrO'Wll ('akarcons sa11dstonc \\"ith c·akareou~ fncoids .. 

Feet 
200 ( ') 

2 
li) 
};) 

2 
10 

4 
2 
2 

20 

J~asalt n1e111ber.-The basalt nH'tnber co1nprises a series ol YOlcanic 
and elastic rocks, 1580 feet in thicknc8s, that oYcrlics thn ]o\vcr mem
ber of the 'J'e1nblor formation. It is apparently con.forn1able \Vith the 
\o\ver mc1nber but at one locality it seems to OYerlap tlH' \Taqucros 
forrnation. The relationships at this point, ho\veycr, are not clear. 
'l'his oYerla p nriµ:ht be due to a slight unconfor1nity bct\reen the basalt 
member a11cl the hnrer memhcr of the 'remblor. This possibility is 
supported h~- 1Iertlein 1s9 cliscovt'l'Y of a "·orn fragm('llt of 1

1
11rrifella 

inczann in eon1:domcrate intrrbecl<lrd in the andesitir series that. OYer-
1 ies t11e ::.\Ionterc~· shale. 

'fhc basalt me1nher eo11sists of an alternation of dark-bro\vn silt8, 
hasaltir: ash and tuff~ \Yith thin flo\Ys of basalt in the upper part. 'fhe 
hrO\\"ll silts \Vere rvidentl~· cleriYed from the C'outemporancous erosion 
of thr Yole::inic material. The rt'lation of the hasa]t. \Yith the associated 
hro\rn silts strongl~· suggests that 1nueh of the basaltic material \Yas 

eithrr extruded under the sea in sliallcn\· \Ya1er, or \Vere fto,rs extend
ing from the Janel into the sea. These heels arc exposPd on the beaeh, 

0 \'('rbal connnnnication. 
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in the upper bluff in the southeast corner of the island, and also near 
Cuyler Harbor '\Yherc they ar·e faulted against the Eocene rocks. 

Upper ineniber.-T'hc upper member of the 1.'cmblor formation con~ 
sists of tuffaccous conglomerates and sandstones \vith much fragment.al 
volcanic material. These beds are conformable and gTadational with 
the underlying basaltic member. The fragrncntal volcanic material, 
ho\vever, is 1nore acidic than the basalt. The heels are exposed only in 
\Villo\v Canyon and its tributaries. This member measures 500 feet in 
thickness but it is probable that the complete section is not exposed 
due to faulting. 

l-i1ossils \Vere found at three localities \Vith Pecten crassicardo 
Conrad t.he most connnon, and Pecten andersoni Arnold occurring at 
one locality. rrhe me1nhcr \Vas referred to the 'I1cmblor forn1ation Oll 

the occurrence of Peet-en andersoni. 

1IONTEREY FOR1IA'l'TON (t:PPEH l\IIOCEXE) 

Shale nieniber.-The 1lonterey shale is the youngest 8edimcntary 
member of the J\iiocene that occurs on the island, and lies conformably 
upon the upper member of the Te1nhlor formation. It is exposed in 
\Villow Canyon in norrnal contact \Vith the tuffaccous conglomerate, 
and ah;;o on the south coast near Cardv,rell 1_>oint, faulted against the 
basalt. 

Tho hods consist of soft yellowish tuffaccous to punky thin-bedded 
shale, \vith so1ne fine soft sandstones in the ]o\\'Cr part. ].Jecten cf. 
peckha1ni Gabh \Vas found at. t\vo loealitics in \"\7 illo\V Canyon. The 
abundant foraminiferal fauna (loealitics 1, 2, and 5) \Vas referred by 
H. L. Driver and W. II. Holman to the }fontcrey (uppermost part of 
Va.lvulineria californica zone). The io:;hale exposure in \Villo\v Canyon 
lies in a narro\v syne1ine along a fault. ()nl:-r 200 lcet o.l beds are visi
ble \vhieh thickness undoubtedly represents onl:--· a part of the com
p lcto section. 

