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The Geological Survey is making a geok>gic 
map of the United States, which necessitates/' the 
preparation of a topographic base map. The 
two are being Issued together in the f@nu of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic 
map are of three diRt-inct kinds: (1) inequalities 
of surface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called drainage, as streams, lakes, and swamps; 
(3) the works of man, called culture, as roads, 
railroads, boundaries, villages, and cities. 

Reliej.-.:....All elevations are measured from mean 
sea level The heights of many points are accu­
rately determined, and· those which are most 
important are given on the map in :figures. 
It is desirable, however, to give the elevation of 
all parts of the area mapped, to delineate the 
horizontal outline, or contour, of all slopes, and to 
indicate their grade or degree of steepness. This 
is done by lines connecting points of equal eleva­
tion above mean sea level, the lines being. drawn 
at regular vertical intervals. These lines are 
called contours, and the uniform vertical space 
between each two contours is called the contour 
interval. Contours and elevations are printed in 
brown. 

The manner in which contours express eleva­
tion, form, and grade is shown in the following 
sketch and corresponding contour map: 

Fig. t.-Ideal sketch and corresponding contonr map. 

The sketch represents a river vaney between 
two hills. In the foreground is the sea, with a bay 
which is partly closed by a ho.oked sand bar. On 
each side of the valley is a terrace. From the 
terrace on the right a hill rises gradually, while 
from that on the left the ground ascends steeply 
in a precipice. Contrasted with this precipice is 
the gentle descent of the slope at the left. In. the 
map each of these features is indicated, directly 
beneath its position in the sketch, by contours. 
The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A contour indicates approximately a certain 
height above sea leve In this illustration the 
contour interval is 50 feet j therefore the con­
tours are drawn at 50, 100,150,200 feet, and so on, 
·above sea leveL Along the contour at 250 feet lie 
all points of'the surface 250 feet above sea; and 
similarly With any other contour. In the space 
between any two contours are found all elevations 
above the lower and below the higher contour. 
Thus the contour at 150 feet falls just below the 
edge of the terrace, while that at 200 feet lies 
above the ten-ace; therefore all points on the 
terrace are shown to be more than 150 but, less 
than 200 feet above sea.. The summit of the 
higher hin is stated to be 670 feet above sea j 
accordingly the contour at 650 feet surrounds it. 
In this illustration nearly all the contours are 
numbered. Where this is not possible, certain 
contours - say every fifth one - are ac?entuated 
and numbered; the heights of others may then 
Le ascertained by counting up or down from a 
nUlllbered contour. 

" ~. 
2. Contours define the forms of slopes. Since ih~ ·sides and 'corners of eaCh sheet the n~mes Ot 'tion. Furth~r, the structure of the rock may be 

contours are continuous horizontal lines conform· adjacent sheets, IT puhli$ed, are printed. changed by the development of planes of tlivi­
ing to the surface of the ground, they willd U:ses 0/ the topographic sMet.-Within the limits sion,. so that it splits in one direction more easily 
smoothly about smooth surfaces, recede into all of scale the topographic sheet is an-accurate and than in others. Thus a granite may pass :into s· 
reentrant angles of ravine.s",.and project in passing characteristic delineation of phe relief, drainage, gneiss, and from that into a mica-schist. 
about prominences. The relations of· contour and culture of the district. represented. Viewing Sedimen'tuJryJ 1'OCks.-These comprise all rooks 
curves and angles to forms of the landscape can the landscape, map in hand, every characteristic which have been deposited under water, whether 
be ttaced in the lllitp and sketch. fE'~ture of sufficient magnitude shoul~ be recog· in sea,/lake, or stream. They form a. v~ large 

3. Contours show the approximate grade of nizable. It should guide the traveler; serve the P!lrl of the dry land. 
any slope. The vertical space between two con· investor· or owner who desires to ascertain the When the materials of which sedimentary rocks 
tours is the· SaJllet w.~ether they lie along a cliff position. and surroundings of p~perty to be are composed are carried as solid particles by 
or on a gentle ~ope; but to rise a given height bought or sold; save the engineer preliminary water and deposited as gravel, sand, or mud, the 
on a gentle slope one must go farther than on a surveys in locating roads, railways, and irrigation deposit is QRiled a machamcal sediment. These 
steep slope, and therefore contours are far apart ditches j provide. educational material for schools may become hardened into conglomerate, sand-
o~ gentle slopes and near together on steep ones. and homes.; and serve many.of the purposes of ~tone, or shale. When the material is carried in j 

For a flat or gently undulating country a small a map for local reference. sl?lution by the water and is deposited without 
contour interval is used; for a steep or mountain- the aid of life, it is called a chemical sediment j 
ous country a large interval is necessary. The THE GEOLOGIC MAP. if deposited with the aid of life, it. is called an 
smallest interval used on the atlas sheets of the organic sediment. The more important rocks 
Geological Survey is 5 feet. This is used for The maps representing areal geology show by formed from chemical and organic deposits are 
regions like tlie Mississippi delta and the Dism.al colors and conventional signs, on the topographic limestone, chert; gypsum, salt, iron ore, peat, 
Swamp. In mapping great mountain masses, like base map, the distribution of rock formations on lignite, and coal. .Anyone of the above sedi· 
those in Colorado, the interval may be 250 feet. the surface of .the earth, and the structure·section mentary deposits may be separately formed, or 
For intermediate relief contour intervals of 10, map shows their underground relations, as far as the different materials may be intermingled in 
20, 25, 50, and 100 f~et are used. known and in such detail as the scale permits. m~y ways, producing a great variety of rocks. 

.D'l'aimage.-Water courses are indicated by blue KINDS OF ROCKS. Sedinientary rocks are usually made up of 
lines. If the ~treams flow the year round the layers or beds which can be easily separated. 
line is drawn unbroken, but if the channel is dry Rocks are of many kinds. The original crust These layers are called 8trata. Rocks deposited 
a part of the year the line is broken or dotted. of the earth was .propa,bly composed of igneous in successive layers are said to be stratified. 
Where a stroom sinks and reappears at the sur- rocks, and all other rocks have been derived from The smiace of the earth is not fixed, as it seems 
face, the supposed underground course is shown them in on'e way or another. to be; it very slowly rises or sinks over wide 
by a broken blue line. Lakes, marshes, and other Atmospheric agencies gradually break up igne- expanses, and ~ it rises or subsides the shore lines 
bodies of. water are also shown in blue, by appro· ous rocks, forming superficial, or swr.ftcial, deposits of the ocean are changed: areas of deposition may 
priate conventional signs. of clay, ,sand, and gravel. Deposits of thls class rise above the water and become laI\d areas, and 

Oulture.-The works of man, such as roads, have been formed on land surfaces since the land areas may sink below the water and become 
railroads, and towns, together with boundaries of earliest geologic time. Through the transporting areas of deposition. If North America were 
townships, counties, and Sta.tes, and artificial agencies of streams the surficial materials· of aU gradually to sink a thousand feet the sea would 
details, are printed in black. ages and origins are carried to the sea, where, flow over the .Atlantic coast and the Mississippi 

Scale8.-The area of the United States (exclud- along with material derived from the land by and Ohio valleys from the Gulf of Mexico to the . 
ing Alaska) is about 3,025,000 square miles. On the action.of the wav~s on· the coast, they form. Great La'kes; the Appalachian Mountains would 
a map with the scale of 1 mile to the ·inch this sedimentwry rocks. These are·usually hardened become an archipelago, and the ocean's shore 
would cover 3,025,000 square inches, and to into conglomerate, sandstone, shale, and limestone,' would traverse Wisconsin, ~owa, and Kansas, and 
accommodate it the paper dimensions would need but they may remai~ unconsolidated and still be extend thence to Texas. More extensive changes 
to be about 240 by 180 feet. Each square mile called."rocks" by the geologist, though popularly than this have repeatedly occurred in the past. 
of ground surface would be represented by a known as gravel, sand, and clay. The character of the original sediments may be 
square inch of map surface, and one lin.ear mile From time to time in geologic history igneous changed by chemical and dynamic action so as to 
on the ground would be represented by a ·linear and sedimentary rocks have been deeply buried, produce metamorphic rocks. In the metamor­
inch on the map. This relation between distance consolidated, and raised again above the surface phiEfm of a sedimentary rock, jnst as in the meta­
in nature and corresponding distance on the map is of the water. In these processes, through the morphism of an ignequs rock, the substances of 
called the scale of the map. In this case it is "1 agencies of. pressure, movement, and chemical which it is composed may enter into new com­
mile to an inch." The scale may be expressed also action, they are often greatly altered, and in this binations, or new substances may be added. 
by a fraction, ·of whi-ch the numerator is a length condition they are called metamorphic rocks. When these processes are complete the sedimen­
on the map and the denominator t.he correspond. Igneous rocliB.-These are r'?Cks which ~ave tary rock becomes crystalline. Such changes 
ing length in nature expresSed in the same unit. cooled and consolidated from a liquid state. As transform sandstone to quartzite, limestone to 
Thus, as there are 63,360 inches in a mile, the has. been explained, sedimentary rocks were marble, and modify other rocks according to 
scale o~ "1 mile to an i~ch " is expressed by 6lI.~ deposited on the original igneous rocks. Through their composition. A system of parallel division 
Both of these methods are used on the maps of the igneous aDd sedimenta"l'J ;rocks of all ages planes is often produced, which may cross the 
the Geological Survey. molten material has from time to time been forced original beds or strata at . any angle.· Rocks 

Three scales are used on the atlas sheets: of upward to or near the surface, and there consoli· divided by\luch planes are called slates or schists. 
the Geological Survey; the smallest is .' the dated. When the" channels or vents ·into which Rocks of any period of the e~'s history may 
intermediate 125~OOO' ~nd the largest \\Ilk- TJtese this molten mate.rial is forced do not reach the be more or less altered, but the younger forma­
correspond approximately to 4 miles, 2 miles, surface, it may consolidate in cracks or fi;00,8ures tions have generally escaped marked memmor­
and 1 mile on the ground to an inch on the map. crossing the bending planes, thus forming dikes, phism, and the oldest sediments known, though 
On the scale 62,1.0 a square inch· of map surface or spread out between the strata in large bodies, generally the most altered, in somE" localities 
represents and corresponds nearly to 1 square called sheets or laccoliths, or form large irregular remain essentially unchanged. 
mile j on the scale lsil500l to about 4 square miles j cross-cutting masses, called stocks. Such rocks are 8ur.flcial 'l'ocks.-These embrace the soils, clays, 
and on the scale25(jl00fj)to about 16 square mile!3. called vnfJrusive. Within their rock inclosures sands,gravels,andbowldersthatcoverthesurface" 
At the bottom of 'each atlas sheet, the scale is they cool slowly, and hence are gene!a11y of crys: whether derived from the breaking op oT disinte­
expressed in three different ways, one being a talline texture. When the channels reach· the gration of the underlying rocks by atmospheric 
graduated line representing miles and 'parts of surface the lavas often flow out and build up agencies or from glacial action. Surficial rocks 
miles in English inches, another indicating dis· volcanoes. These lavas coo~ rapidty in the air, that are due to disintegration are produced chiefly 
tance in the metric system, and a third giving the acquiring a glassy or, more often, a partially crys- by the action of air, water, frost, animals, and 
fractional scale. talline condition. They are usually more or les., plants. They consist mainly of the least soluble, 

Atlas sheets and quai/;rORl{/les. -The. map is .porous. The igneous rocks thus formed ·upon the parts of the rocks, which remain after the more 
being published in atlas sheets of convenient aize, surface are called ewtl'1J;8ive. Explosive action soluble parts h~ve been leached out, and hence 
which are bounded by parallels and meridians. often accompanies volcanic eruptions, causing are known as residual products. Soils and sub. 
The corresponding four.comered portions of tel'. ejections of dust or ash and larger fragments. soils are the most important. Residual accumu­
ritory are caRed q1uadra'flgles. Each sheet on These materials when consolidated constitute lations are often washed or blown into valleys or 
the scale of ~) contains one square degree, 1. e., a breccias, agglomerates, and tn.:ffs. The ash when other depressions, where they lodge and form 
degree of latitude by a degree of longitude j each carried into lakes or seas may become stratified, so deposits that grade into the sedimentaiy class. 
sheet on the scale of at.ooo contains one-quarter of as to nave the structure of se~mentary rocks. Surficial rocks that are due to glacial action are 
a square degree j each' sheet on a scale of ~ The age of an igneous rock is often difficult or formed of the prod.ucts of disintegration, together 
contains one·sixteenth of a square degree. The impossible to determine. When it cuts across a with bowlders and fragments of rock rubbed from 
areas of the corresponding quadrangles are about sedimentary rock it is younger than that rock, the surface and ground together. These are 
4000, 1000, and 250 square miles, respectively. and when a sedimentary rock is deposited over spread. irregularly over the territory occupied 

The atlas sheets, being only parts of one map of it the igneous rock is the older. by the ice, and form a mixture of .clay, pebbles, 
the United States, are laid out without regard to Under the influence of dynamic and chemical and bowlders which is known as till. It may 
the boundary lines of the States, counties, or town· forces an igneous rock J:l!.ay be metamorphosed. occur as a sheet or be bunched into hills aud 
ships. To each sheet, and to the quadrangle it The alteration may involve only a rearrangement ridges, forming moraines, drumlins, and other 
represents, is given the name of some well-known of its minute particles or it may be accompanied special forms. Much of this mixed material Wt:l.S 

town or natural feature within its limits, and at by a change in chemical and mineralogic composi· washed away from the ibe, assorted by water, and 



redeposited as beds or trains of sn.nd and clay, 
thus forming another gradation into sedimentary 
deposits. Some of thi~ glacial wash was depo"ited 
in tunnels llnn dmnnels in the ice, a.nd forms eha]'· 
aeteristic ridges ann mounds of sand and f,'Tavel, 
known as osars, or eskers, and kames. The 
material deposited by the ice i" called giacial 
drift; that washed from the ice onto tIle adjaeent 
land i::; ealbl modified drift. It is usual also to 
class as surficial ro('ks the deposits of the sea and 
of lakeEl aud rivers that 'were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

mentfUJ" formations of anJ~ one period, excepting I principal mineral mined or of the stone quarried. I PaJ'ts slipped past one a.nothel'. Such breaks are 
the Pleistocene and the Archean, are-distinguished I StJ'ucture-8tction sheet.-This sheet exhibits the termed faults. 
from one :tllOther by different patterns, made ?f 'll'elatiollS of the formations beneath the s11l'fa~e. I On the right of tte sketch the section is com­
parallel straight liIles. Two tints of the period- In cliffs, canyons, shafts, and other IJ'atural and i pos~d of schists ·wllich arc tl'averseo hy masses uf 
color are used: a pale tint ,is printed :venly over I artificial cuttings. the relations of diffc:ent b:d8 I igneous .rock. The sehiRts are much contorted 
the ·whole surface representmg the penod; a dark, to one anothor be sep-n. Any cuttlllg ,yhlCh and theIr arrangement undm·ground can not he 
tint brings out the different pattf't'lls representing exhibit8 those is called a 8ection, and t~e I infened. Hence that port jon of the section 
formations. 1£aeh formation is furthermore gi\'en same name is applied to a diagram representing I delineates "What is probahly true but is not 
- - - - - the rehtions. The arrangement of rocks in the known by observation or well·founded inference. 

-- - ---I SY=L 1- - - - earth i" and a l'ection exhibit· In fig. 2 there are thrl':'e setR of formation8, dis· 

Cenozoi(' 

--- -----.1-;- I-:ny---:ol:: -- ing this arrangement is a structll1'e 8ection. tinguished by their underground relations. The 
The gl':'ologist is not limited, }lOwever, to the first of these, seen at the left of the section, is the 

natural aml artificial cuttings for his information set of sandstone" and shales, which lie in a hori· 
E IOlive-urowII.'>. concerning the earth's structure. I Kno'wing the zontal position. These sedimentary strata are 

Rocks are furth,er djstingllished according to Mesozoic manncr of the 'formation of rocks, and having nmv high above the sea, forming a plateau, and 
their. relative for they "\vere not formed an! traced out the rclations among beds on the sur· their change of elevation shows that a portion 
at one time, age to in the earth'fl face, he can infer their relative positions after of the earth's mass has swel1ell npward from n. 
history. Classification by age inuepennent of Paleozoic they pass beneath the surface, draw sections lower to a higher level. The strata of this set arE! 
origin; i,gneous, sedimentary, and surficial rocks which rf'present the structure or the earth to a I parallel, a relation which is calletl coo,fm'mobi,_ 

may be of the same age. £ Orangc.browIIS. consideral)le depth, and constrnct a diagram I The second set of formaticHls of strata 
'Vhen the prenominant material of a rock mllss . . Ai I Any colors. I exhibiting what would be seen in the side of a which forTI! arches and troughs. These strata 

is essentially the SlUnt', and it i" bounded by rocks, ----- cutting many miles long and several thousand feet I were once continuous, hut the Cl'ei'lts of the arches 
of different materials, it is convenient. to call the I a lettcr'''YlUhol composcd of the "perioo letter com· ! deep. This is illustmted in the fol1o"\\ing figure: I have been removed hy degrallation. The beds, 
mags throughout its cxtent and such binell with smull l?tters standing for the forma· [like those of the first set, are confol11mhle. 
tt formation is the unit of tion name. In the case of a Sf~dimentary formation The horizonal strata of the plateau rest upon 

Several formations are of uneertain age the pattern is printl':'d on "\vhite ! the upturned, eroded edges of the beds of the 
nf'fl.ignated a the ground in the color of the period to which the I second set at the left of the section. The over· 
dpI)Osition of a is called all epoch, and formation is supposed to helong, the letter.symbol 1 lying deposits n.re, from their positions, evidently 
thp time taken for that of a. system, 01' some of the period being omitted. younger than the underlying formation~, and the 
larger fradion or a syRtem, a period. The rocks The number and extent of surficial formations, bencling and degradation of the older strata must 
are 1)), forlllations, and the formations are 1 chiefly Pleistocene, render them so important that, have occurred bet'ween the deposition of thl':' 

into Sy'ltClml. The rocks compoRing a I to dil'lfinb'lJ.ish them from those of other periods older bcds and the accumulation of the youngcr. 
S~"Rtem and the time takel~ fo~ its depofl.ition ~re 1 a~td fr0111 .the i~neous rock", patterns of dots and 'Yhen ,vollnger strata thus rest. upon an eroded 
gn~en the same name, as, for Instance, Carnhrmn CIrcles, pl'lnted Ht any colors, a1'e used. Fig. 2.-Sketc~:u~~~t~ v:ra:~~c:e;!i~~y~nn~:le front of the surface of older Rtrata tlle relatIOn betwet'n the 
system, Camhrian pf'riod. I The origin of the Archean roeks is not fully two is an 'll!ll.con/orrnable one, and their surface 

As sedilllentary deposits or strata accumulate settled. Many of them are certainly igneous. The fit,"11re represents a landscape which is cut of contact is an unconforrn£ty. 
the rest on those that are and the I 'Yhether sedimentary rocks are also included is off sharply in the foreground by a vertical plane, The thjrd set of formations consists of crystal. 

of the deposits may he not determined 'rhe Archean rocks, and all so as to shO\\ the underground relations of the line schists and igneous rocks. At some period 
their relative positions. This rela, I metamorpllic rocks of unknown origin, of what· rocks. of their history the schists were plicated hy prf't' 

except in regions of intense I eyer age, arc represented on the maps by patterns The kinds of rock are indicated in the section sure and traversed by eruptions of molteu rock. 
disturbance j sometimes in such regions the dis./ consisting of short clashes irrregulady plaeed. by appropriate symbols of lines, dots, and dashes. But this pressure and intrusion of igneous roeks 
tUl'hance of the beds has heen so great that t.heir The"e are printed in any color, and rnay he darker 'rhese symbol::; admit of much variation, but the ha\~e not affeeted the overlying I'ltrata of the 
position is reversed, and -it is often difficult to i or lighter than the haekground. If the rock is a following are genemJly Ufwd in sections to repre· second set. Thus it is evjdent that an intelTal of 
dl'tel'miue the relative ages of tho heds fronl their I Rchist the dal'lhf's or hachures lllay be arranged in sent the commoner kinds of rock: considerable duration elapseo between the forma· 
pOElitionB; then or the remains of plants I wavy parallel Jines. If the metamorphic rock is tion of the sehists tLlld the beginning of depositiun 
and animals, are to show 'which of tW"O [ known to be of sedimentary origin the hachure iii B-:; of the ,tratn of t),e secona set, During this 
or more formations the oldest. ,patterns may be combined with tho parallel.line "_' ~ __ ~~~ int.eryal the schist" suffered metamorphism; they 

Strata often contain the remains of plants and! patterns of sedimentary formations. If the rock' . were the seene of eruptive actiyit.y; and they 
anima]" which Ijyed in the sea or "rere washecl is recognized as haying been original1y igneollB, Sh!\lylimestone8. were deeply erodell The eontact between the 
from the land into lakes or seas or were buried in the hachlU'es may be comLined with the igneous second and third sets, rnarking a time intern!.l 
Rurfieial deposits on the land. Rocks that con· pattern. ~---. between two periods of rock forn1ation, is another 
tain the remains of life are called fossiliferous. Known igneous formations' are represp-nted by ~~-=-__ ~~~~ ___ ~~-~- unconformity. 
By studying these remains, or fossils, it has patterns of triangles or rhombs printed in any rrhe secti~n and landscape in fig. 2 are ideal, 
found that tho species of eaeL period of the earth's brilliltnt color. If the formation L'lof known age Slmlysandstones. Calcareous sandstones. but they illustrate relations whieh actually o('cm. 
history have to a great extent differed from those the ]ettl':'}".sYlllbol of tlle formation is preceded by I rrhe sections in the strllcture·section sheet are 
of other periods. Only the simpler kinds of the (japitlLl letter.symbol of the proper period. related to the maps as the section in the figure is 
marine life existed when the oldest fossiliferous If the age of the formation is UIJknown the I related to the landscape. The profiles of the sur· 
rocks 'were deposited. From time t.o time more ll':'tter.symhol consists of small letters which faee in the section correspoud to the aetual slopes 
complex kind" developed, and as the simpler ones suggest the name of the rocks. of the grounu along the section line, and the depth 

lived on in modified forms life became more 'l'HE VARlOUR GEOLOGIC SHEETS. Fig. 3.-Symbols med to ;;~~::::d(~~;:~::;::(:c: rock. from the surface of any mineral.producill[; or ""Iyater· 
varied. But during each period there lived pecul. bearing stratum which appeaJ's in the section may 
iar forms, "\\ hieh did not exist in earlier times Areal geology slwet.-This sheet shows the TIw plateau in fig. 2 presents toward the lower be measured by using the scale of the map. 
and have not existed siuf"e; these are charader· areas oceupied by the various formations. On land aT; escarpment, or Tront, whieh is made up Colwn·na1' section 81teet.-rrLis sheet eontains a 
istie types, and they define the age of any bed of I the margin if! a legend, whidJ is the key to the of sandstones, forming the cliffs, and shales, con· concise description of the roek formations 'which 
rock in which they are found. Other t)""Pes map. To ascertain the meaning of any pfU'ticular stituting the slopes, as shown at the extreme left occur in the quadrangle. It preElent~ a "HTllmary 
passed on from period to period, and thus linked f"olol'cd pattern and its letter.symbol on the map, or the section. of the facts relating to the eharaeter of the roeks, 
the systems togethe:r, forming a chain of life from the reader should look for that color, pattern, and I The broad belt of lower land is traversed hy the thicknes"es of the formations, and the order 
the time of the oldest fossiliferous rocks to the symhol in the legeiHl, where he ",·ill find the llttme I several ri(lges, which are seen in the section to of accumulation of succesRlve depo'lits. 
present. and dcscription of the formation. If it is desired correspond to beds of sandstone that rise to the The roeks are described undor the corresponrl. 

'Vhen two formations are remote one from the to flnd any given formation, its name "hould be surface. The upturned edges of these bed" form heading, and their characters are indieated in 
other and it is impossible to observe their relathre sought in the legend and its c,oll'Jr and pattern the ridges, and the intermediate "alleys follow columnar diagrams 11y appropriate symhols. 
positions, the charaeteristic fossil types found in 1 note(~, 'when the areas on tbe map corresponding the outel'ops of limestone and calcareous shale". The thicknesses of formations a.re given in figures 
them may determine which was deposited first. i in eolor and pattern may be traced out. Where the ed?es of the strata appear at the w hicb state the least and greatest meaSl11'ements. 

Fossil reIllains found in the rocks of different I The legend is also a partial statement of the surface thejr thickness can be measured and the The average thickness of each formation is shown 
areas, provinces, and continent.s afford the most i geologie history. In it the symboh, and names angles at which they dip below the smluce can be in the column, whieh is drawn to a seale-usually 
important means for combining local histories are arralJged, in columnar forIil, aecording to the ohRerved. Thus their pOfl.itions underground ean 1000 feet to 1 inch. The order of accumulation ~f 
into a general earth history. I origin of the f01'mations-surfieial, sedimentary, be inferred. The direetioll tlmt the interseetion the sedjments is shown in the eolumnar arrange· 

(jolo!'8 and pattern8.-To show the relative ages I and igneous - and within eaeh group they are of a bed with a horizontal plane will take is (Jalled ! ment: the oldest formation is placed at the bottom 
of Rtrata, the history of the sedimentary rocks is [ placell in the order of age, so far as known, the the 8tl'ike. The inelination of the bed to the hori·1 of the eo11llun, the youngest at the top, and igne. 
(li\"ided into periods. The names of the periods at the top. zontal plane, measured at right angles to the strike, ous rocks or surficial deposits, when present, are 
in proper order (from new to old), with the colors geology sheet.-This sheet representR is called the dip. I indicated in their proper re1n.tions. 
and symbol assigned to eaeh, are given in the the distrihution of m;efulminemls, the occurrence \Vhen strata 'which are thus inclined are traced I The formations are combined into systems 
table in the next column. The names of certain of artesian water, or other facts of ecollomic inter. underground in mining, 01' by ild'erence, it is fre· ,which correspond ",vith the periods of geologic 
subdivisioll" and groups of the periods, frequently est, showing their relations to the features of topo. qnently observed that they form troughs 01' arehes, I history. Thus the ages of the rock" are shown, 
used in geologic writings, are bracketed against graph)' 11nd to the geologic formations. All the such as the section ShO\'lS. Thf' arches are called! and also the total thicknesH of eaeh sptf'm. 
the appro}Jriate period names. formations "\vhieh appear on the histori(ial geology anticline8 and the troughs 8ynclines. But the I The intervals of tillle which eorre::;pond tq 

To di"tinguish the sedimentary formations of sheet a.re Rhown on this sheet by [ai,nter color pat. sandstones, shales, and limestones were deposited I events of uplift and degradation and eO!lstitnte 
anyone period from those of another the patterns terns. The areal geology, thus printed, affords a heneath the sen. in nearly flat sheets. That they interruptions of deposition of sediments are iddi· 
for the formations of each period are printeJ in subdued background upon whieh the areas of pro- are now hent and folded is regarded as proof that I cated graphically and by the ,yonl "unconformity." 
the appropriate period.color, ,,,""ith the exception ductiye formations lllay be emphasized hy strong forces exist which h[we from tillle to time caused i CHARLES D. ·W .. \.LCOTT, 
of the one at the top of the column (Pleistocene) colors. A symbol for mines is introdueed at each the eartb's surlaee to wrinkle along certain 7.0neR. I Directof'. 
and. the one at the bottom (Archean). The sew· occurrence, accompanied Ly the name of the In places the strata are broken across and the, Revised January, HJ02. 



DESORIPTION OF THE SAN LUIS QUADRANGLE. 

By H. 'V. Fairbankfol. 

from a point. OIl its erect, it appears as a plat-I ing the most striking Beenie feature 011 the coast I Grnndc Yalle.v is perhaps the 1110St fertile and 
form uhout 2 miles wide, eut up into 11, 8eril\., ofOalifornia. figs. 2 and 5.) The Toek il'll40 hi~'hly l'ultiwlted lund in the quadrangle. TIle 

DfTROD1iCTTOX 

The fSan Luis qlLadrangle ineludcs the tcrrir.o-ry of' ~]Jarp ridges by deep v-shapell eunYOlll'l. The steep that it can sculcd at 0I11y ont' point. Hol-, stream CTosses the pxtl'cmc eu::;iel'Il end of the 
hehYeen the meridialls 1200 gO' awl 1210 \\"('::;t most important of these f'nnyolls .~s ~nowll U811istCl' Peak ri~es fro~ a hase but little abO.\'(' tide" topognlphic de~m:\"bioll knO\\Il. H8. Hall.Luis Yalley,. 
loTlt-,ritude aIHl the parallels 35° awl 35° ao' north Lopez. It traverses thf' raug:l' lonf.,'ltmhmllly fur ·watt'r to u heIght of OWl' 1400 and pl"f'Sellts the ununage of the strearn~ Wlthm tl118 yalley and 
latitlL(le. It is ubuut :14.,) milel'l long and is milt's some milt's, and through most of itt:; eoltrt-(e has on its northerll face almost vertical that of the I\rroyo Grnn(1e being separated by 11 

,dde, find ha~ an area of abont H74 square miles. reached a gTaded condition. ! Gcnerally the mountains flnd foothills are sepa- yery low diyide. 
The COfl"t linf' of thf' I'aeiiic Ocean ext1?nd" diago- 1\~orthweRt of Cuesta Pa:::;s the summit of the mted from the coaRt by a gently sloping platform The Iwxt stream to the northwe~t i;;; th~ COlTul 
nnlly acrOl:11:1 the quadmngle frOlll110rrh\\est to south- range i" not so uniform, owing to the diypr8ity of ·whieh rises from a height of 40 to 80 feet in the de Piedra, whirh rises in the Santa Lu('ia Rall?:e 
eai'l.t, 80 that its tOb11 land surface is not mOl·e than formations present, but the width is greatf'r, heing ocean clifts to 100 to 200 feet at its upper margin. ill two main forb that ('1'0,93 t,he Hearly leyel San 
RiO s<juan, mUps. It embraceR the west-centrnl nearly -1 mile8. The ('entral portion i~ forrrwd ' The slIriieial portion of this platform is f~)J']ned I Luis Yalley and, unitillg within the San LuiH 
portion of Sun Luis Obispo County, CaL, and lies ulmo~t wholl." uf I';oft Toro i::lhale and the yalley~ I of the wash from the hill:::;, spre[t(l on one or mom Hange, cOHtinue across it through n rntlwr narrow 
elltirely within the Coast Kluges. consequently exhibit a lllore whancf'(l staj!,'f' of I wave-cut terraces. At some points tlle San LuiR yalley to Ull' sea. 

(1EO(1HAPHY. 

l'OPOGRAPlfr: 

CO.\R'I' RA NUFK 

deyelopment. In thi~ region thf' f3allta Lucill Hauge rises so holdly that this plntfo1'01 is ubseut. Pasl:1ing north"efltward t,hyoup;h the broatl, flat 
Unuge haR pradically two crests, mving to the faet At Port HarDml the Spill'S of the range tel'lllillntp Sail Luis Valle,v, olle reac,hes Han LuiR Ouispo 
tlwt the ",halt:' is bordel'f'd few a nnmber of miles in ('lift':l seyeral hundred feet hi~h. In the Crt:'ck, a ~onlf'what largt'1' strf'arn, ·who;:;p uH,,:lin if> 
by iglH-'OllS roch; whose ?,l'f'att:'!" re8istan('e to t'rosion extrf'me suuthern portion of t.he quadrangle, separated hyall almoRt imppn'pptible di·vide from 
has preseryed the ahruptrwHs of the outer ;,;;lopeB of I between Arroyo Grande and RantH ~laria valleyl'l, that. of tht' Corral dc Pipuru. San Luis Obi"po 

The Coast Rangf'1'l of Calif()rnia emhra('e that t.he range. The btrenms pat's fl'om th(, open yalleys I there is a gently sloping, plateau-like area of recent. Creek rise!' in t,he Hanta Lucia Rmge and, ilow­
series of mountllins which lies between the Cheat, ill t.he iutf'rior of the range either elireeily to the origin; it rises gradually from t.he ocean to a ht'ight ing southwesterly aeross tlan Luis Yalley in a 
Valle\" and the Paeifie Ocean. On the north they ueean or to SalinaR River through def'p, nal"l"Ow of more than 450 feet at its eaRt~rn edge, oyerlook- ehallnel but Rlightl,\" deprcRRed below the ,e:eneral 
H1f'rg; into the Klamath Mountain~, and on tl;e gorges. ing ~ipomo Valley. This i~ not a waye-cut SlLl'- leyd, cuit' through tlle San Luis Range to the 
south they tprminate in the Han Emigdio Moun- The hroail gl'llnitp mountaills ill the northeastern fae(' like the ('oastal plains ah-ead), deserihe(l, but The rallW'if' hen, 4 IIliles wide amI 800 to 
taill8, a high alld l'uggt'd group which i'ltawlR at the portion of tlw qnadrang-le rCHeh an ele\'atioll was f(lI'med h.Y sedimentation during thp hl"t UOO feet high. Thc rod~s OJ} pitlH'r rim uf the 
meetin,e: point of thp Sierra ~en\(la and the f-1ielTa nearly ~oon feet, but do ilot Reem to he so high sullmel'gf'lIee of the coast, and was I?le-vnted and r,tllge al't' hard, ana lll('re the canyon is narrow. 
}Iadl'e of soutllPl'll California. 'The yalley),; Hnd hecause of th(' clenite(l vallt'Y" about. t.hem. The modified by erm!ion and .... dll(l action. Tn the middlc th(·v are Roner, and there the eanyon 
mounbtin ri(l~f's of the Coast Ranl2;e f"yst{'m trend monntains rise rather gTa(luully to a sky line lJrainage.-The principal hydl'ognlphie llH~in }ws widenetl to a ~'alley half a mile ad'()~l<. ' 
ll1 general ,1 Ilttlp morf' eastelh and \\eRtpIly than I of ~ttiklIlg rt:'guLmt} awl e\ennCM" Thf'y are .... nthlll the qU,ldr,lnl!,'le is that of Salinas Rnm 8an Lui:,; Yalley, wllere ~an Lui" Ohi:,;po Cre('k 
the roast lme, bO th It alongtlw trcmheu by llIUn(rOll'" (finyOIl", alliurrow ,]nd not Thi~ HheMn I1ses ahout gO mIles io the southeast, ill entUl'l:' the monnt.ainF:, has an elf'Yatioll of onlv 100 
broMl s,mdy 1M\S <lnd locb; hefldl,mus th,]t geneldJl: alhaIH.:etl bt.')ond the V-Rt.lge The ,weient I the mountall1~ at the JUllcLion of the Sant,l Lmu feet. The valley f!;radunll,Y l'iHeS townnl th(: WPI'lt. 
a I:1h 111) anglc ... ,~th the C(M"t "IIlle peneptnn of "hidl the SUlllmlt of these mountdlns and San Jose range,.; PasslIIg aero~s the northeaMt to a hrond, upcn gap, from which tht.'re is in tum 

As a Hllf' thf' l1\er \al1e,,,, open to the orf'an 1Il IS a Icmuallt .lppears to good adhUltdgc fioIll almo~t COIner of the qUldranglo, It pUTIlues a (Ornpdldil\f'h deR('cnt. to the hroad yalley kIHfwn as Lo~ 
a llorthwel::lt~l'ly (lirection. San Franei:,;co BIn- i" .111: pOlnt ,]long the foothIlls of tJJe ~anta Luua I sttaight course to the sea, elllptying into }lonteH'y and to Morro Ba,v. The diddo has all eleva-
the mORt imp~rtant exception. He-re a depreb~ion Hange. llay, 1i50 miles away. Throughout the greatcr, tion of hut 180 fct:'t llhO\e tidf' \\atel'. Yiewing 
aerOHI'l tbe mountains from the Great YHlley per- The San Luit' Range I)l·ojl'd,,, into the oC<.'an in purtion of itR eourse this riyt:'r flows through an! the topography of this rpgion in itH broad ontlille~, 
mitsH llumherof 8treamR having the Honnal nOl'th- the f()l'Jll ofa hroad and prominent headland ROUth open valley which is in many plaees finely t.er-I one nat.nl'lllly wondern v.·hy C01'1'ul dt:' Piedra. and 
.... vest. .. s()utheflst ('OHme to eut.e!' the ocean dirf'etly of E"t~ro Bay. lleg;inning on thc west at Point. raced. ~all Luis Ohi8po ereeks diJ not take advantage of 
through n COlllmon moutJl. lluehon, t.lw range extpwll"1 ael'Ot-(R thf' qundrangle Salinas River exhibit!; sorue rat.her unusual fea- ,this depreK"ion awl flow \\e1'twanl into 1\101'1'0 Bay 

The lower reaches of the valleys of t.he CUllSt I·with a somewhat more ell~terly course than the ture8 ·within this quadrangle. Instend of flowillg rather than (,lit dwnllels through a Imwl uf 
Rangf',; are formed of broad alluvial plains, and, :Sant.a Llll'ia Rang-e, from whi('h it, is separatf'(l by in the valley-like depre"Rlon ·whieh lies beb\ef'lI tlle hi1l8. Tn filet, it, mi~ht he If'git.imat.ely 
nf'nl' the oeean are frequently penetruted by tidal San Luis and 1,0::3 Of"ot-( valleys, in whi('h are tlw granite mountain" on the nortlwtlst and the Banta whethel' thebn btreams did 1I0t. at. sOllie time flo·w in 
lagoolls. Farther up, the valleys narrow and San T)ui~ butteR. The wP"t~l'Il and higher part of' Lucia Uange on the southwest, and whidl might thisdireetion. AdoMeexaminntion, howewr,Jl1uke8 
finally terminate ill st~ep HlOuntain eanyonK the range, ·whieh eOllHi",ts of a H~['ies of sharp ridges topog-raphically be considered as the extension of it elear t.hat the present drainage is a long-et-(tablislwd 

On both the north and the 1:<011t11, where tIle reaching an eleva,r,ion of lKOO feet, is int1?rReeted by the valley of the str('am to the 1l0rthwcBt, the river: one; the trilmtaries uf the t\yO f"t.reams convergt' 
Coast RangeR hlend with the a(\joinlng mountains, JlalTOW V-shaped canyon;;;. Tmvard the east the occupies a winiling canyon in the granite. 'This I normally to tlw main lillel'l of drainage as they arc 
II height of 5000 to 8000 feet is attHinf'd, ·while range deereases in height, amI where it 11"1 erosscd by canyon is narrow aBd in plfl(.'es is GOO feet deep. 1I0W mnintained. 
through the l'entml portion,; the elevatioll'l <10 not Han Lllis Obi8po Crf'ek has nn ele\-at.ion of less thau The eourse of the stream is generally not more than )\11 the ~treamR v'lhich i~ntf'r the oct:':ln within the 
generally exeepd 3000 to 4000 feet. Tllf're aTP ] 000 fl'et. EaRt. of the creek thp mnge dew'eudi-1 ' a mile distant from the open and praetieHlly cOIlt.ill- San Luis quadrang1e, llS wt:'ll AS alung the other 
~ollle porti.ons of t!ll' Sunta Lueifl Rang.., whidl to 700 feet, lJlld its eastern prolongation forms a II lIOUS valley alreatly referred to. portion,,, of the CflliflH"nia eoast, meander in their 
reach 4fiOO feet; and San LJteia PPllk, the I broad ridge which finally blendt-( with the Santa' The .e:reat~r number and more important of the lower eou,'sei-1 oyer alluvial bottom land8 which 
point of the eentral Coast Hanges, attainl'l flIl II.ucia Range a little tu the cast of the 80ILtherfl por- trihutaries of Salinas River hpad to the southwest, have heen formed in vallcys thai were crodcd to a 
tion of nearly HOOn foet. Thc crests of the monu- ' tion of the quadrangle. in the Santa Lueia Range. These streams issue greater dept.h when the land stood higher "ith rela-
tnill ridges which make up thi:,; ~yst.l_'m arc in many Los Usos and San Luif> valleys, with their broad: from dle main mountain range through canyonH, tion to the oet'an level. At the month of HUll LuiR 
cases remarkflble for their even sky lines. ,,,tretches of nearly leyel bnd, distinctly Reparate , but their valleys rapidly ,viden and soon practieally Obi~po Creek its yalley IWf> been flooded for linlf a 

'l'O.PO(;HA.PllY OF HAN. LITn, QUMlRAKGLC. the San Luis Range from the Santa Lucia Runge coalesce. 'rhus Rineonada Creek, Santa Margarita mile, ann, as :h':l the euse with of tll(' larg-er 
nlld the but.t.es shortly to he debcribed. HoutheuRt Creek, and Trout Creek ..... alleys are separat';d by streaIllR, there is a tidal lagoon. fig. 7.) 

