




































































































































































































































































CONCRETIONS

—&Scout Expedition photo

RESEMBLING TRUNKS OF TREES, ON TOP OF SAN MIGUEL 1SLAND,

tori, which was skinned by Mr. Me-
Gregor. This was not considered im-
portant at the time, but it proved to be
of unusual interest. At the Santa Bar-
bara Museum, Mr. E. Z Rett showed me
three mice from San Migruel and a dozen
from Santa Cruz, the latter belonging to
the subspecies P. m. santacruzae. The

Santa Cruz mice, about half from near i

the beach and half from the central part
of % island, all look alike, and are very
dark. The tails vary from 77 to 92 mm
long. The three San Miguel mice are
much paler and redder, and are smaller,
the tails 66 to 71 mm. Bnt the mouse
I brought back was considerably darker
than Mr. Rett’s series, with a dark dorsal
stripe, and the tail 78 mm. On examin-
ing the skulls, Mr. Rett found that his
three mice were all very immature, while
mine was adult. Thus it appears that
the charaeters 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 me that some time ago they were so
numerous as to amount to a plague, and
they had to destroy them around the
ranch house, by traps and poison, to sueh
an extent that they were buried in
trenches. Hearing this, I lamented the
waste of so many specimens of this
endemic race, hardly represented in mu-
seums. We hope to see a good series
secured for the Santa Barbara Museum.

The insects obtained will be reported
on later. Among the smaller inseets, 1
expect to find few endemies, 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 gossamer

+1 have sinee worked up the bees. T find X
collected sixteen species, of which seven are new
species, and five others new races of mainland
spectes.
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threads. Many years ago, the well-
known zoologist Eisen collected ten spe-
cies of spiders on Santa Rosa, and these
were recorded in 1904 by Dr, N. Banks.
Two of them were new speeies and pecu-
liar to Santa Bosa, so far as the records
then showed. Of butterflies, 1 found on
San Miguel only two speeies, a Lycaenid
or ‘“‘blue,”’ and a small yellow skipper
which I failed to eatech. There are prob-
ably others, but they ean not be nearly so
numerous as on Santa Catalina. where
27 species were taken by Don Meadows.
The few moths taken were pale colored,
like the sandhill species of other coun-
tries, A ‘kind of mealy-bug, perhaps
new, was found on Astragalus miguel-
ensts. The females ean not fly, and the
males fly feebly, but the young larvae can
be transported on the feet of birds. We
found ecricket-like orthoptera.” entirely
wingless, of the genera Stenopelmatus
and Ceuthophilus, and these may well
prove to be endemie.

-1

Mr. M. E. Rodehaver very kindly took
several of us over to Princess Island, a
small island at the entrance to the bay.
It is commonly called Prince or Prince’s
Island, and 1s so marked on maps, but
Hoffmann, in his herbarium, always wrote
Prineess. Mr. Brooks states that the
name was due to a legend of an Ifdian
“princess,”’ whose conduct was not ap-
proved of, and who was transported to
the island, where she would scon have
perished.  Princess Island has been
chiefly known as the breeding place of
innumerable sea birds, especially pelicans
(Pelicanus californicus), cormorants and
gulls. It is quite steep, and so covered
with ice-plant that it is slippery and hard
to elimb. There is a good deal of prickly-
pears (Opuntia Littoralisy, but the com-
mon Astragalus and Erysimum of the
main island appear to be entirely absent.
There are no snails, so far as I could dis-
cover. The boys found Rhus, as already
mentioned, and on the top blackberry

—xvout Ezpedition phote

THE TOP OF SAN MIGUEL ISLAND
WITH SHIFTING SAND DUNES, LARGELY COVERED WITH ASTRAGALUS MIGUELENSIS.




{Rubus vitifolius), which had previously
heen eollected there by Hoffmann. A
single bee {Agapostemon) was found in
a spider’s web.

We had no opportunity to make any
study of the marine memmals. but seals
(Phoea rickardil geronimensis) were seen
about Prineess Island, and many dead
anes were found on the shores of the main
iland. shot by the fishermen. In addi-
tion to the common seal, no less than four
different marine mammals {exelusive of
Cetacen) Dave been found about the
Jslands namely. the Guadalupe fur seal,
the nerthern elephant seal, the Steller sea-
s aned tne California sealion. The first
of tigse has not been seen for some vears.
Mro Do 13 Regers reports remains of the
Gruadalupe fur seal and elephant seal in
Indizn middens. The kitehen middens
of the ancient Indians are very conspicu-
ous on San Miguell econsisting mainly of
wreat heaps of shells of the edible mussel
rMvtilust. with numerons red abalones.
Hogers {1029 recognizes three successive
types of aborigingl inhabitants on the
mainjand of Ranta Barbara County. The
egrliest, called the Qak Grove
Perplel oifer remains in great abundanee,
tut of such fragmentary nature and <o
imbedded in a semi-fossil state in a
stronz matrix that their recovery and
restoration are extremely diffienlt.  The
second group is ealled the Ilunting Peo-
ple, and the third the Canalina People.
The latter are supposed to have been in
full possession of the entire recion as
early as 1000 A p., and these are the
people found by J. R. Cabrillo when he
dizeovered the islands in 1542, The