A_ndcsitc 1ne1nbcr.-/\ series of vol<'anic rocks 1hat. for1n bold cliffs 
on the northeast shore of thP island arc the :·oungest of the fifiocene 
rocks that arc found on the island. 1'hesc ronsist of very hard 
coarse reddish-colored audcsitic agglomera1rs i.vith grayish-:rcllo\v and 
gra.yish-i.vhitc andcsitcs and :fclsites. The:--· arc so rnassivc that their 
attitude is YCl'? difficult to deter1ni11c, hut in general the dip appears to 
be southi.vcst.\vardly to\vard the older formations ag,ainst \vhich they 
arc un·doubtedly faulted. 1,hc existence and location of the fault can~ 
not he determined aceura1c1? because the rontact of 1hc andosite \Vith 
all other rocks is rovercd by sand dunes. The exposed part of the 
andcsitic mernber is onl:--· 700 fret. thiek, hut the rornpleto section is 
probably muC'h greater. 
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'l'he sequence of the older l\Iiocene :formations is readily established 
by a completely exposed section, so that the stratigraphic position of 
the andesite above the l\Iontercy shale can be logically inferred. It is 
impossible to determine, ho1vever, if any other rocks lie bet1vccn them. 

A part of the upper Miocene section on Santa Rosa Island con
sists of a thin section of Monterey shale followed by a thick series of 
massive sandstones 1vhich in their upper part contain beds of tuff and 
andesitic agglomerate. ':tihese agglomerates appear to be the correla
tive of the andesitic series of San l\Iigucl. 1,he sandstone series 1vith 
the associated agglomerates on Santa R.osa, have been referred to the 
Santa l\Iargarita formation by Ke1v. 10 liloraminifera recently collected 
from a bed of shale intercalated 1vith the tnffs, 1vere determined by 
II. L. DriYcr to belong in the upper part of the }fontercy. The andesitic 
me.1nher of San l\Iiguel Island has, on this evidence, been included in 
the l\Ionterey, but it is log'ical to assume that it 1night include a part 
of the Santa l\Iargarita formation (upper ~Iiocene). 

QUATJ•:I{XAHY SF.RIES 

TEilRAC}~ DEPOSITS (PJ,ETSTOCEXE) 

Deposits of unconsolidated sand from 10 feet to 30 feet. in thick
ness cover the 1vavc-cut terraces that extend over 1nost of the area of 
the island. The sands on the upper terrace contain foraminifcra, 
shark teeth, \vhale hours, and comminutcd shells. 'rhesc beds might 
be in part the corrclat.iYe of the beds of coquina at the cast end of 
Santa Cruz Island 1vhich are referred to the San Pedro formation. 
Irregular patches of soft \vhite porous ea1ichc, derived from the leach
ing of the calcium carbonate of shell fragments, are found on the sur
faee of the terrace. 

SAXD DCXJ-:S (RI•;CE:-;T) 

Sand dnncs derived from the erosion of the terrace deposits ancl 
from the beaches on the nortlnvest shore, arc s\vcpt. across the island 
b:{ the strong prcYailing "·ind from the north1vest (sec Pl. 1). The 
1vind, blo1ving dov1n the heads of the stream courses at the top of the 
upper bluff on the south side of the island, for1ns veritable rivers of 
sand that flo\v do\vn the slope and across the lo,vcr tcrraC'e to the 
\Yater 's edge. 

The prcCxistant vegetation that 1vas killed and covered b? the 
dunes, apparent I:· 1rft holes that \vcrc fill0d hr sand ccrncntcd v;ith 
1ime, thus roughly prcsrrring the original forms. On re1n0Yal of thl' 
dunes by the 1rind1 curious \Yhite piprs nrr 10ft standing nhovc the 
surface. 