Rcli(f.-Thrcc mountain ridges extend ucrol';s of the tmvn of San Luis Ohispo, Han Luis Valley low divides only and together form the real Morro Bay il::l Olle of the must intercRting of the 
the can Luis quadrangle from southeast to north.. exteuds up to the foot of the st~f'P soutllt.'rly faee eOllti.nufl.tion of 'what iR knuwn lower down as coastal feature8 of the Ban Luis quwlranglf'. It is 
west-the Snll LuiB Range in the south, the banta ·which thc Haut.a Lucifl Rang-e here presents, but. Salinas Valley. Santa l\Iargaribl nnd Trout ereeh: t.hl' flooded lower portion of Lot-( o."ot-( Valley, aerosOl 
Lueia Hang-e in thc middle, and the westward norllnyt:',yt of the town, extending' across the qund- join the Halinas where it issuf's from the granite, thf' entranee of which the wawo," and eurrent~ ha\'e 
extensiull of t.he Bflll JO!:le Rangp in the northem~t. raugl(' amI for ~()me distance beyond, the Hluin hut Rineonada Creek leaves a broad Ynllt.'Y and thrown llP'fl. Salla 1m!". fig. i.) ,\iu('u by the 
Of' these t.he 8i1ntn Lucia Rnnge if' hy TIll' tlle most. range is bordered by a senes of 1'Olling- hills flows with stepper grade to join the Halinas in the wind, this bar hflH llf'en up until it is now 30 
impOl'tallt. For a. hundred milt,s northwt'st uf tlli~ oc('upying a strip 4 to ij miles 'wide alld :ranging- granite. This peculiar stream arrangement iM not fpet high in pln('t'1"1 and ollr-fourt.h of a milc a{'ross. 
(tua(lrallgle it continuc", as the dominant. mountain in elevation from 150() feet nlong the main fa(,e of to be explained by the grent diilerences in the lwrd- 'J'lw pmlition of J\Torro Rork at the nortllel·n edge 
block of the Coast. Rangel'. Through mueh of this the l'lUI.!!,'f' t.o 400 feet ncar ilw ocean. npl'S of the different ]'ocks of the reg-ioll; it is a of the drowned yalley hal' tleteJ'lnilled the outlet of 
dist.ance the l'flnge ri:,teH holdly hom the Paeilie Hout!; of the iown of Han LlliR Obispo there clear ense of superimposed drainage, and it:; origin I ~he hay at t~at point. The Lo~ OSOB dTflinag: l.uea 
Ocean, forming the most pietures(luP portion of the hegins a line of peab:1 and ridges whieh extends will be lllore fLllly explained nnder the howling- IS eornpal'af1vely ):Ulwll, but Ull11ng the eYOlntlOIl of 
Califol'nifl COlmt. It terminates at Point Pinos, in Ilol'thwestward f~)1' about 16 mile-so (Sec fig. 4 1m "'l'opographie developlIwnt." the present ('08stal fpfltllres Chorro Crcck, hcadillg 
1l0rUIern Montt'n'y Countv. To the southeast the ilh18tratioll Bheet.) It tel'lllinate~ in .:'1101'1'0 Rock, The Rtreams on the southern side of the Ranta' in the Santa Lucia 'was delleded RO aB tu 
range blend;;; 'Yith the H~u Josc Han!2,'e and the lying in the ocean off Morro Day. Thesf' eleya- Lneia Range also pre~ent peeuliarities in t.opog- pat'R bct.\veen two of the into 1\101'1'0 Ray. 
irregular lIIountain platfi.wll in northern Hallta tions form the northeru boundary of Los Osos raphy, but these ean not adequately be dis('ussed This stream it-( rapidly filling the hny with alluvium. 
Barham Count,y. and a part of Han tuis valleys, ar:d are separated until afwr the geological history of the region has 1~~le work ha;:; heen espeeially rapidsinccthe country 

The Santa L~[('ia H.ange formR the divide between from the Banta Lueia Range by the lesser yaHey:,! been presented. The largest of tlle stream:'! on the began to be settled and tllP Rurfaee of the soil to be 
1ho~e streams which flow dirf'etl y into the I'aeiIie and rolling hills. This series of buttes constitutes southern side i8 the Arroyo Gnmde. Like the I tlisturbed. 
aud those which (lrain into Salim1B River. The tho most striking topogl'~phic feature of the Salil!as, it i~ a graded stream throngh()u~ the greater ULI1IIA J'FJ AXD YEGETATHAl'i'". 
portion of the range in the Sun Luis quadrangle qua(hangle. There are about. 12, and they range portion uf ItS course. The upper portIOn occupies 
is diyidcd topugntphi.eally into two somewhat. in alt.itude from 400 to 1600 feet. l\Iflnyof tJtem a deep longitudinal V-shaped canyon. Hel·e it has 'I The elimate of the coastal portion of California 
diverse parts by CUCSbL I)a8s, a low affording fire almost completely iBolated and riHe from the adapted its course to strueiural eonditions, but it:! inllJ,leneed leA"s by latihJ(le than hy nearllf'RR to a. 
an important line of eOIllmlLnication the. I' valleys with bold and fi'e(lllently precipitouB fitrther down it turns at a right angle t.oward the great body -of water. The }ll'eyailing winds blow 
inkrior valleys and tlle coast.. Southeast of the fhces. Morro Hock, the most northerly southwest and euts aeTO,,:::; the rock structures, pre- from a westerly dil'et:tion, nnd these, paBl'ling over 

the mllge llttainB an elevation of over 2800 of buttt's, rises from the ocean as a hare senting a hroader and broader valley unt.il, it the expan!;c of the Pneific, whose waters vary lmt 
presenting a fairly even sky line. Viewed rOllllded mass of rock nearly 000 feet high, fOl'm- reaches the ocean. The lower portion of Arroyo little in temperature through the whole year, cool 



the adjoining lands in summer and warm them 
in wintf'r. 

The §(reat.er portion of the rai.nfall along the 
middle California eoast occurs dnrillg the winter 
months, thp summers heing long and thy. '1'his 
is dne to t.he fad that cyf'ionie disturbaneeb 
the atmospht:'re, with which pn,cipitatioll is aRSO­
ciatf'd, (10 not oeeur dm'ing th," summer months. 

~\..s 1:1 rule tIu' btorms iu the north 
Pacific, alld, paRRin!!: f'Hst:wnnl, reach 
the hllld. ~-\s fitll approaehes thf'~p :-;tormR extend 
farther and findH'r ullt.il the ,\hole t~oast a" 
fill' m..; :\fexi('o 1'('c('ives The of tlw 
storms alHI the amouni 
from llortll to sOllth. 

The COflllt Ranges, extending W'rOSB t.he eOUl;,;8 
the prevniling .. tDrm", at'f' llluch hetter watered on 
their western than 011 their ellbtern, the largf'r 
parl of til(' moisture being condensetl Oil 

the "i(lf' fJ'OITI whieh the storm:'! ('ome. 
During :::;ummer reglliar wind:::; blow in npon the 

land from the nottlnvf'st, alHl for 8f'veral month" 
The 

afternoon, aJl(1 i~ 1l1O,;;t in tlw largf' valleys 
whidl open northwcRtward to the ('oa;:;t. '1']lC air 
iu the illtf'l'ior b"(,Olllffl ~reatl,Y !tented dnring the 
lOHg: summer dayI:'. awl through the ~dJlS in the 
monntain" alollg' the COHSt the ('001, fog-l~Hlen air 
rll'lhel:' in from the sea as through fm;nels. The 

t.1111H sweep illicll}(l 40 to riO miI8fl., tf'lllpf'ring 
climate alld l)l'f'YE'llting flS rapid evaporation 

from the Idlld at; "'ould otherwise oceur. These 
('on(litions Iwrmit. the rail"ing of (,f'rtain crops in 
the fog heIt without irri,!!lttioll, 

""it,hin the r.an Luis qWHhangle the ]'ainfilll i1-­
naturally heayipr 011 the 'HSti'l'll slope", of tiIe 8an 
Luis and Hanta Lucia range". ~\.t the town of Han 
Luifl. Ohispo the a vetage aUllual rllinfitll for the 

during whi('h a rel'onl has beell kt:'pt is 21 
The amOU1lt for different vein'S varies 

greatly, from a maximum of 40 inC'h~s to a mini­
mum of:J illehes. 

Til Snlillilb Yalley, f'nf"t of tIlt:' Santa Lucia Hange, 
the minDIIl is le:::;s, alld it continues to dc('rease 
heyond each bueceeding mountain ridge in the 
(lireetion of Ban Joaquin Valley, W'ith iUtrea"e 
of dist.allee fi'om the C'oa:::;t there is an inereu",l' in 
bummer tempf'I'ature alld a deereasc in winkr. 

The higher alld bteeper portions of the three 
mountain l~dges which trayer~e the (llmdrangle 
are ,e:enerally COYCl'cd with a densE' growth of low 
~hruh, 01' chaparral. Among the Jllore common 
OI1(:'S are thc dlUrni",o, Cali~)l'nia lilac, ",crub oak, 
and manzanit~l. Thf:' dit;tribntion of Rome of tllf'",1;J 
i~ ('karly aiff:'etpd the natU1'1::J of the residual 
soiL "There the i;:; heayv awl f-lufficient.lv l~eh, 
graRscs or wila oats f'requen'tly repiaf'e the ln'ush, 
even on the stecp slopes. 

The syeamore marks the HpringR and wntl'1'-
(,OUl'Sf'"" over tllf' 1'et-,>10n on the eoast 
fiitle of t]le l..u('ia Rallge. In bOUle of the 

1.tream bottom;;, pnrtictllm'ly \hat of the ~-\rl'oyo 
Grande, it. il)rlllt; upnsc groye", TIlt:' Ii \'12 oak and 
lanrd are generally ronfined to well-wat.ered areas 
"here the :::;oil is rirh. 'Yillows and nlders mark 
the,canyons and marshy places. 

A fe\v beattered yellow pines are fonnd on some 
of the higher portionH of the Ranta Lucia Rallge. 
Cypress js ii-Hind in a few of the eanYOllS Ilorth 
of San Lui:;; Obi",po, pflrtirularl,Y at ih," head 
.Chorro Creek. 

The rolling hills fl.Oltth of tllt:' banta l..uein Range 
are nearly fi'ee from tree:-l, North of the range the 
valley", nrc higllf'r and thiel' :md are thickly dotted 
witll onks, of whieh the white oak is the lllust 
nbundant. The nigger pine is a common tree enst. 
of the Santa Lucia Rmge, 

Thf' "oils nre t.he poorest and vegetation is most 
:;;canty where t.he serpt:'lItine -rocks outcrop, 
altholl~h, owing to the extpnt to whieh this forma­
tioll has been :,-wamed :lIld sheared, these areas are 
abundantly supplied wit.h water. RpringR are par­
tienlarly numerou", and large along dle fflJilt. lines. 
The San LuiR formation i~ alRo well :::;upplied with 
~pring", el'l]>eeially ,vhere dikes arc numerous. The 
~rallite nn,a is the dt'iest portion of the quad­
rapgle. The granit.t' does not appeal' to be fi8sured 
to any eOIll'lidt'rahle degref', and m08t of the water 
it rcceives runs oft Springs are not numerous in 
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the Toro formation nor in the Monterey shale, 
although the deep canyons in the lattcr gt'uerally 
eontain running wat.er the year round, 

The sandy areas of the Pismo iornllltion are :::;ur­
prisillgly rich in Spt'illg.-<. Thi", is hfX'HUSC of the 
poroui:l natl11'e of the salld:::;to[]c, which ahp.orb~ 

water like a p.ponge and gives it 011' slowly during 
summer, 

The San Litis formation, which eOllsists::::o 
of an earthy tog(~ther with the 
rorks intruded in it, the ri('hesl 
and deep<,,,L They 
support. a luxuriant gl'OWtll of gl'<lI"SCS, 

GENE1\AL GEOLOGY. 

8EJJlJfEXTAl-lY ROCKS. 

The geologic history of the Coast Hnnges is 
complex. Period:::; of depre",sioll bf'l1f'at.h t.he OCf'Hn 
with arcuHlubtion of sediments have alternated 
with f'leYHtion and erosion. In some t'lBe:::; these 
oscillations ha \,12 progI'e~sf'd in othcm they 
have been accompanied hy ar1ioll on an 
exten~iYc l<el1e, Tntrusive mHSSet; almo'lt .innumer­
able have heen forced through the CI'llst .ill thp 
forlll of shcets or diket;; lunTe rt'ache(l tht' Hur­
face in the f<Jrm of !aya:-;; 01', thrown into the 
air with f'xplo~i\'e violell(,f:', havf' fidlcn in the form 
of pumire <llld voknllie nf-llic:::;. 

So oftcll have these di",t.urblw('e", taken place 
within the Coast ltangep., und so exten~in~ hnve 
het'n the areas afIf'<'ied, that "ei(lom lIre two forma­
t.iollB found in ('onfot'Illnhle juxt:lposition, 'Vithin 
the San LU1;:; quadrangle there are sevt:'ll ",P(]illWH­
tary formations, separated by five ullcOIlforrnities 
marking periodl'l of f'levation and erosion. The 
periods of elf'vation were oftf'n ."0 long that sedi­
ments dlOusa1H1s of feet in thieknes.'l were remo\'ed 

in certain Drew, thus expo!::l2(1 
in this JTUlnner; so 

i" at present more or 
Ie:::;:::; fi'agment.ar." at f'very point. 

The scdimenhuy formation;:; in this portion of 
the Coast Ranges cover the time from Jurassie (?) 
to the present. They inrlltde hoth TTlHrinc and 
fresh-water dcposit.s, tholl~h ehiefly the former. 
'Vith thf' exeeption of narrow bands between 
certain of the igneous roeks and the "pdimentary 
formation;:;, the sr~dilllents have under,e:one but little 
metalllOJ'piIism. In addition to t.he ullfllt.erea for­
mations of the San Luis quadrangk, there is in 
C'ertain portiollS of the Coast Ranges, notably in 
the northel'll portion of the Ranta Lucia Range, an 
older and thoroughly llletalllorphofl.ed formation, 
the exat-t. position of which in the g(,olot,viclll seale 
is ullkllown. The lack of sedinlf'ntHrY formation" 
bet.wcen this oldf'r one and the uw;lterf'd serip;:; 
makes it evident that previoul::> to the .Jnral:ll::>ie the 
region wn;:; elevated n boye the sea for an (,xceed­
in~ly long period, hut thnt SillCt' then it has bct'1I 
ele,-ated and depresBed many tinw,'l. 

Several m'ens of cryst.alline ro('kH extend in a 
northwf'Bt-southeast direction through the eentTal 
and southern Coast Hang<'s, The roeks eomist 
partly of granit~ and p1rt.ly of er,wt:tlliue :::;chi",t. 
and marble. Tht' schi:::;tsalld marble l't:'}H't:'sent thor­
oughly IlletamorphoRed remnant:; of a sedimentary 
formation of nnknown a,e:f', The formation is 
older than the granite, in whieh it i:;; inclose(l, and 
the granite is older than the Jurassie sellimeuts,' 

Onf' of the erystalline nreHS ero",se" the northeast 
eorner of the San Luis quadrangle, but the por­
tion within its boundaries does not, so far as is 
knowll, contain any remnant of dlCse early sedi­
ments. 

JtHtA'fltlM:l (?) ~Yfi'L'EU. 

San Lui,~ jormalion.-The oldeRt sedinlf'nt.al'Y 
bedR within the fSan Luis quadrangle eon~i:::;t of 
sandstow' and shale with lellticular bed;; of radio­
larian jasper and 11 very little eonglomemt.e. The 
formation is named from San Luis Vnlley. These 
beds have been folded and fhulted in a ;'121'), ('Olll­

plex manner and have been pel,etrated at various 
times by (likes of igneous rocks in great almndanee 
and variety. They belong to the -Franciscan 
,e:roup, which is extensively developed in the Coast 
Range rt'gion. 'Vith the f'xceptiou of the crystal­
line complex airea(ly l'ef~rred to, thi" ,e:roup formb 
tJlC basement upon which the suceeeding forma­
tions rest, Tt is separated from the earlier as well 
as later beds by important unconformities. 

The position of tlw Franei,'lC'an group in the section which are the 10weRt and ,,,hi('h the upper-
seale is not l'ewlilv determinable, most bf'(k 

of the ~('ar('ity of fo"-,,il;:; Hnd partly ,rithin thi" qundrllllgie the htlSe of the formCl-
diflkulty exppl'ieucl>(l in al'lcertaining it" tion is not exposed. !j'arther north, howevf'l', ()n 

relation to the Klloxyille thf' lowest I'f:'CO~- the we8tt'rn slope of the Hanta Lu('ia Hallgl' well 
nized Cretaceous. The has beell shown 11S iu the Santa Cruz ::\rouut.ain", it is I::>eell rc;,:ting 
to oc'cur nnconfOl'mahlv beneath tIlC Knoxyille, llpon the granite witll a t,hiek bn:::;nl conglomerate. 
and tile paleontologic e\~i(lpIH'e, though yery incom- No formation is known between the bun Lllis fOl'­
plete, 1.y "u11i('ient to mab~ it. dear that the beds ean 
Ilot be oldt'r than the .Tm'H"sie. TIlt:' group occu­

the same relation to the Knoxyille in the 
Rangen as do the Mariposa slates in the 

HieTl'11 1\~enl(la and Klamath l\follntainl'l t.o the 
Knoxville Oil t.heir borden" :lIld i:::; therefore pro­
viRlonally referred to the .furas:,i(~, 

The titrata of the Ran Luis formation are most 
prominently expo"e<l throll~h the eentmL portion 
of the (luadrnngle alollg n northwest-south-
east lilt(', Tlwy o~cupy southern foothills 
the Ralltn Lueia !tange, the northern slope of the­
bHn Lui" Hauge, awl lHu('h of die yalleyn hetween 
t,hu two, A small nrea appears on thf' ('oaRt Horth 
of I)ort Harfi-m:J, 111ld a long Harrow strip along 
the f'astern ",lopc of the Santa Lucia R:ll1gc. 

The fOfl.sn remain" l()Und in lllis formation within 
thp quadrangle are limited to Hadiolaria aml :J-Iol­
luse'a. TIlt:' fCJrluf:'r are 1,<i(1ply (listriimted ill the 

lenb~'s. T1H"T liS little roundish dots, 
some of whieh ;t SJucture eill) be seen 

\\ith the aid of a hand glas,.:;, :\lollu~can remains 
were (li.y~'o\'erpd at ouly Olle point-on the ('OHRt G 
miles llortlnwt;t of Port Harford, One :,pl'cies, a 
11 little pecten-like form, ()('('llI'S at tlds localit.y in 
immenl'lP nllmbers, Tt iH <li~tribltted through a 
str,lturn of hhwk :::;late n bout ;,)0 feet thiek, The 
heds ~tllnd yertieal and are inelosed hetWt't'll dikes 
of diabw:w. The Pf'cicn from these slat.es has been 
examined by 1\11'. T. ,Yo Htallton, who reports as 
follow,,: "The collet't:on eOllSL'ltR of a number 
distortf:'<i 
which is 
Cl'etaecollS, or Tenial'v, 
with Pecten ped1'l)anu; 
originally ueseribed :lS a 
to the CrctaceouR. The strallge fmel 
thillg about this f{l1'lllation j;:; '-that none 
lllollus(~an remains yet found in it are ref~rahle to 
fonns tJwt have h(,Cll describf'd fi-orn tllf' Pneifie 
roast, while tJlCy fire pmet,ieally illtkt.erminate as 
far as settling definitely the age of tlle formation is 
coneerne(l." 

The Han Lui8 formation ns a \dlOle ('ollsist", 
sltallow-wilter sediment,.;, for nf:'arl,Y OJ' quite tJlTCl,'­
fOllrths of it i~ sandstone. The 1'eHwininp: portion 
('onr:ists of shalf', lent1('uiar bedR of radiolarian 

and a yery little eonglomel'ate. The' wholt: 
upturn~d, folded, ;~nd f~lUltl'd in a wry 

('omplex manner, awl pem'trated ut variou" perlo(l:::; 
by dikes of igneous 1'0('k'l in great variety nnd 
ahuudanef'. In certain portions the erupti\'e.'l 
pre-Knoxville form fully a third of the sUrftlCe 
Hrea of tIw ~\ll these roeh <,xeept the 
ja"pers and cont:wt sehists dceay and weathcr away 
rapidly, leaving rounded hillH ('overed with a fertile 
soil. For Ulis rea"on the portions of the qlladrnll­
gle covered hy this formation \\ere f'l:'lw('i,llly diffi­
eult to mnp. 

The I~'nmeiscan group O(,ClHS extensively in 
the Coa:,;i Hangf'fl., It rea('hes at lea~t. as fhr north 
a", thf' Klamath Mountain ri-'gion, and as fhr i::1outh 
as ensteru Hanta Barbara County, whpre it passeR 
]wneath the Cretaceous and OtJlPI' later formfltions. 
The eharaeter of the rocks i", much the same 
throughout th"ir o('elUTenCf'. SandBtone, ji:l.'lper 
letlw'H, and igneouR intrusions are almost ewry­
where prominent, Tn lllllrked ('()ntraf<t with the 
youn,e:er rocks, the :::;tratu of the San Luis forma.t.ion 
have been ~ltarply fol<le<l, shattered, awl ('1'lIsht:'(l 
t{Jgt'tller, through llloulltain-lIlakin~ nlO\'ernent", flS 
weH HS igneous int.ru:::;iollS, The "oft.el' layers Itaye 
heen crushed and portions of t.hf:' hardcr Olles 
embf'dded in them. \Vhere the flandstones are 
thi('k bcdded they are generally more or less 
",eamed and sliekf'n"ided. In t]le vicinity of igne­
ous massf'" they arf' frequently peneil'Hied hy inter­
lacing eal('it.e yt:'inlt:'tH. Over wi<le area,., a grenter 
or le8H dl'gree of bilicifieation has taken plaee, as 
shown by the quartz veinleis wholly or pardy till­
ing minute cra('ks awl Iismrps in the sandstone. 

mation and the rrYHtalline bllsement complex, The 
latter, then, must repn'sellt thf' an('ient 1<1l1tl oYer 
which the sea grnduHlly crept n:::; til(' SUll Lui" for­
mation was deposited, 

The sandstone" of thp San Luis formation flre 
uSllfllly thiek bed<le(l, :::;0 th_at in ponr 
eRI)t'eiall~r if the rock has llndf'rgoue much 
it is impobsihle to determine the strike and 
Tlle outerop of the formation along the (,O<lRt 
west of Port Harford exhibits ~\ ell the I'elnti n' 
proportion of sflndstone. ThiB l'()('k, 
with thin beds of shale amI lell",es of 
stands yertical for a di8tanee H{,TOi'li'l tllf' of 
nellrly 2 milf's, gi\'ing a "p('lion appl'oxintntply 
10,000 feet thit'k. Alt1lOuglL tllt' formation hre ' 
exhihit", lebs deformation th;n usuHl, the ~and~LOne 
i:;; I:lenmed to Rll('h a degree tltat in mo"t it, 
unfit for lllliiainl4' pu'rpost'~, nmn,v of 
appearing nnly ullder tJl(_' i.ni1uPll('C of \\l·ather:ng. 

-'-\.. llliero;:;copie f'xaminatiOlI of the S(lwlMtolle 
ShOWR that it ('ontains an unusually small propOl'­
tion of quartz grain::<, The same iitet 18 "ho\YII ill 
thf' nature of the ~oil::< to whi('h it gi ws riHt'. Frag­
lllent", of f<',ldspar crystall'l, quartz, mlea seales, and 
dark fnnut,vinous material form the hllik of tlw 
sandstone. Lo('all,Y it ]ws heen lIletamorphosed, 
so that secowl:-u'y mineral::,; 

_.As already invd-i.eated, tJw beds of the for-
matioll are not w-itllin the 
The {'onglomerate.y 
habe ure deeply buried, Falliting along r~'bhnaR 

Ri, f'r Ilear the edgc of the area hus thrown 
dO\\ll the formation, ,,0 t.hat hase iR not f'xpo'lP(L 
At ym-ious poinh; in tIlt:' area ocellpie<1 hy thc fSan 
Lllis formation a thin bed of (,onglomerate was 
noted, hut whetJlCr there is mol'(' thnn one horizon 
could !lot he determined, An unimportant lwd 
appem'l'l at the f{)s:-lil-hearing localit.v tlorthwi'",t of 
Port Harford. The cOllglomf'rat'" i:-< intcrbedded 
with samlstones awl shait's. It ('ont<'lin~ pebbles 
of §(ranitic l'oeks, quartzit.e, awl jnsper. 

A Htl'l1tUlll of sandstone containing scattered 
pebbleJ:l which i'l exposed on Villa Creek ahout a 
milo above its mouth cOlltains a howlder of glau('o­
phnne-schist 2 feet ill diameter in the salllc mMrix 
with tIlf' Its presellee here would ~ecm to 
indicMe the exi-;if'nce of earlier glalleophane-
sehists very similar to those produce(l ignpous 
('ontaet, 01' ero"ion and redepositioll iu Lui;:; 
time aft€r the s('hists lwd been forrtle(l. 

Rather thi('k beds of shale arl' expo;:;cd in ~eyeral 
10C'alities, The largt'St area is on the enstern blope 
of the Hanta Lucia Hangf', opposite Hineonada 
Yalley, Here the shales an' Il0t much Jumlened 
and are ratller diffieult to di;:;tinguish from tho:-<e 
so ehm'aefcr-istic of the Toro formation. 

f.enaZs,-This t.t:'rm is applied t.o heth; of 
"iliceolls or flilltv yoel: whi('h oceur in m01'e 

or lefl.s dis('olltinuous 0;' lcnl<-Hhaped bo(lieR in the 
San Luis formation, and whi.ch have been sppa­
rately mapped. The",e strata sometimes reneh a 
thickness of 100 f~et, and individual Olltnops mny 
be a mile or mono' in length, The beds nre prob­
Hbly at time~ eont.inuous for a longer di~tanee, but. 
the outcrop bceomf'" fl.O narrow that they ('an not 
hf' traf'ed. Generallv tlw bodies are smaller aJl(l 
1Il0re de('idedly len", -tihapetl. They art' made up 
of hundreds of' bands, from half all inch to scyeral 
inche:-< in thiekness. These arc in many cases 
stri(:t1y jasper, in others llinty and more f'tlrthy, 
Tn color they vary from light ('ream,)' tiuh; through 

brown, :llld deep red. The different ('oloI'S 
to he due to yaryiug proportions of -iron oxide", 

and in some rasel'l to rtlangll1lme. 'rhis mineral, 
when present, is always n8:-<~)ciated with t.Jlf' 
Tltf' prevailing color of the jaspers" 
the <leeper-tinted ones, is due to the lll'flrTl(';-l;:; 
igneous rocks. The jasper llOrizoll:::; 1l1lYe offered 
conditions especially fin'orable f()l' intrusion of igne­
ous mafl.ses, which so fre(Jllently lwnf'iratf'd tlw nwh 
of this formation, The jasper hallll~, lwcau:::;e of 
the ease widl whieh t.hey may he part.e(l, haw offered It -has heen fouud impossible within the San T~llis 

quadrangle to meHSUl'e the tlll('kuess of the fOrlllll­
tion or to determine ,,,itJl any certainty in a briVCll as 

pa&-lnge for mineral-bearing :::;olutiolls as well 
iglleous masses. The hands are generally 
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·wavy and are often highly contorted, fractured, 
awl interl'leeted. by a netwOl'k of qUilrtz or dllll­
ecdollie yeinlets. They are ccparated b:~ sofLer lUid 
more earthy material, and. in SOHle ('HRCS the jar-pel' 
itsdf heeomes earthy. The k')'Hl. "chert" might 
he used for the more impure variet,icB, but (iol's Hot 
seem approprinte for the great mas;,; of this rock. 
(Rt:'e figs. () and R.) 

U ndf'r the microscope the jasper nppearR to he a 
mixtllre of nlld alllorphou"" ;-;ilica, }lnd a 
e11l'1IIie1l1 test the preseuce of iron, and often 
a litt.le alumina alld ma~nef<ia. I l1 nlany hand 
specimells as well }IS in mieroscopic s(:'etio11s g'l'lwr­
ally thl' rock i" seen to Iw 11Iore or ]('s,;; thickly 
dottNl with littk ('irclllar or elliptieal area~. In 
some ('ases it is (,leady seen to b~ made ltlJ almost 
wholly of these m~nute forms. In speeirnen"" which 
have 110t ulldergone too much change tilt:' strueturt:' 
of the radiolHrirlll skeleton is uftcn seen with C011-
siderahk distinetllcss. 
that originally the radiolaria ·were 

of the rock, but that in the 
ha;; undt'rg:(me tht' struetlH~ of the 

isms has in large lUe:1Rllre disappeared. 
The alleient. St'U in whi('h the beds were dep0:-1-

ited must lit tinH·s haye SWHl1rl('d with mieroseopie 
organisms siliceous i.f'sts, so thick are 

skelf'ton~ are found. The 
strange ft'ature eOlllle('ted with thef'e beds is 
their a~",oeiation with f:>andstolle. The cllang'e from 
a (It'trital rock of BhaUow-wliter fornwtion to the 
ja:-1IJC'r iR abrupt. ]\"o radiolaria haW' yet het'n 
dctectetl in the ~dnd~tone, ""hile in tll(' 
(letribl lIIatf'rial of :-;hol'e origin is entirely 
There mu~t have heell eompamtively ahrupt a1t.era­
tions eitlH.'r ill tlit' currentf:> or in the deptl! of the 
bca nlltl the position of the shote lint'. 

(}wing to tlwil' hardness the ja;;pe!' b~ds re;3:",t 
el'o~ion llIort' than the other portion;:; of the San 
Luis formatioll, and eonl:lequently are 
found at the summit of ]o,y hilly an(I 
to the t:'xa('t numher of ja."per horizoll!3 in th(' 
f{lrrnation lind their l't:'lnti ve position littk can be 
determined. In eertain portions of the format.lon 
'where there i~ reu;-:;rHl for belil'yiug that we fl.r(' 
dp~lling with hut 011l' limh of a ('ompn's"ed 
thl'rp are at !em'll half a dozt:'n prominent strata 
jaspeT distrihuted through 2000 to X(X)O feet of the 
sedimelltR. A portion of the formation which is 
almost exclusiv~l.y 8alldstone l'(>!Itnins hut little 
any jasper, but what part of the f(mnation this is 
can Hot be told. Fmilwr 1I0rth, on the slope 
the Santa Lueia Hange, jnspel' oC(,IlrS within 1GOO 
feet of the base of the formation. There the suc-

nant ('onstituent, ,e:iws this roek its char:lCt~ri,qtie 

t.int, but other minerals arC' f'ret{llently present ill 
abundnll(,C'. Among tho~t' of importance fire qnartz, 
('hlorit(', a pearly miell, gamet, aJHl at olle plHc{' in 
H.el'!erYoir Callyon, lawe:ollite. 

The exeeet1i~,!!; ahuwlance of thee:e coutact rocks 
throughout tho~e portions of the Franrhwan group 
where the pre-KnoX"yille basic erupti\'es arE' the 
most llumerous ('onfirmR the view that most, if llOt 
aU, of the latter are Bot eontt:'mpor,meous lava flows, 
lmt luter illtl'usiOilS. The fn,qllent oceUl'rencc of 
arnyg-daloidal fll('ies amOlIg- these iglleou:-1 ro('kR 
might other wiRe lewl probability to the view that 
they \\ l're ('ontempOI'HnpOllS Bows. 

CRET,\CHllTi'i f'Y'-;TEl\I. 

Strata. of CreulCeous age in Cali1()ruia include 
three main 6"1'OUpS-tlH_' Klloxyille, HOI':-1etown, and 
Chi('o. Two of these, die Knoxville nnd the Chieo, 
are witlely distrihuted throughout the Coal'!t Rangcs; 
and. tlleir reprcsellt~lti\'eR, the Tol'() awl_Hal'-l'adero 
formations, are fmUld within tJlis qUl-ldl'lHl,!!;le. 
Xothing corrcRpon(linp; to the llorsctown group 
ha!'l heen rp('ognized here, awl prohably the horizon 
i~ rcprest:'nted by au eroRlon uueonl(nmity. 

It hnB hpt'll thought that tlte Cretaecous sPtli­
ments in Cnlifornia -forlllcd }I eonformable f'eries 
from to hoitom, but, in the ecntral ('WiSt 

thi~ perio(l was broken two or 
ontbul'Bts, wit.h one long 

alld eroC!ioli. 
1'01'0 jonll(jlion.-Thc 1'01'1) fonnation, within 

till' Han Luis qua(lrangle, rOllsistR of more than 
:JOOO feet of (lark 1'1wlt' awl tllin-lwtltle(l sfHld::<ione. 
The fOl'llI:1tioli is llllllWd from a ereek which flows 
acroe:s it The shale f(mlls almost the whole of the 
bottom and middle portions. The sandstone iB 
more flbuudnnt towar(l the The fC)J'Jnation is 
nOL Olnpplied with f()r, 
speeimen of nn 
is one l)elonging to t.he gellus 
very ahuntlant through t.he middle and l(Hver por­
tions of the f(mnatiou. 

The '1'01'0 f()]'mHtion is the ]oeal r('prf'Senultiyc 
of the Knoxville group, but it probahly COJ'l'P.'lponds 
to a small part only of Knoxville time, ,the l'ep,t 
heing n'pn'st'nted by the uTll'onf()rlllities abo\'e aud 
bell)w. It bt:'longs to the lower Ll'0tal'eous or Shnsta 
scrips. 