first or

matrix in which the Oak Grove remains
oceur may possibly be contemporaneous
with and similar to the dense deposit,
containing snail shells, on the top of San
Miguel® On San Miguel, it appears to
be definitely older than any of the Indian
remains, but this should be expected, as
aceording to Rogers the first two types of
inhabitants never reached the islands. It
was the Canalina type. presumably ecom-
ing from the north, who had boats, and
colonized the islands.

The recorded birds of San Miguel ap-
pear to number only 41 kinds, as against
149 from Santa Cruz. This may be partly
due to the faet that Santa Cruz has been
mare freguently visited by collectors,
but in the main it is an expression of the
comparative poverty of the island, with
a comparatively limited fauna and flora.
Mr. Brooks states that the white-headed
eagles (Haliaetus leucocephalus) do at-
tack the sheep. but are not nearly so in-
jurious as the ravens (Corvus coraz sinu-
atus). which prey on the young lambs as
they are born. A form of song-sparrow
{Uelospiza melodia micronyz of Grin-
nell) is peculiar to San Miguel.

> Mr. Rogers thinks that this is not the case.
e agrees with me that this deposit appears to
be older than the middens on the island and
must antedate the coming of the Indians.
Bremner, in his ‘‘Geology of San Miguel
Island’’ {published by the Santa Barbara
Museum, 1933) has a very good figure of the
deposit, marked ‘‘Sand cemented with calcinm
carbonate, preserviag the forms of roots and
stumips of vegetution destroyed in the past cen-
tury,’’ but he givea no reasons for assigning
sueh a recent date. The shells in the middens
have not disintegrated, and the calcium earbo-
nife is probably derived from minute fragments
of shells in the sand.
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INTRODUCTION

The island of San Miguel is the most westerly of a c¢hain of four
iglands that form the south side of the Santa Barbara Channel. A
distant view of these islands readily suegests 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 cvenly
uplifted a little less than 200 fect the islands would be connected
in one unit, but there would still be a §trait 10 miles in width and
over 700 feet deep betwecn 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 voleanie recks. 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.
Kew® deseribed the geclogy of Santa Rosa Island, and Hertlein,” in a
preliminary report deals with the invertebrate paleontology of Santa
Rosza and San Miguel islands. A recent paper by the writer® deseribed
in detail the geology of Santa Cruz Island.

The writer acknowledges with appreciation the assistance of Mr.
R. L. Brooks, the lessee of San Miguel Island ; alse the technical assist-
ance of Mr. W. H. Corey in the determination of Miocene fossils, and
of Messrs, H. L. Driver and W, H, Holman in the determination of
foraminifera. Dr. W. 8. W. Kew kindly reviewed the manuseript and
prepared the plates of fossils. The acrial map of this island was fur-
nished by the Continental Air Map Company, Lios Angeles, California.

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

TKew, W. 8, W., A Geologic Sketeh of Santa Rosa Island: Geol. Soe. America
Bull, Vol. 38, pp. 645-654, Dec. 1927.

3 Yates, L. G., Stray Notes on the Geology of the Channel Islands: Calif, State
Min. Bur., 0th An. Rept., pp. 171-174, 1890.

‘ Goodyear, W. A., idem. pp, 135-170, 1890.

S Rand, W. W., Preliminary Report on the Geology of Santa Cruz Island, Santa
Barbarg County, California: Rept. State Miner., California State Min, Bur,, Vol,
27, pp. 214-219, April 1931,

s Kew, W. 8. W,, op. eit.

* Hertlein, L. G., Preliminary Report on the Paleontology of the Channel Islands:
Jour, Paleon., Vol, 2, No. 2, pp. 148-157, June 1928,

3 Bremmner, C. 8t. J., Geology of Santa Cruz Island: Santa Barbara Mus, Nat.
Hist,, Oceas. Papers No. 1, 1932,
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LOCATION AND TOPOGRAPHY