10 I<:ew, \V. S. \V.1 op. cit.. 
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lXTHCSl\'E ItOCKS 

Intrusive rocks are quite l'a1·e on the islaud. T\ro <likes of basalt 
not over 30 feet \ride, have intruded the Eocene rocks on the north-

\'ic;v southwestwar<l toward Crook Point, showing bcddc11 silts in the ).{iocenc 
basalt incmhcr, the lower ,,·ave-cut terrace, and the sand blown from the 

upper tcrrate down upon the lower tcrraec and ont to :-;('a. 

··.,.~; .. 

"'· ~~-· 

8an<1 r·cmcntcd with calci1nn carhonat<', JH'l'SC'rving the forn1s of roots and 1:;tn1nps 
of YCg('tation destroyed i11 the past ccntnry1 one n1ile north-

"·pst of 1·aneh honsc. 

\\·rs1 coast. 1\ sn1al1 on1crop of dark pcrlitc \\·ith abundant spherules, 
\\·hich oeenrs just br~lo\r 1he \.Taqueros contact on the south coast, also 
appears to be intrnsiYe. Castle l~ock, the sharp~pointed rock 145 feet 

high 1 hat lies one-half mile off the north\\'est coast, viC\\'ed through 
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binoculars, sho,vs the massive character and jointing more or less 
common to the fclsite intrusives, and appears to be a volcanic plug. 
The rock probably belongs to the same period of volcanic activity as 
the andesitic extrusives. 

STRA'l'IGRAPIUC COHHELATIO~ 01<' 'l'HE SA~'l'A BARBARA 

CHA)J.KEL Is1~A.KDS 

The correlation of the various stratigraphic units of the channel 
islands, based upon lithologic similarity and fauna, is relatively cer
tain for the 1\.lioccnc, but for the Eocene, only a more general correla-

Stratigraphic Correlation of the Sanfrt Barbara Channel Islands 

ANACAPA SAXT A cm:z SAXTA ROSA S1\N 1IIGUEL 

Pleistocene 
Terrace Terrace Terrace Terrace 

San Pedro? Son Pedro? 

Hhyolitic and Andesite and 
antlcsitic ash andesitic ag-
and agglomer- glomerate 
ate, thin sand-
stone with 
schist frag-
men ts 

1fassive sand-
stone 

Silicious shale Silicious shale Silicioi1s sha.le 
Miocene and sand.stone Tuffaceous 

conglomerate 
Andcsite 

Basalt Basalt Basaltic muds Basaltic ntuds 
and ash and ash 

Rhyolite 

Schist con-
glomeratc 

Tcmb7»r Temblor Temblor 

Vaqueros Vaqueros 

!Jomenginc Eocene Eocene 
Eocene (u1ulifferen- ( nndiffcren-

Jfnrfi,nez tiate(l) tiatcd) 
--~- ---
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tion can be made. The Eocene of Santa Cruz Island contains a diag
nostic fauna of both mollusca and foraminifera, but on Santa Rosa 
and San Miguel islands, only foraminifera were found in the strata 
below the Miocene. The shales and mudstones in the upper and middle 
part of the San :U.1iguel section contain foraminifera that arc similar 
to the faunas of the upper shale and lower shale members of the 
Domengine, respective, of Santa Cruz. This correlation is strengthened 
by the presence of a characteristic massive conglomerate in both sec
tions. Foraminifera obtained from the lower part of the shales in 
the Wreck Canyon section on Santa Rosa, show affinities with the 
fauna of the Domcngine upper shale member of Santa Cruz. The 
massive sandstones at South Point on Santa Rosa Island, called 
Chico (upper Cretaceous) by Kew, have the same characteristics as 
those at the west end of San J\iiguel. These sandstones are now known 
to be a part of the Domengine formation. 

Anacapa Island, although not visited by the 'vriter, is composed of 
dark massive rocks that dip northward about 20 degrees. These are 
identical in appearance with the basalts on the eastern end of Santa 
Cruz, and aro undoubtedly continuous \vith them. These rocks \Vere 
briefly described in a short paper by Yates" in 1890. 