\Vithin the San Luis qnadrangle the ~trat,a arf' 
eonnncd to the region along the tlanta Lucia axls. 
They conbtitute tll' hl'U::<lt-eoyered valleys and 
lllol:ntains thl'ongh the eentral pOliion ~of the 

from CllPsta Pass 1l0lth,veRtward to the 
cessioll from the hal'e upwartl ic conglomerate aIHl etlge the quadrangle. Houtheflyt of the pass the 
8audHtone, fossil-hearing f:>latcs, jasper, aud sand- formation if:> buried uII(1t:'r the J\fonterev shale, 
I:ltone. a narrow strip outcroppin!!: a]ong- t·he sides 

There O('('UrR wiLhin the San Luis (lwtdrangle, range for several mile,. 
w, in other portiolls of the Const I-t:mgt's, an intcr- Although the 1'01'0 fnrrnatioll is mueh disturbed 
esting ),whi,yt associated 'with the San :yuis frlrma- awl hrok~n, t.he .'ltmeture, partimlarly of that part 
tion. III all fairly f'XPOSllrL':;; these hodief:> nortlnvest of Cuesta PasR, is in a beoa(l WHy that of 
of sehist urc w'('n to a lenticular fMIII. Their a The syncline is bordered by two lines 
thielmess ranges from a toot or less up to 100 feet, gTeat igneous mal:lses illtl'llded along its eages. 
and thpir length at times reaehes 200 fef't or These, on account of their superior hal'tlnesR, now 
more. 1'hiH rock i:" of a prevailingly hluish tiut form the double erest of tllis portion of the range. 
and, owing to it:" resistant nature, often forms The rock has been dt:'signated the Cuef:>ta dia­
prominent outcl'Ops. Its relation to the }'e;:;t of the base. Its -intrusive chm:ncter 1S shO"\vn by the 
HalJ Luis formation is otten obscure, but wherever fact that wherever it eomes ill eontaet with the 
exposUl't',Y aTe suffi('ipnily good it is seen to lie at Rhale the lattpr has he~n baked to a hard, gTitty 

, the (~ontact lwtween ~nnd"lone or shale and one rork w11iel1 often rings \\ hen :"truck. The diITs 
the ba,;ic roeks which have bO comlll(mly rllat rise so piduresqucly Ileal' Cuecta Pap,s are com-
intruded heds. Similar Rl'histM in other parts of sandstone of the T01'1) formation meta mor-

. of the COllRt Hanges ha,-e heen rpganled a::< sedi- " The sharply 1)l'Ojecting 
mentM l)y intru:"ive ignel)us rocks, poillt.'l of Lhe Tange n01'thwest of the great serpentine 
awl he[l(~e have called l'ontnet l;letamol-phies, area arc formed of the hakpd f:>h111e also. 'Thcre are 
01' g]nucop]ume-sehibts, from the predominance sm-eral ]oenlitie:;;, norubly I)n the Eagle raneh, 
t.he mineral glaueophane. w}lt:'re the sllHle has hepn hardeneu, hut not suffiei-

The phcnomenn exhibitf'd by these rocks in ently erodetl t{) l'eyeal the diabase whieh must lie 
m:my plaecs \vithin the quadrangle sllstain the below in laccolithie forlll. At. some time after tJle 
view that they are metamorphosed sediments. iut,rusion of the diabase, but previous to the deposi-
AltllOugh it is diffi('ult to understand the Lioll of the Ata.'lcatlpl'o formation, the Toro for-
ltlt'tamorphi;-;m shouhl he l'!0 illegul:u' ill its ltIl1tion was intruded by peridotite, which is now 
resulting in sueh prominent bod.iel:l of sehist in represented by the serpentine. This intrusion 
some plaees aHd Hearee]y allY in others, the facts metamorphosed. the shale liut slightly. 
that the sehists are alwa:Ts as':1()l~iated with one The relation existing between the '1'01'0 and San 
the baf:>ic intruRions, and that the l'ont.ad roek often Luis fOTmations ·was dearly made out at a number 
(,xhibits a gradual transit.ion from the fullY cl'Y!'Ital- of points. Two miles above the mouth of Reser­
line state ncar tile igneous mn;:;s to the Ulll';'yst:11ine voir Canyon tllere is II pat('h of Toro shale which 
~andstone 1)1' shale fhrther away, make jt evident has heen but little disturhed, the strata heing 
t"hat the l-1ehiRt. htl,y berm prodlle:'d through enntad nearly horizontal. On the southern edge 1)1' this 
metamorphism. aren ::<pt:'l'imens of Aueella were found at the veTY 

Glaucophane (a blue amphibole), the predomi- basc of the formation. Just below, on the slope 
San Luis. 

of the hill, the San LuiR fOTJIultion with jts dike" I toward the oeean until finally buried -under morc 
of basic i,!!;neous rocks was observed to pal'!R directiy I reeent deposits. This seems to indicate that <1111'­
under the Ancella-beaTing wale awl throllgh the' ing the EOCf.'lle the Great Valley did not open to 
hill, eorning: out on the opposit~ side. the west hut fhl'lIlt:(l a ]ong, narrow arm uf the 

At the mouth of Rescnoir CanvOlI, Oil fL hill ocean, witll the outlet at the southern ella. ,Vith 
north of'the road, il:l a small patch of hasal eOll- the opening of the "Neoeene the geogTaphy of the 
glomerate of the '1'01'0 formation. To the east thi" Coast Hanges again chang-ed. ~trata of }liocpne 
extends under the Rhale of that fbrmation, hut 011 age are bO widely distributt'd the Coast 
all t.he other sid('s t.he San Luis formation :lppenrs Rallgf'S as to ll:lye led the e:1rlier t{) think 
from beneath, The conglomeTate hns a thickness that the first land 111 this region dated from the 
of nbout 30 feet and is made of small pphhlt'R. One upheaval which t~rlllinatpd tilUt period of Bl'dimen­
of the intruf:>i ves in the older f(lrmatioll W:1S traced btion. 
fi'om one side of the hill to the other, pabf:>illg The ~eocene of the Sail Luis quadrangle ic 
bcneath but not intA) the conglomerate. diyidefl int.o three (lisiinct division!:> by unCOlI-

Isolnteu patches of this basal eonglomerate, formitics which mark two epochs of l;plift ancl 
which in some places contain specimens of Aucel!a, erosion. This periotl ,yas alsl) marked by l1umer­
appeal' near the road crossing the Snnta Lu('ia ous volcanic outbreaks fllHl the illtnlyion of lHueh 
Range fi'om Morro Creek to GnlYCS Creek. Thcse I igneou;:; material. 
patches of conglomerate are mere remnants of a I '\~ith the heginning of the ::'\l"f'o('ene a subf:>idence 
once much more ext.ellsiw f()rmation. They art:' commencpd to affect tile lantl. This e(wtinlted 
l'!trung along fi.·om this point f(ll' :,;evernl mile~ in a I through :1 pnrt of ~Iiocf'nt' time, until nearly tile 
)<outheast.f'rly direetion. ,YJwl't'ver expoHe(l thiC!, ..,vhole of the central llllU f:>Duthern Coast Uanl<e 
eonglomerate shows a marked uneonfl)rmity with region waK snbmerged. The 11l0Wlllent ,,-11:"; not 
the San Luis formation. nniform, hut. was marked by HE leHRt one ""top of 

Atascrrdcpofonnation.-ThiR frH'lllatioll, the local ('onsitlprable impurtance. 'Yit,hiu the San Luis 
I't:'presentat.iYe of the Chico gronp, consist.':1 mainly quatll'3ug]e lund cOlltinul'f] to exi!'lt f(")j' a long t.ime 
of certain Roft sanoBtones of:l grayiKh-yellow ('0101'. alullf!; the axiR of the Han .To:,.,e H:mg(" l)1[t CyeH 
The formntion derives it.'l name from Ataseadel'() thiR 'VHS prohably buried hefore t.he c1o"e uf the 
Creck. A few poorly prPRel'ved fossil8 \\("1'1" found period of sedinlt'utatioll. 
in it at several points along the northern slope of I Tht' lowC'st diyif:>ioll of the Keoet'ueiOl made up of 
the Hanta Lucia I-tange. 'Vithin tllis quadrangle I YnquCl'o sandC!tmll' and l\IontPl'ey :::thaIf'. That 
it is confined to two areas. The more illiportant! ,l,'TOUP of strahl which is now diHtillguiHhetl a"" the 
one stretches as a 101lg band, 1 to :! mile"" wille, I Pislilo 1111(1 f:.anta l\1argarita fOl'llll1tions ovcrlif'f:> thef:>p 
along the northern slope of the Santn Lneia Range, bedK but by the emlipr 
rearhing entirely acrORS the (l'Uldl'anglt'. The ()ther tlH.: whol~ \yIIR 
area iii loeatRd (lH the opposite Bide ofthc Sallta LllCia nH-'ntR awl tPl'llled the l\lioeell(~. It i;:; now known 
Hange and farther we",t. It also has the form of a that the waR not continuouR, though pale--
rather nal'l'OW strip and reaches along the coast ()lItologi;;ts 110t deeidptl whethpl' the Pisml) and 
from a point 5 miles west of Cayucos to awl beyond Ranta 1fargarita :H'C late 1fioe(-;ne or l'arly Pliocene. 
the edge of'the quadrangle. :N"o fossils we1'(' found Ero;:;ion has l'emoycd much of the }fmttt'rt',)' shalt', 
in this !'louthern belt, but. there is evcl'Y other reason but, fi.-om the Rimilal'itv in the succeC!.5ion of the 
for believing thnt the bed8 are of upper Cretaceous strata in the diITerent a~'eas, it is dear t.hat this for-

1\ot only arc they lithologically similar to mution once fomit'll a ('ontilllHlll::; ,sheet oYer tlle 
on the northern side of the mountaills, bILt I whole quadrangle. The Pismo and Bania Margarita 

there is no other peril)d to 'shich might be f(lrmatiom; are al~o IIluch les"" extensiw than fo1'-
nssigne(l except the Eocene. There lllorpover, I lIIl'rly, although in ull probability t.hey did not 
no evidenee to indicate that rocks of' the latter age' coyer the wllOlt, quadrangle. The l'tratiblJdphic 
were eyer present in this portioll of the CoaRt [! break betwecn tlw Montcn'y nnd tlwse overlying 
nanges. f(lrmatiOllc is it profound one. 

Nt:'al' the coast the Atnseadero formation oreul'S ' The lait..'st ~eorene f(ll'lllatioll within tll(' qund-
aboye tile San Lui::; formation, but northeil.bt of the I rang:lc if:> tel111Cd the PtlbO Holl1cs. It. is of f1'esh­
Santa Lucia Range it rests on the '1'1)1'0. In I WHier origin and oecupies a large part of tile Salinas 
the latter region the Ataseadero terminates dOWll- drainage area. Marine Pli()('ene ha:-l not been 
w:lrd in a conglomerate which is in places HX) feet certainly re(~ognized. SOTTlC beds which 
thick and conulins large granite hl)wlderB. The belong undel' that lientl ha\~e bpen 
Rtriking e(mtrast in gelwral litholog-ic dlUraeter the fresh-,vater Plioeelll' Ue('allse of the 
between the AtasrHdero and '1'01'0 f(mnation;,; i" (lpfinite evi(lence of their marille origiu. 
indicative of a marked ehange in ('onditionR of saJld,~tone.-Del()w the Bhnle 
deposition. The hypothesis that tht're is a hiatub Illa kes up the :.\fontt'rey are sand-
III the Cretaet'Olls sediments is well founded. It 8t{!lle and conglomerat.e heds to whieh ilie name 
is based, on the one hand, on the faet that the Yalluero 1,'l applied, be('aUBe of their extell~lYe 

Atascadero sediments extend oYer the 'J'01'0 :1I'ross oeeulIencc on 1.,Of:> YUlJueroR Creek, a t,ributary of 
hoth strike and dip, indicating tJl:lt the Toro had Salinas Hiver in }Ionterey County. This fOl'ma­
been upturned and planed oft' before the Atascadero tion if; developed to a remarkable dpgree along the 
began to be deposited may be seen at mallY ""ouiliern sidE' of the g-ranite art:'a. Ouly a small 
points, particularly on divide betwet:'n Ata~(~a- portion of it fhll;:; within the It dips 
dero and Santa :J.f}lrgarita from 1.)° to 30° to tlw aud southeast, and 
other hand, on the fact that the ' hevond the is fOJ' ft distall('e of 
same loeality rests indiscriminately upon the Torn Ht';rly [j arross the TItif:> WOUld give 
and San I~ujs formations. it a total thickne'ls of 5(X)O to GOOO feet. It seelll!:1 

Another interesting fact should he melltioned ill probuble that thei::le s:uu1,,,tones lIntl conglomerates 
('onnect.ion with the diseuRsil)n of an unconformity: were in origjn, partly fit leHst, contemporaneous 
The sprpentille here, as in I)ther portions of til(' with the bituminouR J\folltl'l'eV l-1hulp, the former 
Const Ranges, wherever it come,; ill contact with l'f'J)l'e~entiIlg the shore dep()sit;:;; and the latter rep­
the lowt:'r Crctact:'ou::; is intru;-;ive, while it ltaf' ref:>euLing dt:'poRits formed at a con"ideTitble (listant'e 
nowhere been observed to the Atascatlero from the l:wd. This view can not be demonstrated 
formation. There were two epoch"" of igne­
ous activity during the CreiaceouM, allll three if the 
formation of Ule San Luis hutt(';; be lndudt:'d; thif:> 
supports the view that marked movements o(,l'urred 
during Cretaceous time. 

NEOCE...'\E SY~Thlr. 

hecallse faulting along the sonthem Ride of the 
gmnitp area has thrown dowll t.he .yalHlstones on 
t.he llorilieast, f'0 that they cml not be tnH'P(l eOll­
t.inuoush to the "halef:> in the Santa Lucia .Rnngp. 
In any z'ase the reginn of the San Jose Mountain:;; 
Blust have formed a ruggt:'d ('oast the open 
oeean in order to lwrmit the of sHch ;l 

~o strata of Eocene age were discovered within thid:.nf'ss .pf coarse fragn1l'ntal Jtl,atel'iaL The 
t.he San Luis quadrangle, althl)ugh to the south- ehnract.el' of the at the ha;-;e of the 
cast, in Santa lhrbara and Yentura eounties, BtJ'ata fOl'lllation is slw\\n in the canyon of Saliuas 
of that age are extensively devdoped. The al)senee Hi\'er, . 
of the formation makes it probahle that during I The \'aquero sandRtone is thin over most of its 
Eocene time this portion of the ConRt Hange;,; was arca in tIll' quadranf!.1e, and is usually fC)f:>siliferou8. 
dry 1:1nd. Eocene strata oeeur along the weBtern Ii The land during Eocen~ time must have been 
edge of San .Joaquin Valley 011 the borders I)f the reduced to a eondition of low relief, and with the 
Coast Ranges, and extend across Ventura County coming in of tlte Keocl'ne ltlue:t have been shortly 



submerged to a depth too great for the accumula­
tion of much near-shore detritus. 

Monterey shale.-Above the Vaquero sandstone 
and conformable with it is a great thickness of shale 
with some rhyolitic tuffs and volcanic ash and lime­
stone, which was called by Whitney the Bituminous 
shale series, and to which Blake applied the name 
Monterey. 

In the San Luis quadrangle clay shale forms the 
base and comes next above the Vaquero sandstone. 
The beds have a considerable thickness in some 
places, but in others are absent. Farther to the 
southeast in the Coast Ranges the clay shale at this 
horizon attains great thickness and is highly gyp­
siferous and alkaline. These varying conditions 
at the same horizon would appear to indicate an 
archipelago with exposed shores and deep, protected 
bays. 

The shale is followed in ascending order by the 
volcanic beds. The latter are widely distributed 
over the quadrangle, occurring everywhere at the 
same horir..on. Volcanic activity in this region 
during the early Neocene lasted a long time. It 
was of exceptional characte!·, as its product is rep­
resented mainly by beds of ash and pumice. The 
areal distribution of the volcanic beds through the 
Coast Ranges has not yet been fully determined, 
but in the region under dlscuss!on they have been 
observed at points 60 miles apart. At several 
places within the quadrangle the beds are sev­
eral hundred feet thiek, though divided into 
several distinct groups of strata by beds of clay 
shale which may reach a thickness of 100 or more 
feet. This condition is well .illustrated on the 
coast near Pismo. The eruptions probably took 
place beneath the sea, and the pumice, blown out 
with explosive violence aud widely distributed over 
the oce!:m, settled to the bottom and formed 
regularly stratified beds. 

There were many centers of volcanic activity, all 
of which were probably not in eruption at the same 
time. Some of these have been exposed by erosion. 
One was located about 5 miles south of the town of 
San Luis Obispo, east of the point at which the 
creek enters the San Luis Range. The bold bluffs 
facing tile valley are about 700 feet high and con­
sist almost wholly of fragmental volcanic material, 
chiefly pumice with occasionally a stratum of shale. 
At the base of the formation there are large sub­
angular pebbles of obsidian in a cement made up 
of the same material. 

Three miles west of Pismo, on the coast, large 
fragments of shale are buried in the pumice. In 
the ash exposed at this point were found well-pre­
served molluscau remains, indicating cleaxl y that 
the voleanic material was deposited beneath the 
ocean. 

Near the northern edge of the quadrangle, 
between the forks of Old Creek, the tuffs outcrop 
again in great thickness and extend for a number 
of miles along the southern slope of the Santa Lucia 
Range. Here they are associated with a thin flow 
of banded rhyolite. 

The ash forms a continuous horizon along the 
southern slope of the San Luis Range from near 
Point Buchon to the eastern edge of the quadran­
gle, although in some places it is covered by more 
recent deposits. It is also traceable along much of 
the northern side of thi~ range. Similar vokanic 
beds occur near the base of the Monterey formation 
in the Santa Lucia Range, through,the central por­
tion of .the quadrangle, but not generally in thick 
beds, except toward the west, on Old Creek. 

Much of this pumice appears to have undergone 
secopdary alteration.' This is particularly the case 
alOl~ lines of disturbanee, as on the southern slope 
of the Santa Lueia and San Luis ranges. From 
Lion Rock, near Point Buchon, southeastward to 
and beyond Picacho Peak it has been impregnated 
with iron pyrites and so changed that its original 
character was not understood for some time. AB a 
result of the mineralization and subsequent oxida­
tion the mass has become hardened and very resist­
ant to disintegration. It is this rock which forms 
the picturesque features of the coast at Lion Rock 
and between Port Harford and Pismo. The 
ash has preserved more perfectly than any other 
formation the record of the ocean terraces. 

The limestone beds of the Monterey have a some­
what ilTegular thickness. They are confined 
chiefly to the horizon btltween the volcanic ash and 
the siliceous shale, which is still higher in the for-

mation. Nodular-like layers and concretionary 
masses of limestone occur sparingly in portions of' 
the siliceous shale. The limestone attains a thick­
ness of about 300 feet along the southern slope of 
the Santa IJucia Range east of the town of San Luis 
Obispo. Generally, however, it is much thinner, 
and in places scarcely appears at all. It is not 
massive, but, like the shale, occurs in rather thin 
layers separated by seams of more earthy material. 
In color it is yellowish to whitish, and freshly 
broken pieces give out a strongly fetid odor, due to 
organic remains. 

A microscopic study of the limestone shows it to 
consist in large measure of nearly obliterated skele­
tons of calcareous organisms, chieHy Foraminifera. 
The limestone contains no distinguishable detrital 
material of shore origin, and only in rare instances 
have molluscan remains been found in it. The 
beds were evidently formed in waters free from 
shore material. 

Within the San Luis quadrangle the siliceous 
shale, or Bituminous shale, as it has been called by 
the older geologists, constitutes the greater part of 
the Monterey. These beds underlie the younger 
formations of Salinas Valley. East of Cuesta Pass 
they form all of the higher portion of the Santa 
Lucia Range. The eentral and southern portion 
of the San Luis Range is also made up of the shale, 
but east of San Luis Obispo Creek the beds pass 
underneath the Pismo formation, although still out­
cropping as a nalTOW fringe on either side of the 
range. At Arroyo Grande Creek they appear again, 
and southeast of that point they form the predomi­
nant rock over a large extent of country. In gen­
ernl the shale is regularly and evenly banded. (See 
fig. 3.) The bands, which are separated by thin 
layers of softer material, range in thickness from 
an inch or less up to 6 inches. In a fresh and 
unaltered condition the shale is dark yellowish 
brown, and is often strongly impregnated with 
bituminous matter. On weathered surfaces it 
bleaches to a light yellow. Over large areas it 
has undergone silicification, which has so changed 
its appearance that, were it not for numerous transi­
tional phases, the origin of the silicified beds would 
often be difficult to recognize. The different 
degrees of change can be traced from the dark 
bituminous shale through the light porcelain-like 
varieties to the flinty forms. Some of the Hints 
are opaline, while others have a waxy appearance 
and still others are jet-black. The metamorphism 
has affected the rock so irregularly that often con­
siderable variation can be seen in the same hand 
specimen. 

Analyses show that the unaltered shale generally 
contains 80 to 90 per cent of silica, and the flints 
as high as 98 per cent. In those areas of shale 
whi(',h have undergone the most metamorphism the 
bands are generally sharply folded and contorted 
and are filled with a network of veinlets of chal­
cedonic quartz. The change which the shale has 
undergone is not so much the introduction of new 
silica as the transformation of that which it already 
contained .. The non polarizing amorphous silica of 
the unaltered shale has given place to the polariz­
ing chalcedonic variety. The unaltered shale often 
shows its origin to the unaided eye, for it appears 
to be made up almost wholly of minute circular 
forms which under the microscope are seen to be of 
organic origin. Some are clearly distinguished as 
Foraminifera, while others are diatoms or Radio­
laria. In most cases the structure of these little 
tests has disappeared on account of the transforma­
tion which the rock material has undergone. 

At one or more horizons there are beds of a 
white, chalky rock which under the microscope is 
seen to be composed of diatoms in \1 good state 
of preservation. One of these horizons is immedi­
ately above the volcanic ash beds, and at the con­
tact there is a layer, in places 20 feet thick, in 
which the diatoms are mixed with fine particles 
of volcanic glass. It is not known why in these 
cases the beds of diatoms have been preserved with 
so little chan"ge, but the cause is probably to be 
looked for in the conditions of deposit~on. Some 
portions of the diatomaceous beds have experienced 
a transformation, and hand specimens were obtained 
in which the flinty alteration product appeared 
sharply marked off from the unaltered portion by 
lines running directly across the bedding. 

The amount of material referable to volcanic 
origin srottered through the great bulk of the sili-

ceous shale is certainly small. In the absence of 
distinguishable detrital material of shore origin we 
are led to the conclusion that the shale is in great 
part of organic origin. In addition to the micro­
scopic organisms, the shale contains innumerable 
fish scales, and in rare instances complete skeletons 
have been found. Bones of whale and seal and of 
other sea mammals are also scattered through the 
shale. Molluscan remains are not plentiful. 

Pismo and Santa Margarita formai,iom.-Over­
lying the Monterey shale unconformably is a series 
of soft white sandstones, cong-lomerates, diatoma­
ceous beds, and Hinty shales which represents the 
San Pablo group. The names Pismo and Santa 
Margarita have been given to two formations in this 
area which appear to be closely related in strati­
graphic position, but are not known to have been 
connected. The names are derived from the towns 
of Pismo and Santa Margarita. The abundant 
fossils in the formations show them to be of middle 
Neocene age, but whether they should be placed 
in the Miocene or the Pliocene has not been deter­
mined. The original extent of these sediments has 
been grE'.atly reduced through erosion. The areas 
in which these formations are exposed on opposite 
sides of the Santa Lucia Range may once have 
been connected. There is a change in the character 
of the sediments from conglomerates and sandstones 
on the old shore line of the Santa Margarita area 
northeast of Salinas River to organic deposits of 
the Pismo formation in the ocean on the southern 
side of the San Luis Range. Sandstone, however, 
predominates, showing that the sea in which it was 
being dE'posited was comparatively shallow. The 
sandstone has evidently been derived from the dis­
intf'gration of granite, and deposited under con­
ditions which would remove the mica scales, for it 
consists largely of angular quar~ grains and kaolinic 
material respIting from the decay of the feldspax 
fragments. Rock of this character is particularly 
well exemplified in the hills of soft, crumbling sand 
below Santa Margarita. 

The Pismo beds form the greater portion of the 
San Luis Range east of San Luis Obispo Creek. 
The Santa Margarita beds lie along the central and 
western portion of Salinas Valley, extending many 
miles to the northwest of the boundary of the quad­
rangle. While the greater portion of the formation 
here consists of conglomerates and coarse sandstone, 
typical of shore deposits, there is at one homon a 
bed of white and chalky diatomaceous earth over 50 
feet thick. Associated with the diatomaceous beds 
are several thin ones-the greatest not more than a 
foot thick--of fine white volcanic ash or pumice. 
Ostrea titan is perhaps the most prominent fossil 
in these beds in Salinas Valley. At one point the 
shells of this great oyster form a bed almost free 
from other material and more than 30 feet thick. 
The conglomerates include pebbles of many kinds, 
but in places rounded fragments of Monterey shale 
are perhaps the most abundant. They are often 
penetrated by mollusk borings. The diatomaceous 
beds and volcanic ash are well exposed in the rail­
road cuts below Atascadero station, and at the 
point where the railroad crosses Santa Margarita 
Creek below the town of tha.t name. 

Two lines of disturbance are traceable on the 
borders of Salinas Valley-one on the west, near 
the base of the Santa Lucia Range, the other along 
the southwest edge of the granite. In each the 
Santa Margarita formation has been folded, and in 
places overturned j but throughout the central por­
tion of the valley the formation is nearly flat. The 
greatest exposed thickness is below the town of 
Santa Margarita, where it is estimated to be approxi­
mately 1500 feet. 

The sandstones of the Pismo formation are 
unusually porous, and in many places have been 
impregnated with bitumen, which has seeped up 
through them from the Monterey formation 
beneath. 

Along the southern edge of San Luis Valley 
the basal strata of the Pismo formation lap over the 
edges of the more steeply inclined Monterey strata, 
and in one place rest upon the San Luis formation. 
It is evident from this fact tha~ the periods of depo­
sition of the two formations must have been sepa­
rated by a long interval of time, sufficient for the 
elevation and erosion of several thousand feet of the 
Monterey shales. The chemical alteration which 
has so widely affected the shale of the Monterey 
formation must have .taken place in great measure 

prior to the San Pablo epoch, for fragments of the 
Hinty shales occur abundantly in the sandstone at 
the base of the Santa Margarita. 

The Monterey formation was strongly folded 
before the deposition of the formations of the San 
Pablo epoch, and folding occurred again at the 
close of the latter period of sedimentation. Between 
San Luis Obispo and Arroyo Grande creeks the 
structure of the Pismo beds is that of an open 
syncline. The thickness of the formation is here 
about 3000 feet. To the west of San Luis Obispo 
Creek the portion of the Pismo formation adjoin­
ing the San Luis Range has been forced into a 
vertical position and in some places slightlyover­
turned. A small body of the bituminized sand 
of this formation is exposed in the ocean cliffs 
between Pismo and Mallagh Landing. Locally 
it has been overturned and folded under the 
Monterey shale. The upturned strata, forming 
overhanging sea cliffs, are shown in fig. 10 on the 
illustration sheet. The unconformity between the 
two formations is also finely shown at this point. 

Along the southern side of the Pismo syncline in 
the San Luis Range the sandstone is replaced by 
an organic shale which in places is Hinty and closely 
resembles the slightly altered phase of the Monterey 
shale. Beds of this character are particularly well 
shown in a bluff facing San Luis Obispo Creek just 
above Sycamore Springs. One notes then, in passing 
across the Pismo and Santa Margarita formations 
from northeast to southwest, a change from con­
glomerate to sandstone and siliceous shale COlTe­
sponding to the change in the chamcter of !Uaterial 
deposited as the water became deeper and quieter. 
There does not seem, however, to be any evidence 
that the shale furnished any of the bituminous 
products so abundant in the region. 

Paso Rohlesformation.-'rhe later N eocene depos­
its, in the portion of the Coast Ranges under discus­
sion, consist of an extensive series of beds which 
are probably of fresh-water origin. These bed~ fill 
a large part of the middle Salinas drainage area. 
They are well exposed about the town of Paso 
Robles, from which this formation is named. They 
extend up Salinas Valley as far as Atascadero where, 
haIfa mile below the station, they form a high bluff'. 
The strata here, consisting of but slightly coherent 
gravels and conglomerates, lie at an angle of about 
300 upon the sharply folded San Pablo formation. 
They have without doubt undergone some disturb­
ance. 

From the town of Paso Robles the formation 
extends westward some distance, but it is found 
over large areas farther north and northeast, 
extending down the river as far as Metz station, 
and up Estrella Creek nearly or quite to the low 
divide separating this stream from San Joaquin 
Valley. The formation consists of generally inco­
herent conglomerate and sandy and marly clays. 
The conglomerate is more extensively developed at 
the base of the formation. It consists almost wholly 
of pebbles of the Monterey shale. These pebbles 
have in places been cemented by siliceous waters, 
giving rise to a massive and ornamental rock. The 
beds of fine conglomerate, sands, and claYA which 
make up the bulk of the formation are almost every­
where impregnated with lime. The waters have 
been so "richly charged with carbonate of lime that 
in many places a layer .of that material of con­
siderable thickness has been left over the surface. 

No reliable estimate can be given of the thickness 
of the formation, but it is certainly much more than 
1000 feet. Bluffs of the basal conglomerate 300 
feet high are exposed in the canyon of Salinas River 
below Bradley station and also in places upon San 
Benito River. The strata as a rule lie nearly 
horizontal, although they have locally undergone 
considerable tilting. Upon the edge of Salinas 
River below Paso Robles the beds are somewhat 
faulted. 

The position of -the Paso Robles formation in 
Salinas Valley, its peculiar chara.cter, the total 
absence of remains of marine organisms, or in fact, 
organisms of any kind so far as -observed, make it 
appeal.' probable that it is of fresh-water origin. 
In the canyon of Salinas River below Bradley there 
is a thin laver of dark, carbonaceous material inter­
calated bet~een layers of grav~l, a fact which adds 
probability to the hypothesis advanced as to the 
fresh-water origin of the beds. What relation this 
fresh-water Pliocene bears to the marine Pliocene 
upon the coast, both north and south of the quaJ-



Tangle, it is difficult to say. It is that it is 
cOIlt.empomne~)llS with thr~ Sall 
Fr:mci~co. 

Onlv a small area of t.he l'aso .Robles 
Sa linll~ Valley O(~('urs ·within the qWMlrangle. Eust 
of' AtuReadero it resb upon the grllllile as well as 
upon the l\fonLt'rey f(mTlflt.ion flnd Vaquero sand­
stone. It. has been truncated to the sume base­
lewl which is so (,learly out.lined h.\T the en'sh~ 
the granite ridges en~t of fSnlinfls Rivf'l'. 

Reds oeeupyillg Btrat.if.:.,'Tnphieally the same position 
ns those just. described appear upon t.he coast p-ide 
of the Santa Lucia Range, filling tJle sont.heastel'lt 
portion of'San Luii' Yalley antI ~ considerable area 
ahout t.he town of' Gramle. The lmv 

were probably Ont'l, TIIC 
:::;hown bv these' beds, about. 200 

WflB obsencd a little s~llt.h of Arroyo Grande. 
A bont AlToyo Grande the beds show no distlLl'h­
all('e, for t.he Rtl'ata dip no mol'(' than is mmfll 
fiJI' :::;hore depo6its. The fmmHtion is llHHle up 
largely of fragment;.) of the Monterey Rhal(~, which 
fire often ('oll.'liuerab]v cemented. III n<1<litioll there 
are some sandy alla~ ('layer ",trata.. III fm a1';phalt 

Oil the hill nbon::. tilC' tOWIl of Arroyo Grande 
contact i:::; ShO,Yll Lctwf'f'1l t.heRe he~ls and the 

diaton","c""" strata of the Pi::olllO fhrmatioll. The 
upper portion of the latter lws heen honeyeom hed to 
a. depth of (j inc-hes by Phola8 borings, and after­
wards filled with the snnd of the Pm;!) H.ohles. fnr­
mat-ion WlliC'h Wil:::; laid down upon the 01(1 surfil('('. 
The sand has beell impregnaLpd with the (brk 
bitulllen, BO that the rplations l'xiBting are hl'Ou~hl 
into strong relief: 

Deds similar t() those about Arrovo (i-rande al'e 
expo.':led at numerous points t.hI'Ough the eastern 
portion of' fSfln Luis Valley. They appeal' ill the 
road a1. Edna alld in the Lcd of the creek lll~lr hy. 
At t.he bridge on the edge of' the tOWll the st.ratifie;l­
tion is horizont.al. A little farthel' down the cn~ek 
the Leas dip 100 to 150 B'V. 'This point is close 
under the edge of the hills limit.ing San Luis Val-
ley OIl the sont.h, awl if this hall existed at 
the t.ime of' t.he deposit.ion of the thpy woul<l 
Batmany dip in tllC opposite dirf'dion-that. if', 
away from the shore line which 111(' hills ·would 
have formed. The fhdi'i RllOwn here sup-
port the yipw that fillLlting has t.R ken Kince 
t.he deposition of' tllC Pnso Uobles filrlnali(llJ. III 
this ease San LniB \Tall ey must be eonsidere(l in part 
a struetm'al depression, die valley floor hfl\'ing heel! 
at one time open at the southern end aeross the lo·w 
hills which 1I0W sepat'nte it from Arroyo Grande. 

There is no (lireet evidence that the sLrata south 
of the Santa Lueia to whieh t.he terlll PllBO Uobles 
has heen appliod are of the Bume age as those in 
Haliuas Valle.y. FI'OTll their p(wition with referen('e 
to the o~eall it would be most reasonable to snppose 
that. t.hese heds are of marine origin, tor, pal'tieu-
larly ill the G-rande, 
there i~ fit pre~"ent no them and the 
oC'ean. The presenee of the Plwla .. ~ borings in the 
uuderlying rock might. aIso be thought. t.o furnish 
evidence of the mnriIw origin of the heds un(]p1' 
diseussi<2n. There are, however, no Bigns of marine 
life in them, not even fragments of 1\I~nterf'Y shale 
with Plwlas borings, whieh are so common at the 
base of t.he PiRIIlO and Hn"'lta Margarita formations. 

l'LElI:'TOC.ENl~ DF;POI:'TTS. 

Under tllii' hf'ad are .indude(l stream and ocean 
terrace formations, st.ream gravels, alluvial boti.olll 
lands, and blown sands. TheRB deposiiM l'epreBent. 
a complitated history, a.lthough eonfineu to the 
most. recent geologie period. 

Terrace rll'powifs.-The terrace f(lrlllu.t.ions at'e 
among the oldest. of illcse depo.'lili:'-. River-termce 
deposits are not very prominent within the quad­
rangle. Terraces lIlay he observed, howeve1', along 
the lower eoursetl of Chorm Creek, on Han Luis 
Ohispo Creek .above the canyon, and 011 Salirllls 
River, pmt.iculnrly to the north of the quadrallgle. 

Kearly HII portions of the toast are more or loss 
dist.indly terraced, the dcaruess with whieh the 
terraees a.re shown heing dependent ill large 
measure upon the resistance of the roekB to wa~'e 
action Its well as to suhaerinl disintegration and 
erosion. The terra~es are least. distinct. upon the 
Sun Luis fimnatioll and most clearly IH'eBcrved 
where cut in the l\lontcrey shalc (see .fig. 1, illus-

San Lui~. 
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tration sheet) and \'okanie ash. Theil' oblit.eration I whieh a roek undergoes in a given time is largely 
even ill favored 10el1lities hus been acw)mpli&lCd dependent upon its lllineralo~rieal eOIllposition. 
pa.rtly by erosion and part.ly by hurial llnderneat.h The different igneous masses will be taken up ill 
waste slope~ from the hills hehind. order of' age, as IIearlyas this ~un be determined, 

South of Arroyo Grnnde Valley, extending to t.he heginning with the oldest. 
Santa Maria Va.lley and forming fill the l'xtreme 
sonthern pOl'tion of the quadrangle, is a (leposit. of' 

l'HE-,JL'lUTHIAS IGNl~()"CH HOCK!'!. 

sand nnd stratified salldy days. Goo(l sections Granite.-The term granite iR applietl to the 
are exposed along dIe Southern I'acifie Railway, oldest roek exposed within the San Luis quadmu­
at~i in the hluff::3 bordering Santa. Maria, Valle)', gle. Thi::3 rock occurs ill the low, hrlls\l-eoyereu 
Tn the f(mnel' the stratifica.tion is dis- mountains northeast of Salinas Hiver, fonniu,2,' the 
tillet, but mudl the surficial porLion shows no \yestern extension of' the Han Jose Range. It i8 
stratifif'aLiotl awl appears to have been transported deeply ·weathered, and only in the eallyolls can 
by the wind. Large dunes of (lrifling sa.ua border freBh specimens be obtailled. DisintegTat.ion over 
the eonstal portion of t.hi~ Pleistocene deposit. < most. of the surfiwe is proceeding faster than erosion. 
'1'1le::3e beds fonn a gently illdined mesa the upper The f,'Tcut mass of the ,granite in eastel'll Han Luis 
edge of ,vhich reaches an elevat.ioll of 4GO feet. Obispo County, of which that ·wiihill this qund­
They rest upon the conglomerate beds of the Paso raugle forms but a small portion, is of' Djirly 
R()hles f(Jrlnation. Hnif;mn ~omposition aIHI appearance. It may 

\Vfl.Ye-eut t.errnee.'l appear froJJl elevations of generally be f'onsidered a typif'a.1 granite, although 
about 10 feet nbo\'e the pm::iellt. ocean le\Tl lip to a. in plaees it contains too largf' a proport.ion of phl.gio­
height of 7;;0 feet. The upper tem~ecs an, pre- c!use feldspar to be so dassed. A typical faciPb 
served in distlnMAimn oIlly upon the seaward slope contains alkali feldspar, plagioelase, quartz, biotit.e, 
of the Saw LuiI'! Rang~. J~o~ye: t.er~'aces m'e he~tel' seat.tereil graillH of yell(nv titanik, and a little ma~­
marked, find are e,',lpecllllly cljsbnet 11l the a~h ddfs netit.e. The rock is medium t.o coarse graineil and 
at Lion Hock llT\d Mallagh L:1.llding. (See fig. 11.) in p11l('es porphyritic with laJ'ge phelloerysts of 

/\..s the bnd rose from the depressed attitude orthodasf' feldBpar. 
recOl'deil hy the lcrraef's it readwd an eleyatiou ROtll varieties of' fehh;par are USUH 11)' gl:J~sy in 

than at. present, ibr <111 the larger vnl- appearance, 80 that in the hand specimen they arc 
Ill'ar thp ocean are filled ·with allUyiUlll, the often somew}wt difficlllt to distinguish from dIe 

BtreHlllS thliB flowing oYer huilt-up ehnnnels. The quartz. The orthoclase phenO('l'Ysts eontain indlt­
former higher altitude is shown by submerged sions of' plagioelase feldspar aHd biot.ite, 
.'ltream dUilllwls at, the western end of the Hall The (l'Ulrt.z is usually ahuJl(lanL and may form at 
Luis Range. Tlw eastern portion of Han Luis Val- times nearly half' of' tJIC mass of the rock. The pro­
le), jB filled to a depth of 11 hout. 100 f'pet. in place"", portion of alkali Ilnd plagioelase feldspar yaries ('on­
the deposit thinnillg out. toward the edg-ps, with siderably, and although t.he former is as a rule in 
unconsolidated fil.irlv well stratified, indicat- eXef'SR yet there are SOHle port,ions of' the area "yhere 
ing tIle prescnce of ;(. body of water dlll'illg the reyel'Se i::3 the ease, awl the rock is mon' COI'-
.Y()me portion of Pleistocene t.ime. The streams redly termed quart.z-monzonite. 
meallciered at. a lat.er perio(l over tJlese deposits, as Biotite oceurs in small, irregular grajns dip-sem-
is shown in the railroad eut. 1l00th of St.tele Btnt.ion; inated uniformly through the roek. 
·where is an old dlllnnel eroded in t.hem The main body of the granite iB -intersected by 
and filled dih's of a finer-grained gTallite ha.ving tIle dw.raeter 

The Laguna. a ho(ly of water oceupying die of aplitl" for it contains little or no miea. They 
we::<t. arm of San Luis Valley. It appears t.o have vary in width fi'om a few inches to hundre<lB of' feet 
been formed throngh tIle lilling of it porlion of the awl in some places are very numerous. The mate­
old yalle'y floor h'y debris brollgJlt. down through rilll of these dikes presents a Sh'Ollg- contrllst ",,,itlt 
st.ream fU.,tioIl fi'om t.he San LlliB Range 011 the the normal granite t.hrough the laek of' mica and 
south. The ret'ent depresl:\ioll callsed San Luis tJIC flesh tint of tJle a.lkali feldspar. In some cases 
Obispo Creek to build up its clwnnul, which may small garnets are scaitered sparingly through the 
have affeeted it as fill' haek as the out.iet of t.hi:,,; dikes. 
west.erll arm of the valley. 

Alluvi.um, and Band duue1!.-The 
Pleist.oeene allm"iulIl in bott()]rJs of mnny of 
the valley", is of no f.,'Teat. depth, and much of the 
matf'rial mapped <lB alluvium mig-ht wit.h almost. as 
llIueh rellson hll\'e been disregmdl'd a.w] t]le under­
lyillg- roeks ]'ern'esenie(l instewl. 

The wind~ swcep up LO!:l OBOS Valley very 
strollgly from the ocean. To the south of ~lol'ro 
Ray i,':1 n expanse of ancient dunes now 
covered with Upon thc slopes of the San 
Lllis H.ange tJIC sand has been found t.o a height 
of noo feet.. It may haye reaehed this elevation 
<luring lhe period of a suhlllergellCf', hut prohably 
is wiIHl-drif'ted material. About. dIe hordere of the 
lower portion of LDs OSOi'i Valley are Pleistueene 
deposits, which are tile efluivalent of those south of' 
Arroyo Grande Vallev. 

T\;e slrip of salld \~'hi(~ has heen thrown hy the 
wave", and wilJ(] across Morro Bay is fully one­
f(mrth of a mile wide near itH soudlern cnd. The 
willa IIHS built dunes upon dIe inner edge which 
are ,50 feet high and whieh are gradually eneroach­
illg lIpon tile waters of the Lay. Thi,'l, in cOllnection 
with the ,york of' Chol'ro Creek, ·will short.ly t.ranR­
fl)rm the hay into tidal flats. 

