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EXPLANATION. 
The Geological Survey is making a geologic: 2. Contours define the forms of slopes. Since! town or natural feature within its limits, and at 'I changed by the development of planes of div1. 

map of the United States, which necessitates the I contolll'S are continuous honzolltal1ines conform-I the sides and corners of each sheet the nallles of sian, so that it splits in one direction, more easily 
preparation of a topographic base map. The iug to the surface of the ground, thefT wind adja;ent s~eets) if pU.blish:d, are pl'int~~. . I t!Jall in others. Thus. a grani~e llla~~ pa;';s luto a 
two are heing issued together in the forIll of an smoothly about smooth sllrfaces, recede mto all USC8 oj tlu: topollmpltrG shed. - ". It1lll the. and from that lllto a lllwa·sclmt. 
atlas, the parts of which are called folios. Each reentrant angles of ravines, aud project in passing limits of Rcale the topographic sheet is an accunde I l'ocft:s.-These compri;,;c all l'(wkR 
folio consists of a topographic base map and about prominences. The relations of contour and characteristic delineation of the relief, drain· ! which have depusited under water, -whetlier 
geologic maps of a small area of country, together curves and angles to forms of the landscape call ~ge, and CUItUl"e of the d~"trict represented. View· I in lake, or stream. They fO]"lll a ,'e]"y large 
with explanatory and descriptive texts. I be traced in the map and sketch. mg the landscape, Itlap III hand, e\'ery character· part the dry land. 

r' , , 3. Contonrs show the approximate grade of istic feature uf sufficient magnitude should be, 'Vhen the materials of which sedimentary rocks 
IIlE TOPOGRAPHIC MAP. any sloVe. The vertical space between t\VO con- recognizable. It should guiue the tl'llveler; sel'\-e' are composed are cal'l'ied as solid particleR by 

The features represented on the topogJ'aphic tours is the same) -whether they lie alollg a cliff, the illYestor or o"mer \\·ho uesires to a1:icel'tain the water and deposited as gravel, salld, 01' lIl!1Ci, the 
map are of tIllee dhtlnct kinds: (1) inequalittes I or un a gentle slope; but to ll!'le a gl\en heIght I positIOn and surlUundlllgs of propOlt} to be deposit is called a mechanical seuilllellt. Thest' 
of SUI face, c,tlleu } ellet, as plams) plateaus, valle} s) on a gentle slope one must go f~u ther th,lll un a I uough t or sold; sa, e the englllem pI elimlIlaI) may become hardened into eonglomel'ato, sand­
hIlls, lind muullt,llnS; (2) distrIbutIOn of wateJ) steep slope, ,md therefore contourt; ale f'll apart I sm \ e, s m locatlllg loads, ldll\, a) s, and llilgatwn stone) or shale. ",Yhen the material i~ cal'1'ieo. ill 
calle(l afo! stre.nHR, Llkes, and swamps; on gentle Hlopes and ne,lr togethm on Htetp olles dltcheR, pro\ Ide educational matel ml f('1 Rchools solution by the water aHd is deposited without. 
(3) the of man, c'llled culture) as loads) I For a flat ot gently undulatmg cuunhy a small wd hottles; and Rer\ e man) of the purpot;es of It ~.he aid ~f life,Jt is call~d a, c~em~ca~ sediment; 
I'luho,ul!-l, bound alles, ,illages) and CIties contour mterval is used; fora steep 01 mountam l1l,lp fO! lO("llIefelence If deposIted WIth the aId of hfe, It Hl called an 

Belaj -All eJe\ atwlls aJ e meas11led hom mean ous country a large mten al IS lleCe~Sal) The THE GEOLOGIC MAP organic sediment. The more important rocks 
sea.leyel. The heightf; of lTlany points are aceLL- ! smallest intel'\'al LLsed on the atlas sheets of the formed from chemical and organie deIJosits are 
rately <letermineu, and those -which al'e most Geological Suryey is 5 feet. This is used fot' The maps representing areal geology show by limestont', ellert, gypsUIll) salt, iron orc, peat, 
important tLre given on the map in figures.: regions like the }iississippi deltlt and the Dismal colot'f; and conventional signs, on the topowaphic lignite, and coaL Anyone of the ahO\~e se(li­
It is desirable, however, to gi\'e the el:ytl,tion of 1 t':hyalll~). In mappingw'eat mountailll1las~ef'l,like, base map, the distributiun of rock for'lllatIOns.on lllenta,l):c deposits ~ay be separ:~tely f~n'med, ~ll' 
all parts of tl~e area mapped, to del\lleate the , thos~ 1Il ColOl:ado, th~ ~lltel'yal H~ay be 200 feet.. I the RUl1ace of ~he earth, and the str~tetuT'e.sechon the drfierent mate~tals ltlay he l?tel'l1l:11gled III 