San Miguel Island is the most westerly of the Santa Barbara Chan-
nel Islands. It lies about 25 miles south of Point Concepelon and is
separated from the most westerly point of Santa Rosa Island by a
strait three and one-half miles wide whieh has 2 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 two
miles wide, though the maximum width is four miles. The area is
ahout 14,000 acres.
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Fig. 1. Map 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 exeept on a very clear
day. Most of the surface of the island is a wave-eut terrace from 400
to 500 feet in elevation, above which rise two 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 narrow
scattered remnants of the same terrace ean be seen on the northwest
shore. The igland has been eroded but little sinee the terraces were
eut. Two streams heading on the flanks of Green Mountain and flow-
ing northward and southward respectively, have cut deep narrow
canyons in the sandstones that underlic the terrace deposits. Another
steep narrow eanyon heads on the terrace near the raneh house and
drains northward to Cuyler Tarhor. Willow Canvon, whieh is in the
southeast eorner of the island and drains castward, has eut but a
narrew shallow trench through the terrace sands and into the under-
lving rocks. This stream is prevented from deepening its channel
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rapidly by the ridge of hard andesite agglomerate that it crosses
near its mouth. The embayment of Cuyler ITarbor has heen formed
where a fault offset the hard ridge of voleanic rocks that forms the
northeast coast, and allowed the waves to attack the softer rocks
behind.

The island when first visited by Europeans, was covered with a
dense growth of brush, snch as sumae and manzanita. Cattle and
sheep were plaeed on the island about fifty vears ago and allowed to
multiply without restrietion, with the result that much of the vege-
tation was destroved. The strong prevailing winds from the northwest
then formed duncs of drifting sand that now cover most of the sur-
face. The drifting sand is gradually filling up Cuyler Harbor to the
extent that anchorage is impaired by the huge swells that break inside
the harbor during the winter season. It seems very probable that this
condition did not exist when Juan Rodriguez Cabrillo, on the first
voyage of diseovery into these waters, wintered his boats there in 1542,

STRATIGRATPHY

The stratigraphic scetion of San Miguel Island is composed of
Tertiary rocks with the exception of the Pleistoeene terrace deposits,
AMore than 10,000 feet of Tocene marine sediments are represented,
1500 feet of Miocene marine sediments and over 2300 feet of Miocene
voleanie roeks, The Mioeene rocks are confined to the eastern part of
the island and the Eoacene to the western part.

Bocexe Series ([TNDIFFERENTIATED)

The oldest rocks on the island are these referred to the Koeene
series and ¢rop out eontinuously along the shore from Crook PPoint on
the south coast, westward to Point Bennetl and thenee castward on
the northeast coast almost to ITarris PPoint, They ave also seen on the
surface al Green Mowuntain and in 2 faulted block on the shore of
Cuvler Harbor.

The seetion is composed essentially of massive marine sandstones
which alternate with zomes of thin-bedded sandstones and mndstones.
Some thin beds of fine conglomerate and one thiek massive bed of
coarse conglomerate oceur with the sandstones. The sandstones are
either thick-brdded or massively developed, vary in grain from
medium to coarse and cven assume the chavacter of grits, which in
places are finely conglomeratic. Laree spherieal concretions weather
ont of the sandstones exposed on the sonth coast. The eolor of the
sandstones is light to dark gray, weathering to buff. Sandstones eom-
prise about 60 per ecent of the entire Kocene strata and occur mostly
at the bottom and top of the section. ‘
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The middle part of the section consists mainly of fine-grained, thin-
bedded sandstones and mudstones, but thin beds of mudstones are
also intercalated with the massive sandstones. The mudstones are

Part of San Migucl Island viewed from Cuyler Iarbor, showing the terraced sur-
face of the island and the steeply-dipping Kocene strata on the shore.

\ Massive Koecene sandstones at Point Bennett, the oldest beds exposed on the
island,

dark gray in color and cecur usually as laminac about one-half inch
thiek. They alternate with very fine, light-gray sandstone, giving the
seetion a distinet banded appearance. Tn other places where the sand-
stone laminae arc absent, the mudstones arc uniformly dark and
massive,
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The conglomerates in the lower part of the section occur in thin
beds or lenses and, in gencral, the pebbles are small, about one-half
inch in diameter, and are well-rounded and polished. They are com-
posed of hard dark-colored aphanitic rocks such as chert and ehaleed-
ony together with some light-ecolored guartz and quartzite. On the
northwest shore of the island there is & 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 inehes up to one foot. These boulders consist of diorite and other
granitie types, red and gray felsite porphyry, and quartz. The lithology
of this conglomerate is similar to the massive conglomerate that oceurs
in the Domengine formation (upper Eoeene) of Santa Cruz Island.

If these two conglomerates ean be correlated, then the 2200 feet of
thin-bedded sandstones and mudstones under the eonglomerate on
San Miguel Tsland would eorrespond with the Domengine lower shale
member and lower sandstone member of Santa Cruz Island, and the
massive sandstone helow the mudstones of San Miguel would corre-
spond to the Martinez formation ¢f Santa Cruz. The foraminifera in
samples colleeted from the mudstones below the conglomerate on the
northwest coast of San Miguel and from approximately the same hori-
zon on the south coast, have affinities, aceording to H. L. Driver and
W. II. Holman, with the foraminiferal faunas of the Domengine lower
shale member of Santa Cruz Island.