IG.i.YEOU$ ROCKl'{ 

The igneous mw,::;es withill the San Luis quad­
nlllgle exhibit great difference in the eonditions 
llIlder ,vhich they cooled, as well as great range 
ill dlE'mical and lllinemlogieal eOIllp()Bition. Thus 
t}lel'e are variations from. glaBsy layne cooled at the 
surface to rocks lJaying the granular struetlll'e of onee 
deep-seated granite masses, and a chemical range 
from highly silieeons rhyolite to basic peridotite. 

The study of't.hese igneolls rTlllJ:!ses, especially the 
ol<ler ones, is made doubly diffielllt. on account of 
the great alterations w}lieh they have undergone, yet 
many of the oldest rocks are less ehanged than thotle 
of more recent formation. The degree of' change 

The only oHler' dist.inet variation of the gnl.uit.e 
noted was a broad dike ~ontaining 110rnblende in 
die plaee of mica. It oecHl'S UP~lll the northern 
slope of the mountains. The dike nppeal'f'I t.o he 
more nearly rolated to the aplite dikes than to the 
main hody of the granite. 

As has already been intimated, the age of the 
graniie ca.n not. be determined by mf'anb of a.n'y rela­
tion" ·which it exhibits within the quwhangle, the 
oldest sediments exposed in conuwt 'with it. being 
the Vaquero sandst(Jlle of the lower :Mioeene. There 
.is, however, no reason for doubling the eOlltinuity 
of this area of' granite with that of J\f onterey 
County, t() the norihweAt, whieh a.ppears in contact 
with the oldest unaltered se(liIllentary strata of the 
Coast Ranges, strata believed to be of ,Tur<ltlsie age. 

The granites of' Calif'ornia are knowII to be 
different ages, and while dIOse of' the Gold Belt 
the Sierra ~evada have been shown to be 'Post ... 
Jllratrias there is reason for believing that t.hose 
of the Coast Ranges are mu~h older. 

Bot.h southeast and nordnvest of the Slln Luis 
quadrangle the graniteB are astlociatf'd with micH­
schists, quartzites, and marbles whi(~ are cer­
tailllyas old as the Paleozoic awl possibly H1ueh 
older. 'YhateYer tlle age of tili8 g-ranite there Ca.ll 
be no doubt of dlC exist.cnce of a l~ng erosioll inter­
val between the period of iii:! formalion and die 
deposition of' the Jurassic beds of the Franeiscan 
group, an interyal'yufficient. for tlle l'ellloyal t.hrough 
the 'i"llOle region of the Coast Ranges of' an.v 
unaltered facies of' dIE' sedimentary formations into 
whieh tile gTanite magma foreed" its way, and for 
the exposure oyer large areas of nearly unjfonn 
granitic rochl. 

,TURATIUAH (?) IGN.E()\TS ROCKS. 

INTRt:"SIVF; BASALT, nrARASE, PYROXEX!'l'E, PEHIDOTI'l'K 

The San Luis formation was repeatedly intruded 
hy igneous masses preyiolls to the depositioll over 
its upturned and eroded strata of the next younger 

formation, the Toro. It. is filled with innumerable 
dikes of a hllsie eharader, tJIC larger nllmber of 
which, judging ii'OlIl the field relations, a.re of' pre­
Cretaceous age. In the following paragraphs the 
important t.ypes of these roeks ,yill he briefly dis­
cussed. The general statement might he made 
that, so fill' as studif'd, they show no exceptional 
dmraetcrs, and as a mle the 1iner-gTained varieties 
are diffieult of dctcnnination becau~e of dIe amount 
of' alteration. 

Blualt.-Owing to the distortion which the 
formation atl a whole has suffered it is Hot, t() 
decide in many eilses whether the basalt. 
with the Sall Lui.s fonnation is int.rusive or should 
be considered ns surface flows. It is elear, hm'1eYer, 
that tllCre are some surfhce :flOWR, alld these wil11)e 
discussed Inter. There can be 110 doubt tJwt the 
hasrdt iH older than the '1'01'0, f'or it is absent from 
areas ot'cupied by that formation. It. oeeUl'S vcry 
widely distributed through the Han Lllis and at 
point;:; where the latter jB o\'erlaill by the Toro 
formation, but nowhere does it penetrate the latter. 

ThiB old haBalt in the San Lui.s formution is ]lot 
in many cap-es easil.\' to he (listinguished l'I'Olll dia-
base, either in 1.he hand or Huder the 
mi(,l'oseope. It illdndes of' illtnL':liYe orif!;in 
which are dal'kand heaY~ntnd uSlwlly line b'T8iucd. 
III mallY places it is llTllygdaloidal. The rork con­
tained originally a eal('ic fpldspar, pyrOXf'l1f', iron 
oxide, and in many f'ases oliyinf', hilt. now it if) so 
altered t.hat the ~onsLitu(,IIts are with aiIliclllt.y 
recognize(l. They Illi I':lt'em H'J'V similar ill ehal'ac­
tel' 1;!lcl po:<.:<.eBs little petrographic int.c'rcst.. 

hI n. number of O(,CIllTelH"'eS tMs ha:-;alt is illlport­
ant. It. presentH Hw fiH'lll of long, irregllhu' dikes, 
which as a rule ~ollform Blirly well W the dip and 
tltrih~ of' t.he indosing rochl. 

The illtrusiw nature of t.he bllsnIt. is dearly 
indi~nted by the metnmorphisJll of the waH rocks . 
'Yhile thi" is not. apparent at all points, 'yet. t.he 
mm,ses of h0l'111)lendie nnd ot.her sehis16 whieh 
o('('ur at the eOllt.net, ami only thel'e, eOllst.ilule 
suflkient. evidence. Imerbe(lded flows of eontem­
poraneolls ori6r:in haye been suppOfwd to exist. ill 
certain pOf'tions of the :Snl! Luis f!Jrmalion, but 
within this (luadrangle 110 evideTll'l' supporting- thiB 
yiew was obtained. 

'Vithin KOllle of' tJw larger ha8alt.ic int.ruslolls 
there a.re eonsideral)le lu'eaB of a porpllYl'iti(' !ucies, 
containing aH the prominent eonstit.uellt. hU'ge 
phenoerYBts of plllgi()dnse fddSl):Jf', 1\ sphel'Oidul 
Rirllei.ure is very otten exhibit.ed bv the fine-grained 
ha8alt. In an ~X('el1ent exposure ~f tlle porpllyrit.ic 
facif':'! on tlle ('oast north of the month of '1'01'0 

Creek the spheroidal structure also The 
pOl'phpitic fheies is fhund at II of points 
lliong the HanUI Lueia l{lm,ge near the northerll end 
of' dIe quadrangle. One of' GIeRe an('ient intruBive 

in the hlufi~ at Port 
fh,cleB is Bphe­

roidal, while the porphyritie one is massive. 
D~i(f.b(J.~e.-Of' t.he pre-Cretaceous el'llptin~s the 

next. in importance is the diabase. It ean HOt. be 
sharply dist.illguished petrographieally in many 
('aBes from die intrusive basalt.. It is as a. rule, 
however, much eoarser grailled awl has ull(lergone 
lesp- alteratioll. 

The rocks to which the ternl diabase 
ha.ve an ophitic strueture and 
C'akic feldspar and aUbrite wlth 
iroll oxide. Thoi'p occurrPlll'eR most 
bling h}lSnlt eout,niu oliville in .'lome easel". and are 
mlwh more altered. (lih'~ of t.ll(~ diahase 
are particularly ahnndant t.he uorthern Blope 
of the San Luis Hange. Horne of them are conrse 
grHined arid a.ppl'Ofleh gabhro in sil'uet.ure. The 
rock is VCl'y t.ough lllHI hellvyand w]]<"re soil has 
gathered upon it the snrti\.cl' often Khows hard, 
1l0dul~r map-ses. 

PYr'oxewite and pcridolile.-Within the al'pa of 
tlw San Luis f<)!'Inat.ion there are several long, nar­
row (l-ikes of' pyroxenit.e amI peridotit.e. \'VitJ~ these, 
as with mllIl y of dIe ba"'nltic dikp,,<, the houilda.rief) 
can not be d"iBtinetly traced owing to the ('overing 
of' soil, and it ",vas thought best not to flitem pt to 
map them·separately-. 

There cnn he little qUl'stion of the pre-Cretaccous 
age of these bnsic rocks. In Olll' or two eUKPS they 
appeal' to he intrusiye in the Osos hut. owing 
to pOOl' exposures and dIe extreme a.lt.era-
t.i()n of both TOeM tJlis cOllld not be deeided with 
certainty. The pyroxenite and peridotite 'are 



clearly to be distinguished from the other basic 
rocks intruded in tilt .. ' San Lnif; format.ion and 
l1ll(10ubtf~dly mark a distiu('t period of igncous 
aetivity. 

1\Io~t of these llikes might lx, termed pyrox­
C'nite, for the olivine in them iR subordinate to til(' 
pyroxcnes. In the hawl specimen as well aR under 
the mil'1"osC'ope they can be ea.sil.v disting-lIi!'lhetl 
from tiH:' pyroxellitt:' all(l peridotite of Cretae-eous 
age. 

Til the p,vroxenitl' rhombic and monoeiinic 
pyroxenu, arc the ehief cOllstitnentB. Olivine 
COIl1C:S lwxt in importanee. The hypel'sthene is 
often the frf-sheRt mim'ral prPReut, although both 
it. and tile oliville are mOl'e or le:'lH chnllg-etl to 
serpentim' alld greenish lllterfl.tion products. A 
small amount of fclcb:par iR usually present. Some 
speeilllen!'l might. be termed fairly ilWll in spite of 
t.heir age. 

OHrJS 1Ja8alt.-Tlwre ftf'e a number of areas 
baRalt. whie-h, frolll t.heir relation to the San Luis 
fCJrlnation, do not. to be intruRive but to 
ha",e cooled as Oinrfhce The baRalt is nam(:'d 
from it:'l ontcrops ill Los OSO>l Valley. It is earlier 
than the (~rptaceous lllld probably ant~-
datt's the Toro for, nlthough there arc a 
unmber of areas of thls bva >l('attel'ed over the 
qUa<hangk none of them show either flows 01' 

dikes in t]w Toro. 
TIl(' O:;ns bn!'l:tlt hae; the f"."!.I1W phYRical al}(l petro­

gTilphie eh:mwter 'where"f'r it appears. It. i:::; dark 
aIHI HIll' graiIH~ll and generally amywlnloidal. Thf' 
snrftl(,f' i::; ,,0 deepl:' weathered t.hat. it, i!'l diIficult to 
obt,ain spceinwns eohcrent enough fiJI' study, In 
t.he thin seetioll examined IUHlcr tile microe;l'ope all 
t.he component" appear tq have und(:'rg;one marked 
alt.eration, The body of tIl(' rock is made up of a 
net,work of fine lat,hs eompletely douded, 
green alteration of a Illineral prohably 
augite, nnd gruilltl of irm1 oxille. 

Tht' mow' importnllt an'llS of the lava oceur in 
the Lo!'l OS08 Valley and along itl'( borden,:. Other 
large are fl)Und east and northellst 
Morro th(:' foothil1s of tJu .. ' ~anta Lu('ia Range, 
In addition there are ot.her are:l,,, of a Iinc-wained 
hasaltie rock whien may belong· with tJlis hasalt, 
but owing h) the amoullt of faulting and diRtmt.ion 
whieh the older roekf' ha.ve undergone it can not 
lw told 'with certainty whether they are dikes 01· 

flows upon the ancie~t erosion ~uria~e of the San 
Luis formatioll, There i6 no rellSOIl 'whatever t() 
suppose that they are :,mrfaee flows intf'l'bedded in 
the Ran Luis formation. On t.he map these areas 
are lIOt di6eriminnted from t.he intru:,iYe basalts. 

At tIle Cllstern end of the T JOR OOOS Valley the 
rdat.ion of this lava to the San Luis eomplex is 
dparly Hhown. The basalt rest.., llpon the nearlv 
kvel 'floor of the older ro(,ks, which, previolls t~ 
the lava flow, had been npturne(l, intruded by the 
basic roeks 'which are almo:::;t everywhere so abun­
(Iant in it, ant1 t]1( .. '11 plfllled off by erosion. The 
dike!'l int.ruded in thc Ha.n Luis format.ion can lw 
t.Tfll'Pll up to the eage of the lava, under 'whieh they 
tlie;appear. ! The line of' contact. of the lava with 
the older eomplC'x ('llll be followed around the hill. 
It is marked by llltmerous :o.pringR, the water eom­
jn~ out. at the level of tile olv rock floor. 

Likc the intrusive hasnlt, diahlme, (]ful pyroxenite 
ah-cady described, nOlle of the surfa('e hasalt appears 
to Imve ('OlllC up throug-h the '1'01'0, and f()r this 
renson all theRe r()(~ks are jutlJ;ed to he older than 
that formation. 

It ,yould appear from the oc(~urn.'nce of widely 
seattered area:o. of the O!'lO!'l baSH It that it onee mu:::;t 
have heen much more extensive, nnd that some 
these nreHS The remark-
ahle tlHt, however, that, any of this ea.rly !'luriaee 
hasalt :::;hollld have rcmained h) dIe pre~ent day, 
through all the viciRsltudeR to which this region 
has heen sllhjeetell. The preservatioll of the basalt 
must he due to tll(:' fhl't that it ,vas protect.ed by 
later formationR, and only reccntly has been 
exposed. 

To the reader who is not. familiar with the W'ol­
ogy of the Coast Ra.nge:::; it may at first :'light 
appeal' as 'if too many perio(ls of eruption ha.ve 
been f1!'lsigned to the interml between the late 
.J llratriaM t.o whidl tIlt' Han LuiR forlllat.ion i:::; 
believed to beloug- and the early Cretaeeous repre­
sented by the Toro f()l'Jnntioll. It must be dearly 

6 

e.>ident, hmvever, t.o al1,Yone who has J;i vell ext~nded 
study t.o the geology of this regioll that the hiatus 
marked bv the San Luis~'fol'o unconfiwmity is a 
Yf'ry irnpo~tant one. In the earlier geologic ~ ,vork 
in California t.he ullconformit.y was ovedookcli and 
even now itB importance is Ol:>t so generally rel'()~­
nized aR it should be. 

GRE'l'ACEOUS H1-)!.EOllS lWCK:-:. 

e wIer t.his head arc indudetl two typcs of 
of which could not be 

nllY ob!'lel'\"ations made 
within t.he qWHlrangle. Thes~ two type8 are (Iacit.e 
and nlHle::;it.e. Though petrof,'TaphieHl1y dist.inet, 
they fonn a geoll)6rical unit.. They appear as pro­
ductR of the diIl:'erentiat.ion of one common ma.gma, 
and are now rC}H'e8-ented hy the line of but.t~~s reneh­
ing from :MolTO Rock Hontheastward past. the t.own 
of San LuiR Obispo. These igneous masseR are 

to be oltler than the Cretaceolls serpent.ines 
where tlikes of the latter t'xtend nt'M 

them, dikes show no indiefltion of haying 
been pushell flsille as the,\' certainl,\' "voula if they 
had been in existellee at. the time of the intrusion 
of the dacit.e and andesitc. On t.he other hand, 
t,he I'(trata of the Han Luis forlllHtion wit.h the 
included prc-Cretaccous int.rusi Vf'R bend about the 
large igneous TrlllSSl'6Undel' llis(,llssion, just. a:::; should 
be 

l)oc<ic-Qr".mov/ilm'.-'lnc l'()(~ks of the Han Luis 
this naIlW iR a.ppliell po~sess 

It fine-grallular groundlllftS;;, and nre henc(' pl'Operly 
termetl (b.cite-granophyre. They include the 

lllaR",:e6 whieh f~)l'm the northwest portion of 
line of buttes to whieh rcf'erence has been 

made. ::vrOlTO Ro~k, Black Hill, Hollister Peak, 
and other intervening buttes are composed of this 
rock. There 1M in a.ddition a somewhat. dist.inet 
.!!;l'OllP of wwll intrusions extending ±father ew4ward 
from Hollister Penk as fhr as P('l1nington Creek. 
These intrm~iye bodics are more strictly plugs than 
dikes, for 1ll0Ht of them a.re either cireular or ellipti­
cal in sed,ion. Honw of the smaller, however, )Jre 
long and narrow and exhibit the wmal dike form. 

Morro Hock is typical of t.he larger dacite hutt~s. 
The roek ha!-1 a light~gray 6rrallular grollwlmass in 
which phenoerystfl of a Roda-lillw f~ld::;pa.r 

biotite, qua.rtz (rnthel' f;pariugly di8-
o('easional1:, hornblende prisms, lllueh 

decayed, and Rmllll pseudomorphs of caleik after 
Rome mineral, pose;ibly tit.anit.e. Thi1"l pRelldoIllOl'ph 
i6 di:-;tingui!'lhed in the hand speeimen by pale-yel­
low spot", The more important comtituenle; of a 
specimen fl'Om l\Iorro Roek are as follows: 

Partial (!n(Jlys{~ oj" rlrwile/i·om ,iTIorro RtJdc. 

I-W.64. 
3.26 
:1 .. 08 
:1.77 

This analysis :'IhOW8 that the groulHlrnaRs i", rich 
in pota~h, f~~ldspar, and quartz,' nTul that. the roek 
n.pproaclm, latite in composition, 

Some of t.he smaller intrusive maRseR eont:l.in no 
q11artz phenocrysts, while ot.lwrs are }lOl'celain li,ke, 
with no dark silicat~3 and only quartz phenoerysh;, 
It might he thought. that the numerous areas of this 
rock once formed a eontinnolls !'lheet, bllt thiR is 
Hot, die case, as the rorkR in many of the ontrrops 
haye d-istinetive ehm'adern, and the older se(li­
ment.ary rork inclosing the masscs bends aroUTul 
them as if it. had heen pn."hed aside when they 
appem'ed. 

The group of snlall intrusive plugs ext~nding 
to Penningt.on Cret'k includCf,i roekR mueh rieher 
in quartz. These l'OckR arc al:;o lighter in color 
and contain no hornblen(le, The phenocrysts of 
olig-oclnse, quartz, a.nd miea an..' Btllai1, and the roek 
prc!'lents in the hflnd specimen almost. the appear­
ance of a fine-grained granite. The st.rudurc of 
all these cladtes iR nmRRive except some of the 
dike-like hodie.3 near Pennington Creek, which 
exhibit diHtinct flow strudure. 

The daeik forming the larger hut.ie8 iA deeply 
discolored bv oxidation, but neverthc1ms is very 
reRistant. to e~'osion, and where not. too much seamed 
presents bold topographic featmes. Large maRses 
of dIe rock whit'h are free from seam~ often exhihit 
in a marked degree the eunted surfaces produeed 
hy exfoliat.ion. This is shown exeeptiollHlly well 
on Black Hill. 

Andc.~ite-g1'anophYl'e.-'Vith the exreption of one 
ig:ueouH body near Cerro Hom:mldo, the rork!'l of the 
other lwaks or bntt"'R in the line which has been 
ment.ioned, beginning with ROIllilUldo and ext.end­
ing southenstwa.rd paBt. r.Hn Luis Obispo, are le~s 

silieeoll!'l and are properly c1a!'lscd among t.he andes­
itcs. The most promil1(~nt and pidnre!'lque hutte 
is known aM Cerro Snn Luis Obi::'o}lo. The const,itu­
ents of the roek forming thee;e peaks are great.ly 
Illtt'~retl even in the bei"t. spe('imem ohtainahle. r~e 
roek weathers yellow npon the ",ul'faee, but, the 
deeper portions are dark greelli:::;h gray to black. 
The rock is marked by phenocryst!'l of feid!'lpar, 
hiot.ite, and a ferromag-nE'I'!ilm f'ilicate. The micro­
scope shows a cakie feldspar (labradorite), biotite, 
and enst,atite, the latter being part.ieulurly decom­
posell, in )J Illueh altered iine-J;rallulur groundma:o.s, 
Thil'! rock ma.y be desiJ;nait'll andesite-gl'il-Ilophyre. 
Its principa.l cOll:::,t.ituent;-; are as follow:::;: 

l'artial analysis (If (lnrle.~Ue"r!rf1n()pl!.lfl"e. 

The grolludmass of thi:::; l'()(~k must nlso cany 
HOHle quart.z awl ol'thodase. 

AI'( sccllie feat.ures thes2 lmt.tes, Rtretdling from 
)Jorro Bay to Sa.n Luis Obispo, a.re very intpre:::;t.­
ing. They haw no counterpart:::; in the UOft:::;t 
Ranges. They nre inten':::ltillg t.o tlw student 
petrog-raphy, alBo, a:::; their rock ehHrader!'l are 
unCOllllllon. 

)llIlHI,E CIU£'l'ACROl"S (.EARr.IKR 'l'HAX 'fHR Cll1CO) 

.. At lenst two clearl)- defined cporh!'l of igneous 
activity-and three if the daeite awl alldcsit.e just 
dpp,erihed are inclutlell-:tre recognized as haying 
dHU'.1del'i7-Cd the Uret:Jct'ous period in this portion 
Oftl1C CoaRt Ullnge. Igneolls aeti\"ity was confillPd 
to the earlier half of the period-that iI'(, to the time 
previonR to the depoBit.ioll of the Chico t-."'onp. Of 
the t.wo epochs of eruption now to be deRerihed, that 
to whieh t.he Cuesta diabH,..:;e belong:::; eomeR first, a.nd 
that in which the peridot,ites awl reillt.elll'o('ks were 
int.ruded, secolI(l. 

Cu(~"f(j dhdJa.~e.-'l'}lt' term ClIe!'lta diaba!'le is 
applied to t.llOse geologieally relat.ed intrul::lives 
appearing upon opposite Hilles of the long an,f! 
Toro Bhale wh1('h e.xiewls frolll ncar Cuesta Pa~M 
on the so nth t.o the nOlihcrn of the quad-
ra.ngle. This rock forms Reveral peakl:l on 
the northern side of' the Santa Lucia Range, as ,vell 
as much of the ('l'el'(t. to tht, northwest of t.he great 
Rerpcntine area, 

,\Vith the exeeption of local fc1dRpathic variations 
the roek hns a g-rayiRh-bl'own color atHI a fairly 
uniform fine-grained texture, Upon the 
however, where it eOltlf:'6 in eontaet with the 
shale, it i~ wry dellE\(' and generally 
In some plac(:'", thcre if' a narrow band 
fl'ietioll breccia or tufi',H'eollR facit'R. 

The roek consi:::;l" e!'lsenLially of partially i(liolllol'­
phie augite, p1a.gioduse feldspar (lnbnlllorite), iron 
oxide, and in eertain fiwies homblende and quartz, 
The rock. exhibits the great-eRt. variation ncftt' Cllest.a 
Pass. Inegular \'ein-lik(:' segregntiollf~ whieh arc 
eoarser and rielwr in fcldRpar t.ra.Yerse thc genera.ll y 
dark rock. 'l'he!'le sometimes ('ontain quartz and a 
feldspar apparently less calcic than labradorit~. III 
otJ1er Jlort.ion8 of the nlaKR jnst north of tht, pnH3 
there are variations which an~ <,oarsely crystalline 
hut whieh cont,nin a feld!'lpar that ie; 'mol~e caleic, 
pel'haps, t.ha.n that. of the nOl1nal rock. Home 
thCiie masses .'ltrlletllra.lly are t,vpical gabbros. The 
following partial analysis has heell matle of the 
normal dark rock: 

Partial analY8i8 of nO/"JI!I!l CifC8tr! diabase 

01' it may ha ye 
ariJ'len when t.he OYf't'lyillg Mont-l..'l"l.T were 
f~)ltlt:'d. The form of dlc ernptive nmRses ,muld 

i{) bc laccolithie, very Rilllilar t.o that of t.hp 
:::;heets which appeal:ed later IIll<kJ'lwath the 

fOl1l1ation. 
and ({BIJ()ciated "rt.~ie l'od'IJ.-Tbe rocks 

under this hewl arf' all geologi(,fllly rein ted 
a.re among the most ,,"iddy di:::;trihutt'd igneous 

mflStleS within the Coast H.anges. All tile eyidenee 
at hand favors the view that these roekR, at h'a::;t 
throu~h t.he cent,ral portion of the Coast H.,nngee:, 
llate fl'om vost~Knoxyille t.ime. \Yheneyer the)­
a-l'p in contad. witit Knoxyille bcds the relation is 
one of intrusion and never have heen known 
to penetrate the upper (Chico group), 
Himilnr ro('kR in the Sic'rra ~ eyada have been 
thought to he of earlier dak. 

The desiglla.tion "pelidotit.t,,, is applied to rod;:s 
which ('onsist eithcr wholly of' oliyine or of oliv­
ine awl a subordinate amount. of ottler ft:'l'1'Olnng­
nesian silicatf's. Those varietics l'i('h in oli\'ine 
are fi'equently found altered t.o serpentine, but 
when there iR a g-l'eater proportion of p,\Toxene or 
hornblende 1Jw originnl eharactel' i8 JTlore TH.'arl~­

retained. 
Peridot.ite:::; and pyroxeniks are tilt' less alt.el'ed 

rocks of Cl'et.aceons age in this {'las~. 

They occupy a .i.migniiit-ant nrea 
withill the Han LuiR OCCUlTing n8 Hlllflll 
hunch-like ma:::;ses of the large 
bOlly of altered peridotite (serpentine) whieh for~R 
the summit of the Ranta Lueia Range IlOl'thwe:::;t of 
ClleRtn Pas!'l, Tn pla<::es thpre are sIllnll mn:-l:-le;,; of' 
almost purp lHollodinic pyroxcne, hut usunlly in 
addition to one or more of t]le pyroxenes or horn­
blendes there is a yu-rying proportion of olivine 
and some felllspar. Like the feldspathi(, roek8 
associated with the sell1entineR thesi:' rocks nppear 
to he IDeal diiferelltiatiom: of' the baRic ma.gma. 
Some of thee;c bodies have tilC form of slllall i~reg­
ula-r dike!'l, wJlile others fleem t.o be mere lmn('1t,,,,:, 

fl'om t11e magma at some other point. 
to uleir pr~ent positioll during its 

IlpWar(l movement. 
Serpentine i." the most. ahllndnut of till' igneou:'\ 

l'o('k-; within the quadl'Hngle, unlcf:1f', pcrhap!'l, it 
be thof:1e of pre-Cretaceolls age. The serpentine 
is a dark rock with a' slightly f!,Teenish It 
is rather uniform oYer the ,..-hole area, 
of serpentinized oE vine anll a. monoclinic 
The pyroxene wa:::; Ori6riwllly a.ugitt~ but bcen 
changed to diallage. In places tlw pyroxene is 
wholly absent. It is tli'ltingllishc:ci in the hand 
Rpecirnen by the shining dea vage flLCf!'l. \Vhen 
the rock consists entirely of altered olivine it IHl~ a 
dark oliye t.int and a homogent'ou6 appeflranl'e. 
Iron oxides and oeeasional1y ('hromit.c an, the 
other eonstit.uent~ of the rock. 

Although dikes of sel'pentine are oftcn eont.in­
uom: for several miles, they arc far from regular 
in willth. They expand and eontraet in lenticular 
shape as a rule, although some of' the larger arm:::; 
arc mere bunches, having no particular fol'lll. 
Their direction corre!'lpondti to the st.rikc of the 
Han Luis forma.t.ion. 

Thc :::;erpenti.ne iB intrusive ill the lower Creta­
ceous rocks of the Coast Ibnges, but docs not 
appeHr in those of upper Cret.ae~ous age. In ,sev­
eral localities this serpentine is intru!-1iYe in the 
Osn8- basalt, fte; may he seen by a study of the map. 

Serpentine is more re:::;istant. to tlisilltegration 
and prosion than the strata of' thc tlan Luis for­
mation, so tllO.t its ouk1'ops generlJlly ii:ll'm l~dges 

and hill!'l. Very little re.sidual soil gathers upon 
dw serpent.ine, ero:::;ion removing it almost HS faMt. 
as it formR. 

The hasic rocks here ('alled gahbro con8i8t of 
{' .. 5;; a ca1.cie fpldspar and monoclinie - \Vithip 
9 .. H6 the Hflll Lui;;; quadrangle gabbl'O not present. in 
5:;~ anv amount, llut t.ogetilt'l' with other f~ltl-

RP1~thic of the peridotite J)lHgma, ocelli·", along 
Notwit.lwtanding it.R many cliJI'erent fheieR the the ellg'e.'l of the gTcat sel1)Cntine belt upon the 

Cucsta diabase em usnally be distinglliRhed with- Santa Lucia Ran~e. There are many varieties of 
Ollt trouble ill the field. If it were not f()l' its gen- the gabbro, indu~ling fhcif'!-1 whi(,h linl;: it with t.he 
erally eonRtant character it oft.en would he diIlieult. peridotite, \Vith the rt'placement of the a.ltgite hy 
t.o det~rtlline the relatiollflhip of t.he ml!Tly isolated hypersthene the rock beeonws a lIMite, Olivine 
areas of this rock. It appeal'S prolmhle that these lIlav occur in both variet.ies. \Vith a deere3He of 
mnS!'les all had a common origin, and may hnve py;oxcne and inerease of olivine Uwre a.re transi­
spread out. underneath the Toro s.lU!le frOTH one tiolli:; to t.rodolik, and with a llecreHe;e of feldspar, 
eommon iil:lsure. The synclinal struct.ure of the to some variety of periodot.ite 01' pyroxenit.e, 



Din 1mse i:;; the most alnmdant of the feldl:lpathic 
rocks Ik;soriatecl with the SP1'PClltiu8. In this 
region hornblende often rcplaef's the pyroxene, 
wholly 01' in part, making II transition to diol'it€. 
'J'JI('SC rockR are almost IlUi\'E'l'Bally rather fint' 
graint-a. They flre YPl'y ha.rd Imd l'psistHnt atl(l 
O(:f'nt' as narrow dikes 01' bunches. 

The large serpent.ine l1H1SReS IUl.\'e in mORt places 
uuderg;01w extenfli vc internal moycrnent. so that 
they are more Or less sheared and broken. This 
chflrndt:'l' is }Jflrtienla.rly noticeable lH:ar flmlt. 
plant's. .A.s a result of this Jifferentiai movelllf'llt 
the dikes of (liahnse that either penet.rate the 8<:'1'­

IWllt,jne or lie along its pllges :11'12, as n mie, dis­
rupted. 'V,hen the dikes hreak at their nilI'l'O\Ver 

parts the fragments are ~eparated, awl ·when the 
fra.gm8nt~ are expo~ed 11pon the surt~lce 

much t.he appearance 
in the crnslled I'wrpentine. The exceed­

ingly irre~lllar charadeI' of (liabase (like", is ""well 
Rhown ill the face of fI bluff at t.he llt'ad of Chorro 
Creek. 

Tn rare inst.ances p,mall hunchy dike", of thi", 
diabal'lc occlLr in tlw Han Luis fOl'mation several 
hllndred fpet fl'Om the nem'Pdt serpentillE' 
IlWHB. Such (likes elin alway~ dif;tin~llished 

from the older diahase by certain pf'trog-raphic 
eharaeh'rs and a fi.'eRher condition. The dinhaHe, if 
It differenliation of' tlw peridotite 
would naturally t.o he 
with it, but, flS~ Hhown Ol'eurrence 
in det~whcd mllSseR, it, must. have had a cprrain indp­
pendcllce. 

For a fuller diseus"im.1 of tlie interesting phe­
nomena. eonncetf'd 'Vitil tJ1.e diiferf'ntiation of Lllesp 
hasie rocks the rpa(ler is referred to a paper 11)' the 
author on "The Geolog,Y of roint. Sal": Bull. 
Department of (';eology, Cniv. of Califol'lliu, voL 2, 
~o, 1. 

NROCEXF. TGN.EO"CS nOl'KS. 

The rocks inelnded under tltis head nrc all intru­
sive in t.he Monterey shale, bllt. repre~ent a great 
l'l1nge in time ay ·well as in minel'nlogieal eOlllpof:li­
tion. The more silieeolLs types appeare(l shortly 
after the bep:inning of the deposit.ion of the lowe!' 
~eoeene Bedimellt~ (Vaquero and Monlerey fOrHlll­
t.iow..;), while the more ('all,ic one~ prohahly followpd 
t.he initial foldinp: of t,hese fOrlllHtioIlS, ]\one 
the ernpt..ives a.re intrllslw in the Pismo awl Hanta 
Margarita fOl'matiollH, an(l it. is prohable that. t.hey 
all ant.edate the~e f(:H'lnatioTlY, hut t.he evidence is not 
eonelm;ive. 

RhyuZit{'.-The tenll rhyolite is applied tD a rock 
""which is chemicall.y the equivalent of granite hut 
11l11:i eoolc(l on 01' Twar the f:lurface, usnally aeqlliring 
chliraett:'ristic tt:'xt.ureJ'l. The rork cOIllmonlY lws a 
glassy, spherulit.ir, or eryptoerYHtalline has~ ,yhich 
often exhibits a flow tt;xtllre. In the baRc are 
usufilly embedded crYf:ltals of qnart.z awl feld~pal'; 

more rarely mica and hOl'llblcnr.ie an, prebent. 
Potash feldspar js most frequent.ly the predominunt. 
one in rhyolite, but iliiR may be replaeed, wholly 01' 

in pmt, by a BO(la. fiJtlHpar, aB is the case ill some 
. the rocks to be descrihed. 

'VitJlin t.he SHn Luis qnadrangle t.here arc two 
ditJinct of rhyolite. Both of them occur in 
the portion of t.he l\font.erey f:lhale and proh-
ably belong to the same period of yokanie lictiyity. 
The aRh and tull;;, with one loeal -Row, \yere laid 
dowll f'Hrlv~in the 11istory of' t.he formation, before 
tJll' l'norm'~us thieklles:'! of ~iliceous ~ba[es had heen 
depo~ited. They mark a period of eruption tIuring 
the depOf<ition of an lipparcMl), conformable serietl 
of ,'iedin1('nt~. One of tlwse type:'! abo oceUl'S at a 
lat.cr (late and intrusive in the same formation. 

The first eruptionf:l were e~pecially llHlrked by 
explosive action, whieh rf'sulted in t.hrowing out 
large qlLantit.ie:'l of fragmental ma.teriaL The- :flow 
of mHssiYe la,ya waf:l very small. The wide dis-
tribution and often " thi(·kness of the pllmi-
Cf~OUS depm~its ha,ye lWl"n dc~"eribcd. The 
material WHB originfllly in most cases a light, frot.hy 
pumiee, whieh, through the force of tbe explosions, 
was blown into fragments, often having a diameter 
-of' several inches, hnt commonly much finer and 
11101'e (lust.-like. Upon the edge of San Luis Valley, 
and a little eHl'1t of the canyon of San Luis Obispo 
Creek, the base of the HBh depoHit. is made np of 
fi.'agment~, Rome of them bowlder-like and nearly a 
foot in diameter, of a beautifnl masi::1i Ye, perlit.ic 
gla88. Although no massive flow of lava could be 
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disC'overed in t.his Ticinity it is evident from the f:lhml,'s that this rhyolite is rich in which 
size of t.he bowhlers that the orifice of the old yol- would he expeeted from the ehal'£Lctcr of' fcld-
CHno could not. have been fh,r lnnw. 

In cert.ain portionl'l of the Hst; tlleTl' if:l 
~llch an nbulldanee of feld~par of uniform 

the material the appearance of a nltlB­
rock. The crystal8 are nIl polysyn-

twined, the extinetion nngles indicating n 
The ash deposits in which tllese 

occur ehara.eterize the southern 
Lui:'l Hange from Lion Rock 

ea:'ltward to Pi~llio, a.nd the northern from 
Ilellr 8all Luii:l Ohispo Creck toward 
Axroyo Grande Creek. The ash beds near the 

8par: 

P,tl'tiaf analyds of -1'lI)/olile. 
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The feldf:lpar l'l'ystal., abundnnt. in portions 
the fish depositl3 already described have the same 
character as thOS0 in the rhyolite i'!heet, but thib 
lish is certa.inly not relatetl t.~ any exp0:::ipd mliSSCS 
of rhyolite. These rhyolite sheets or Ji.kes 8how 
no inJientiom of eyer jlU.yin~ heen HSBociated with 
11 Yol{'anle neck sllch as mllst have ~uppliea the 
material for the aw df'po~itY, ana be~ide~ tlipy 
arc hl'liered t.o he much latcl' in origin. The 
of' this rhyolite ,,""it.h referenee t.o the more 

not he determined. 
Py,·oxene-andcR£te.-Tnt.ruslw nnde",itl' of po;:;t­

Monterey age occurs 011 a. small Rcale at Reveral 
point.':l. One smull body 0('C1l1'S at thc ext.reme 
l'l1Rtcm edge of t.he qm~.drangle on Los "Ber1'Os 
Creek. The rock ha~ a fine-grainer] llHf:le in ,vhidl 
are developed llUtnerOUf:l phenoerYbts of a lime-soda 
feldspar. 

Allot.her hody of' andel:'ite has hef'n iutl"IHletl 
ized al:'h eontained another Ae('oudary mineral between lhe Toro shnles n1l(1 the ClH'Ht.a diahm-.;e 
\)c,.,ides iron p~Yl~tes. A port.ion of the soft, oxi­
dized aRh wa", pulvt'rized in a mortar and thcn in a 
pan, and the lighter matel~al wa:'! wa,"lhed Hway, 
leavl11g a nHlHH of ('1 par, 8pa.rkling ~rains. Thepe, 
when mounted nIHl examiuell llluler t.he lllieroReope, 
uppeared to bc perfectl~y formed crystals, whieh by 
their opt.ical and Cl'ystallogl'aphie propertieB were 
determined to be zircon. 

The most BilireouR and at the ~allle time the 
mo",t variety of rhyolite o('eU1)3 as a thin 
flow extf'nt interhedded with a cOllsider-
able lhicknef:ls of tuffs of t.he SHme material upon 
t.he mountains between the two forks of' Old Creek, 
near the nOl'tlw1'll boundary of the quadrHllgle. 
Thc rock il'! reddish 01' grayish in ('olor and 
finely handcd with flowage lines. In a sel1li­

haHe appeal' nnmerous small 
quart,z, and more I'M'ply those 

fcldspur. 
This rhyolit.e sheet tE'l'luinateR at one spot in 

flat.t.ened nodular hodies ranging from ha.lf an inch 
t.o 8 inche,,, in diameter. Some of' t,hcse are entirely 
free, othe}'::! arc more or le~s conneded in t.he plane 
of flow. They exhihit.t.he Rame handin).(ns the n.';,,,t. 
of the rhyolite, and ill many Cabef:l have shrunk 

at the eent.er. 1"1'0111 this cell tel' radiat.ing 
f:lpl'ead out. towa.rd the ~urface and across 

tIll' flowa.ge linc",. The centel13 of' some of' t.he:'!e 
nodnleR ~re hollow; those of ot.herH arc fillell wit.h 
ehakeJony. In geneml appearante ma.ny of them 
resemble cOllC'retions, hut they fll'e prohahly t.o be 
classed aR spherulit.c\-1, which are eommon in many 
siliceous yoleanic rocks. They npparcntly differ 
from spherulites, however, in haying no semblance 
of a radiating st.rudlll'e. A numher of specimens 
were obtained which were ('overed with ribA, t.he 

of the rihs corresponding to cracks upon 
interior, and the hollo\vs beLween the ribs t.o 

portions which llad f:lunk in. 
The ot.her type of mns~ive rhyolite, whicl} is 

apparently petrographically related to the ,;oda­
l'hyoliit., af:lh already desClibed hut is of very much 
later' oeC'llr,., as intruded sheets in 1.he limestone 
nnd near the h:1se of the Monit.'rey shnle on 
the ~o1l1hern slope of the Banta Lueia Hange 
abollt 4 miles east of' .Edna.. The large"t 8heet. is 
about 1 mile long all(1100 feet thick. All of' tlw 
sheets follow yery l'egulrn:ly the dip lmd sh1ke 
the illdosing rocks, which are inelined at an Hn~le 
of ahout. 45° and Htulted downwanl £'I'om a horizon 
found higher up on lhe main portion of the 
range. Columnar Rt.ruetnre is very well deyeloped 
at several points, the eolumns lying perpendienlar 
to the surf~l{~e of lhe f:lheet. 