STRUCTURE 

General featurcs.-The island of San J\iiguel marks approximately 
the eastern end of a l'augc of mountains that extends 'vcstcrly from the 
Santa Monica Mountains of the mainland. The Santa Barbara Channel 
Islands are characterized by a \vcstcrly trend of their structural lines, 
parallel with the Santa Ynez }fountains, in contrast with the north
\Vcstcrly structural trend of the mainland north of J>oint Concepcion. 
San l\.figucl, ho,vevcr, sho,vs a stronger influence of the north\vesterly 
trend in contrast with the other islands. 

The entire section of strata on San 1\-Iigue], from the \vest end to 
the northeast coast, strikes uniformly from N. 40° W. to N. 60° W., 
and dips homoclinally northeastward from 45 to 20 degrees, with the 
exception of the volcanic rocks on the northeast coast, \vhich, due to 
faulting, dip gently south\vest\vard. Ko folds occur other than the 
small syncline developed between two faults near the cast end of the 
island, in which lies the Monterey shale. 

Fau.lts.-Faults arc fairly numerous and fall mainly into two sys
tems tbat strike approximately N. 40° W. and N. 70° W. respectively. 
A few small faults near the west end of the island strike northeasterly. 
The t\vo largest faults \Vere named by the 'vritcr for convenience, t.he 
Cardwell fault and the Simonton fault. 

11 Yates, L. G., op. cit. 
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The Cardwell fault forms the southwestern contact of the andesitic 
series and the older sedimentary formations from Cardwell Point to 
Harris Point. 'l'he location as sho,vn on the geological map is approxi
mate, because the fault contact is evcry,vhere covered by sand. The 
existence of a fault at this place is the only logical explanation for 
the stratigraphic and structural relations that occur. 'l'he movement 
which dropped the andesite on the northeast side of the fault, must 
have been considerable, as some of the upper Temblor conglomerates 
and most of the Monterey shale have been cut out, as well as any 
additional thickness of the andesitie series that might be present 
beneath the exposed 700 feet. The minimum throw of the fault, there
fore, is 1400 feet. A11 offset in the Cardwell fault appears to have 
been responsible for the development of Cuyler Harbor. 

The Simonton fault branches from the Cardwell fault, passes south 
of Cuyler Harbor and extends into the sea at the 'vest end of Simon
ton Cove. 'l'he fault plane 'vhich is visible in the canyon on the road 
from the harbor to the ranch house, djps 80 degrees south, and the 
basaltic series is do,vnthro\vn on the south side of the fault against 
the upper Eocene strata. The minimum stratigraphic thro\V of the 
fault at this point is 1700 feet. The trace of this fault westward is 
hidden by the cO\·er of wind-blown sand, but its location on the north
west shore can be determined by the duplication of the beds in the 
section. The duplication or stratigraphic separation on the coast is 
2200 feet, which is equi,-alcnt to a throw of 3800 feet on the fault. 



EXl'L\\'.\TIO.\ OJ<' l'lnlTE 2 

TYPICAL 1''0SSJLS OP SAX )flGCEL -!8LA:\D 

FIG. l. a.~lrcu !,'i,SjlCtlilia (Conrad) Yar. focli (1lcrtlci11) Lor] a11d Corry. Hcfrrrcd 
to as Ostru1 ii.:cidcyi by JJrrtlPi11 in .JourH. Pnl., \~ol. ]I, Xo. :!, Jn1ic, 1928. 
Hpcl·im1•11 :\o. :\:2.1 (R.B.)f.::\.1-I. Coll. Pal. )loins('.) frmu hw. () ( Bremn('r) 
San .\ligupl !sla11d; low('r mPmlwr of 'l'('mblor formation. Altitndr of spcd
nicn 94 mm. 

l•
1

1G. 2. Scu/<:lla foirlH1nksi Aniold ef. sontancnsis l<l'w, Spct'irn('n Xo. 32.2 
(S.B . .\LX'.I-I. Coll. Pal. ::\1olnse.) fron1 loe. 7 ( BrcnnlC'r) San ::\figucl Island; 
·vaqncros fonnation. \Vidth of specimen :~1.3 nnn. 