The uppermost part of the Foeene section oceurs in a block
between two faults and is exposed on the shore of Cuyler Harbor.
About 880 feet of strata arc exposed which consist of fine thin-bedded
sandstones, gray sandy shale and light-gray clay shale that breaks
with 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 abundanee of foraminifera. A thin bed of eonglomerate in
thick-bedded sandstone oceurs between the two shale zones and con-
tains finely eomminuted fragments of oyster shells and other molluses,
but no other megaseopic fossils were found, The foraminifera in the
shale beds are similar to these in the upper shale member of the
Domengine of Santa Cruz Island,

The entire Hoeene section shows a striking paueity of molluscan
fossils. A fragment of Selen found in sandstone opposite Castle Roek,
and the eomminuted shells in the conglomerate on the shore of Cuyler
Harbor, are the only Eocene molluses noted. Foraminifera are present
in most of the areillaceous beds though not abundant, and the arena-
ceous Torms predominate over the ealeareons types.

The following is the stratigraphie seetion of Eocene rocks exposed
on San Micuel Island:
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Srcrion a1 EastT ExD o CUuvLErR HARBOR

{fault)} Feet
Fine thin-bedded SARASTONC. . ..o i in e in e st iiaae s sanerieaeans 410
Sandy shale . ... e e e, 110
Thick-bedded medium-grained sandstone with thin bed of fine con.
glomerate containing comminuted shells. ..., ..o o iiiiii,. 80
Light-gray shale ... .. e 110
Thick-bedded sandstone with thin beds of grayish punky shale. ... .. 170
(Fault) e Sub-total
SecTon ALoxG NORTHWEST (COAST
(fault)
Thick sandstones with lenses of conglomerate at bollom............ 690
Not exposed (thin sandstones and mudstones?). .. ... ... ... ..., 700
Massive eoarse sandstones and grits, finely conglomeratic, with a few
six-inch beds of MUASTONC. « v vrr e i i e i i i i aas 320
Fine thin-bedded sandstones and mudstones. ... ... .. ..o he, 240
Thick SandsStORe. . . ... e it s 10
Thin gray sandstone and mudstonc. ... ..ot iiii i, 250
Very massive coarse conglomerate with polished boulders of diorite
and felsite POTPRUTY . oo ittt e ai s 430
Massive SURASIONC. . ..o i e e e 20
Not cxposed (thin-bedded sandstone and mudstore?). ... ... ..... 310
Thick sandstone and thin mudstone. ... ... .. i rearenan 120
Thin-bedded sandstone and mudstone....... e, 230
Lominated mudstone. .. ooun e e nee et iiicianasenainesensn 350
Laminated sandstone and mudstone ... .o i i 530
Massive coneretionary Sardstone. .. ... .. i i i ia e 70
Thin-bedded sandstone and MUASIONC. ... . i i i i i e 110
Massive sandstone ... it aa e 530
Thin-bedded sandstone and mudstone. ... oo e i, 520
Massive sandstone with fine conglomerate af bottowm. ... oi s 360
Thin-bedded Sandstone . ... ettt itaarraracasasaas 350
Massive SANASIONE. .. . i e e e e 350
NOt €xPOSEd o oot e iiar e e 570
Coarse sondstone and conglomerale. ..o o 100
NGt exposed ..ot a i s 640
Thick sandstone with thin bands of mudstonc. ... ... vveeaan. 410
Muoassive sondstone. .. ..., ... e e e 710
(Base not expoSed}. ... .. . e e

Sub-total ...

Total ...
MIOCENE SERIES
VAQUEROS FORMATION {LOWER MIOCENE)

880

8,920

9,200

The eldest sediments of the Miocene series helong to the Vaqueros
formation, and form a continuous scguence with the overlying Tem-
blor formation, from which it is separated enly on paleontologic evi-

dence.
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The Vaqueros formation rests upon the underlying Eocene rocks
with a slight angular unconformity. This uneconformity is exvosed
for a distance of 200 yards in the short eanyons that eut the upper
bluff opposite Crock Point on the south eoast. The actual eontact
shows 2 gentle undulating surface of erosion in the massive Focene
sandstones upon which 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 eomposed of small pebbles of quartz,
hard, dark-colored chert and other aphanitic rocks, well-rounded, pol-
ished, and not cxceeding one-half inch in diameter. The beds range
from a few inches up to four feet in thickness and in places are
fossiliferous. The sandstones are medium to fine-grained, weather
brownish in eolor, and in places are caleareous or contain very thin
Bmestone partings. The calearcous beds are also fossiliferous. The
shales are sandy or silty, weather olive-gray, and are interbedded with
the sandstones, '