This rh yolit.e occurs in two facies, the most ('om­
mon one l;eing gray in color, varying t.() black, nIul 

The other is compHet. 
The only constituent porphyritie-

neal' t.he ~ummit of tlll' Ranta LueiH l{ll1lge. 
rond through Cuesta Pnss eros~es the onterop. 
This rock is utlually umygdaloidaL It contains 
prominent phenocl'yl:'tB of grpen a.ltgit.e, rather Bpar­
ingly (liRsemina.t.ed, and rhomhie pyrox('ne, now 
entirely decompof:led but detcrmina.ble through its 
prismatic ('rORR scctions. 

A Rhect of andesite occnpies a nniq lte 
neal' the sununit. of a llloulltain between head 
of At.abcadero and Taf:lsnjera. ('reeks. The liquid 
magma nppears to have been squeezed /up through 
the upturned 1'01'0 shale and, upon reaching' the 
Monterey shales whiC'h cap the hill, sprelHl ont. 
undcl' them in a. yaueer-shaped 01' la{'colithic sheet. 
Tllis sheet can be followed nearly around the 
mountain at the contaet of the two i(lTluat.ion;:;. 
Mueh of t.he rock is fine graine<1 a.n<1 without. 
lloti('eable phenocl'yst6. Upon the upper and under 
sUl'lhce~ the sheet is amygdaloidal. It hUb red(lmcd 
and haked t.he shales immediately a(ljoining. At 
some plaees the l'oek shmv::'! traces of olivine, hur 
alterntion has generally (k.,troyed t,hi,", minl'ral a~ 
well as the llugite. Some portions of thl' rock 
contain scatkred, large, somewlmt lath-shl1ped 
phenocl'}TRt~, which are apparently less calcic than 
the fehlBpar in the groundma8s. 

Ql1('frtz-ha,~alt.-The quartz-basalt fOlmd wit.hin 
the San 1..nis quadrangle haB heen intl'lHled into 
the hasal portion of the Monterey f:lhflie. The 
locality is OJ] t.he southern slope of t.he Santa Lnda 
Hange 5 miles east of Edna. Therc are lwo dike~, 
the larger of which outerops nearly continuouf:lly 
for fI <1iBtance of ~! miles, following the I:'trike of 
the inclosing Tocks. The smaller dike extends 
pamUel with' tht, ot.her hut lies a litHe higher up 
the range. It l\tns a length of ha.lf a. mile. 

The rock is llnifOTmly dark and fine 
with a few scattcred pheno('rysttl of 
feldspar. The 1ll0bt ahuIHla.nt and interesting 
phenocrystH, however, are of quarlz, which i" dis­
tributed in a Hl.i.rly uniform IWHl1ll'r through the 
greater portion of t.he rock. Under the 
these qUflrtz grains shmv the effcct!,; of l'orrasion 
the presenee of irreg'lllar boundaries and in all 
enveloping rim of' IlUf.:,rit€ mil'l'oliteR. The grolLnd­
JIlHSS C'onsi~b; of lath-shaped cl'Y8talB of ea.leic feld­
spar, augite, a.nd magnetite. A partial analysis 
given show~ that t.he rock contains a rather low per­
eentnge of lime, but thcre ca.n he no donht. that ils 
proper pla{'e is among the hasalttl. 

Partial anuJy.liN of lj1tuJ'U:-baNlllt. 

Quartz-baf:lalt is a. rather UllCOBlmon rock in 
this rebrion. The only other known localit~r in 
California at whi('h it is found is near Lassen Pea.k, 

st.ructure and consists of' a, calcic feldspa.r, augite, 
olivine, and iron oxitleR. The rock wit.hin tJlC San 
LlLiR qua(lrang1e to which t.hif:l term iB applied is 
pxceptiOlJally rich in olivine. Th1<;; mineral oft.en 
fon!l~ the mOi:lt important conRt.ituent, RO that Rome 
OCCUlTenCf'S inellHle(l here llli~ht with as much pro­
priety he placed in the peridotite group and termed 
picTite. Owing to t.Ile large proportion of feTro­
magne.,,;ian silicates the l'{)('k ii:l dark in color, and 
Oll account of the exces,s of olivine is g-elH'rally 
much decomp(kied. UemaillR of £'rel:'h rock oc('u"r 
in t.he forlll of bowlt1er-likl' maSi:lC~ in the tlllel1v· 
decolllpoi'!f~d lllaterinL Thc rocks at. several of th"e 
f:lTllHllel' areas includcd nnder thiR head are poor ill 
olivine and arc really typi('al tliaha~f'8. 

The arf'as of oliville-diahase are fClUnd 
ncar the of' Old Cl'eek, where a f:lheet 
of the igneoll8 maRS haf:l h('en the 
almost eo;npletc remo\'al of the 
f:lhale. There are ot.her importa.nt areas in the 
lllountains neal' Cuesta ."tat.ion and along' the 
summit of the f;~mta Lucia H,allge bel ween l\Torro 
and Gra\·es creekB. At. the localit.y lB~t named lhe 
creRt of tlu~ i.,,; occupied hy a long, narrow, 
",yndiwll fold Monterey strat.a at pl'ef:lf'nt. of' no 

thiekness, and thl'oll~h t,hif:l lhe c1iaLn~e 1mB 
in the mORt irregular manlier. At t.he t.ime 

of t.he iutl'llsioll, however, what is now the surtll('e 
must. ha\'e been overlain by i'iPYcl'nl thousand feet 

ies('henite is applied 
t.o a rock having an ophit.ic strllctnre, and enmist.­
illg of calcic feld"par, angit€, analcite, and iron oxilie. 
The lmalciLe is believed to ha ve replace<1 some boda­
rich mineral, although from l'ceent stmlies of Imal-

llydm-

for :'ltlldy. 
",Vith cleel'eabc of the nnakite f1J](l il;erense of 

t.he olivine t.herc occur transitionR to olivine-diabn~e. 
Varint.ions of this kind are noticeable in one of the 
arcus north of Old Creek. ~ficroseopieallr the 
ro("'k vari~s great.ly. The olivine-rieh varipties nre 
(lark, while t.hof:le without. olivine, which are more 
cornmon, aT(-' light. colol'ea and <lotted over with the 

analcite or its alteration product., natrolite. 
t.he alteration hUB proceeded so fill' in most 

loe.ulit.ie:-< t.hat nah'olite i:-; much more ahuIHhmt t.han 

or the mineral fi'Olll which it wa,., <lel'in,d, 
pl"oduet of t.he to cry~tallize. 

80 far as known t.hi~ type has not. heen 
fOllnd in America ontside of Santa Dmlmra and San 
Luis Obif:lpo eount.ies, Cnlii()rnia. it is lypieally 
shown in tlJC San LuiH qua(ll'angl~ Hll(lerl,yin~ the 
~.fonterey formation 11. lit.tle ~out.h of Serrano stn-

Another is J]ear T Jion Hoek, a 
of' Point.llllchon. Here the 

rock i" diHtinet.lv Heen t.o be illtruSlW in the l\fOllte-
lift.iu'g it up, or breaking t.hrough and 

meWn,on,ho,iug it. A well-f'ol1lwd eolumnar 
btl'llet.me all:'o f:lhown here. Tn a verti('al dike 
exposed on the face of t.he eliff., the eOllltIln:'l are 
pill'(l one oyer the other n" arc f:ltieks in a cord 
of wood, the colulllns lying perpendicular to the 
walls of the tJike. (~ee fig. g.) 

An interesting petrographic feature iy exhibited 
here. Upon the worn f:llll'nl.Cc of theKe columns l1l,al' 
high tide the analeit.e i~ arrunged in l'Pg'ular hamls 
about :.4 lncht's apart and parallel with the walls 
of'the (like. Under the iuHuence of the ,vaves the 
roek \years awa Y fa~ter alotl~ the linel:' in which 
the most of th~ analcit.e is 'ypgwgat,ed, 1"0 Lhat it. 
prcsents a rihbed Hllrlltee. 

8'1'HUC'I'Uf1E. 
~ in lhis rock is a soda feld~pa.r. In 

thinnest. seet,ions the groundmass appears to be very 
dense, eonRisting in p~rt of feldspar microlites and 
ill part of glass. The follo,ving partial analysis 

where the roek occurs as' one of a sene,., of reeent ~ early all the ,'It.ruetural features of' thi,., portion 
lavflB. of the Conf:lt, R.anges haye a lim'ar arrangement 

Okivine-diabase.-Olivine-diahase has all ophit.ic along northwCi"t-80ut.heast lines. Folding atHl 
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faulting have ddm'mined primarily the direction of nitudf', hut just when it WflB formed, or whether it granit{', hut above that point it continues along the 
the nlteruating mountain ridges alld valleys rroR:'(cil has an:v TI:'Iation to the height of the rnnge, northcllstf'rIl side of the system of vallcyi'\ that 

from the Great Yalky to the ocean; 1S not known. The of' Monterev shale at extcndH up to Hinconada Yalley. The displace-
zone",; of' broken the basf' of the range, \\·hi('h have alr;ady been ment, particularly in the yieinity of Rinconada 

rorks, has out thf' valleys and Tl1011lIt,alns l'eferred~to, give some due to the magnitude of the \Tulle,', is bel1evc(1 to he (,Olh:liticl'able, for nOlle of 
as we know tllCTTl to-day. faulting. HOlltheai'\t of Cuesta PaBB the Monterey the ~;ll(lHtone so extensivdy to the north 

At alJOnt the dose vof the JlIraJrias period the ~;;lHlle lies mOBtly above the fault zone, although of it appt:'arB on the opp~Bitc ~'\.t various 
Coast Range region a tliHtllrhanee narrow 8tripS Ht the eastt:'rn eud of San LlIisYalle,v cutB Hlong the railroad ncar Palollla and ~\tnsea-
whieh, llext to that. have been flmlted (lown. The main portion of the clem Btati01!lS the disturhell p.tnua appear. At 
the gnllllte into the (,rystalline behi:::;tf:I, was the range 80utheast of the is compol-1ed of a tightly' Paloma thf' l\fonterey shale haH been cloMely foldf'd 
most seyere ill it:::; At this tilllP the San eompressed synclinal of the Monterey shale, aIltI for(,f'd agaill:::;t the f:4nnta :\Iargarita f()rmation 
Lui,,, fOl1natioll ·WflB folded, and Buhbcquently although near the extreme f'a."t,el'll edge of the so t.1Int hoth are overturned. 
it \vas l)lane(J off, Tht']} the Toro formation WUH qt1adran~le n J:mlwrdinate fold begins upon t,he The granite block }lppears to haye aetetl as a 
deposited Ilpon thiB Burface, and lwth f0l111ations south \Vf'st site of Lopez Canyon. Along Lopez unit, 1'\0 -fill' al'l movcmenil'l an~ concernetl, through 
were ioidt-'Il and ~llbjeeted to pro~ioll; and so dmvll Canyon the ~Iontf'l'e,v trough mllBt he very deep, all it" history. It I'lhows little signs of having been 
throug-h the whole seri.cl'l of formatiollR reprao;entf'd f(w the format.ion haB a thiekne,..,s of between 4000 sheared, antI ('ontain" no tlikcB of any of the intru­
in this rt:'gion-a period of eleyation amI folding and FiOOO fpet. Towartl t,he northwest the' Riw's so (,OIlllHon in the ot.her forl~H1tions of the 
terminalf'tl eaeh one. So mall,v timcB has thiR pro- trough riw'~. "North of Cuesta Pass, Whel'f' it is I quadrangle. 
cel'l.-l been t.hat in the ('al-1e of the older for- crosse.d by Ta8snjm'H, Cl'epk, the shale haR heen prac- Numel'ous smull fault displacements were ohBerved 
Illatiol1~ it impossible to diserilllinate the effects tieali,V eut. through. Still -finther northwl'Mt tllt' along the northeaRtern slope of the San Luis Range, 
of tlit' different tlistlLrbanecs. ('enter of the trough iB TeI)TcBented hy a mere parti('ularly to\\artl its western end. Thf'se fauItH 

'Yhether faulting in addition to fohlin,g plnyetl l'el1llU,nt of Rhale lIpon one of the lligh peaks seem to have played no part in the ele\'a-
an important part ill thl'~ early g;eolo,!.,rie history of bebveen this treek flnd AtHsradpro Creek. In the tion of the rnnge, unle~B it be 
thifl region cnll IlOt be de('idf'd with vertainty. The samc direct,ion, nlOllf.( what ll.lU~t IHlYe bf'f'n thp ('en- end, near Edna, where one il'> Jmpposed to haye 
earliest fanltin~ dekde(i dates from ]loRt-Montf'rey tel' of the fold the Monterev dlrata have heen wken pInel' after the deposition of t.he Pap.o Hobles 
time. Along- the tlmlt, lillP upon tIJI' northern f'dge entirt'ly l'ellloYe-d, and the TOJ:o ulHlernellth tlll'tll formation. Thf' northern portion of the Han Luis 
of the Hineonada t.he R!lnellltoneR of the at:'t:'ply' erode-d, ltntil the extreme northern edge of l~Hnge betwef'il Han Luif'. Obispo Creek and the 
YaqHero formation have thrown down upon t.he quadraug-le is reH('hcd. Alon~ the southern foot ocean is formetl of the San LlliR format.ion and 
one "itlf', while on the other the San Lui.s forrnntion of the 8ulltn 1..11('ia Range, opposite plaees where the indntlcd 1'0rkH. The Montert:'y shale 
appeal's. l!pon the latter the 8anta Margarita for- ).(ontere-~y Ilhale hm.; been enLirely renlOYf'd from its overlap;; portion from the south, gmdual1y 
mation relih.;, the :JIonterey formation heing nhsent. summit, may be found, HS alr<-,ady mention<-'tl, rem- thinning- out. Hmall Hrend appf'ar fill' dowll on 
The relative pORitions of the strata herc seem to nants of that formation thrown tlown hy a I::lt:'ries of the northern owing tlleir prf'servation to 
df'mand flll age for the fimlt. line greater than that norlllal fau1ts. Betwcen the prohahle elemtioll of t.he filet that. tllC~v lll'l'll faulted down into 
of' the f-\:lllta Mal'gal'ita formation. tIlP hottom of the portion ffl.U1tetl tlown and the tll(' older 1'o('ks. The"';l~ are normal vmltp, with the 

·With the dOHe of the deposition of the }Ionterey elt:'\'atioll of the present top of tlll' l"}lnge there id IlHde to tlle bonthwe;,,;t, the stl';H.a dipping to the 
shale pronouneed diBtur1tan('f'~ affedetl this l'Pg:ioJl a differenee of' ahout 2000 feet. How mu('h has northea",t. The of the fHults of this type 
ill eommon wit.h t.he reBt, of the Coai:lt Rang-e.". The heen l'emovetl from the snmmit of tIle range nfter extf'ntls a('ros:'! Los Cref'k. The downthrow 
Bt.rata wcre thrown into a st:'J'ies of anticlinal flnd the erop,ion of' tlw }lonterey I'lhale ran not he amounts to at leflst fJ()O feet. Two miles to the 
synclinal Hrehe.,,; having' a Ilortll\rt:'l<t~sout.hensL, determined. Tlwre is then a ftmH of p1'obabl) 
diref'tion. The llXl'S of the prl'Bcnt Santa LlH'ia and eonsidernbly more than 2(X)0 feet. 
San Luil'\ orcnp,\T linel::l of dowllfold, 01' As this flUlt is trM~etl along the foot, of the I'dngp 
synrEnes, the inten'ening rf'gion lmd the fhml Serrano to '1'01'0 where the di~phll'clllent 
l'PgiOll to the p,outh of the San Lui" Hange were has heen ROllle fads appear. 
dewloped on anti('liut:'l<. In thi" pl'oeess the shales For some t.hf:' fault zone passes along the 
·were minutcl,y i<)lded and t'l'ulllpled, aH HhoWll in of or thl'Ollgh ~OJlle of t.he gl'eat serpentine 
fig. :1. It::; position i8 intlit'atetl hy the sheared and 

The :J.Ionierev shale, tllOul<:llldB of feet in thiek- crllshed roek lllVl a line of' large "prings whieh sup­
ness, was f'l'od;d from most of the areas of the ply the most, of the water to t.he :::;tr('.911lS of this 
antieliIlf's, expo"ing the mu('h p,ofter rocks of the w~dion. At. Illany poiJltB the Mont.erey sllale, 
Han Lui" formation. After t.hi8 long period of nearly leyel or dipping into the range, ('an be 
el'o.,,;ioB, the rf'gion WWl again "uhlllerged and the obsPJ'yt'd terIllinating the fault.. In SOIlle 
Pismo and the ~anta :J.lar.garita formations were places ::3litlel'l of 
depobited. Tlu-'ll IllOYemf'nt of the "ame Batme burying portions the faultf'd shale, the pl'esenee 
as timt which had nffeetetl the l\fonkl'E'Y forma- of which Illight 110t be suspected if it were not for 
tion again ol'l'urred, and the PimlO a~d Santa t.he stream canyons. Cpon a ridge at the foot. of 
.Marg:uita formations wen' folded. the mnin range, a little southeast of Toro Creek, 

~.\R a rei::1ult of the dip.turbanre.<; of N eocene time the :J.Ionterey p,hale ('an be seen bmken up by a 
tlf' San Luis qnallrang-le was di vitI ed, in a broad series of step fltults, the same horizon being 
way, into fiye eruHt.al hloekfl. Olle line of f()lding repei1ted at three (lifferent point.s and eaeh fimltetl 
an(l faultinp: mark::; the SaliwlM Valley along the portion dipping more or lesH into the rangf'. 
southerll side of the ,granite area. .Anotlwl' line of The ",ame thing may he npon the ridge 
branehing faulti:l HllJrkB the ha.,,;e alld northern slope north of the neck. In a railroad cut II mile 
of the Santa Lucia Hangf:'. A third line of greater northwest of Serrnno the l\Ionterev shale shows the 
importauI'e iii tTlJecable along the sOlLillCrll slope of e£feets of an overthrust. The str~ta ill the npper 
this and a fonrth marks the nort.hern etlge part of the eut have been pushed oYer the lower 
of the Luis Hangp. These lines, then, are Olles, antI in the draggin~ they llllve heen doubled 
suffi('iently distinet to permit a fhe-foltl diyision ha('k near the line of moyemf'nt. 
of the region, as follows: (1) the granite range The fault zone upon the northern side of the 
north of8aliwl8 River; (2) the yalley of the SalinaB Hant.a Lut.'ia Range is less regulnr than that just 
and itB eontinuation to the boutheast in Hinron- deseribed. The movements here seem to haye 
ada Valley; (:3) thc Santa LueiH Range; (4) the been a('companied by a strong tnngential thrust, 
southern foothill;:,: of the Sunta Lu('iH Hange antI for lie; we approaeh the filUlt line, the Monterey 
San Luis and Los ()sos San Luis Yal- .'::Ihale, which in the valley is nearly level, gradually 
ley. 'Vhile f:mltin~ along intlieated be('ome>l tilted more Rteeply downward and, adjoin-
probahly occurred at different inh'rvalp. through ing the fimlt, staudR vertieal. This fanlt .zone is 
the Neocelw, there is no evidenee that it ('xtendeu Ll'3eeahle along the sonthwestE"rn side of the Rin­
int.o the Pleil'\toeE"ne. comHla and Santa Margarita valleys. It becomes 

The pt)sition of rerunnntd of the Monterey shale fiomewhnt split up west of Paloma station, near tllC 
Btrung along tlll' foothill)< on the sOllth side of' the Eagle randl house, hut northwest of that point i8 
SantH- Luei~ Range would indicat,e that in this Jidtinet.ly marked again. As in the rase of the 
region the f(n;rnation ·was ']lot mu('h disturbed by zone on the opposite Ride of the Sant.a Lu('ia 
t.he foitling whieh affeded it. in the mountain Hange, there are fi'equently several fault lines near 
ranges on either hand. From Sel'1'ano north- together. At the point on t.he range where the 
wes1\\artl to and lwyolltl Morro Creek tllC ",hales road t'rO~Bel'\ from 1Iorrq t() Grayes Creek the l\Ion­
are- neady level and h<-'come tilt.ed awl ot.herwio;e terey shale, Ataseadt:'ro >landstone, awl Toro shale 
disturhed only 11M they nppl'Oaeh the fault line at are faultt:'d down, in a series of parallel fraetures, 
the bllBe of the main 8auta Lueia Range. The into t.he 8an Luis formation. 
center of the llntielinal arch between the Santa The line of faulting that separa.tt~'l Salinas Valley 
Lueia and H:m Luis ranges probably lay ncar the from t.he granite mounblins in the northeast 
line of the San Luis buttel4. eorner of the quadraugle lies a little I'louth of the 

The fault lOllt:' extendin~ along the sout.hern baHe ontcrops of the granit.e. It is followed by the river 
of the Santa Lucia Hange is of considE"rahle mag- below t.he point where the strt:'alll emerges from the 

southeap.t tht:'re is a ,"mall fflltlt with ha(le and 
throw in the oppoHite tliI't:,dion. The phenomena 
shown here Beem mo.,,;t eaBil~v explainable upon the 
suppoi:lition that t.he faulting llntcdatetl the laHt 
foltling in t.hi~ rebrion, whi('h may have bepn that 
at the ('los1" of the San rahlo epol'h, for t.he throw 
of' the fault.'::l if' in the oJlPo~itf' tlirt:'etion, in most. 

to that whieh one would expect to ~ee mani­
with the uplift. of the r:tngp. 

The i:louthern slope of illC San Luis Rang-e f:wing 
the orean is rLlgged anJ abrupt, but. here no dis­
tinct fhult lines h1lye been deieeted. 

From the relation of the l\Jonterev shnle to the 
Han Lui1'l forlllation which fOI'IIIS Lhe in·omont.ory at 
Port. Harford and prohahly heneath the 
Bca both to tllt:' southeaBt and it would 
appear t.hat erosion of the softer rocks of tho latter 
formation and the gr:ldual cutti.ng hack hy the sea 
warf'S against. the rcsistant Monterey shn1e would. 
lll'C01Ult for much of the steep fitre of the range. 

A sertion memmreti acrOBB tlll' 8HI1 Lllis Hangf' 
near the hi,glwst point shows that it is C'ssenlially 
a dosely foldetls,Yncline, with a narrow I::lubordinllte 
fold neal' the llliddle. However, bot,h northwest 
and southea;:,:t of the cenkr of the range at it" 
highest point the main fold is found to hE' replaced 
by several subordinate foldl4, none of which i.,,; of 
wfficient magnitude to f'xpose the bllJ::ial portion 
of the :\Iont€rey f{)l'matioTl. These subol'dinHte 
folds eome to an ~nd on the const between Point 
BucllOn and the mouth of l.,,;lay Creek. Their 
nose-like terminations are finel y shown ill the oeean 
dins. v 

To the southea,'lt, towartl the ('an von of San Luis 
Ohispo Cree-k, the range tleerf'aRe.~ in heif!:ht hut 
l)f'eomes more cOHlpl~x in strudure. Two subor­
dinate folds appear with nOBl~like terminations. At 
the point where thq paBS beneath the sandstones 
of the Pismo format.ion the\' haye heen thrust 
against the latter, almost. ove;'tul'lling them. The 
main body of the Pismo formation fonnB an open 
fold beneath which the Monterey shale wit.h its 
sharper plieations pas.,,;C's, to appear again at Arroyo 
Grande Creek. 

One of the most. jnterest.in~ and >ltriking strue­
tural features of the district is exhihitetl by large 
sandHtone dikes in the Monterey shale. Great 
hotlie..':l of' santI whieh are now bit.uminized were 
formed in the eenterH of the antidines just referred 
to and were- forced into e.avities in the I'\hale. This 
must have happened during the disturhance termi­
nating the deposition of the PiBlllO formation. 
The;:,:e sand poekcts or bost;es O(,{'Ur about three­
fourths of a mile north of Sycamore Springs. One 

is on the eastern side of See Cnnvon neal' ito; 
mouth; tlle other is in a small canyon" 11 littJt, to the 
west of'See Canyon. The hodies of'sand arc loeated 
in the antirlin~ near their nose-like terminationp;. 
The larger hody to the weRt of See Canyon is ;;00 to 
GOO feet a('ross, elongated Romewhat in t.he tlil,t:'etion 
of the antidinal folu, and with narrow radiHting 
yeins of Band cutting aeross the hal'd silieeons Bhale. 
Some of the \'eins are hut a few inches "\"il1e, thollgh 
eontinuous for long di"t.ances. The smallt:'r hotly 
of sand in See Canyon .is abont. 200 feet flCrOSl<, hut· 
has eonnecting poekf:'h; and dikes extending out 
oyer a di.ameter of 700 feet. The sand i:::; stnwture­
le~s, hut litholot,rieally resemhle,,, yery dor-ely that 
forming the soft: sandstone of the Pismo fOl'mation 
Bear by. It was undoubtedly forced into open 
fissures produel'd in the folding of the shale. The 
salld iH genei'ally bitumini.zed, althongh now dried 
out at the surf'Hce, It mUdt have hee-n impre-gnated 
by the oil or tal' after be-lng forced into the fir-surf'S. 
There is a maltha or "tar" spring, now rllnninf!; 
s1i~htly, in See Canyon hnt a short distaIlt'e 

Handstone tlikeH ha Vf' been deseribed from 
Toro formation at different points in CHlifornia, 
but none are so hlrf.(e or show so illtimlltt:' a relation 
to structure as tllese just dlN~rihed. The wt-'.'it<-'rIl 
portion of the San Lui" Range mllst ha ve under­
gone It much greater alllount of uplift at tJle dOSl~ 
of the San Pahlo deposition than t.he ea~tt~rn pnrt, 
judging from the sharply folded strata of the Pismo 
formation at t.heir l'l'e.'::lent termination near the sanll 
pockets. 

The strudural relationships of SOUle of the intru­
BiYe roeks are WIT remarkahle. This is parti('ularly 
true of those whieh have enterell the Monterev 
shale. l\fasl'>es of the 0Iiv1Ilf'-diaha.':le and an~it~­
teRchenite magmaB haye come up undCl'n<-'ath the 
:;\Tonterey shH-le, but have rarely, if eyer, hroken 
completely through the formation. Having pene­
trated upward to the limpstone or bituminous shal~ 
horizon the erupti yes ha ve sprea.l out hetween the 
strata and are now exposed in mallY p1aeeH as 
shed:"! along the eroded edges of the 1\(ontt:'rey Byn­
dinf's. Two interesting cases of this kind occur 
between the town of San Luis Obispo and S'ernmo 
station. lIere lire two hills, one a half mile the 
other nearly a mile in diameter, rising ahl'llptly 
fi'om the rolling ('ountry ahollt awl cappetl b,Y a 
thin layer of Monterey shale awllimeBtOIlt:'f'. Each 
hill has the forIll of an amphitheater, the .'::Itrntn 
dippin,e: in toward the center from all sideb but one, 
lmd on this side the drainage from the eenter ha~ 
eroded a gnlrh. The pecnliar topogJ'aph.v and 
salleer-like struf'ture i.'::l due to a sheet of 
tesehenite which outeropll jn:,.;t below the 
around the steep, brLlsh-eoyered Ride::3 of pach of 
these hills. The igneous rock met.amorphobed the 
overlying Rhale and limestone so that they were 
1<:'8'" easily eroded. The igneoud ma.ss heing df'Pper 
down in the center and on oue side, the amphi­
theatpr-like depreMdion was formed. 

The long narrow syncline formed of the basal 
portion of the l\Ionterey shale whirh th~ r::anta 
Lueia l{ange n-ear the northern edge the quad-
rangle has been in\'adt:'d along its eenter fi)r m()l'e 
than :-; miles by numerous irregular bodies of 
olivine-d.iahllBe. In plaees they break through in 
dike'form, in otht:'l's they liH up and partly im·lose 
large masses of the shale. 

At the north edge ofthe quatlranglt:', llorth of OIl! 
Creek, there are two large area.s of olivine-tlill Ulll-1e. 
One outeropB around the edges of a long, high hill 
of Mont.erey shale. Only a portion of this erup­
tive body appears within the quadrangle. If the 
shale were removed from its upper snrface it WOllltl 
undoubtedly appear much as does the other arf'a of 
olivine-diahase whieh li<:'8 a Rhort (liAtllnee Routh­
west. This latt1"l' arf'll is more than a. mile llel·OBS. 
But few pat.ehes of the shale and aBh appem' seat­
tered oYer the surface of the eruptive sheets. 
These sheets are real la('('oliths, with pOflsibly the 
diHtinrtion that instead of coming up lmd nl'ehillg 
the st.rata convexly over them they have enCOllll­
tered strata of Monterey shale which were already 
folded in synelinal troughs and have followetl up 
the dip on either Bide. The generally ('oo('ave 
up}Jer surface of these sheets is ill dil'eet ('ontrllBt to 
the typieally con ,'ex upper .,,;urfaee of those igneous 
masses originally described nntler thE' term lae­
eolith. 

Tn some caBes the 8vnclines arc very lllld 
open, as in those l?st described, but i;l the 



igneous 111:1:,,;:,,;es have folIowpd the Rtrata upward at 
angleR of 2;',)0 to :3fiO. In no case i8 therc C"viuenC'f' 
at hand to show that these eruptives ever broke 
completely through t,hf' f:lhak. SOIll!:' of the sheet­
like dikeR oeclll'rin.2: at the base of the Monterey 
f".hale have appeared not along thC' Cf'ntern of the 
Hyne1ine,',l hut upon tIleir outer wheI'!:', ill the 
d08e folding to which the roekCl been Rnh-
jeeted, the steeply inelined strata may have been 
ruptured and iIlt'ipient faulting induced. The fault 
ZOlle on the southern slopt' of the 8anta Lucia 
Range may have originated in this ..,vay. It ib 
chararierized by many igneous massc,'l of po",t-Mon­
terey time. 

The Cue8ta diabase seem8 to bear much the ,':'1ame 
rehition to the Toro shn les as the olivine-diabase and 
teschenite bear to the l\lonterf':' shalf', only that 
the Toro shale (li(l not offt'r 80 reRistapt a cover­
ing a8 the l\[ontt'rey. It is mORt ren80nable to 
fmppose that the different mflsses of Cuesta diabase 
strung along the Santa Lucia Range had a common 
Rourre underneath the Toro 8hale, ·which in pla{'es 
WH8 broken tllrough. There are 10e3 1 Hreas of the 
Clhale eviflently m~tamorphosed hy underlying igne­
Olll') ma,,,~e,,, which have not yet beell expoCied hy 
erosion. 

The Cltruetural relationl-l of the older intruf".ives 
art' apparently more Bimplt:', as the." follow in gen­
eral t,he tlip and strike of the San LuiB rork8. Tile 
heavy-bedded sandl-'tone iR romparatively free 
from illtl'lI~ions, whilt' that part of the formation 
in whieh tllP jfl~per o('rU1'8, offering- lesCi rl'~i8tallee, 

il:l filled with the igueouf3 maRses. On the coa",t 
weRt of Cayuco'l may be seen a dike st'parating 
I1lfl~8e8 frOIll the jaMper. 

The Rerpentine dikes have the ",nme position in 
the ol<1e1' rorks al') the older eruptiveR. In most 
eases t.he Herpcntine dike8 are in contaet with the 
older haRie dikes, and, like the latter, are more 
ahuntlant in certain portions of the formation. The 
alteration of thf' roeks adjarent to the )-1erppntines 
il:l generally yt'ry 8light, lesB l'yell than thRt pro­
duced by the Cuesta diabfl~e. 

GBOLOGIO IIf.,{'l'ORY. 

l'RE-.JFIUTRIAl:' Tl.'tIF.. 

The earlil'st gcolo1:,rle event of whieh we have 
any clear re('ord in the central and sottthern Coast 
Rangf's of Calif(Jrllia i8 the inYn8ion of the eru8t, by 
g-reat maRses of molten granite, ,vhich caught up 
and highly metamorphol:led the existing ~ediment8, 
elmnging them t{) mm'bles and Brhists. Not only is 
the date of thi8 disturbance unknown, but the age 
of the metamorphosed sediment:; iR likewise doubt­
ful. In the coarsely crvshilline marble, with its 
secondary milleralR--=-Sucll as graphite, pyroxene, 
mica, garnet, eLe.-the original f088ils, if an,Y t'xi:,!tetl, 
must have heen totally ohliterateu. ",Vit.hin the Han 
Luis quatlrangle ero:ion hn8 completely removt:'d 
the llletanlOrptlOJoJed 8edimentary ten-cll1es which 
appear farther northwc8t in the Santn Lucia Range, 
and there remainR a fairly uniform gTi:mite body 
exposed over many 8quare miles of country. 

,JITR.\.THIAS .PERIOD. 

The timc reqllired for the complete removalot 
thel>\e earl}! t'edimentary hedR nn18t ha ye been very 
considerflhle. It undoubt.edh- cmbr<lced the early 
Ml'Sozoi(' and may have begnn in the Paleozoit:. 
There is really no known .reason ,,'lilY the schiHtb, 
gneit'8f'~, and marble8 may not belong to the Algon­
kian. 'The fhet of g-rt:'ate8t intere8t, hOWeVl-'l., if". 
that in very early geologic time~ lantl f'xi,'lted in 
the present Pacific horder region. The weHtern 
boundary of the continent in thiH latitude could not 
have bf';n very (Efferent from its prescnt confignra­
tion. ~ob\ithstanding all the oReillations of level 
awl t.he great mountain-making movement8 which 
have taken place it wonld seem that. the fold in 
the crust marking the edge of thc eontinental 
plateau is of very ancient date. The ah.;ence of all 
Redimentar,Y formations in thf' eentral Coai3t Rangi-'B 
het.wecn the bflsement eomplex of' granites, schi8t8, 
nnd HHlrblc8 and the various members of the Fran­
eiscan group is fair evidence that an extensiw land 
area exi,'lted in the region during the time indicated 
by that hiatus. 
Toward~ the close of Jurassic time the sea 

encroached UpOllr this lawI, and the } ..... ranci8e.an 

ever the hase of the FrnneiseHn group is exposed time between the middle of tile Cretaceous and the I proportion of ('ong-lomeratf's in'creases in that diree-
erosion it is Reen resting on these fiNks with period of intrusion of the hasaltie dikel::1 in the Ran tion. To the southeast of the quadrangle in Santa 
basal conglomerate. Pehhle,'l of the g-l'anitc und Luii::' formation. On Pine }Ioullt,ain, ROllle miles Barham County the eonglomeratf's are vcry ahun­
gneisRcs arc abundant in the congloll1cratt'. ~\.t norLhweRt of the quadrnngle, n large mw,;:; of fbcite ,dant and ('ontain larg-e howl<1t:'l't'. 
r.late Springs, on the coast of l\IontCl·cy COUllty, the ol'eupic" ~ueh a pOl::1ition with referen('1-' to an area 1'\0 ignt'olls activity Sf'em8 to hnye lrl.lll'ked dlf' 
ba8al eong-lomeratcA antI RalUIl'ltone are fully 1000 of TOTO sTlale ao:. to lead to the \iew that it haR bef'll upper Crt'taeeou", or the Eocene in t.hi", portion of 
fcci. thick. The i,"" ",0 thoroughly intruded tln'ough tlwru. ",Vithin the quadrangle t.he COilf't Hange.,,:. ThiCi was perhllps the longest 
cemented that the matrix is n8 l'e"j.,,:tant tht' hodie:.1 of flaeite and ande8ite han' pUHhefl aside intenal of comparative quiet Rinee the upheaval ter-
to erosion as are the f!,Tanitie pebbles themRelw.,,:. the (like", of bHo:.alt but han' not so diRturbcd thl-' minating the FranciReau BediIIlfmtation. 