FrG. 3. Ostrr:a 1·r:spcrli11n (Conrad) \·ar. locli (Flt~rtlcin) Loe! a1Hl Corey. Spcei
nw11 ::\o. :t!.:l (i-:;.J3 . .\l.X.ll. Coll. l'al. :\lolnse.) froin Joe. (j (Brmnncr) Sa11 

).fignrl rsla11l1; lower lllPlllhC'l' of 'l'mnhlor formation. Altitu!lc of sprein1cn 
85 llllll. 

}'JG. 4. Rapana ra11ucrosc11sis (An10ld) Yar. imp(_ria/i.<; (llcrtlcin ·am! Jordan) 
Loci and Con'."· Spceimc11 :\u. :l:Z.4 (S.B.::'o.I.::..~.II. Coll. Pal. ::'o.Ioluse.) fron1 loe. 7 
(Brcn1ncr) 8a11 ).figud lsla1Hl; Vaqueros fonnation. Altitu1!c of sprt·i1ncn 
74 llllll. 

FJG. ;). Ropana t'!UJ11cros1·11sis .An10ld. Speeinicn Xo. 3:2,;J (~.B.:\LX.11. Coll. Pal. 
]l'lolns<'.) from Joe. 7 (Bremner) Ban ).figud Jsland; \'aqnt'ros formation. 
Altitude of spcdrnrn :19 mrn. 
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EXPLAl\ATIO.\I OF PLATE 3 

TYPICAL FOSSILS OB' SAN 1IIGUEL ISLAND 

F1G. 1. I'cctcn ndguclcrisis Arnold s.s. Specimen :So. 32.6 (S.B.~f.X.H. Coll. Pal. 
Molusc.) fron1 loc. 16 (Breinncr) San 1Iiguel Island; npper n1ember of Tcn1blor 
formation. Altitude of specimen 120 mn1. 

F1G. 2. l'ectcn crassicardo Conrad. Specimen Ko. 32.7 (S.B.1LN.II. Coll. Pal. 
Molusc.) fro1n loc. 16 (Bremner) San 11Iigucl Island; upper mcn1ber Temblor 
fonnation. Altitude of spcci1nen 7;3 1nni. 

FIG. 3. Turritel/a incziana Conrad s.s. Spcciincn :Xo. 32.8 (S.B.l\LN.H. Coll. Pal. 
}Iolusc.) fro1n Joe. 9 (Bremner) San 1Iiguel Island; Vaqueros forn1ation. 

F1G. 4. T1trri.tella ocoyana Conrad s.s. Speciinen Xo. 32.9 (S.B.1:LN".H. Coll. Pal. 
)._(olnsc.) fron1 loc. G (Brcn1ncr) San 1figucl Island; lower 1nen1ber of Temblor 
formation. 

F1G. :3. 1'nrritclla tcmblorensis "\Veidey. Specimen Xo. 32.10 (S.B.ilI.X.H. Coll. 
Pal. ~folnsc.) fron1 loc. 8 (Bremner) San 1tignel Island; \T aqueros formation. 

FIG. 6. 1'1irritclla tritschi Hertlein. Specimen No. 32.11 (S.B.M.N.H. Coll. Pal. 
ilfolnsc.) from loc. 12 (Bremner) San 1Iiguel Island; ·vaqueros fonnation. 

FIG. 7. l'urritclla ocoyana. (Conrad) var. bOsei (Hertlein and Jordan) Loe1 and 
Corey. Specimen No. 32.12 (S.B.1I.N.H. Coll. Pal. Molusc,) from Joe. 13 
(Bremner) San 1-Iiguel Island; lower 1nember of Ten1blor formation. 
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