The following seetion is exposed in the upper part of .the canyon
that empties at” Crook Point and represents the lowermost beds of
the Vaqueros formation:

Feet

Sandy shale with thin caleareous beds carrying Spondylus perrini and Peeten
MEGUEIENSIE . 40
Medium-grained brown sandstone. .......... ... ... ... . 20
Tine conglomerate with well-rounded pebbles. .. .............. ... ... .. ... 4
Randy shale calearcous in places, carrying Seutello fairbanksi cf. santanensis. 35
Fine muddy sandstone, conglemeratic at base. .. .................. .. .. .. ... 25
Total 124

unconformity
Masgsive sandstone and thin mudstone, Eocene.

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

7 8 9
Echincidea ,
SBeutella fairbanksi ef. santanensis Kew. .. ... ..., X X
Sentella ef. vaquerosensis Kew, ... ... .........,.
Peleeypoda
Pecten miguelensis Arnold s ..o L. X

Pecten miguelensis (Arnold) submignelensis Loel &
COTey .o
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7 8 g 12 14 13
Spisula catilliformis (Pack). ... ... ...t X
Spondylus perrini Wiedey. ... iia X
Tivela? ef. inezana Conrad............. ... ...... x
Gastropoda
Natica cf. reclusiana Tdeshayes. ... ... ... ..., X
Rapana vagquerosensis Arnold ........ ... 0oLl X
Rapana vaquerosensis imperialis (Hertlein & Jordan) X
Tarritella inezana Conrad ss..... ... ..o, X X
Turritella temblorensis Wiedey................... x
Turritella tritsehi Hertleln. .. ..o oo ol X
Bryozoa
spd X
Arthiropoda
Balanus sp. oo e x

The forms Scufelle fairbankst of. santancensis Kew, Scutella
vaquerosensis Kew, and Turritella inezane Conrad are diagnostic for
the Vaqueros formation, but Pecten muiguelensis Arnoid, Rapana
vaquerosensis Arnold, and Turritelle tritschi Hertlein are also found
in what Corey regards as a transition zone between the Vagueros and
the true Temblor faunas.

TEMBLOR FORMATION (MIDDLE MIOCENE)

The rocks eomprising the Temblor formation may be divided into
three parts, (1) a lower member of marine clasties, (2) a middle mem-
ber of voleanies, and (3) an upper member of marine clastics contain-
ing tuft.

Fossils from beds referred to the Temblor formation. (See map
PL. 2 for locelities.)

Lower Member Upper Member
6 13 3 4 16 17
Pelecypoda
Arca mospll o e X X
Ostrea vespertina Conrad. ... .ol X
O8ETBR 8P o i x
Peeten ef. andersoni Arnold. ., ... ... . ... x
Pecten erassicardo Conrad. ... ... ......... X X X X
Pecten miguelensis Arnold ss.. ..o .., x
Gastropoda
Turritella oeoyana Conrad. ... . ... .. ..... X X
Turritella ocoyana (Conrad) bosei (Hertlein &
Jordan) ... X X
Arthropoda

Balanus sp. ..o e X
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The sandstone bed underlying the oyster beds that eontain Turri-
telle ocoyana Conrad was arbitrarily ehosen for the division hetween
the Vaqueros and Temblor formations, althongh this bed might be in
the Vaqueros-Temblor transition zone and not frue Temblor. The
upper member which eontains Peclen crassicardo Conrad and Pecten
andersont Arnold is probably true Temblor.

Lower member—The lower member of the Temblor formation rep-
resents & continuation of the Vagueroes sedimentation under the same
conditions, and the lithology is, therefore, essentially the same. The
beds are exposed on the south coast east of Crook Point, and in the
bluff between the lower and wpper terraces. They consist of thin fine
conglomerates, calearcous sandstones, and olive-gray shales. The mem-
ber is about 200 feet thick and like the Vaqueros, is fossiliferous.

TNCOMULETE Skertox oF Lowkr Membprr EXPosid ALOXNG Sourn
Cloast East or Croox PPorNe

Feet
Platy tuffzecons shale (in basalt member) ..o, 200(7)
Bed composed mainly of Ostiea vespeirling..oo.oooovi i 2
Sandstone with caleareous nodules. ... i 15
Brown silty SHRG. oo o oot e e e 15
(‘alearcons sandstone with Turritclla ocopant. ..o ae 2
Sandy ¢lay with abundance of Gslrea ESPOrtiRE. o e e s 10
Sandy elay with ealeareons noduwles. ... e e 4
Olive-gray silty shale. ... 2
OFSEET Dot . oot e 2
[Iard brown calearcous sandstone with ealeareous fueeids. . ......vvenens 20

Basalt member —The basalt member comprises a series of voleanie
and elastie rocks, 1580 feet in thiekness, that overlies the Jower mem-
her of the Temblor formation. It is apparently conformable with the
lower member but at one Joeality it scems to overlap the Vaqueros
formation. The relationships at this point, however, are not elear.
This overtap might be duc to a slight unconformity between the basalt
member and the lower member of the Temblor. This possibility is
supported by Hertlein’s® discovery of a worn fragment of Turrifella
inczane i conglomerate interbedded in the andesitie series that over-
lies the Monterey shale.