EOCEXE .PERTOD. 
TlltR suhsidenct' waR marked hy oo:.('illatory movp- serpentines, ,vhi.eh (lat~ from mitldlt:' Crf'tareoul::1 

ments with accompanying dUlllgeR in occall eurrenb, time, and the Jlidllreo:.que pellk8 which the fhwite 
and in the characti.'r of sellitllent,',l depO~ited'l and andf'8ite form arl' not the rel::1ult, of mOUllWin- ",Yith the close of the Crf'tareoUR and the advent 
Althongh. f".o widely distributetl throngh t.he Coast making forees, but of the diff't>rential work of erosion. of the Tertiary a marked ehange took place. The 
Range rt'gion, the hed~ of thi8 group mark a near- ",Yith the beginning of the CretaceouR nlltch of region of the Coao:.t RangeH b('g~lll to rise and the 
""hor~ 01' shallow-water condition, ft)1' they ('on8il::1t t.he Coast Uange region again hecarnc t'uhmerged. ocean wa~ exeiudeu from the greater portion of it. 
br/!ely of Rantl'ltone. In aciclitiOll tllere are in cer- Just how extt:'n.'li ve thi8 subnwl'gellee was it is diffi- The water t'ontinlled, howeyer, to occupy Sacra­
t.ain horizons considerahle bodieCi of ~hale or shite, cult to sny, but the presen('e of the willely ,'lratteted mellto and San Joa(luin \'alle,vs, lllaintaining an 
alld lenticular strata of radiolarian jasper. }fol- remn:mt.'l of deposito:. of' the Knox\-ille group from outlct to the south across Ventura and eastel'll Santa 
luscan life was not plentiful in thiB ancient. o('ean, Hanta Barbara Connty Ilorth\\ard through the Coast 
if ,ve can judge from the remllluH 80 :Ull'discovered, Rang-e,'l lllake.,,: it appear prolmhk that the region 
for within the quadrangle marine fOCisill:l haw been was very generally under the ()('ean awl t.hat 8edi­
found at only one point. During an intetTal of mentation WHI'! taking pIi-l('e. Thc preyul('llee of 
t,ht, deposition of days in a body of ftuiet water cby i<hnle indicate8 conditiOllS very (lilferent. fr'om 
the bottom was thickly populat(-'(l with it ",mall t.hoCie of FraneiJoJeHn or Chieo time, \dWll ",awl",f()Jle 
PeeLen. These, with Clome fosl-'ilH from the slate at, predominatf'd. 
Rlate Spring-R, on the coa~t of l\Ionter~y COllnty, The remaining aren of Knnxyille ro('k,., 

among the be~t pr2Herv(-'d forms dil'lro\ eretl. in thiCi of the CmlRt Hange.'l is that extt:'lItl-
The eontlitions under which thl' of rndio- ing across the quadrangle in the line of tht' 8nntH 

larian jasper Wf're deposited are rather difficult to Lucia axit'. A downfold \\a", prohnbly formed 
uwlerstand. The8e lentieular beds orcur at CleH'ral alonf! thi,'l axil< shortly anel' illP Toro waCi dl'po:,.ited, 
horizons in the Snn Lui" a]\(1 lHf' petI'Og'nlphieally tlm"" pl·t'::<enillg it from erosioll. ~o trace:'! of thi'l 
Clharply c1ir:tillgui""he~1 fi'olli the ",hale awl Rantl",tone. 8hale are tfJUnd along the f".imilar o:.yneline forming 

\Vith the beginnillg of deposition of eHeh of t.hese the Bun Luis Hange, so that pre\'iollt' to tIlt-' mi(ldlu 
of jasper a marked change mnst. have oecUl'l'ed ~eoet'ne the formation "as relll(wed by el'o:,.ion 

in the ('haracter of the ocean rlll'rents, for tlmye from all other porlionb of the qua<lrnngle: 
laden with deh'itus fi'om the lantl gave pla('e to \Vith but slight 08eillation8 of level, Fmbmergenee 
othf'l'i'l free from thi8 detritull but filled with a continued throllf!h the lower Cretaceou8 until within 
multitude of micro8copic organislllR. ",Yithin the the San LuiCi quadrangle :3000 to ~WOO feet of Toro 
Ran Lui:'! quadmngle the iwlicate that the 81mlt' aml samiCitone were deposited.. The low(-'r 
organi:.1111S ,vere lal'gely wit,h ",iliceous pOl'tion of this fonnation is almo'lt elltirf'l,\' ~halt', 
t€l'lt8, but further north in the Rllllt.a Cmz Moun- hut toward the top Randstone i8 JIlueh more ahun­
taim there occur in thc same fOl'mation t.hick: beds dant. The lower CretaceoUCI was terminnted bv 
of' foraminiferal limestone ill addition to the jasper. rene\H-'{l diCiturbances and igneous adion. Tllr~e 

The tObll thickne:lH of 8ediments ill the f:5an Luis different liquitl magmas were eruptefl at prohably 
formation could not be a8certained. It is probably [I:,! many tlifierent time", between the initiation of 
eon . .,iderahly more than 10,000 feet. 1';0 indica- tht' upheayal awl the be,:....ri.nning of t.he ~\t.n.,,:('adero 
tlOIlS of t'ontempori:llleOU8 igneous adion were sedilllCntation: the Cuesta diabase, thf' peridotite, 
obsorved, alld it appearii probable that tIle jIlllU- and t.he dacite-ande",ite The time relation 
merahle dikes which the formation eontain!'! are all of t.he dacite-andt'site to othcrs iR not known, 
of later being intrttdetl subAeqltent. to thl-' but of t.he othem the CueRt.fl diahase i", the older. 
period 01' at time of it~ initial folding-. Dikt:'CI of serpentine appear in the diaha.'le, and 

Judging from a wifle 8uryey of Coa!'!t Range along the Routhern ",lope of the Hallta Luvia the 
geology, alld especially from the known relation of gl·eat peridotit~ ma8r:e~ have broken apart the 
the li'nmcisean gTOUp to the lower Cretaecous, it originally conneded bodies of diHbase. 
seems highly probable that the firnt diHtnrhanee The fact is of intereRt. that the~e igneOll'l illtru­
awl uphea\'al of tile Franeif'lean waR contC:lllporane- Clion:'! were not confined to thi", lo(>ality~ Tlw pel'id­
ous with the poshTuJ'a88ie reyolution in the f;ieml otite magma with it:.1 fuldspathic fat·ie8 has bcen 
Kcvada and Klanwth MountainH, whieh im"olved intrucied into roek8 older than the Chico all 
the youngetlt portion of the Auriferous slat€s. It through the Cwst Hanges. In addit.ion to thO:-8 
seems mORt reasonable to helievc that. the marked areas of Cuet't.a. diabase wit.hin the quadrangle 
unconformit.y between the Knoxville and the Fran- another is known at Point Sal, 00 mile:'! to the 
cl",ean g-roups .... dtich eharm>tt:'rizes the whole of the 80uth. Thi8 one has all::1o a lac('olithic character. 
Coast Range rebrlon i8 ftmnd in the Klamath The daeite-andeRite oC'eum at interya18 from Pine 
Mountains, into which the Coast Hanges merge, Mountain sOlith tD 8an Luil::1 ObiHpo, a uibhlTlee of 
and in which the Knoxville rests uneonformablv 50 miles. The alkred peridotitel:l (serpentine) are 
upon the Jurassic. If thi~ he true for t.he Kl;~ espeeially remarkable for their extent, 
mnth Mountains it is without question tnw fiJI' area of ~e\'f'ral thousand square mile~ in the 
the Siena ){evacla. In the 8ierra Keyada the Range8 and repreRf'uting a once enorlH01L'l lllar:CI of 
l\Iaripllila Rlate of the "hed-rock series" re:H'he", np molten rock. The metllmorphie aetion which these 
iuto the upper .TuTCI.'lsic, and, as in the Coast Range8, hodies haclupon the acljoinillg rod;;:", is AmpriRingly 
theRe upturned and do"ely folded ",trMa ure intrutie(l CllllalL Tlwre are a number of largt' ma,,8f'!'l of 
hy numberless dikes of igneous l'ocks. TllcTC ('an glauf'ophallt'-"ehiRt \\hieh at firt't sight w(Jul(l set:'m 
be no douht that the granite in the Coa'lt Uangl-'R to have been formed at the contact of the :'!!:'qwnt.ille 
i8 very much ohlcr than that intruded at the time with the Franei"ean group, hut. H clo,'le!' exam­
of the (lost-.Turassic l'eYoiution in the 8ierra,y. ination ",llO"wS that in eyel'V cal::1e the mctamor-

Aft€l' the intrusion of the fil':::lt igneolts rocb phi8111 eall he traced to one" of t,he earlier basaltie 
in the Franciscan group eroRion pJ;lllefl off th" intl'u8ion8. 
foldetl strata. Then igneour: aetion was renewed i\ her a periotl of conCiiderahle lengt.h, tllLring 
anu basaltic layas were I)Oured over the sud~we. whieh the Coast Rangcs nmr:t haye heen ury]and, 
There ill little clue t.o the charader of the surfhee, th~ reg-ion sank, and upon the folded and eroded 
for it has undf'rgone mueh distortion Rince, bnt. Knoxville the upper CrelUceouR (Chieo 
there ure rf'llRons fm' helieving that it was an oM gTOUp) was Thit' \nlR a time of Rhallow 
one without strong relief: Thio:. iR illustrated hy waters and strong eurren~, for tlw formations of' 
Beveral of the outcrops of the O::<os basalt where that group cOll8i!'!t very lm·gel,v of c;alld"tone and a 
the eontaet with the underlying roeks appear. The conRid~rahle proportion of t'onglomerate. It is 
seattered remnants of the basalt whieh have eseapetl dillieult to estimate the original extent of the AtliS­
the long periods of erosion iwlieatf' that it. \\'as ead€1'o formation. It was ccrtainly much more 
originally ratller ext€nCliyt'. extensive than no\\'. The long, nar;'ow arm along 

CREl'AC.EOUS PERIOD. 
the Santa Lucia axiH may ha\'e been }weseTYed in 
a manner Rimihn' to tllC '1'01'0 becnu8e it 

Barhara coulltieH. 'rhi8 vlew is based upon the 
fact tJtat within the Ran Luis quadrangle, as 
well HS northwe'lt ward through the heart of' the 
Coast Hallf!;e8, the Eocene, or Tejon formation, is 
entirely ab8f'nt, while Ott the border8 of the Great 
\'allf',y and l'lOutlnyfJl'(l a.eroo:.s tbe Coa8t Runges the 
formation i~ extcn:-:i vel,}' developed. T11c Eoc'ene, 
tli('Il, in the region under di,.,eusRion was an epoch 
of erof".ion, and it was dlll'iug thiCi time that large 
portions of the earlier fOl'IllatiOll8 "ere remo\,t'd, 
The region \\<lb probably redu('ed to onl' of low 
relief, and tlw wa",te material WHS depor:it€d beyond 
the 1)l'e8ellt Clhore line. 

.N.EO(,.E::-IE l'EltlOll. 

Early .YCI!('('fW snh:ml''IItation and IJol('anic activ­
ify.~~ .. Ui",r this prolonged int€rYal of elevation tlle 
ref!ion of the Coar:t Range;; hegan to sink, and con­
tinued to do so nntil nmrly or quite all of the 
central and o:.Olltherll portion:'! "ere buried lwneat,h 
the Paeific. ~o far-reachillg and profound was 
thi", dOWIlWal'fl movement that it. wa,'l f()l'lTlerly 
thought that ttl(' Coat't Ranf!eR nrRt. ori1:,rlnated with 
the ",uh~eqlt('Jlt uplift. 

ThiH interval of 810w Rinking of the land wHS 
not ow, of cntire quiet, for but a small fi'aetion' of 
the :'Ifonterey sediment.fl had been depositeo wh-cn 
volcanoeR hroke out OWl' the orean floor, gi.ving ri8e 
to .'lome of the mOt't interesting- phenomena of the 
quadrangle. 

:-3:-lTldstone and conglomerate mark the Ynquero 
formation (eRrly ~eorene). Their greatest tllick­
ness is a little to t.he ea8t of the quadrangle, where 
a rlLg-ged i<hore mUl::1t have existed through a great 
part of the f'poeh. J\f Ol'lt of t.he region over 
whieh the l\fonterey sediments were spread wa", 
of low relief; a fact indirated by the continuous char­
acter of well-marked strata near the lInse of the for-
mation. The yoleauic disturbances whieh were 
inaugl1l'ated after but a f~w hUlHlred feet of the for­
mation had heen dCpoRited wpre altogether diffprent 
from an,v others whieh had oecuITed in t.he rt'gion. 
The mHssive flo\V~ were locnl in extent, but the 
fragmental material blown out. from expl08ive vents 
spread far and wide over the ocean, and, settling 
down, rise i{) a nearly continuous stratum (in 
~orne more than one) of volcanic a8h and 
pmniee. The l'ruptionH were intermittent and 
extended over a long period of time, f()r in lHany 
plaees thi('k beds of Rhale t.he strata of ash. 
Many vents ~xi8ted, giving to loeal a('cltmula­
tions hundretJ:,,; of f(,et. in thit'kne~s. Away from 
these v~nl'l the thic'kness of the bC'd", clecrea",es RO 
that W~ can approximate the positions of some of 
thelll. DiatolllR a", wl-'ll as mOllURkl-l inhabited the 
wak]' ill the vieinity of the eruptions, and their 
""kdetons remain buried ill the a8h. Routheast of 
Edna a lied 'of fine, dust-like pumice hlends upward 
into a (lep08it. fully 20 feet thick, one-third of which 
rOll'li",t:s. of diatoms. 

The eruptiollY onet'~ more ceaRed, and for long 
setlimentation quietly eontilllted. The 
inBteatl of being of the usual detrital chiu­

adm', were eompoo:.ed alm~)st wholly of the ('alCareolls 
flnd siliceou8 te8ts Df microCleopic organisms. For 
a time after the eruptions t'e1l8ed caleareou", organ­
io:.mf". abountkd, as is indieated bv the lirneHtones. 
The strongly fetid odor of the· liBle8tolle 8trata 
Rllows tlwir organic origin. 

st'diment8 began to be depo!'!ited over the deeply The igneous masses (dacite and ande8ite) e01l8ti­
eroded surface of the cl'ystalline complex. Wher- tuting the San Luis buttes were intruded at some 

an axiR of downfolding. The ancient 'shore 
must have lain near the San Jose Range, for the 

Aft€r the tlf'poRition of the limestone, organiw.ls 
Witll siliceous ",kcletons largely replaeed those 
wit.h caleaI'L'Ous. This condition la.':lted through 
an interval 8uffieient for t.he formation of fully 
4000 feet of' siliceous shales. All the study 

San Luis, 
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thus far devoted to these shales tends to show that Tangle must have formed a portion of the ancient 
they are composed of material of organie shore line. The conglomerate in the Hanta l\fal'-
origin. Diatoms, radiolaria, and to a degree [!:arita formation becomes more prominent in this 

possible that they were drained by simple head- block;;, laya fields, and volcanic peakH, The agcuts 
·Wflter cutting, it is far more likdy that their disap- of destruction work mainly from without. Under 
pran-mel? was a result of orographic moycmcntl't. the' iniluenee of heat and cold and chemical and 

foraminifera fllul fish remains make up the hulk diredion, antI the sandstone shmys its ,e:ranitie 
these rockH. The general ah8ence of distinf.:.,'lliHh- origin in the coarse granules of quartz nnd kaolin­

PLETSTOCENE PF.RlOD. 

able det.rital mfltCl~Hl of t'lho1'e origin from this great ized feldl"1par. The portion of theRe oedl"1 now There is reason f()r believin,g that the early Pleis­
thi('knee:s of shHles, shows that f'ither the region I exposed near tllC' ocean then lay farthest oif."liore, toccne f'leYation,. following the (listurbances at the 
11111!:lt. have IHin Rome distance offshore, or that the for they are formed to a con~iderahle extent of cloe:e of the )reocene, carried the land to ;t much 
waterH were quiet Hnd not rcached by currents: ceOUR organisme:, showing a duplication, in a t'llight g;rf'atf'r height than that whirh it has at prc'Scnt. 
laden ·with !:land and mud. The time required f<w 11 degree, of the l'owlit.ioIl':l exiRting Juring the }1on- This is not so dearly shown within the San Luis 
the depo~ition of 4000 feet of l"1uch mat~rial, which terc: deposition. quadrangle, in the topography of either thf' land 
so far as we knowaceumulatBl at an exceedingly Yokanic C'rllptiollR occurred at some point in, or thc atljoining suhmarine shelf; as along other 
slow rate, must haye be('llf'normouH. Thest:' . ..,ili('eous this region during tIle depo8.itioll of' the 8anta I portiollH of the eoa8.t. Rueh an t:'leyation ·would 
Rhalt's are of wide extent through tllt:' Coa~t Rangf't'l Margaritft formatiOl~, a" is shown hy the thin Jayf'r:;; ha\'f' the snhmarine continental plateau 
of California. In of -the old sea bottom of pttmiee dnst in the f()rmlltion in Baliml8. Yalley. I whi('11 Hilwh of the coast of California and 
-..vhieh were llt'lll'er the shales are replaced by At illt€l'Yalt'l thronghout the nlley thl'1'e are out-: it:::; pOHtulation most rcadily explains the presence> 
~andstollt,s, and ill otherI:' which must haye been of a bed of diatomaceous ('arth l11dol::1e(l ill Ii of Pleisto{'ene mammalian remain.:;; upon t.he Santa 
partly from the open oeean, days, rich in showing t~mporari1y a marked ehange Barbara I"hmdR, as well as t.he deep, narro,v val-
Hlkali take their in conditions of sedirnentMion. Tht:' three or folll' whieh eroR8. the plateau from the prmeut 

.JIiddll' strata of HRh arc a;"boeiated with the diatomaceou!:l to the df'ep water outside. 
earth and l'eeord as many reeurreu('es of the pxplo- The 10,Y('r portion of the f;anta Maria Yalley, 
siyc action of some ,"oleano whose location is at which touehes tht' extreme sont.hern cnd of the 

foldcd, aIul in loeal ar~lR 8.hal'ply eontorted. 
Tp;neous action ·was renewcd. This wa", probably in 

enntemporancous ·with the folding and in part 
later datc." A great variety of t:'l'Upti n' ma8::oe::; 

were for('ed upward along the linCl:l of weakness 
IIlanifeHted by the folded roek::o. These lines 

to hayp heen in many ('aRE'S the axes of cyn-
ill others the fhuIt. zone along the southern 

of the f;,mta Lucia Rallge. Allgite-te~whenite, 

quartz-haslj1t., and rhyolite t'on­
:::;tituted the igneous IW1RRes. All arc intl'uRive 
in the 1\1onterey shale, hut none appear in t.1u' 
later formationH of the Ran Pablo epoch. The 
testhellite and oli vine-diaha"e are the most exhmsiYe 
and a.re gt'nerally laecolithic. Thf'y wt:'re undoubt­
edly not all fOTTTml at Ollee, but must he 
as representing a long and complicated 
di,;blrbances who:'lc iJl(liyidual record" we can not 
diserirninate. 

A perioa of prolonged erol"1ion interyened after 
the cleyation of the -:'I1ontcrev shale before I:lub­
siden('e again o\-ertook the rf'~ion and the middle 
~t;o(·t:'nt' (Pi:;;lllO and Hanta )1argarita f()l'mations) 
begnn to })(-' formed. It is probable t.hat during at 
least a pOltion of the TlPriod t.he coal:lt was consider­

present unknown. 
Late ~Yeo('ene d('vation.-After the depo,:;;ition 

at leasl 3000 feet of sediments an t:'levlltion a('('om­
panif'd by folding terminated this epoch. Thc 
foldillg 'Nas Hot so intense at-! that terminating the 
Monterey epoch, hut it appear.- in gPlleral to have 
follo·wed the same lines. The Pismo Htratn in tllf' 
eastern portion of the 8all Lui8. Range wt:'re foldt'd 
in an opell syncline, but west of Hall Lui:::; Ohi::opo 
Crf'f'k the dit'lturllllnce, either at this time or at a 
later eporh, "va8. so much greater that. the fOl"!llation 
has been completf'ly removed except for a mf're 
fringe flround the mountains back of Port Ilarftml. 
The-lifting of t.he Santij Lueia axis I'xpol:lt'd the 
beds there to greater erosion, so that in this sec­
tion tllt' formation now Of'eUl"S in three separated 
arms. Two of these are within the q,wdrdnglp; 
the other is Oll the hendwaterR of Arroyo (hande 
Creek, east of the quadrangle. 

The linef< or zones of e:t.ruetural weakness whieh 
hnve given ri:::;e in part to the present topographie 
foat,ureM werc present el'l'tainly HI"1 enrly UI::l the 
disturbance tormil,ating dIe l\1ontcT'ey depo;:;ition. 
,Yith the Pablo moyements thov were 

and the later formatioDR were in ~'ol yed. 
ably more e1eyated thnn now, for the planed-off Thus along both edf!,'e':l of the hloek forming 
-:'IIont€rey shale pasl:les beneath the sea with the SaHnns Yalley the Hanta Margarita he(lH were 
Pismo and Hanta Margarita sandstones resting RhHl1}ly f()1ded and ill p1nee~ faulted. 
npon it. The larger feature., in the relief of this region 

The ppl'iod of elevation and erosion was lOllg Illust dat€ from this upheayal terminating the 8an 
enough to permit of the remonll of a thickness of Pablo epoe'h. Faulting haR heen an important 
thousands of fi:->et of Mont.erey shale over the rep;ion factor in the elcyation of the Santa T ,m'ia Range, 
hetweell the Santa Lueia an(l the San Luis rangeR, but not in recent tillle'S. It prohnbly took plaee at 
as wdl aR that south of the latter range, much of intel'Yals through the ~eocene, for the Paso Hohlt'!' 
which is now Ol'eupil'(l by the oeeau. This is showll beds have heen faulted, bnt the gf'neral relations 
by the f<let that when the region sank and the San exllibitwl by the ~::mbl }[al'garit.a formatioll indi­
Pablo deposition began, the basal be(1." of this eate that the more import:mt mOVClnentl:l of this 
group lappl'd aero::;s tIlt:' eroded cdgt:'s of the Mon- nature were prohably not later thall tht' diRturL­
tf'rey shalt' and, in the region bnck of Port Harford., ance whieh marked the uplift of' that formation. 
a~ \vell m, in the lower edge of Slm Luif< Yalley, Late Nf'ocew l(!kf'8.~In the later ~ eocenc the 
reRt~d direetly upon the Han Luis formation. It ('omlitions were diffeTent from any that had 
thus appears that with the post-l\Iont€rey deforma- prevailed ill the Ranges. ln~tead of' again 
tion the pORition of the present mountaiu ranges being subrnergetl heneHth the oeean the ref.:.,rion was 
and wlleYI:l was ill larg;e part determined through occupied hy fresh-water lakm. Sueh a hJ1w covered 
the fact that the ::\Iontf'1'ey shalt:', which is ver~y hundreds of square miles in the hasin of the middle 
Te,;istant to t.he forees of disintq.,)Tation and erosion, and upper Salinas Ynlley. In t.his lake a seriBi' 
ot'cupiec1 synelines, after haying bcen eroded from eong:lomerateR and sandy and marly days mTer 
the antirlines. 1000 feet in thieknesf< wa., !leposited. They form 

PrevioHs to the depoRition of the Han Pahlo what has been termed the Pn:::;o Robles formntion. 
gTOUp ellf'mi('nl adioll ha(l changed the eilaraeter In portions of the Coast Rungec yolcltnie aethity 
of mueh of the ::\[ontt'l'ey t'lhale. The original eol- eontinued through thiR lake perioa. The histol'Y 
loidal siliea of the f<hak<l had become chal('edonie, of the later :Neocene when fully known will 
through the infiuen('e of heat and eireulating waters. undoubtedly bt:' found to be ver;' complicated. 
A1thoug:h thil:l dlange haf< probably contiuued to a 1Iountain-making movements Rtill continued to he 
eertain degree dowll to the pl'ef:lent, as is shown by felt, for the Paso Robles formation is faulted and 
the numerous mil~l'l"ll sprillgs, both hot. and eold, loeally ;"teeply tilted. 
neW'rt.he1cf;l:l the fragmentR of .,hale in the con glom- Late ~eoeenc beds similar to tho:::;e in ~alinns 
prates at the base of the San Pablo group had Yalley also occupy t.he east€rn portion of'Ran Luis 
undergone complete altemtion to H flinty and chal- Valley:md a limited area about Arroyo Grande. 
eedonic condition when thiFl formation hegan to he Because of the absence of fossil remains it has heen 
depo,;ited. impot-!['iblo to decide aefinitely wheth~r they origi-

l1Iiddfe ~Yeoef'flf' dlpr;l3ition and 1'encU'ed volcanic I nated in frel'h or salt water. The position of the 
adiL'jty.-It il' diftil'ult to t'Htimate the ori~illal Paso Robles beds at. EdnH, dipping down toward 
extent of the San Pablo group, for the bed:,; arc gen- i the older roeks of the San Luil:l Range, iH very sug-
emIly soft and eroded. It is vt'ry probablc, of fhlLlting on n eonsidemble scale at, the 
however, 11mt, they coyered a large part of tho of the ~eQ('ene. No such movements seem to 
qUfJ.(lr::mgle, 1'f'aching ea~t\\ar(l and northward from have occurred in thif:l region during the rleistoeene. 
the 8<1n Luis Range af'rOf<S the Hanta Lucia Runge \Vhalever mny hflve been the ,;pet'ifie time, an 
and tllrough the upper Salinas Valley. The gran- upward mOYClllcnt was eventually inaugurated, and 
itic mass in the northeast comer of the quad- the late Keocene lakes disappeared. \Vhile it is 

quadrangle, has at Rome comparatively recent time 
been ex('avat€Ll mueh deeper than it is at preR­
ent, for it i,':l filled to a depth of at least several 
hUlHll'ed feet hy sand;:; and gravel. The bottom of 
th~s channel has not been rl'flChed bv any of the wells 
of the yalley. These deposits extend up the valley for 
a tlist.ance of:20 milf'R, fhr beyond any effeets whieh 
the reet:'llt fmbsidellce eOllld" have p~·otlueed. The 
lowf'r portion of Salina" Yalley is also filled to a 

depth with similar makrial, which appeal'S to 
of Pleis~ocen(' ag;e. 

.Afrer what. wa;:; probahly a comparatively short 
period of' elpvation tilt' CoaRt Uange:::; sank until the 
f<horf'-liTJ(; levpl was 1000 to 1[)()() feet lower than 
at The amount, of depression within 
the Lui,., quadrangle is not precisely known. 
It ·wab probably at least 1000 feet, although the 
highest distinct wave-eut terrace has an elevation 
hut 7,)0 feet. In the .e,'t'a(1ual recovery from this 
depresf<ion the moYcment was intf'rmittent, HS i.,;; 
sho·wn by the numerOUf< tt>rraeel:l rangin~ from the 
one at 7.30 f",et down to one 10 feet ahoye mean 
t.i(lt:' leyel. 
~o thorough attempt has yet been made to cor­

rclak t.he terra('es along the California eoaRt in 
onler to determine just heny much the ·warping or 
dfferential movement has been. There ('an not be 
IIlIlf'h douht, however, that the older t.errace!:l have 
bet:'n (lefonnL>d to a considerable degree. 

The land b'Tadna,lly rose until it attained an eleva­
tion cOIlsi(lt'rably greater than t.he present. Just 
how much greater tllis elevation was is not 
known with certainty, but it prohably amounted to 
300 to 400 feet. A more detniled f<IIney of the 
submarine t{)pography will be needed to nettle thif< 
question. 

All tlw larger RtreaIIl., which enter the oeean 
within thf' quadrangle haye tidal lagoons at their 
mouth." and t.heir vall~ys, often for several miles, 
are filled with allllyiuJIl. Ran Luis Obispo Creek 
illustrates ,"Yell the conditiolls t'onsrquent. upon the 
submcrgence of the mouth of a l:ltrealll. 

Isllly and Coon creeks, which flow- weRtwal'd from 
the 8a;) Luis Ran!!;e, enter the oeean about one mile 
apart. Roth (,learly I:lhow evidence of recent suh­
sidenef'. The old ('liannels of these streams can be 
traced oceanward for somc distanee by means of 
soundings. They are also brought out distinctly 
dnring Rtormy weather when the ehannelFl are 
mar~ed the ahsence of' brf'akers which appear 
at either The channel at the mOllth of IHlav 
Creek ie: made use of by such occasiona.l hoats ~s 
rome in to load grain 01' hay. 

The fact that thf' 1mb!:lidenl't:' is of rccent date is 
::ohown a Iso at ::'1101'1'0 Bay, which occupies the sub­
merged portion of Los Osos Valley. Jlldg;ingfrolll 
the rat€ at which the bay is filling, the Rubsidcnce 
could noL haye been a yery remote event. The 
rapidity with which the waves arc tearing a·way the 
('liffs along- portlonH of the eoast of this ref.:.,rion mg­
f!,'e.':lts that pOI"1l:lihly a subsidenee is now in progresR. 

:l'OPOGRAPHfO ])RVIt'LOPMENT. 

GF,~.El{AL i':l'l'A'l'.EM.EN'l'. 

Two groups of agellt.y are perpetually fit work 
modifying- the earth's lmrta('e; one tends to buila 
up, the other to tear down. The eonstrudive agents 
work from within the eHrth, giving- ril:le to folds in 
the erust, to fault fissures with resulting mountain 

phy::oical forees the l'oeky erust is being diRinte­
gTatcd. Through t.ho agency of running water the 
waf<te materinl is ('onstantly being transported from 
a higher to a 10\\er level, from the highlands to 
tho sea. Although vel'et:'ptible eh:Hlge~ in topog­
raphy generally take long periods for their aeeom­
plil:lhment, the earth is old enough for the highest 
mountains of the present day to have been worn 
down many times. Great mountains with rugged 
outlines exist to-day because of the recent prep~n­
deranel' of constl'llct.iw owr def<trneti ve foreef'. In 
most region.,;; of low relief the agentf< of de"trul't.ion 
han' worked long without. serious interruption. 

The cyde of erosion, aR that period il::l termed 
which inC'lude;,; the time from the eleyation of u 
mountaln region to its complete removal by f'rot'lion, 
Heldom runs it:::; course without interruption Rueh a,; 
would be brought about by depression or rl'ne\\"ed 
e1eyation of a region. Con:::;equently \rt' generally 
find that topographic features ~how tllt:' cffl,ets of 
the interaction of these two forees. Plainf< of 
int'omplete erosion, or peneplainf<, as they aTe 
terIlled, are found reaching lxwk to monntaiu" not 
yet worn down; while the f<treams whivh trnvcl"'W 
thest:' pIainR may flow in ehannels flooded by sub­
mergencc, or thc:- may t'ut nanow V-shaped can­
yons through recently elevated coastal rea(;hes. 
TheRe phenomena Rometimf'~ all appeal' in one 
rCbrion, indicating that the de}ltl'uctional forCE'S 
have at various timeR been intcrrnptt:'d by 01'0-
graphie 01' epeirogenic movements. 

That portion of Califomia f'mlml('ed within the 
Coast Hanges is a J!;ood example of sueh a. rCbrion. 
Long epochs of quiet with thc production of partial 
peneplains have alternate(l with those of upward 
and down ward movement.". These filetS are dearly 
revealed in the topography. In addition the fe!:­
turef< of the rcgion haye been influenced :in dleir 
deyelopment hy struetural cOlUlitions and the 
nature of the ullderlying roeh. Folds and faults 
along Ilol'thwest~southeflst lines detennined the 
(lirec-tion of the mountains and valleys of the Coast 
Ranges, while IIlarked differenees i~ t.he hanlnef<'; 
of the various roek strata ha vt:' dptel'mined, ill p:lrt, 
the position and charad€r of these features. 

110w far hack the action of these causes which 
have produ('ed the topographic feature:::; of the San 
Luis quadrangle ean be traced is difficult to ,;ay. 
Tt is impos~i.blc to determine "dwn certain lilles or 
zones of weakness were developed, a.'<, for insrunt'e, 
tJlO.':le hounding the Hanta. Lucin Range, which were 
afl'eet€d by eaeh renewed strain upon-the t'rust. 

BART.N I'BRmJ)S OF llEFOlDIATIOX, 

Hometirne during the Cretaceous the region now 
forming the Santa Lucia Hange probably eXlwri­
ene'cd R downfolding, to whieh eoudition we must 
attributt:' the preservation of the '1'01'0 and Atasca­
dero formations. ,Vith the upheaval which tt:'rmi­
nated the deposition of the l\1onterf'Y shale renewt:'d 
f<ynelinal folding took plaee along the Santa Lneia 
axis. Another synclinal fold wa.:;; formed along 
the prcsent San Luis Hange. To the presence of 
the::oe two syne1inf's with the lilies of faultiug along 
their borders is believed to be due the exist.cnce 
of the ehief mountai.ns within the San Lui;:; 
quadrangle. 

If this be true these two mountain mngf'S then 
formed structural valleys with ri(lgf's on eaeh side 
of t.hem. In time erosion removed from t.he auti­
dines tl~e :\1ontcrey shalBl and most of tho other 
overlying beds and exposed. the San LuiR forma­
tion, not only in the region between the preKent 
mountain ranges hut in Halinas Valley and in that 
area south of the San Luis Range now ('oyered hy 
the waters of the ocean. 

The O";;Ol:l basalt rests upon an ancient floor 
formed of the San Luis formation with itR earlier 
intrusiYes. ,Ve know that the floor is very old 
beeause the OSO.':1 basalt antedates the intrusion of 
the large bodies of pt;ridotite now so generally 
altered to serpentine. Wo may conclude then with 
reaf:lonable certai.nty that the floor of Han Lui" Yal­
ley together wit.h ; part of that of the Los Osos is 
is very old, and that it has heen preseryed partly 
by the sediments deposited upon it and partly by 
the ORO::; basalt. Deformation subsequently raiRed 
that portion of the San Luis Range lying Wf'Rt 
of San Luis Obispo Creek, and also the Santa 
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Lucia Range. It. is prohahle that east of San I eroded out of a plain. This plain widens from [portionR of' the CoaRt Ranges where difficrentiall experieneed in the lat.h:~r. No evidence has yet 
Luis \-Talley no barrier exiRte(l sepaTiltiuf!: this; ahout 2 l11ileR a little south of ClU'Bta Pass, and mOYClllent;,; seem to have been slight, as in the plaill- eome to light, however, to show tha.t Bince the time 
valley fi'om the .~alinaR until after the San Pablo II a~)pea:s to ex.tend many miles il~ a s(~utlwasterl.Y [lik.e. vnlley of the. llPJ.wr . Salina;:;; Uiver whieh of di~t~Lrbanee \;'~ich i~ here consider. cd fiB dORing 
folding- and uplIft. (hreetlOll. It mdwle8 a larg-e portIOn of the mOUll- ,adJollls the quadmng-le, ,Yet III f!;enernl the amount the lllOt'en~, (hfterentlal moyements have taken 

Ii'rom the filet that the Pismo Bmnation laps: tainb of the Santa 1tIuria-Sisquoe hasin in northern of faulting and folding wllieh the Plioeene beds plaee of suflieient intensity to depre;:;;s the rebrion 
oyer the eroded edge of the }[onterC'y and rests Santa Barbara County, being ternrinat,ea liuaEy a.t., exhibit ana the prcsent great eleyation of !:lOllle of of the Santa Barbara J!:llands 1000 feet 01' more 
UPOll tbe fSan Lui,., at t.he s(Hlthern e(lge of the San the farthe:lt point of vision hy the San Hafad I them ahoy,=, the oeean indieat<:~ plainly the magni- without profoundly affecting the adjoining regions. 
Luis Valley, we must. conclude that. the l\fonterey l\lountains of the northeastern portion of the tude of the tli-:;turballcl's. There set'ms to be little The early Pleistoeene eleyation was probably of 
nntidine, in thil:l sedion. Wfl:::; eroded tllToup;h hefore county. The granite mountains to the east of the doubt t.hat the mOlllltain-rnnking movements at the brief' duratioll, so that the btreams had no more than 
the depm;ition of the Pismo formation. The San qua.drangle kllown as the San .Jose Hange rise but elose of the ~eoeene elevated the land to cOltsider- enough time to eut canyon-like vaHeys acro:::;s the 
Luis Hang-e was 110t in t:'xistence at this time, but, littlc aboye the level Qf t.his pcneplain, which ",weeps ahly morl't.han its pm,ent height, erowding the continental platea.u. The evideneeB of this elt'va­
was probably raised during the mo\reIllentl'l at. the aronnd the head of the Salimis basin to meet them. ",hore linc we..':lhranl tow:ml t.he hOl'oers of' the eOfl- tion, except in the case;:;; of' the larger strellms, it 
close of t.he San Pablo epoL'h. Northwest of Cuesta. rass the peneplain charader tinental plateau; although the view has also been might naturfllly be supposed "would be obliterated 

DLYELOI'31.E..._T OF '[lIE S \NTA LCCU PF.NEPU,E. has been largely obliterated heeause of the presence held that no f!,'reat elevation of the com,t has taken by subsequent ;:;;ubRidenee and valley filling. 
of the soft Cretaceous shale. As tIle Santa. Lucia plaet:' since the dORe of the Jlliddle ~eo('ene amI Salinas Uiwr, the heatlwaterR of which lie partly 
Range is followed northwestward from this quad- that tlH:.po,,,t-Pliol't:'Ill' dishuballees were followed withill the quadrangle, eHlptie" iu1,o the ocean about 
rang-Ie -into :Jfonterey County t.he plain which has by u depression, in the reeovery from which the as far north of the area a:::; the Santa Barbara Islands 
been deseribed appears to be developed to a much coastal and river telTaees were formed. are south. A well bored at the town of Salinas 
greater ext.ent. \Vest of Na6miento Creek in this It. is evident t.hat. not all of the PleiRtoeene his- nea.r the ocean in the broad lower portion of the 
reg-ion the range presents a remarkahly flat top, tory of the 8an Luis quadrangle can he traced prel'(ent valley reaehed a depth of nearly SOO feet. 
as -seen in profile from t,he hig-her ridges to tlw without hringing in evidence from othel' portion.'l The m:n.erial pasKe(l t.hrough conl::listed of st.rata of 

",Vit.h the uphea,ral at the closc of t.he middle 
1\' eoeelle the more import.a.nt feature'l of the present 
topography were olltlilled. The Santa Lueia R~lllg:e 
probahly originat.ed at. this time, for dnring the 
f()llmving period of sedimentation (Pa:'lo Roblel'() II 

barrier ex:i:::;ted hetweell Halinas Vullt:',Y aIHl t.he 
oeean. \Vhile the bouudllrieR of the fresh-water north. The plateau-like SUBunit, though tlecply of tho eoa:,,;t. No large streams enter the ocean sand, clay, grayel, and bowlders, indicnting rapidly 
deposits of t.he late ~eoeelle can he determined 
with ~ome aC'cul'llc,Y in the Ha.n LuiA qlladrallg-le, 
tlwrc iH little e\"j(lellCe ill::> to the positioll ana ehnr­
fleter of the deucoast, owinp; to t.he laek of t]eposit"'l 
which can definitely he III') of marine 
origiu. Marine Pliorenp uppear at many 
poillts aloug the ('fllif()l'nia coast, indicating that. the 

. land was yery (,olli:lidcrably 10\vcr t.han at present, 
but 811<'h deposits haye not h(,(,11 dfteet.ed in this 
qw:ulrangle, with t.he (:'xeeption of the hedd in the 
vicinity of Arl'oyo (j-mnde lllappt't1 flS Paso Roblef:'.. 

The dcYdopmcuts of the Pliocene along 
the portion of the quadrangle may mean 
that (luring 111ueh of that epoch the latHl was more 
dcvatf'<l than at. 01', what is more prohable, 
that owing to of' JRrge st.reams the 
acelltnulation of sediments \yas not. great and Rllhf<o­
quent eroRion haR nearly if not quite remon,d them. 

The occurrence of' marine Pliotl'ne he(t, fit so 
lllany points along t.he whole CO:1st of California, 
and of fresh-water Pliocene lakc deposits in t.he 
interior, leadB to the belief that practically the 
whole ref!;ion stood much lower than now, and 
that hefore those movements eommenced whieh 
ha\~e gent:'rally been he1iewd to h:we it'rmillatetl 
t.llC N eocene a Im'ge part, of t.he land snr-filCo had been 
reduced to tlle condition of a. peneplnin. This is 
the of whieh there is an y remnant 

It will be t~ermed the 
Bantn Lueia peneplain it is he:"t pl'esened 
along t.he ('fest. of tIw Sallta Lucia Range. At 
an earlier epo('h, when the Vaquero sandst.one and 
).f onterey sk,.le were deposited, this region 
had a.lso been reduced to eondition of a. plain, 
although to the eaRt and north there mUf<t have 
heen moulltainous land ma:,,;se~, as shown by the 
great iIlCl'C<lHC ill t.hiekness of $lIldR~One and con­
glomerates in t.hese direction;:;;. A pa.rtial plnna­
t.ion of the surfiwe took place during the 8an Pahlo 
epoeh, but it is diffieult to det.erminat.e the 
tlwse beds oyer tho Coast Hanges heeauBe of t.he 
degrt:'e to which t.hey have heen erode(l. Thnt t.he 
Hanta Lucia. pelleplain dot's not antedate t.he deposi­
tion of the Santa }Iargarita and Pismo helL" is 
shown by the manner in whieh the laLler beds have 
been folded in wit.h t.he Monterey ",hale in the Snn 
Luis Rallf!;t'. 