The basalt member eonsists of an altermation of dark-brown silts,
hasaltie ash and $uff, with thin flows of basalt in the upper part. The
brown silts were evidently derived from the contemporancous erosion
of the voleanic material. The relation of the basalt with the assoeiated
hrown silts strongly sugeests that mueh of the basaltie material was
cither extruded under the sea in shallow water, or were flows extend-
ing from the land into the sea. These heds are exposed on the beach,

9 Verbal eommunication,
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in the upper bluff in the southeast corner of the island, and also near
Cuyler Harbor where they are faulted against the Focene rocks.

Upper member.—The upper memher of the Temblor formation eon-
sists of tuffaceous conglomerates and sandstones with mueh fragmental
voleanie material. These beds are conformable and gradational with
the underlying basaltic member. The fragmental voleanic material,
however, is more acidie than the basalt. The beds are exposed only in
Willow Canyon and its tributarics. This member measures 500 feet in
thickness but it is probable that the complete seetion is not exposed
due to faulting.

Fossils were found at three localities with Peclen crassicardo
Conrad the most common, and Pecten andersoni Arnold oceurring at
one loeality. The member was referred to the Temblor formation on
the oceurrence of Pecten andersons.

MONTEREY FORMATION (UPPER MIOCENE)

Shale member—The Monterey shale is the youngest sedimentary
member of the Miocene that occurs on the island, and lics conformably
upon the upper member of the Temblor formation. It is exposed in
Willow Canyon in normal contact with the tuffaccous conglomerate,
and also on the south coast near Cardwell Point, faulted against the
basalt.

The beds consist of soft yellowish tuffaccous to punky thin-bedded
shale, with some fine soft sandstones in the lower part. Pecten cf.
peckhami Gabb was found at two loealitics in Willow Canyon. The
abundant foraminiferal fauna {localities 1, 2, and 5) was referred by
H. L. Driver and W, H. IIolman to the Monterey (uppermost part of
Valvulineria californica zone). The shale exposure in Willow Canyon
lies in a narrow syneline along a fault. Only 200 Teet of beds are visi-
ble which thickness undoubtedly represents only a part of the com-
plete seetion.

Andesite member—A series of voleanic rocks that form hold ¢iffs
on the northeast shore of the island are the voungest of the Miocene
rocks that are found on the island. These consist of very hard
coarse reddish-colored andesitie agglomerates with erayish-yellow and
grayish-white andesites and felsites. They are so massive that fheir
attitude is very difficult to determine, but in gencral the dip appears to
be southwestwardly toward the older formations against whiech they
are undoubtedly faulted. The existenee and Jocation of the fault can-
not be determined aceurately beeause the contaet of the andesite with
all other rocks is covered by sand dunes. The exposed part of the
andesitic member is only 700 feet thick, but the complete section is
probably much greater,
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The sequence of the older Mioeene formations is readily established
by a completely exposed section, so that the stratigraphie position of
the andesite above the Monterey shale can be logically inferred. It is
impossible to determine, however, if any other rocks lic between them.

A part of the upper Miocene seetion on Santa Rosa Island con-
sists of a thin seetion of Monterey shale followed by a thick series of
massive sandstones which in their upper part contain beds of tuff and
andesitic agglomerate. These agglomerates appear to be the correla-
tive of the andesitic series of San Miguel. The sandstone series with
the associated agglomerates on Santa Rosa, have been referred to the
Santa Margarita formation by Kew.'® Foraminifera reeently collected
from a bed of shale interealated with the tuffs, were determined by
IL. L. Driver to belong in the upper part of the Monterey, The andesitic
member of San Miguel Island has, on this evidenee, been included in
the Monterey, but it s logical to assume that it might inelude a part
of the Santa Margarita formation (upper Miocene).

QUATERNARY SERIES
TERRACE DEPOSITS (PLETSTOCENE)

Deposits of unconsolidated sand from 10 fect to 30 feet in thick-
ness eover the wave-cut terraces that extend over most of the area of
the island. The sands on the upper terrace eontain foraminifera,
shark teeth, whale bones, and comminuted shells, These beds might
be in part the correlative of the beds of coquina at the cast end of
Santa Cruz Island which are referred to the San Pedro formation.
Trregular patches of soft white porous caliche, derived from the leach-
ing of the caleium carbonate of shell fragments, are found on the sur-
face of the terraee.