.Just what. event Illflrks the termination of the 
Pliocene amI the bCt,rinning of t.he l'leistoecne is a 
question upon whieh Califorllia f!;eologi:"ts are not. 
agreed, hut in the pn;''lent. diseussion it -will be 
nssunwd to he coineidcut with the last important 
mountain-making movem('nt. The line thus drawn 
eorreRponds more nearly wit.h t.he paleontologie 
evitlellee t.han an,)' other, and markA an impol'U;nt 
event whieh it. is belieyed cnn dearly be (listin­
gllishe(l along- the whole coast. Deposit~ of Pliocene 
age are almost everywhore more or less faulted and 
folded. Beds of undoubted Pleistoeene age are as 
a rule undisturbed, ha\'ing been merely lift.ed or 
depre.ssed with t.he epeirogenie movements of the 
coast. 

That portion of the Santa Llle1a. peneplain lying 
within t.he San Luis quadrallgle is seen to hest advan­
tage from tllt:' :,,;mnruit. of the range south of Cuesta 
Pass. Thc rnnge here ib made up t.hiek-
ness of flinty Monterey shale eroded rather 
sharp ridges and deep V:":'(haped canyons. The 
ridges ha.ve a fairly uniform height of :WOO to 2800 
feet and present. the appearance of having been 

• San Luis. 

diRsect.cd by canyons, lws a width of about 10 miles. withill it):l limits and the snhmarillc topography ehanging eonditionR of depoBition, and is without 
The flat:t.opp~,d granite range nort,h of Salinas here gi vt:'s less aid to a. study of the oscillat.ions of doubt of' Pleistocene age. If we deduct tht, filling 

Hiver, ext.ending into the ext,reme nOl,thcastern por- the lawl than it doe:,,; both to the nort,h and tho <lue to the reeent suhsideuee of t.he e!-}ast, wllich can 
tion of the quadrangle, ha:::; an elevation of ubout Bouth. Ilot he much more than 300 feet, there remains a 
lDOO feet. It now form:,,; the southern exteu.'lion There are, however, a number of fads which lire t.hicklless of at least ,)00 feet of material which col­
the Pleistoeene peneplain of' tlalina;:;; Valley, and i;:;; difficult of' explanation if a general eleyation of thp leeted in the vaHey dUl'ing the subsidellee of middle 
separated from the Santa Lueia Ibnge by the Rin- coast in early Plei.'lt.oeene time is not admitted. PleiRtocene time. 
cona.da and Santa Margarita valleys. This was Among t.he n;ost important of t.hebe an' the pres- During the early 11leiRt.occne eleyation the lead­
probably, wllCu somewhat less worn down than ence of Pleistocene deposits on the island of ~anta ing features of' the present drainage were eyolyed. 
at pres~nt" a portion of the late NeOeelle peneplain. Uosa, cont.aining the bones of' the mammoth, snh- 'Vhile there appear to he some obscure problemA 
Toward the dose of' t.he Pliocene the Paso Hohles nUH1.ne valle,vs extending unbroken across the con- eOllcol'lled in the development of the San Luis-Los 
formation was lUl(loubte(Ur extended oyer mueh tinental plateau and 11p dose to the present shore Osos vallcy, itsoems mostl'easonable to suppose that 
not nIl of this lower portioll of the Santa Lucia. line, and thieh::: Pleist.ocene depocits ill the valleys it was not in existence prior to the uplift 1'efer-
pelleplain. nea.r the mouthR of the larger streHmA. Tht' recent red to above. San LuiA Obif:lpo and Corral de 1'iedl'a 

The Ra.nta Lucia peneplain extended south slif!;ht suhsicienee of the coast has added to the creek;:;; establi8hed their ehannels over a surface 
this range aaoss the region of the San Luis buttes diffiellity of discrimina.ting the moyements of having a continuous slope from Snntf!. Lueia Range 
and over t.he northel'Il portion of the Han Luis Pleistocene time. I"outhwestward to the oeean, tllC Sail Luis nnd Los 
Range. The sout.hwestern portion of the quad- The coast of Cnlifornia, is bonlere(l bv a su1">- OS03 Vtl11eys being filled with soft l'(ediments helong­
rallf!;le was oceupied by either the ocean or a. body nwrg-ed continental plate,m varying in width from ing to the Pismo and 11aso Robles formations. An 
of fi'esh water. 10 to 150 mile"" :FroHl the surface of this plateau examination of thc topographic map reveals the 

P.\SO RODLR"! DEl'08ITlON, 

During the planation whieh reRulted in the 
Santa Lucia penepla.in the Paso Roble;:;; formation 
accunmiated in t:hllina;:;; Valley and upon the present 
sf"-dward slope of the southern portion of tllO quad­
rangle. Between the time of lLpheaval whieh 
nated the San Pahlo epoeh of t.he middle ~eocene 
a.nd the po;,;t-Pliocene distnrhanee which resu Itell in 
partially brea.king up the Santa Lucia peneplain 
there appea.rs to be no reeord of important events. 
III other portions of the Coa:'lt Rangt:':::; not is 
the Plioeelle history morc complicated, but the 
turhances at its close were gmator. 

The Paso Robles formation within the 
rangle doe'3 not, as a whole, show 
di;:;;turbanee. It i:::;, however, loeally tilted 
faulted. Very probably at. this time" (the dose 
the Plioeene) renewed ffmHing along t.he Sant.a 
Lueia Range aided in breaking up dIe peneplain 
",hieh has been doserihed. Along tho southern fnee 
of the range fanlting -was pnrtieularly marked. 

The t.otal displacement along this faee of the 
has already been stated t.o be not, less than 

feet.. The five highest. of the San Luis huttes 
extending from the town north west.ward to Morro 
Bay have a. height of' 12;50 to 1,300 feet. The 
greater portion of the Snn Luis Range Ims about 
t.he same cleYation, but the Sant.a Lllein Hange 
opposite the buttes has an altiLlIrlo of 2(iOO to 2800 
feet.. It seetHS most reasonahle to helieve that n 
large part of this difference ill elevation, perhaps 
1000 feet, ma.rks the amount of dii:lplaee1ll8nt. of t.he 
Santa Lucia peneplain. 

The thickncss of the Paso RobleB format.ion at 
Edlla. is not shown, but the hills at the sonth rise 
800 feet higher than the surface of the beds, and, 
as the latt~r weTe possibly once cont.inllolls with 
those in the neighborhood of Arroyo Urande, the 
throw of the fault., if such the phenomenon indi­
cat.es, mUi:lt be more than ROO feet. There is, how­
ever, no positi ve eyidonce that these two remnants 
of Pliocene strata belong to the :::;allle formation, and 
t.here iB a possibility that. the beds 'at Edna were 
formed later in an eroded valley, 

EARTN PLF.TSTOCF.XE F.J,EVA'l'ION. 

A genern I elevation of the Paeific coast. region 
is believed to have accompanied the disturbances 
which closed the Newene. 'Vhile there are SOllIe 

rise the coast i:";land",, while from it;:;; outer edge tho fact that the brall(~hes of Corral de Piedra Creek 
deseent is very rapid to the depths of Pacific Oeean. unite wilhill the San Luis H.ange aft.er flowing 
A number of deep, narrow valleys crOS;:3 the plateau, flCl'OSS t,he open yalley to the north. The same 
alld- in several installee.s at least are most easilv thing is shown in the ease of San Luis Obispo 
explained by supposing them to be the drowned Creek. These hlets make it evident that Ban Luis 
portions of valleys onee oeeupied by Rtremns whieh Valley did not eXL'lt at the time of the orihrlnation 
no",' enter tlle ocean at 01' ncar their landward t('l'- of the rH'e"ent drainage. If it were not that n, normal 
millHtion. The subma.rine yalley of ~Jonterey Bay relation exiskl hetween the different tributaries and 
commences very dose tD t.he ."hores at the moutll the tflLnk port.ions of the two streams just men­
of the broad S~.linaB Valley and t'xtending aerOSR tioneo, it might be eabily supposed that Sall LlliR 
the plateau attains a depth of o\'er ;3000 feet. at it" Valley originally drained nortlnvt:'."t\'mrd t.hrough 
out.er edge. Los Osos Yaney to Estero Bay. San Lui:::; Obispo 

TIle :::;onmlings which have been made opposiw and Corral dt:' Pie(lm creekR exhibit about the saUle 
the Ban Lui!:l quadrangle have not been numerous degree of development al'l t.he Arroyo Grande where 
enough to indicate dearly t.llC nature of' I::'ea. floor t.hey t.ra,yeme Bimilar roek formations. 
tlwre. The bottom appears to be an ext.ensive ihe development of San Luis Valley is dne, thell, 
gently sloping plain -wit.h no BubmaJ~ne vulltTs. t.o the work of' two gTOUpS of tributary strealil:,,;-npoll 
_At the mout.h of tlw Santa :J[aria, a stream which an area underlain by 80ft l'ock:::;. The differenec in 
enten; the oeoan just soutll of the qnadranf!;le, an the rapidity of erosi'on upon BOff. and hard l'ocks is 
elewtion of 1000 foet would cxtend the land 15 particularly well ilhl!:ltmted in the ease of' Han Luis 
miles. .A similar elevation opposite Morro Bay Obispo Creek. On each Hide of the San Luis Range 
would romove the shore line 1 () miles. where t.he creek erosses it there is a rim of Monterey 

The present ocean floor deepens very gradually shale and the stream channel iR narrow, while in the 
to about 8;:;0 feet, and then beeomes Illuch stet:'}wr. cent.er of the range, where the soft. sawlstoneA of the 
There are no records of soundings alollg tllis por- Pismo B)rma.t.ion were encountered, a broad valley 
tion of the outer edge of t.he plateau. The st.renm'l has heen devdoped. 
of tht:' quaamngle are small and the absence of 'Vhile San Luis Valley was beillg formed the 
defined ehannels upon the more gently slopillg valleys of t.Ile other streams were being excavated, 
portions of' the submarine plateau is not to be and the San Luis Imttes began to stand out in bold 
womlered at.. ?\rear Point Buchon tllere nrc two out.lines mneh as they do at the present time. The 
STIUl n subnwrg-ed ehalllJCls (lue to t.he last sllbbitionce topography, howeyer, of the eons tal slope lacked in 
of thc coast. '-- Thesc will be deserihed lat.er. At general very mueh of its present maturit.y. Still 
many points both north and south of the quad- le:,,;s mature wert:' the features of' t.hat portion of thc 
rangle the submarine contours follow those of tlie Bulinas BaRin lying within the quadrangle, for with 
shore line to a depth of 2000 feet, a -filet Kt.rongly longer coarse to the ocean and more gentle grade 
fhvorillg the vicw tlw.t tlwre ,vas a great elevation erosion here became slower. 
in yery recent geolobrlea.l times. 

That the Santa :Barbara Islands were eonneeted 
EARLY l'LEL:,,;TOCF,SE S"GB1fERGENCE. 

wit.h the mainland in earlv Pleist.ocene time iR in(lis- In time the land began to :"ink, and cont.inued to 
putahly shown by the p;esenee of remains of the do bO 'unt.il it hatl reaehed a position f'a.r helow t.he 
mammoth. At it.y deepe:,,;t point the submerged present one. There are no phenomena in the, neigh­
ridge connecting the islands with the mainla.nd is, liorhood of the San Luis quadrangle to indicate 
750 feet below the surface of the oet:'an. To ha ye whether the IIloyement was eontiuuous O.J.' by sta,ges. 
enabled land animals to ha ve free eommunication There can be no doubt that the entire Caiifor~ia 
with the islandB the elevation must have been more 
than that amount. 

It ma.v be said wit.h bOllle reason that, as t.he 
Santa B~rbara Islands lie nearly 100 milef< south 
of the San LuiH q Lwurangle, ~ovements of the 
land in the former region would not necessarily be 

coast ,vas iTlfluded in this dowmvard movement, 
and that the terraces so plainly shown at many 
pointA were formed during the uplift succeeding 
this submergence, The highel:lt terracc upon the 
mainland and islandb of sout.hern California has an 
elevation of about 1500 feet. 
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Near the mouth ofRus~ian RiYer, 110rth of Rani of the e1ame name, occupies a portion of a graded deeply !lte modern f-ltrefllllR, bur .it~ 1 line this plain {'el'lllinateR in ('lift's that vm','"" ill 
Fl'anci.cwo, there i~ a wel1-marketl tf'lT(l('f' at 1 ;520 valley hu<:k into the San Hafacl Rllllge. evenlleK~ liS remarkahle, Southward th(, ; hf'ight uwing to ullequal rate of rCl'l'"",ioll. 

fceL A te1'1',,(,(' has becn described as prl'Hent along I The lnke o\',cs existf'llt(' to-day to the fiICt that plain in thp directioll o~' the Bllnta Lucia I ~\." the eoa~t ",,l(ndy rOse t.hp E'xi~ting 
the ('oast of' northWf'RLern C~tlifornia at an f'leyatioll I the strcmn now cutting iti':- channel nOO fpt-'i deeper and oppo,.;iif' l)H,;o I~ohles doc" not appeHl' lim'", were pushed Hea\yard lind those "tream~ 
of 1[)OO fect. Thcrt' is litth-' rCflson to douht that I has not yet rearhcd in this the portion to he clearly differelltiatt-'d Ihnn the older peneplain hnd heCOlllf' ,e;raderl he~an deepening their dJannel~. 
the~e telTd{'eR mark the limit of thc dowIlw1ml, the- old canyOll in which the lie8. upon thM rall~e. ' 1£ Ran Luis Yalley ·wa.s oel"llpic(l hy the O('call (lur-
moyeT!l('llt of tllf' land tll1l~ng the mi(Mle Ple1b- Mol'1'O Ro{'k haf' an devation of hut ,)7(-; feet., Thc Halinas pClleplain, f)", the plain tlllot:'r dis- in,e; the deprcssion, as thc phenomell:1 HPern to indi-
t.lJrene. '-- j indiratin,e; that during the period of dcprf'~8ion it ('u~s:on may be terme(l, i~ HlP largf'Kt in this portion {'ate, then the draina,!!e of thi~ yalley a('ro"l"> dle f-ian 

The portion of t.he roast-lying ·withill or adjncent ·wnK suhmerged. As the land rosc it:;; summit WliS of the Coal't Rnnges. hlning- a length of full,Y 100 Luit-l RnIl~E' by ltlCll1lH of the Corml ue Piedrn and 
to thp Han I,uis ha"l not affordetl for a tiuw a portion of the shorc, ii)r there ",till mil('~ and un extrf'me ,,-iath of 40 miles. Except :-::all Luis Ohispo rreeks HlU",t haw bccll kept 0lwn 
(lefillite e\'idenre, l'emain a fcw watenYol'll pcLblef( upon it. The base at the wry head tllOnot- dllTing the uplift, or it would havc been diYert,ed 
submcrll;enee a:::: ('omparcd ·with the amount shown i6 now deeply buried itt f(lmd a", a 1'Psult of tht' laHt HiYer through Los Osos Yalley to }Iorro 
by the coast~ of norlhern and !'!outherl1 CulifcH'llia. sinkin,e; of the roast. flo\\-ed ~lugg-ii::'hl,Y ovt:'1' ,1 tneatl(lerin~ The 10we1' portion of the nortlu-'l'n of ~all 
Therc are, in the During the period of ·whcll the hcrc and thcrc. Luis Peuk ie;l'emarkahly I'cf!;ulHl' amI e;lUooth. Tlw 
ROHle suggcstions tcrraee.s \\ere Lein,e; fOl'med, Los Yallcy ·wns .\:::- a result of' a later uplift the 11liS surfiwe is not one of erosion, hilt is due to a hed of 
Thf' Point r-:;al ridgc, 11 fp\\ mile;.; sDnth of the Cjllad- occupied un arm of tl.u' orean. Dfij)oRit~ bef'n Inrgely relllowtl in the the Rlightly eemenkd gTltyel and howlders whieh 
rangle, haR been planed off' at. an elevation of 1500 I sand, of wind origin, l'f'maitt upon it):; E~trella, the of tHe ahl,\ ae('umulated under \\'ater. On the 
feet., ,.yhile <llong the ~ollthern fal'e of the Sdnta LUl'ia 1l0rrhel'l1 .0010Pf'. The western' portion {.Jf the San north. A,,; tll(' E:-<trella fH('cndetl the ~alilln:::: ·.aope therc is a tt:'rrace-like ~honldcr nt all clcyntioll 
Hange tJwre~lr(' rcmnant:" ofa gf:'nily Luis Rnllgt:' rose ahove the water, forrnin,g an i~lantl peneplain i~ found to exhibit more nearly jt.s primi- of 400 feet. 
cut the mmmt:lin at the with a bold fhee to the south and west. tiw {'ondition. The ('ontilllle:" to l'iHe to Along the northeal:ltel'n slope of' the Hall Ln:s 

l'oek:"tru('- I ()n the ",onthern side of the 8:111 IJllio;Rallgc, weRt the }lollthca"t, flnd OYPl' ,m ahllo:"t imper- Hangc fhcin,e; tIll' San [,ui::o and I,o:-< ()Moe; yn11"y:-< 
tllre, nlHlre~i~huH'e to subaerial dccay and m'oMion of Port Har:ord, the l\1onterey Rhalc is rf'phH'ed hy ceptible divide, the CalTiso Plain, there arc thrt't:' teTt',iCeS elt:'yatiom: of 
vary so gl'eatl,Y along the (\Ilifol'llia COHSt that the the }loft.eI' rocks of thc San LniH formation. ~\ whi('11 ~tret('he~ away for ()() fitrther. Thi", :WO, H2fi, and 42,) feet. of peb-
abHenec of' definite tel'1'de('H at a f.,riYen elevation Rloping plateau-like ridgc form~ a pinin j,,,:; ·witllOlLt an outlet at present time, blcs on these tel'1'3('ef( is ratllPl' pE'euliar, nllles;.; 
shollid not. lw construed as lll'Cf'f(f(drily illdieating into the ocean at }'ort Harford having although haying an eleyntioll of nearly 2000 feet. the :Hljoining body of water waM gpnerall,Y quiei 
that terraces newr exi::<,tcd, of'ahont 700 {pet. The l"ltinfiJ!1 in tlli" ret-.rioll i:" owing to it6 jll'Ob:.,ctioll ii'om the OPPB orellll. ~~t 

The lllllllerolls ternwee; ,,-hieh charaeierizt, the of thp rdnge ea~~ of San LuiM the np1ifl of tlll' to:1Rt the e;tl'ea1l1s, one point on t.he upper ft;lTUte jue;t Routll 
CaJifomia coa~t from 1,)00 feet down to "pa level Obispo Crl-'ek ahove the \\atl-'r while the land trihutHrit':-< of the E~ll'ella, byc noi ypt extended mort:' Canyon are wakrworn h(mJders (If 
Rll{nv that the mow'ment took place alter- waR RuiJmcJ'ged to nbout the HOO-f~)ot contour. 'Yhen their drainage h,wk to thp plain. whieh Blnst haY(' been deriYe(l fi'om the hniifS on 
natin,e; with of ('o"mparativf' re~t. the o;horc line ~tood lit the {,)O-foot eon tour tht' soft FHrther up Suliwb Riwr, ahon~ the jnnetio11 the opposite f(ide of the val1ey. They pl"olwhly 
the terraees hcpn preBerveu in one plaee, ~oIlle Pismo Mantl~tone had bCf'1l re(lneed to a gently of the E:;;trella, t.1t .. p::l1Pplain iR found to haye wen' transport.ed to tlleir prc~ent whcn t.he 
in another. \\~here the arc wry ~leep or thc jng plain. It.,,; dwrader linel:v Imm,e;ht Ollt 1If'en extelHled on']' a ('onsil1c~·dbl{' Hrl'11 in the y:J11('y wa'l filled with KeOl'enf' for their 
roeks arp unfayorahle for preservation all the yiewed from a point :..:;outheilKt of ~-trro'yo (il"ande. no]'thea~tel'n eorner of the qml(irang!c. including Heeulllniation wonM he 
terrHees have heen det-ltroye(l h,Y ero8ion. A plate,m-like pbin if-> Reen to I,weep around the fOl"lllation",ofvf'l',Y di\"el'~el'hal'aett:'r'MllchasgTallite, topo,!!raphi(' eonaitionM. 

A well-marked tprl'l-l('e O~'('urK at all plevation 1'i(ll!;e of reKi8tant .JJontel'ey shale riRing north j.lonterey !:Illllie, and tll(' HOft middle nUll late ;.{co- On t.he ",veRt f(ide of Han LuiH Yallp,\ ll(~:ll' the 
between DOO und 1000 fcet at m:llly different pointK Pi",mo, and to extend oYel' all that portion of th(' (",I-'ne depositf'. The 81m .JOK(' Hflllge, formcd entrance to the canyon leading down to Port Hur-
on the eoast. It i:,; dist.ingui",hed at Point Sal by a the range lying t:'nMt and llorth up to the erf'Rt OYe1'- ,e;rHnite, rises with between tlle tlalinas ford there i:;; a terrace ,yhich ha:-1 (\ lllean elE'Yfltion 
heach (If'po~it. aud sheIk At a ele- looking Sun Lui", Yalley_ South of Arroyo Grnnde :Hld the E::::trf'lla arms of pClleplain. Seen in of about 22.3 feet, :"loping with the gentle gl'clde of 
vation upon the :,;~n.war(l fiwc of' the Creek'i,here iR a temll'c:like Rhoulder con~e::<,ponding profilc the dceply dibw.'eted nlOHlltnin TllBke the yalley toward tllC can von_ Thi:,; i~ (·learlya 
H.an,e;e GO mile~ nort.h of the in height to'the plain jUMt (If's(·ribed. The Plf'isto- a 8harp angle with the penepbill instead bif'nu- stream te~'l'ace and proballl;' marks the le\Tl of the 
Bhouldf'l' with r:-:teep 810pe", ahow and cene llle"n, the material:::: of which were accumulated ing int.o it. The f:.alina-; pdut:'plain, although valley Hoor at the time tllP ocean watt-'rs were 

The coa.,t of the northern portion of the Cjllad- dming this depres~ion, extends O'iTr all the l'egion largely destroyetl in u::::uall,"'- be di",- drail;cd from dtc vnlley and streams began to 
rangle iM hor(lcred hy a nnrrow strip of lowland between the lower Arroyo Grande Creek and the tinguiRhed from dl(' traversc itB ~mrf\lcc; TIlt:' hottOlll of th(' valley 
back of which the hill"l ri:::-2 abruptly to between Santa l\laria.. The ea8~ertl ed,!!e of thi"., HleHa att.ain,., fi·om ",hi('h it i~ ReparHted b('low the t,errace has now an eleyutiou of only 100 
400 and 500 feet. Yie\\ cd from a point n little an elevation of 450 feeL The Pleistoeene df'~)()~its The granitic portion of feet. The present tlivide between the f:.an J ;ui;, nwl 
west ofCayueot-l the top,,; of the hi1h:~ Bppear to form haye beell reJllowd lIy erosion frO:!1 the Nipomo a most rcmnrkahly cyen :"k) line a:,; yiE"H,(l Los 080t-l \-alleY8 has a heip;ht of' hut 180 t~'et, Rhow­
a slightly undulating plnin which gru(lually rises Valley, t,hp snrifH'c of whieh Hppe:1l'l' to be nn older from uifierent points south of :-::iliinHB RiYer. As ing that it mlli'lt have been 10wE'rNI eOll"lideTllhly 
ba<.:k toward the fS:l1lta Lucia Range, the f-lteep r:-:lopes \\ave-eut plain. Thc streams whieh entercd the 1w1'ore remarked. itK e\'en surfil~'e must hnw heen since tll(' formation of' the t.crnlt'e, othel'wi"e ihe 
ofwhidl it intl-'rseet.'l G to 8 Illiles from the eoa::::t. ocean here mUf(L have been loadcd wiih detritus to lal'f!;ely pl'otlueed during thefonk1tion of the Hanta :::-treams would han' flowpd nOl'tltwf'htwa]'(l into 
The upper edge of thie; oM surfiw(' of erosion haB permit, of th(, aC(,llllllllHtion of 1'uch a thi('kne:;J,":; Lucia penepinin, but, the 1inl~billg tou('he.'l wcre ",[orro Ba~'_ 
an eleyation of about 1000 feel. East of 1\1orro at a Pleistoeelle matCl~n1. given at the time of t.he extension of the Balinas TllP result of the ele\'ation of the land ,~a:;;"lllani-
,e;reat.:r distanee from the eoa~t the former plain The ,e;ently undulating snrfaee of the San Luis pPllf'pldHl ff'::::ted sooner in the rcm'\\al of Btrt:'am el'o:::rion on 
appears leHR (li~tind hut ~eem.,,; to be related to Yallf'Y north of' Etlna is uwlerlain bv strc,tified cl:1v I thc coastal of the Bllnta Lucia Range than in 
shoulder-like remnauts at the base of the steep nndg:~'a\"elwhiehappeartohpofPlei:..,totenf'ageand RHE}.l l PLlli (Jl TJ L (o'!'"r. the Halinas for in the formcr l'PgiOl1 tllP 
mOllntain slopes of 1:200 to 1500 feet deyation. t.o have ru:eumulnted in a of water_ The hest .After the Ion,!! pellOd 01 (omp wil\ e qmet duung slopes were shorter and Rteeper. Ae; tltp- upwa]'(l 

It i~ very prohahle that the lIn·gm' part of thi~ eyiden('e at hand BCCtll:-1 to that this \-nHey whil'h the t'xte1l'liYe pr08ion p:tIlins jltHt de:;;l'ribed : movemeut eontiuuetl BalinaH H.iwr bcgan to 
~nrf\we iM in meliMlLTE' the work of the wan,,'1, wa~ an arm of the o('can, ahh.ough a~ the land rO,ge were dm'dopc(l, the con,.;r hegan to riMe \\ ith (.ompflm-I det'pell its channt-'l, awl :11'1 thi" rell8wHl of ~tl"eam 
although f'l'Of(iOll mny have bcen eon- the oee::m wnter Hlay haw been replaced hy a lagoon tiw rapidity. Thp nplift. wn8, l}oW"eH'r, marked by I life finally sprcad to thp triimtal'les the (lpstrlle-
eempt! ill the produdioll of thp, higher portion. or fresh-water lakf'. If \H~ are ('orl'('et in aHKuulin~ many }wriods of rest, dUl~llg ~'\'"hi{'h terrace~ were t.ioll of the 8alim1R peneplain wa,,< hegnn. 

The hi,e;he~t \~fl\"e-rnt shelf Mho\\ing pebble", which that the valle\- wa8 eroded during the f'levation ill I ('ut Lv the waYes. Nellr tIlt' IIHlmth of Coon Creek The intE'rmittent eharacter of the upwnrd moYe-
\\'11S diBcov8re(] i~ Oil t.he nortlwrIl Hlope of Ya1cneiH early Plei",h)e~ne timt:', it l1lu.,,;t hfl\~e been flood(,(1 in I and ;n the Rlopc of Valencia Peak telTaces were lll('llt resulted in telTae(';-< along Salinas HiYl-'l' as it 
Peak Ht thc K8llWHrd elul of the ~an Luis Ran!!,'e. the depre:'lslon which followed. The Plcisto('ene! note(l at hpightH of 40, no, 80, 100, 200, ~,)O, mo, did on the coast. TheRC t.crrnees Hrc not 
It haR lin c1eyat.ion of 7,')0 feet. Coon Cl'f'ek ent~rs hedK are hest f'xpo8ed in a railroad eut 2mileR north 700, and 750 ft.>ei. Tht-'He llleHBUl'ement~ were taken \\ithin the (plad1'l.lngle, but L'J lllile::<, 
the ocean n little to the sOlltb of this peak. Itl:l of Edna. The,Y haye a maxinllun thickuef"..-'< Of) with au ancroi(l harOlUf'tl-'r and~arp given in l'onnd l\Iiguel, whf're tlw river is honlered on t.he MOlltll­
ellllyon e:hmys a Reries of well-marke(l phollitlel'l"l about 100 foet. ~\.'< one looks northwest from Edna numherM. At Lion Rock, a lii~l(' 60uili of' Point w(''<t by the Monterey shale, pix cli~tinct benches 
along itr:-: e:onthern side cOl'Te8ponding in hcight to a the old 8urfa{'c of npp:~ars to hnw been I Bllehon, terraees appear in tIle vol('ani(' ash at have been cut in the reRiML~lllt ro('k, rangin,e; in 
~tream valley erodf'd at the time tlle ioO-foot tcnace prf'sl-'l'vecl in a flat extending out into the, elevations of 40, 80, ami 110 f&et. Tcrrace;': upon hcight aboyc the present stream from 40 to 200 ff'eL 
was being t'ut. Coon Crepk, although haying a vnUe,v toward ~teele Mation. Thi!:l rid,e;e has a. I the ~an Luis formation at Port Harford :11'e not.:,;o t4alina~ Riwr now crORSC):; the northeai-lrf'rn eOl'IlPI' 
very limited had at that timc excavated a height of a !ittle oyer 800 feet, rorreRponding very I well pre~e['Yf'(L They were Tlote(], howcwr, at of tIlt' quadrangle in a ?,Tanite ROO to iOO 
valley halfa mile Kow the ereck flO\vs ill a clof'cly to a prominellt tClTilt'e upon the sout.hern, about 100, 1tiO, 200, g50 feet (~r a little more, an fi:>t:'t deep, Imtnpon the,"lonthwe~t 
nurrow eanYOll in the bottom of the former ya11e"\". Ridf:' of the Los Osos-San LuiR vnllc~T. apparent ielTilt'e at 500, nnd on~ nt iOn fi:>et. lUneoTH1(lu, Trout, and r.anta 

If, ns Kw:m~ lik('ly, thi8 portion of the ("'oal't W;M I ~t'ar Mallagh Lllnc1ing t.erl'flC'e~ were Hotet! at haye eTodl-'d broad yalley~ in t.he qoft ::::aIHl-
submerged more than 750 fi:>et below the pn'i .. wnt DEVELop,rEXT OF THE f->AL1NA~ PENEPLAIN. heightp of 10, no, 110, 140, and 200 feel. The::<,e stones of the Sauta :\fargaritd formation. The 

le\"el, t.he effect'l of waw and subaerial eroRion are 8alinas H.iH't' (It'ain.,,; a lar,!!er area than any, terraees arc cut 1B the Yol('anH' aRh at the hnse po::oition of f;aEnns Riv~r, eonfined as it is in the 
not. to be tliRtillguiKhe(l ahoW' that lwi,gltt. Houth- other Btream in the C~oast Range:", and in the hasin ' the Monterey ;-4hult, and are wryl di"tinet. The yol- is remarkable_ If we suney 
east of tllt:' Han Lui:::: quadrunglc there was an of t.his ~tl'eam ill'(' fimnd the most fil.r-reaehing II eani(' a:,;h is hut ",lightly Uffetled by atTllo::<.phcrie cOlmtl'y some devatcd point, the l'pal 
extensiW'" plain-like Rlll'fill'e tlcwloped during thi6 etf-eet~ ofpeneplanation (]Itl'ing that period of coaHtal ::::0 that its der-uy is ",1 w ~md it. pl'e~eryee: of the Salinas appcarp to lit, to th(' ::::out.h-
depre8Rion, :md owing to itH gentle slope it do('~ ~uh11lergen('e which has heen tInder di:;;cllssion. A old waye lineR remarkahly -ell. Caves appeal' \\"here the ahove-mentioned trihutary 
not exhihit tIll" work of subaf'rial and waye erosion large portion of the SalilwM ha~in \\aR reduced to, in the ash 10 feet ahoyf' the a little north pt'adienlly ('oalf'l:3eing. con8titute a "lm;g 
an,y more pIninly than tll(, area just dt'8(~rlhed. an alnlo~t p?rfpd plain. This wa;::; a(,(,olllpli~hed 'I Mallagh Landing, whilc at other ('fiVes nrc parallel with t.he Sant.a Lueia H.an?,"e, but tranH-
Eneh mUHt It;tW playt'd :111 imporblllt part in it" the more readily he('au~c of the.Iow relief~ and thc heing worn Ollt directly bCllenth them. (Sce fig. 1:2.) Yel"l'ie to the Gourses of the l"irreflTI1H \\hich hnvp Jlro-
production. The pbill ('xtend", oyer nIl that wide diBt.l'ibntion of enBilv eroded rock strata.. In addition to the terraces deserihed one eO\"f'l'ed ({ueed it. llineonada Creek i'lSlW;-4" from tht' Hallta 
tion of the Santa Ynez Hflll,ge lying The lower portion oi Halinas Yalley opening by t.lw wah'l' at. hif!:h ti(lt' was ohRt:'1've(l at a numher Lueia J~Hlge throu~h a nal'l'OW Cltll~von. llud then, 
PUS8. The t'l'PKto.; of all tltp pl'P::::el1t l'idgeR when on }lontcl'e,Y Bay is 10 rnilps wide and is underlain of points. i\::; the pnwmt \\a\'e el'OHiOIl flowing through t.he broad aIltl f~rtil(' valley, 
viewed from the proPPl' app(~ar to fall into a by Pleisiol'('ue depositR. The valle,v narl'OWS up the surficial inyer of Plei:-lto('eTlt' the SalinaR in tile gTanite. Trout. Cl't-'ek 
gentl,Y plopinl!; surfiwe toward. the east attains the rl\"er and i:-< soon ~hut il.'. hy hi~h rnountainl', 1irHt removed, exposing the old lHye-cut tenaec, Hnd onee entered thc Halinas about .'2 milt:':-l 
an plevation of' 1 000 fept. Thi~ same plain extentletl the l'ange on the west rising: yery steeply gooO thi'l in tum is attll(~ked by the vaves in their for- Hanill Margarita, bllt now illl'llS llOrthw('",hvnru 
over a largc ::::eetion of th(" ('ountry emhrHeed b,v the feet. .\ little helow Kings Cit)- soft Neoeene rnation of a new Rurfuce. lllong the belt of l'oft. rocks awl enters the 8alimm 
Bnllta Ynez \'alley and the region lying betwcen deposits are eneountered, and from this point The eOHstal plain al()ug t.he 10l'tltel"ll portion at the point where the latter leaveR the 
it and the r:--anta }laria Ya1ley. It, was limited upward the mountains reeede and the Pleistoeene tIl(' quadrangle flppears to be lImited generally Northeast of Banta "\[argnl'ita all plenlt.ion only 
upon the northea::::t hy .the llUnl }Ionterey Mhale peneplain bef!;ins. Viewed from some point on the, in its landward extem~on nt an in the {iO feet. now separates thcs(' two strcalll~, but the 
the San Rafael Range, hara Lah" in the eall)'ou bluff;' oyerlooking the riYer the plain appe~'u'81 neighborhood of 100 feet . ...:\}ong the pl'eJ'lent shore SaliwlB, inst.ead of taking adyantagc of tIlt:' low gnp, 



turn::; back again int.o the ~rallite, pasi::ling through 
a canyon ;,)00 feet. deep and finally emerges 3 
mileR farther dmVll the main valle,\'. 

The anomalolls pOi:3ition of' SalinaI'! RiH'f il::l due 
to the fad that it VIas sllpt:'rimposed upon the gmnitl' 
at the time when the topogTaphy was ycry different. 
The ~eocelle formations once rellched much farther 
over thi:'! old gl'llIlite ridge and prohably underlay 
the 1'i \'er at the timl' of the fullei::lt tlcvelopmcnt of' the 
Salinas peneplain, the surfu('c tllCn sloping from the 
broad valley of the 81uggi8h rlYE'r gradually lllrwani 
on the one hand towlml t.hl' Sallbl Lucia Range to 
the soutlnvcst and on the othef to the low granite 
ridges t.oward the nortJlCflst. \Vhen t.he uplift. came 
and the ('urrent of the river waR increased it 
began to eut down into tIlt:' Hofl underlying f:ledi­
ments, soon eJ\coullterin~ the buried granite.. Its 
channel waR, howeyCl', f:lO completely e::;tablished 
that it waR ('.ompelletl to go on cutting down where 
it had begun, notwithf'(tallding the fad that the 
Rmaller Rtren.m!3 t.o the soutlnn~t., encountering no 
hard rockR, Roon formed a Reries of broad valleys 
thollgh 'whieh one withollt a knowle(lge of the his­
tory of the region naturally would expect to find the 
tmnk l'Jt.l'eam flowing. 

Salinas Ri Yer, except for a short. dir4ance whpre it 
flOWR over the eonglomerateH of t.he Vaquero sand­
Rtone, has graded its channel fl'Om f:lource to moutll. 
The broad sandy hed completely absorbs the 'water 
for stretcheR of many milPR during the hot RUmmel' 
months, and t.he work now done hy the river is 
('onfined to. short pC'riods each year following 
exeeptionally heavy stormR. 

V pry much of the RlIrf.'1Ce of the Salimls pene­
plain haR been remove(l, prodw:·ing large valleys in 
the of fi.1rllllltion of a new plain nt a lower 

This is apparent in the yegion of the Hin­
eonada and 8antu. .Margayita val1e-YH, and on a mor~ 
extended Heale down the river near the mOllth of 
the E::;trelln. 

DEFORl'IfATTO~ OF THE SAU:'i[lI.S PF.:'i[J:PLAIK. 

As has alreadv been stated, there arc no indiea­
tions within tile Han Luis quadrangle of any 
marked Pleistoeenc deformation. North of the 
(pmnrangle, howe\'er, ncar t.he junction of Eflt.rella 
and Salinas rivers, the SalinaR p~neplain appear.'l to 
haye undergone eOIlf'(iderable differential move­
ment. Opposit.e the town of Fan Mig-lIpl the top 
of the peneplain has an elevation of 800 feet above 
the river and is t.ilted Rlightly to the northeast 
instead of ::;onthwe::;t aH it 'would be under normal 
conditions. )\long this bluff fadng the river an 
axis of disturbance is clem'ly apparent. It iH 
evidently of the nat.ure of a fold and CHn be traced 
down the riycI' ~ome miles and 1'ar up the Estrella 
to the southW8t. The strata probllbly belong to 
the Paso Rohles formation. Oppof'ite the mouth 
of the K.;~rella awl 200 feet. above it. iR a shdf from 
which the l'lnrfil-l'l' Rlopec gently down to this Rtream, 
whieh occupieR a ehannel about a mile from the 
shelf and is ('uUing- into it:,; Routlwrn hank. The 
phenomena strongly indieate that. the :-;tream haR 
been gradually displaeed fro111 its original pORitio!l 
at the foot of tllC' main bluff by an upward folding 
of the earth. The original peneplain on the 
opposite side of' Salinas River has been destroyed 
at. this point and the amonnt of disimtion eould not 
be aecurate! r meaRured, bitt it mUl'lt, be seyeral hun­
dred feet. . 