SAND DUNHES (RECEXNT)

Sand dunes derived from the erosion of the terrace deposits and
from the beaches on the northwest shore, are swept aeross the island
by the strong prevailing wind from the northwest {(see P1. 1). The
wind, blowing down the heads of the stream courses at the top of the
upper bluff on the south side of the island, forms veritable rivers of
sand that flow down the slope and aeross the lower terrace to the
water’s edge.

The predxistant vegetation that was killed and eovered by the
dunes, apparentiy left holes that were filled by sand comented with
lime, thus roughly preserving the original forms. On removal of the
dunes by the wind, curious white pipes ave lett standing above the
surfaee,

© Kew, W. & W., op. eit.
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I~rrusive Rocks

Intrusive rocks are guite rare on the island. Two dikes of basalt
not over 30 feet wide, have intruded the Eoccene rocks on the north-

View southwestward toward Crook Point, showing bedded silts in the Miocenc
basalt member, the lower wave-cut terrace, und the sand blown frem the
upper terrace down upon the lower terrace and ont to sea.

Sand eemented with ealeium earbonate, preserving the forms of roots and stumps
of vegetation destroyed in the past century, one mile north-
west of ranch honse.

west eoast. A small onterop of dark perlite with abundant spherules,
which oecurs just below the Vagueros contaet on the south eoast, also
appears 1o be intrusive. Castle Roek, the sharp-pointed rock 145 feet
high that lies one-half mile off the northwest coast, viewed through
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binoculars, shows the massive character and jointing more or less
common to the felsite intrusives, and appears to be a voleanie plug.
The rock probably belongs to the same period of voleanic activity as
the andesitic extrusives.

STRATIGRAPHIC CORRELATION OF THE SANTA DBARBARA
CHANKNFEL IsLANDS

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

Stratigraphic Correlation of the Sente Barbare Channel Islands

ANACAPA SANTA CRUZ SANTA ROSA SAN MIGULL

. Terrace Terrace Terrace Terrace
Pleistocene
San Pedro? San Pedro?
Rhyolitie and  Andesite and
andesitic ash  andesitic ag-
and agglomer-  glomerate
ate, thin sand-
stone with
gchist frag-
ments
Masgsive sand-
stone
Silicious shale Silicious shale  Silicious shale
Mioceno and sandstone Tuffaceous
conglomerate
Andesite
Basalt Basalt Basaltic muds  Basaltic mudsz
and ash and ash
Rhyolite
Sehist con-
glomerate
Temblor Temblor Temblor
Yaqueros Vagqueros
Domengine Eoeene HKocene
Eocene (undifferen- ({undifferen-
Martines tiated) tiated)
Jurassic? B
and Diorite and
Triassic? Metamorphies

(Tossiliferous heds in italies)
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tion ean be made. The Eoeene of Santa Cruz Island contains a diag-
nostic fauna of both moellusea and foraminifera, but on Santa Rosa
and San Miguel islands, only foraminifera were found in the strata
below the Mioeene. The shales and mudstones in the upper and middle
part of the San Miguel scetion eontain foraminifera that are similar
to the faunas of the upper shale and lower shale members of the
Domengine, respeetive, of Santa Cruz. This correlation is strengthened
by the presence of a charaeteristic massive conglomerate in both see-
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 Domengine upper shale member of Santa Cruz. The
massive sandstones at South Point on Santa Rosa Island, ecalled
Chico {(upper Cretaceous) by Kew, have the same characteristics as
those at the west end of San Miguel. These sandstones are now known
to be a part of the Domengine formation.

Anacapa Island, although not visited by the writer, is ecomposed 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 are undoubtedly continuous with them. These rocks were
briefly deseribed in a short paper by Yates!? in 1890.

STRUCTURE

General features—The island of San Miguel marks approximately
the eastern ¢nd of a range of mountains that extends westerly from the
Santa Moniea Mountains of the mainland. The Santa Barbara Channel
Islands are eharacterized by a westerly trend of their structural lines,
parallel with the Santa Ynez Mountains, in contrast with the north-
westerly structural trend of the mainland north of Point Coneepeion.
San Miguel, however, shows a stronger influence of the northwesterly
trend in contrast with the other islands.

The entire seetion of strata on San Miguel, from the west 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 voleanic roeks on the northeast coast, which, due to
faulting, dip gently southwestward. No folds oceur other than the
small syneline developed between two faults near the cast end of the
island, in which Hes the Monterey shale.

Faults—TFaults are fairly numerous and fall mainly into two sys-
tems that strike approximately N, 40° W, and N. 70° W. respectively.
A few small faults near the west end of the island strike northeasterly.
The two largest fanlts were named by the writer for convenience, the
Cardwell fanlt and the Simonton fault.