RF.CEKT COi\S'I'.\L DEf''RE88ION. 

The up'ward movement of the eoast eontinued 
until the land stood several hundred feet higher 
than at pref'ent. It haR been estimated that at. ~an 
Francisco Bay the recent subi::lidcnee amounts to 
between BOO to 400 fect. About t.he same amount 
of subRidence has taken plaee along the coast of 
soutlwrn California. There is no rensou to belieye 
that this est.imate is far from the' truth for that por­
tion of the coast embraeed by the San Luis quad­
mngle. In this region the cont.ours of the ocean 
floor out to a depth of ahout 300 fl,ft are approxi­
mately parallel to the present Bho1'e. An elevation 
of 300 feet would moyethe shore line out 10 miles at 
the mouth of Arroyo Grande Creek, while olI Estero 
Bay the shore would be about 7 miles out. The 
slope of this land now suhmerged is so gentlc that it 
is not likely that channels of mueh depth were made 
by the st.reams, except perhaps in the ease of t.hose 
flowing from'the"steeper portions of' the San Luis 
Hange. Islay and Coon creeks formed shallow but 
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distinctly nui.rked channels. These have not yet Several eXknd ba{'k 10 W V5 feet into the fish and 
been ent.irely obliterated and can be readily traeed han eemented beach pebblei::l at t.heir inner extrem­
ouhvard fro~l t.he present mOtlths of these 'streamH ities. Diredly under this series of eawl::l arc those 
by the absence of' breakerR tluring stormy weather. now being exeawtted by the waYes. Tllev can be 

All the larger streams exhibit eliarndel'ii::lticH of a entered only at low tid;, lUld show hy t.hf'ir extent 
i::lllllken coast.. They have tidal lagoons at t.heir that the sea· has been at 'wOl'k at thd prpsent leyel 
mouth,,':l a.nd flow for some distan(,e over alluvial for some time. 
bottoms 01' flood plains built up in previously 
eroded valleys. San Luis Obispo Creek illustrates 
t.hese features most excellently. The broad, fertile 
bottom lands of Morro and Arrovo Grande creeks 
have also bpen formed by the silting up of earlier 
valleyf' of erosion. 

Thp Laglina in the weRtern a.rm of San Luis 
Vallpy appears to have been formed by the ell'bris 
eone of a l:ltream issuing from the ~an Luis Range 
and damming an old channel. As U re)3ult of the 
laRt depref'l'lion San Lui:'l Obi~po Creek became 
silted up and unable to remoYe the large amount 
of waste brought down by the more steeply graded 
::;tn"uIII. 

'I'OPOGR.\PHIC FEATURFB OF THE ('OAST J,TNF.. 

ECOKO}IIC GEOLOGY. 

RfTUUTXOUS HOCK. 

By the term bituminolll'l rock i8 mennt. a porous 
rock, generally f'(andstont" whieh has heen impreg­
nated by thick, dark potroleum l'esidue-ma1tha 
or "tar." The term aRphaltulll is applied to the 
i::lolid form of bitumen in a more or less pure 
state. Bituminous roek i:-l almost blaek in color, 
and when moderatelv eool fractureR eal'lil v, yet 
nnder the influence or" t.he cHm'R raYH it. melt:-l" dO~\,1l 
to a tough, viscid maf'(l'l. 

The important deposits of bituminou::; roek in the 
quadrangle are confine(l chiefly to those portions 
of the Pismo formation 'whieh rest on the 1itu-

'The low, lmndy' pOlt.ions of the California. coast rninouR 1\T onterer shale, The eharaderistie fea­
are marked more or less prominently by sand dunes. ture of the Pismo formation i:-l itR soft, porous 
\Vind-blown sand, reaching nearly to its summit, sa.nd:,;tone, which is casily pel1llCated by oil awl 
haR modiJied the Rea ... vard slope of Blaek Hill. In hituuwn. 
the saHle manner the northern slope of the San Luis \Vhile springs of tar and oil occur in all the 
Range opposite Morro Bay has been covere(l with divisionfl of the Tertiary in California, the mOl'lL 
sand to a height of about 700 fect. This sand hus import.ant source oftheseVmatel~Hh;appeaTh to he in 
cauflcd a defleetion of Los OHOS Creek where it the bituminous shales of l\Jiocene ag-e plonterfY 
emerges fi'om the mountaillH. shale). TheRe shaleR exteIul through thp Com~t 

The surface of the Pleistoeene mesa south of RaHg-es from Ilf)tl' Han Franeiseo on t.he north to 
AlToyo Grande is made up of wind-blown sand, and beyond Los Angeles on the south. It ::;eems 
being marked by low, irregular ridges and hollows dear from im'estigatiolls which have been made 
·without. outlet. The mORt of this area iR now that the souree of t.he oil, as well as of thc 
coyered with a t,'Towt.h of low shrubs, but near t.he thicker produet known as tar or asphaltum, does 
eoa8t dunes are forming and moving inlnnd, IIntil not lie helow t.hese bituminous shales, except ill one 
each in turn b&'omes covered with vegetatio,l. instlfltec, in Ventura. County, where there iH a. body 

Morro Bay is prot(';Cted by an interesting barrier of oil-produein~ shale in th~ Eocene. ~ 
heach. The ilTegularities of the shore line arc for All the oil-Rhale beds are largely of org-anic 
a diRt.anee of 8 miles buried behind a smoothly- orig-in. Those in the ),Iontcrey formation are 
sweeping creseent. of sand. Tow:ml the western chiefly siliceous with a subordinate portion possess­
extremity there arc some dunes upon the inner edge illg a calcareous nat.ure, while in the Eoeene the 
of the heach which are oyer 50 feet high. The shale is entirely caleareol1s. There is good reason 
sand, earried by the wind, is rapidly encroaching- for belieying that these shales, through a. long-­
upon the wa.ters of the hay. During exceptionally continued proeess of distillation, have given rise to 
hea vy StOI'lllS the waves sometimes brenk over the the organic produets deHeribeo. That this proees~ 
barri~i: beach, although at the eastern ewl of the is still going Oil may be inferred from the sprifigR 
bay a broad opening is alwayf' maintained. of tar and oil, and especially fro111 the hot mineral 

The character of the oeeau cliffs is int.imately sprinh'"S, which afford evidence of chemical action 
related to the natllTe of the rocks forming then~. far b~low. At points where the tar or oil springs 
The San Luis formation with itR 8trata of jasper issue (lirect.ly at the surfaee from the hard, compaet 
alld many igneous intrusions forms an irregular and Monterey shale the conditionR arc not favorable for 
picturesque coast. Five miles north of Port Harford the preservation of the bituminous matter. For 
a series of jasper lenses extcndl'l across the coastal the material to collect in large quantit.y n POYOUS 
plain and into the ocean. (See fig. 6.) The jasper, reservoir iR needed. 'Vherevel' the Pismo forma­
being so much more rfsistant, forms sharp roek tion oecurs Ruch a reRervoir is afforded by the thiek 
stacks, one risirig nearly 100 feet as a precipitDus heds of slightly ccmented sawl. The slowly I:leep­
monolith. ing bitumen passes upward from the shale into the 

'\Vhether slopes facing the ocellll are precipitous or sand and convClis it into a black, Rtieky maRS. 
gently inclined depends upon the structure of the \Veathering dissipates the volatile portion~ of the 
roek and its res:st.anee to subaerial deeay. About 7 bitumen and the mass afl,.<;umeB a brownish color. 
miles north of Port Harford a large mass of diabase The sandstone thus impregnakd is more resistant. 
prpsents a sloping front to the waves, owing t.o its to erosion than when not affected, and wherever 
great susceptibility to the attack of the a.tmospJwric there is a large body of bitumen, prominent topo­
agendes. The )Ionterey shale, on the eontrary, is /!.'raphic featlll'E':'l may result, sueh as die pieturesque 
vcry little affected by the atmosphere, so that under cliffs below Edna. 
the attack of the waves the eliffs become vertienl or Kenrly the whole of thc eastern portion of the 
even overhanging. This is well shown in the San Luis Range is made up of I}ismo Ran(lst.one. 
vicinity of Point Buchon, where the wavcs arc In ma.ny placeR, particularly near EJna., it has heen 
undermining the shales, forming recesses and caves. riehly impregnated with the tarry ojl, forming the 
Bloc·ks of the shale finally heeome separdted from bituminoul:l roek of commeree. Many cluarries 
the shore and form islands. Sueh a block of con- have been opened here and the material il:l shown 
torted shale is shown in fig.:3. A little distance t.o be inexhaul'ltible. 
west of PiBmo the )Jontcrey shale dips a.wny from In See Canyon north of the Pismo formation an 
the shore at a steep angle, ""'ith the result that o\'er- oil spring issues from the Monterey shale, but no 
hanging diffs ha.ve been formed, the inclination of deposit haR becn formed, owing t.o the lxk of a 
the cliff corresponding to the dip of the shale. reservoir. That the oil COlIleR from the Monterey 

The volcanic ash is also very slowly attnt'ked by Bllale iR shown by the faet that neal' Port Harford, 
a.tmospherie agencies, and wherever it is exposed at where the Pismo sandstone pURses off fi'om the 
the coast vcry bold and striking features result. Monterey shale and restH upon the Han Luis 
This is tf) be obRerved in the vicinity of' Lion Rock, formation, its bituminous content diHuppears. A long 
a little distance south of Point Ruchon, Prominent the coast between :1Iallagh L~l11ding and Pismo 
rock stacks carved from the ash appeal' upon the the relation of the bituminized smdstone to 
coastal pla.in, 'whi1e others have been isolated by the the Monterey shale is diRt.inet.ly l:lllOwn. A body 
waves and form pict.uresque islands. of this blad~ and strong-smelling material rel'l~'l 

At Mallagh Landing the cliffs of volcanic ash unconformably on the shale, which is here le~s 

exhibit. interest.ing f'E-ntures, Several of the old altered than uHual and is itRelf richly impregnated 
shore lines are well preserved in the form of ter- hy bitumen. 
races and two of them exhibit ca.vcs. The eaves of [' The western portion of the San Luis Hange is 
the 10-foot terraces are especially interesting. free from any bituminous deposits with the excep-

tion of a small one in the llorthf'rlv brallch of Los 
Ol'JOi::l C:my.on. The shale in thi: portion of the 
range is identical 'with that fhrther east., where the 
tar foIpringM occur, and it may be that a greater 
degree of metatnphoristll has driven off the most 
of t.he organie matt.er. 

At various points hetween San Luis ObiRpo 
Creek and Arroyo C\.¥'dnde springs of oil arc 
foItill impreg-nating- the sand1:ltone. Tn a slllall 
hill north of the town of Arrovo Grande the oil has 
pa8sed up into the Paso Robles formation, which 
eonsil::ltf:l of sand and eonglomerates. In the bed of 
)\rroYo Grande Creek lW-l:1r the town oil il::lf'ues 
from' the :1Iont.ere,Y Bhales. Tn some phu.'el:l the 
8hale iR ",ufli('iently porons to retain a large per­
eentage of hitumen, but. l'leldom enough t.o pay for 
quarrying the rork. 

On Tal' Spring Creek ahout 10 miles above the 
t.own of Arroyo Grande there llre ex?-eptionally 
large springs of thick lwtroleuTTl or tar whieh 
have formed a great deposit. in the middle of 
t.he valley. Mueh of this material ha::; been dug 
up, purified, llnd taken a.wa~c, hut. the f'upply is 
still abundant awl il'l e(Hl:-lt.antly reeeiving ndditionB. 
MUllY animalR are caught atHI held in t.his tarry 
mal"-f' Hntil they perit3h, llS i:,,; ::;hown hy the hones 
which l1<lYe heell tnken from it. The I::lprings here 
is",ue from and it. would app2ar that the 
location is filvorable the horing- of wells. 

Hut liUle hituminous ma.tter now remains in the 
shale through Halinas Valley as well ru; in that 
forming the Hant.n J~lleia Range eHst of CueHta. Pal:ls. 
The harrelllleRs of the shall' ill these localitips is 
difficult. to explain,-unleRs it is a reRlllt of'the sili­
ceOUR metamorphism t.o whieh the rock haR been 
mhjeetecl. It may he, too, that where t.he shale is 
more tleepl,v buried the bituminous matter }lllS not 
es('npt'd so llHwh, for :lS we follmy the synelinal 
fold tJlOwn b,v the Rhale in tIl<" Santa Lueia toward 
t.he R(JUtheaRi, in which direetion it (lipR, we begin 
t.o f'neountel' f'(igns of' bitumen in the presence of 
small oil I::lprings. 

Prospect ,yellR hlt ,"e heen drilled in seyeral places, 
but. either the loeality has been poorly chosen or 
the drilling has been abandoned before great depth 
was reaehed. Thl' drill holl' whieh gave rise to 
~ycarnore Spring"S pl'netrated shale all the way to a 
depth of BOO fl,et. In a. drill hole in the valley of 
Pismo Creek 3 miles belmv Edna a· small quantity 
of oil is reported t.o have heen found, but this hole 
was not (leep enough to make the experiment of 
:my great value. Since the field work for this folio 
WllS eornplet.ell prospeeting f()r oil has heen renewed 
in this portion of t.he Coast Ranges, and oil in 
paying qnantities i8 reporte(l to have been found 
ill the vallf'y of the Hua",na. 

The strueture of the San Luifol Range where the 
bituminous rock o('eurs is thllt of an opt'n syneline. 
The same strueture is exhibitctl 'Y}l('re the great 
spring"f> of' tar o:::cur on Tal' Spring Creek. In the 
former syncline the deposits of bituminous rock are 
rieher and more continuous along the outer edge of 
the fold, the of tar having a tendency to 
follow up the dip beds. 

Although. it "is generally con::;idered that the 
summit of an antidine is the mOflt favorable locality 

011 depositB, and while this may he aceepted as 
true on genernl prineipleR, yet. in California., where 

st.rata are so irregularly folded and broken, 
deposits of oil do not seem neeessarily t.o be con­
fined to antielinal structures. In many portionl'J of 

oil distrietl'l of the Coast Ranges petroleum 
encountered in monodinal folds. In certain 

loealities it occurs on one side of an anticlinal knob 
fold, but myely, if ever, in quantit.y at the SUIll­

mit of an anticline. 
The ellflraet.t;r of tlle pet.roleuIll varies greatly in 

tlifferellt portions of t.he Coast Ranges. In some 
places it has but a small percentage of non volatile 

but in others, aR in the San Luis Obispo 
region, it iR almost always thiek and t.ar-like. 

lHHLDDlG STOXE. 

\Vithin the San Luis quadrangle there is "a. large 
variety and abundance of nseful building stones. 
'They are described under the following hea(k 

Granite. -The canyons which intersed the 
gTanite along Halina.':l River and north of it give 
numerous exposures of this roek suitahle for build­
ing purposes. The granite is perhaps the most 
eaRily aceessible in Hoeky Canyon, whieh has cut 
deeply into the fresh rock. Over the greater por-
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tion of this granite area diRintegration has ?;On8 011 I with excellent roau material, and owillg tu the I ~eams and as nearly pure ma~ses replacing the 
more rapidly thHll cro;lion, so that it iB nne that the , dayey nature of much ?f the ~oil in thio; seetion, .From all the eviuelle'e obtained thest' 
solid roek iB exposed except. in tIl(' deeper canyons. I it ,dlOUhl he in demand. The matf'rial l'eff.lTed to pl'Ohably hear /'lome genetic relation to the 
The grllTlitc is of medium-light color with a slightly is the rHdiolal'ian jasper, or, as it il::> familiarly although in its present form the manganf'B8 

porphyritic awl au inclination ~o\Y:lrd a Hf'i'ih I known, "red roek." .. \ decomposed crllptiTl' roek 01'8 certainly serondary. The jasper beds offer 
tint in SOllle the feldspH"I'8. Qunrr:ies could be ill sometimes used but. it io neit,hcr RO last.ing nor Rpet'ial opportunities for the pal::1sage of mineral-
opmed within :2 miles from the railroa(l. i does it make' RO hard a roadbed a" the j(lqwr. hen ring "olutions because of the easy parting along 

])al:i1e wnd andesife.-The hnttt:'s f'xtending The latter rock can ea"ily he distillguillhpd b.Y iti'l the hands, The deposits are probably not large 
from San Luis OhiRpo northwestward to :JIOl'rO hard, flinty character and handf'd ",trueture. Tht' enough to be of much commercial value. 
Hoek furnlRb excel1t:'nt and durable stone for build- jWOlpf'r iR so widely disr.rihuted and easily quarried 
ing plLrpmlf's. ~\ quarry lras been opened on -'Torro that it "hould be ext{'lISiYely used. 
R()('k for the purpose of supplying material for the CHnOJl.rTC mONo Extensiye beds of pure pumice o(',cUl' at various 
Port Harfonl hreal,:water, and blockR of any size ('an points associated with the volcani(' ash near the hase 

A large iron spring issues neal' the edge of the 
granitf' in the valley of Middle Bran('h of HUf'r­
Imero Creek. Smallf'r iron i'lpring'S o('cur in the 
lower portion of Roeky Canyon and at Port 
Harford. 

The best known and most frequented springs are 
the Syeamore warlll sulphur "prings, where the 
wat€r issues from a hore hole put down DOO feet 
for oil, and Kew,som'", warlll ~ulphur spring'S :!1 
miles east of the town of Arroyo Grande. The 
",ulphUl' springs in the }Ionte;ey formation all 
appeal' to be the pl'oduet of ehemi('al adivity within 
the bitw.minous shale. "TMer of this nature almost 

be oht(lined. It is to be hoped, howeycr, that the ~\s a mining county San Luis Obi"po iR mORt of the Monterey shale. The pumice i", partieularl.y always appears with springs of tar and oil. 
gr(llHlelll' and synllllet.rienl proport.ions of this mnss I widely known for its produetion of ('hromie iron. prominent in the hills back of Pismo and east of 
will not he marred, ns equally good material can be I In years past many mines ·were ·worked here, out., Edna nlong the southern edge of San Luis Valley. 
obulined from t.he other bllttes. Boutheast of Morro lowing to the low prirf's ohtHined in recent. years, A pure-white pumice, perhaps more fint:'ly pul- The soils of the San Luis quadr_mgle are much 
as fin' ns Hollister Peak the da('ite formf:> ruggf'd nothing is now heing done, Chromic iron 0('('111'8., yerized, oc'eul"l3 in t1le form of thin heds in the diversified, as might be inferred from the great 
eleyations. From its mannpr of wetlthl'ring it i" howen'r, in large quantities, and, under favorahle Santa l\Iargarita formation below Ata~cHdero. This yariety of'rocks present. The disil~ltegration of the 
t'yidel1t thnt large massiye bloeks of this roek could conditions, will again be mined. It is invariably nn important yalue ns an ahrasiw st.rata of the San Luis formation aud its ineluded 
be obtained at many plae'es. The roek eontains fl'ee found in the serpentine, to which it is w'netieally igneous rocks, which form so llluch of the foothill 
quartz throllghollt and 10 light grayish or bluiRh on related. UFUSORTAT, EAltTH. region and open yalleys south of the Santa Lucia 
fresh SllrfaCeS, but it weathers rapidly to yellow, One importllnt group oflllines is located on tllf' Range, has resulted in a very rich soil. 1\'ot only 
,dlich is its permanent color. On Pennington mountains Ronthwest of Sfm Lui" Yalley. The TIeds of infusorial earth are nssoeiate'd 'with the arc the valleys rieh but even the steep hilll-1ide", 
Creek arc sevpral small knobs of dac1te 'which haye work done Ilf're haR been almost entirel," on tIle )'Ionterey, Pismo, and Santa Margarita formations. 'II also, which in their natural state l-lupport a lleavy 
a more granitiC' appearance, Thi~ roek is light,er ",urfaee and con"i.'lted in followin~ up the iTl'egular They are fflllnd on the mouflhim; baek of Pismo, gTowth of wild oats and graSf:>es. 
in ('0101' and retaill~ itH fresh surface with hnt lit.t.le stringers and bundle!:> of the ore. ':\fost of the yer~r extensively ahout ,\rroyo (+ranJe, and along The eruptive rocks are mostly rich in iron and 
change, mines are along the southern f:>lope of the ~antn the hills hordering the sOlLthern side of Han Luis soda and pOOl' in f<ilit,cl and haye proauced the 

The remainder of t.he hutte" lying hetwet'u Hol- Lucia Range in the vieinity of the fault ZOllt:'. The Valley. Another hed of considerahle thidmC'Ss heAvier dark and reddish soils. The Rerpelltine 
li:,<ter Ppak and San Lui" OhiRpo ex.hibit a darker excellent. cxposurcs in sOJlle of the old workings. OC('urs on the slope of the Han Luis Rungf' sout.h alone of all the igneous roeks produce" a very poor 
and more basic rock, but the ('0101' rnpidly, show clenrly the manucr of formation of the ore. I :JIorro Bay. Himilar deposits appear at YHriolts soil. The decomposition of the Rawlstone has given 

to a grayish yellow after quarrying. This I Tt occurs in irregular an.d more or 1('l-1s diseonnef'ietl point", along Halinas Yalley, extending HS far up rise to a lighter soil than that deriyed from most 
roek exrellf'nt. for lmilding purposes, but eare I YE,ins and bunrhf''' along fi8Slll'ed zonefl in the sel'- as ltineonada Yallt:'y, Th('s8 diatomaceous beds are of t.he igneous rocks, yet such soil might Rtill be 
is neccss:ll'.v in ,.eleet.ing 10catiolll-1 for quarries, as the pentine through whieh mitwral-hearing waters haw' white nIHl chalky in eharaf'if'r. They are most.ly tf'rmcd heavy, for it contains little quartz. 
ro('k iR mueh bPameo ill pInel's. A C)lIarry has pel'colate(1. An st:lges of rcplacement of the ",er- made up of t.he sili('eoLls skelf'tollR of diatoms, This The Monterey shale disintegrates Hlowly, and aH 
heen opened on BisllOp Peak, from whieh rock i!:> p.entine hy lhe ('hromite are exhibited, from that in material i'l used in the lIl'll1l1f~wture of filters and it eom,ibts ehiefly of siliC'a, prodllC'f's the poorest of 
taken hy rail to the breakwater at Port. HHl'ford.11 which the ort:' appear,. in granllifs f:>cattered throngh as an abrasivt:', the soils. This is partleularly die casc where the 
The most of this ro('k wnich has been ufled in the the porous serpentine to thnt in ·whieh it forms J,[Jl.fR'lTONE. rainfllll is light. Along the ('oastal slopes of the 
buildings about Han Luis Obispo nnu in thf" rail- nHlI"1f:>ive hunchel'5 Hlany tons in \\eight. In the t;nIl Luis Range and in its deep eanyonR, where the 
road culYel'tfl ·wal-l taken from loose bowlderH with Pick and Shoycl mine one mass weighing a The important he(ls of limestone oceur toward the rainfhll L'l heavieRt, the residual soil on the l\Ion-
which the lower slopes of the buttes are strewn, thousand tons is repOTted tQ have been dis-('overed. bHse of the Monterey formation along the southern terey shale appears to he Vl'ry fertile. 

SandsLune.-The Atllsradf'l'O formation contains In the yicinity of f<orne of the milles much float ort' slope of the Hanta T.ueia !tange. ]\fore or If'RS lime- The soils resulting from the dil::lintegmtion of the 
all inexlwul:ltible supply of sawlstone ",uitable for is ~eat1crcd o\'er the snda('e an(l Rome hitf'mpt. hns stone, howeyer, is found at this horizon over the R3ndstone of the Pismo formation :lre surprisingly 
building purpose". It if< eaRily acc&lRible, hut ·with heen made at com'PIltrating it, The \\ol'kings haY(' whole quadmngle whereYt'r the Monterey forma- productive, as is shown in the eultiyated tracts 
the exeeption of the stone used ill the railway ~o far been superficinl alld the depmlits Il0t much tion OC{'UJ'S. The ro('k I,. fine gmined and of a north and northwest of Arroyo Grande. RprinKH 
eulyerts near Santa l\fargaritll, none has been (luar- more than touched. The great, difficult.y in chrome- yellowiRh-white ('0101', and gin's out a strongly fetid are abundant, owing to the absorptiyl" propertief:> of 
ried. This sandstone outcrops for many miles iron milling 1R the fact that the bodics of ore are f:>0 odor when freshly broken. It hns heen URf'd but the sandstone. 
along the northern slope of thl" Santa Lueia. Range, dis;'Olmeete(L I Httle aH a soun'(' of lime. ( The granit.e region, or that. part of it which is 
and alf<o upon the coaRt hetween CayuC'os and lIEUATlTE. ' A vein of white ('rystalline dolomite oeeurs in included wi.thin the quadrangle, contains almoRt no 
Catnbrin, Tn the latter 10C'ality the lltolle i" eSlw('i- Little Falls Canyon, a ~tributary of the upper Lopez ('ultivahle valleys, for the canyons are narrow awl 
ally fine in quality. It. is well exposed neal' the ~\ deposit of hematite oc~ul's in the mountains, Canyon. water is searee. 1\1uch of the gmnite iR disinte-
mouth of Villa Creek, whence it ean eaf:>ily hl' Mouth of Los Osos Yalley. It appe.ars as ~t well- II v grated to a C'onsiderahle depth, and only here am] 
shipped by wat.er, defined bed crossing a small ('aUjOIl 10L'ally known SAKD, there do rock.:- points project ahoye the sandy soil. 

A tilir quality of cnleare<lus sandl'5tone oeeurs in HS Pl'ofumo Canyon. It ('an easily be tr3<'ed for Extensive beds of quartz sand and knolin are The "alley of Huerlmero Creek, draining the 
t.he PiRmo f{)rmation below Edna, awl it lIas been fully a mile, The beds I::1tmld Yf'rtieal, heing foulld in the PL'lmO formation both north of Arrovo northern slope of tlle granite, hns a deep, fCliile soil 
use(l hy the railway in buil(ling culvertR. indosed in the shale nnd sandstone of the San Grallde and in the Ranta,1\fargal'ita Valley. In the helow the point at which it leaves the granite. 
~ear t.he town of Arroyo C:l-mllde the yolmni(' ash! Luis fOl'tnHtion. It. has H width of ahout ]0 feet latkr locality it. is particularly dean and fref' from The hills bordering t.he lower pOliion of this valley 

at the oURe of thf; ~ronte·rey shale has been used to atHl is beautifully and regularly handed. The iron. The material i~ but slightly eoherent and the eonsist of the Paso Rohles formation, whieh is 
a ('ollHiderahb extent. It L'l easily qllarried rmd is I iron blends into the shale along parts of the Rand and kaolin could easily be separated. The made up ehiefly of snnay and marly days. The 
adaptable tor RlllaU buildings. Tlle oxidation of deposit, and judging from this a:-; well as fi'om sand is valuable for the manufadure of glasR, and hill lands on this formation are also fertile, ·hut the 
the iron pyritf:'s with which the ush is impregnated the regular blmding, which pcrfeetly with t.he kaolin might he useful for pottery. scar(,ity of rainfall in this region makes the raising 
IlardeJls it and lea,YE's it of a yellow color. that of the stlale, it may be of ('ontemporaneous of cerf'al crops, except on the bottom lands, rather 

The San Luis formHtion, though consisting formation. 311NEK\L RPRT~GR. uncertain. 

largely of Randstone,has been RO extfmsiycly sheared JtL\.NGA~ESl:. Numerous sulphur "pringR, hoth warm and cold1 Between Salinas Uiyer and the Santa Lueia 
and fractured that it is only rarely tllM>- building issue from the }Ionterey shale along Islay Canyon Range the rainfall is greater, hut the most of this 
sione in hlocks of useful Aize C'an he obtain cd ti'om it. I Hmall deposits of manganese ore occur Ilt, seyeral in the we,'ltel'll part of the San Luis Thlllgt'. The region has nntilrecently heen used soleI/as cattle 

points, yiz, on the north sidf' of Chll'k Canvon; on llprinbrR are used ehiefly for bathing purposes. range. The Rinconada, Santa Margarita, and otller 
ROAD )lA'l'EHUL. , the ridge sOlltheast of Pl'ofuItlo Canyon, a~ll(l near I Sulphm' spl-ings are also fonnd in Lopez Can- valleys farther down the river contain much fert.ile 

That part of 8nn Luis Obispo Count.y lying I tlle Gn~bria road 8 miles west of 6a.vucos, The yon. In Trout Creek Canyon there is a small alum land. 
west of the Santa Lucia Hange is well supplied deposits are aSl:loeinted with jasper as the coating of spring, Sept€mher, 190i{. 
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COLUMNAR SECTION OF THE SEDIMENTARY ROCKS OF THE SAN LUIS QUADRANGLE. 

FORMATION NA)fE. 

Ii 
~ II :::. Pismo format.ioll (in the south-

ern portion) 

UNCONFORMITY. 

Monterey shale. 

Vaquero sandstone. 
-- UNCONFORMITY. ---t---=--

Atascadero Iormation. 

--1--- UNCONFORMITY. 

Toro formation. 

San Luis formation. 

GJ"anite. 

COLUMNAR 
SKCTION. 

THJ"JnIE~$ 
IN FEET CHARACTER Olr ROCKil. 

1-100 Clay and gravel. 

10-400± 

1000+ 

300ll;±: 

l500.:±: 

5000-7000 

3000-4000 

lOOO± 

Sandy and marly day. with pebbly conglomerates; thick conglomerate at the 
bott.oIl!, formed 01" fragments of ~lonterey 8hale. 

., •• i..." .","'",. soft sandstone, containing several strata of 

Thin·bedded limestone. 

shale, largely sili<'cons, with diatomaceons earih in 
source 01" the oil and asphaltum; sulphur spring's 

Volcanin ash of varying thickness, in pla(leS soparated into thill beds 
of shale. Sandstone at the bottolll. 

conglOlllerate. 

Thi<'k- and thin-bedded stlmiston0, wit.h small amount of conglomerate and .. hale. 

with tlIin irregular layers of conglomerate at the 

Usually an earthy sandstone, but. in places there is a considerable thi<lknf'sS of 
dark shale, very similar to the Toro formation. Contain!! numerou~ radio­
larian jaRpel' lent.il~ and some contaet-metamorphic schist. 

Biotit.e·g·!·IUlile with fOlile lIlUutz-lIlOm;unite, cut by dikes of a.plite. 

HAROLD W, FAIHBANKS, 
Geologist. 
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I.- QUATERNARY TERRACE DEPOSITS RESTING UNCONFORMABLY ON ERODED EDGES OF MONTEREY 
SHALE, ON THE COAST BETWEEN PISMO AND PORT HARFORD. 

The contact is a wave.cul plain. Rain sculpture is well shown in the soft terrace gravels. 

CALIFORNIA 
(SAN L UI S OB ISPO coJ 

SAN LUlS QUADRANGLE 

FIG. 2.- MORRO BAY FROM THE SOUTH. 

The barrier beach between the bay and the ocean was formed dur ing Ihe last sinking of t he land, and it has been made 
higher and broader by the formation of sand dunes. Morro Rock is shown beyond the northern end of the barrier 

f iG. 3.-CONTORTEO MONTEREY SHALE NEAR POINT BUCHON. 

T his isolated rock shows the characteristiC crumpliog to which the shale has been subjected in many places. T he thin layers of hard shale are separated by partin2's 
of soft er material, wh ich hasfa.ored cru m pling ra t her l nan crush in£, under pressure. 

FIG. 4. - PROMINENT BUTTES NORTHWEST OF SAN LUI S O BISPO. FIG. 5.- MORRO ROCK FROM THE EAST. 

This is t he northernmost of the chain of buttes e~tendini to San luis Obispo. The Sl eep, rUiied slo pes are d ue to t he resistan t nat ure of t he 
iineous rock ofwhido t he butte is composed. 
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FIG. 6. - 0UTCROP OF A LENTICULAR BED OF JASPER ON THE COAST NORTH OF PORT HARFORD. 

CALIFORNIA 
(SAN LUIS OBISPO CO.) 

SAN LUIS QUADRANGLE 

The jasper masses stand vertical and weather out in jJgged points that rise above the fla t surface of the Quaternary 
terrace grave ls Which partly bury them 

FlO. 7. - TIDAL LAGOON FORMED BY SAND SPIT AT MOUTH OF SAN LUIS OBISPO CREEK. 

In the fore e: round is an ox.bow cut.off, and in the distance, beyond the wharf at Port Harford, is San Luis Hil l, leveled 
off at a heig ht of 700 feet by marine p lanation during t he last great submerllence of the coast 

Fla. a.- NEAR VIEW OF ONE OF THE LENTICULAR MASSES 
OF JASPER SHOWN IN FIG. 6. 

Looking approx imately along the strike. 

FIG. 9.-NEAR VIEW OF A PORTION OF A TESCHENITE DIKE 
IN MONTEREY SHALE SOUTH OF POINT BUCHON. 

T he dike is .ert ical and shows columnar structure. The columns lie 
hor izontal and are perpend icular to the walls of the dike. T he 
a ltered analcite is arranged in bands parallel to t he dike wall and 
weathers easily, causing the surface to appear ribbed at r ight angles 
tothe co lumns. 

FIG. ll.-WAVE-CUT TERRACES AT MALLAGH LANOING. 

The terraces are cut in the volcanic ash at the base of the Monterey shale. The upper bench,s '00 feet above 
sealevel; the middle one, 60 feet ; and the lower one, '0 feet. 

FIG. l O. -OVERHANGING CLIFFS ON THE COAST NEAR PISMO. 

The character of the cliff ;sd ue to the attitude of the bedding . The rocks are the 
. basal port ion of the Monterey shale. 

FIG. 12.-SEA CAVES NORTH OF MALLAGH LANDING. 

The upper cave was cut out by the waves when the land stood 00 feet lower, with 
reference to sea level. Thevolcanicash,in which it has been cut, isonlyslig-htly 
affected by atmospheric agencies, so that the waves underm ine it. The lower 
ca.e is be inlrformed by present wave action. 
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I 
I Livingston Montana 25 55 I Standingstone I Tennessee .. 
2 Ringgold. Georgia-Tennesse,e 25 54 Tacoma ... : Washington. 
5 Placerville .. California. .. 25 55 Fort Benton .. Montana· 

: 4 Kingston. Tennessee .. 25 56 ! Little Belt Mountains . I Montana. 
5 Sacramento California. .. 25 5, Telluride. Colorado· 

16 Chattanooga Tennessee. 25 58 Elmora. i Colorado 

I Pikes Peak .. Colorado 25 59 ! Bristol Virginia-Tennessee 
8 Sewanee. .. Tennessee 25 60 ' La Plata . Colorado 

19 Anthracite-Crested Butte . Colorado 50 61 Monterey. Virginia-West Virginia. 
10 Harpers Ferry . Va.-W. Va.-Md. 25 62 I Menominee Special Michigan 
11 Jackson California· 25 65 I M other Lode District . California .. 
12 Estillvitle. Va.-Ky.-Tenn .. 25 64 Uvalde. Texas 
15 Fredericksburg. Maryland-Virginia 25 65 Tintic Special ut"" 
14 Staunton. Virginia-West Virginia. 25 66 I Colfax California. 
15 ! Lassen Peak. California. 25 67 ' Danville Illinois-Indiana. 

16
1 

Knoxville. Tennessee-North Carolina· 25 68 Walsenburg Colorado· 
1l Marysville California. 25 69 I Huntington ... West Virginia-Ohio 
18 Smartsville . California. 25 1O I Washington .. D. C.-Va.-Md. 
19 Stevenson Ala.-Ga.-Tenn .. 25 n Spanish Peaks CoiorCjodo .. 
20 Cleveland· Tennessee 25 72 I Charleston .. West Virginia 
21 Pikeville .. . . . Tennessee ....... 25 7D I Coos Bay Oregon .. 
22 McMinnville I Tennessee ....... 25 ,.. Coalgate Indian Territory . 
25 Nomini. Maryland-Virginia .. 25 75 Maynardville . Tennessee 
24 Three Forks . , Montana 50 76 I Austin. Texas 
25 Loudon. I Tennessee 25 n Raleigh. West Virginia 
26 Pocahontas. I Virginia-West Virginia. 25 78 Rome ... Georgia-Alabama 
2, Morristown. Tennessee .. 25 ,9 Atoka. Indian Territory . 
28 Piedmont. Maryland-West Virginia. 25 80 Norfolk. Virginia-North Carolina .. 
29 Nevada. City Special . California. 50 81 Chicago. Illinois-Indiana . 
110 Yellowstone National Park . Wyoming. 75 82 Masontown- Uniontown Pennsylvania .. 
51 Pyramid Peak California .. 25 83 New York City New York-New Jersey ... 
52 Franklin Virginia-West Virginia. 25 84 Ditney Indiana .. 
55 Briceville. Tennessee 25 85 Oelrichs South Dakota-Nebraska. . .. 
54 Buckhannon West Virginia 25 86 Ellensburg Washington. . 
55 Gadsden Alabama .. 25 87 Camp Clarke .. Neb!'aska. 
56 Pueblo Colorado 50 88 Scotts Bluff Nebraska .... 
57 Downieville· California. 25 89 Port Orford Oregon. 
38 Butte Special .. I Montana .. 50 90 Cranberry North Carolina-Tennessee. 
59 Truckee California. 25 91 Hartville. Wyoming .. 
40 Wartburg. I Tennessee 25 92 Gaines I Pennsylvania-New York .. 
41 Sonora ... I California. 25 93 Elkland-Tioga . Pennsylvania· ....... 
42 i N~eces .......... Texas .. 25 94 I Brownsville-Connellsville Pennsylvania. 
451 Bidwell Bar . . . . . California. 25 95 Columbia .. I Tennessee 
44 Tazewell ...... I Virginia-West Virginia. 25 ~~ I g~;~!r : . 

I South Dakota 
45 , Boise ....... Idaho ... 25 South Dakota 
46 Richmond Kentucky .. 25 98 ' Tishomingo. Indian Territory. 

47 i London •... .... Kentucky . 25 99 Mitchell South Dakota. 

I 
Tenmile District Special Colorado 25 100 Alexandria. I South Dakota. 

!~ I Roseburg. ..... , . Oregon. ... 25 102 Indiana. Pennsylvania 
50 ' Holyoke ... Mass.-Conn. 50 105 Nampa ... I Idaho-Oregon 
51 Big Trees California: 25 104 Silver City. I Idaho. .... . . . . 

I 52
1 

Absaroka. Wyoming .. 25 105 Patoka. Indiana-Illinois. 
, 

- __ ._._. __ J __ 

* Order by number. 
t Payment must- be made by money order or in cash. 
t These folios are out of stock. 

--------
Cireulars showing the location of the area covered by any of the abov.e folios, as well as information concerniIl2" topo21"aphic maps and other publications of the Geological Survey, may be 

had on appllcation to th.e Director, United States Geological Survey, Washin2ion, D. C. 
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