1 ¥Yates, L. G, op. eit.
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The Cardwell fault forms the southwestern eontact of the andesitic
sories and the older sedimentary formations from Cardwell Point to
Harris Point. The loeation as shown on the geologieal map is approxi-
mate, because the fault contact is everywhere eovered by sand. The
existence of a fault at this place is the only logical explanation for
the stratigraphie and structural relations that oecur. The 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 he present
beneath the exposed 700 feet. The minimum throw of the fault, there-
fore, is 1400 feet. An 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 west end of Simon-
ton Cove. The fault plane which is visible in the eanyon on the road
from the harbor to the ranch house, dips 80 degrees south, and the
basaltic series is downthrown on the south side of the fault against
the upper Eoecene strata. The minimum stratigraphic throw of the
fault at this point is 1700 feet. The trace of this fault westward is
hidden by the cover of wind-blown sand, but its location on the north-
west shore can be determined by the duplication of the beds in the
seetion. The duplication or stratigraphie separation on the coast s
2200 feet, which is equivalent to a throw of 3800 feet on the fault.




EXPLANATION OF PLATE 2
TYPICAL IFOSSILS OF SAN MIGUEL 1SLAND

IMa. 1. Ostrea vesperting (Conrad) var. lecli (Hertlein} Locl and Corex. Referred
to as Ostrea weideyi by IHertlein in Jowrn, Pal, Vol. 11, No. 2, June, 1528,
Bpecimen No, 32,1 (R.BALNH, Coll. Pal. Moluse,) from loe. 6 (Bremner)
Ban Miguel Island; lower member of Temblor formation. Altitnde of speei-
men 94 mm,

PG, 20 Seutello foirbamdsi Arnold of. santanensis Kew, Specimen No, 32,2
(S.B.AMNH, Coll. Pral. Moluse,) from loe 7 (Bremmer) Ban AMiguel I'sland ;
Vaqueros formation. Width of specimen 37,8 mm,

1’16, 3. Ostrea vesperting {(Convad) var. loel (Hertlein) Loel and Corer. Speei-
men No.o 323 (SBALNL Coll. Pal Moluse.) from loe. 6 {(Bremner) San
Migunel Tslaud; lower member of Temblor formation, Altitude of specimen
85 mn.

Fia. 4. Rapana vaquerosensis (Arnold) var. imporialis (Hertlein "aml Jordan)
Locl and Corey. Specimen No. 32.4 (8.B.MNL Coll. Tral. Moluse.) from loe. 7
(Bremner) San Miguel Island; Vaqueros formation. Altitude of speeimen
74 mm.

Fis. 5. Rapene vaguerosensis Armall. Speeimen No, 32,5 (RBAMNIL Coll. Pal.

Moluse.) from loe. 7 (Bremner)y Ban Aliguel Island; Vaqueros formation.

Altitude of speeimen 39 mm.
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EXPLANATION OF PLATE 3
TYPICAL FOSSILS OF SANX MIGUEL ISLAND

Fic. 1. Pecten migucicnsis Arnold s.s. Specimen No. 32.6 (3.B.M.N.H. Coll. Pal.
Moluse.) from loc. 16 (Bremner) San Miguel Island; npper member of Temblor
formation. Altitude of specimen 120 mm,

Fi6. 2. Pecten crassicardo Conrad. Speeimen No. 32,7 (S.B.MN.I, Coll. Pal,
Moluse.) from loc. 16 (Bremner) San Miguel Island; upper member Temblor
formation. Altitude of speeimen 75 mm.

Fie. 3. Turritelic incziona Conrad s.s. Specimen No. 32.8 (8.B.M.N.H. Coll. Pal.
Moluse.) from loc. 9 (Bremner) San Miguel Island; Vaqueros formation.,
Fie. 4. Turritelle ocoyana Conrad s.s. Specimen No. 32,6 (S.BM.N.H. Coll. Pal.
Moluse. ) from loe. 6 (Bremner) San Miguel Island; lower memhber of Temblor

formation.

Fie. 5. Turritella temblorensis Weidey. Speeimen No. 32.10 (8.B.ALN.H. Coll,
Pal. Moluse.) from loe. 8 {Bremner) San Miguel Island; Vaqueres formation,

Fia. 6. Turritella fritschi Hertlein. Specimen No. 3211 (8. B.M.N.H. Coll. Pal.
Moluse.) frem Joc. 12 (Bremner) San Miguel Island; Vaqueros formation.

Fie. 7. Twrritelle ocoyang (Conrad) var. bdsei (Hertlein and Jordan) Loel and
Corey. Specimen No. 3212 (8.B.M.N.H. Coll. Pal. Moluse,) from loe. 13
(Bremner) San Miguel Island; lower membker of Temblor formation,
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