hurizulltal outline, 01' contour, of all slopes, aJHl to ; For mtermedlate l'eltef contOllr Interva.ls of 10, map Rhows theIr undergrounu relatIOns, as fur as mally -ways, productng a great varwty of rocks. 
indicate their gmile or degree of steepness. This 120, 2i\ :":i0, and 100 feet are used. known, and in such detail as the scale pt'l'ITritf'l. Sedimentary rocks are usually made lip of 
if'! done hy linef; cunneeting points of equal ele\Ta· J)J'(tina[!e.~-\Vatercourses are indicated hy blue KINDS OF ROCKS. layers 01' heds which can be easily separated. 
tion aboye merln sea-level, the lines being drawn i lines. If the stream flo\vs the year round the These layers are called 8tl'aia. RoC'ks depll,sited 
at reg lll,H.1' \'ertieal inte]'val~.. These. lines are I line is drawn unbl'Oken) .but ~f the chml11el is dxy Rocks are of many kinds. The OI'iginal crust in rsuccess~ve.layers are sai~ to he stratifi~J 
cuJle(l coutou}'s, and the umform vert.lcal a part of the year the hne IS broken 01' uotted.. of the eal'th was Vl"obably composed of rhe sUlfaee of the earth IS not fixed, as lt seems 
between eaeh two eon to ill'S is called t.he " \Vherc a stt'eam sinks and reappears at the sur· and all other rocks have been to be; it very slowly rises 01' sinks (H'er wide 
-interIHtl. Contour!-l aud elevations are printed in I face, the supposed. underground course is shown them one \:ay or a~lOther. ,i e~panses, and as it rises OJ' suhsidesthe s~~re-lines 
brown. by It broken blue line. Lakes, marshes, and other Atmosphenc agenCIes gradually break up tgne· of the ocean are chiwged: areas of tleposlllOll may 

The manner in whICh contours express eloya- J bodies of water are also sho\vn ill blue) by appro- ollsrocks,fol'lllingsuperficial,oI'K,u'fidal,deposits rise ahove the ,vater and become lt1lld areas) and 
tion, fon)]) and grade i" shown in the following ~I priate conventional signR. of sanu, and gravel. Deposits of this class land areHS may sink below the water aud become 
sketeh and c01'1'espo]](ling eontoLlr map: Outtu,!'e.-The works of man, such as I:oads, l~a~'e _ f~ll1n~d on :~nd surfaces since the ~ar- areas of dcp~sition. If North America ,vere 

railroads, and towns, together ''lith boundarIes of he:-;t geologIC tane. Ihrough the transportlllg gradually to smk a thousand feet tbe sea would 
tov\I'nships, counties, and States) and artifici.al agencies of streams the surficial materials of all flow oyer the Atlantic coast and the ::Uississippi 
details, are printed in black. ages and origins are carried to the sea, where, und Ohio valleys from the Gulf of :Mexico to the 

Scales.-The area of the United States (exclud- along with material derived from the land by the Great Lakes; the Appalachian :Mountains would 
ing Alaska) is about 1\025,000 square miles. On action~ of the waves all the eoast) they form ~e(Ii- ,become an al'ch~felago., and .the ocean's ~h()re 
", map with the, scale of 1 mile, to the inch this mentaJ'Y I'ocks. These are 1Isllally h.ardened mtn I would traverse W,I,sconsm, Io\\'a, and ~ansas'.,and 
would covel' 3,025)000 square inches, and to conglomerate) sa~dstone, shal.e) and lime-ston.e, but extend ~hence to lexas. l\[ore exte~stve changes 

I 

accommodate it the paperd, imensions, WOUI,a need they may remaIn unconsohdateu an,',l stIll be, than thIS have repeatedly OCCUlTed m the ,pa . ..,t. 
to be about 240 by 180 feet. Each square mile callecl "rocks)l by the geologist, though popularly The chamcter ~f the original s~dime.nts may he 

"'-""::-rT'--'-,, of ground surface would he represented by a kn~wn as ?,ravel) s~nd, ~Tld clay... . changed by chemIcal. and dynamIC actIOn so as to 
square inch of map surface, and (lne lineal' mile lirom tmle. to tllne 1n geologIC hlt;tory 19ne- pr~duce meta~orphIC rocks .. In t~e metalllor­
on the ground would be represented by a lineal' OilS. and sedI~entary roC'k~ 11:1\'e .been deeply phlsm .of a sedlm~ntary rock, Just as III the meta~ 

: inch on the map. This relation bet\veen distance bUrled, consolIdated, and raIf;ed agalll aboye the morplllsm of an Igneous roek, the S11 bstances of 

I 
in nature and corresponding distance on the lllap sllrface of. the water. In these processes, thro~gh \~:hic~ it is composed Illayenter into new eom· 
is called the scale of the map. In this case it is" 1 the agenCIes or pressnre, movement, and chemICal hmatlOns, or ne\\'~ substances may he added. 

I mile to an inch.n The scale may be expressed also action, they are often greatly altered, an(l in this ",Vhen these processes are complete the sedimen-

I 
by a fraction) of whieh the numemtor is a length condition they are ~~alled metanWI1Jkic 'l'~ck..'" tary rock becomes crystalline., t\u~~h chaugeR 
on the map and the denominator the coJ"t'espond- klJUons '/'o('k8.~rhese are l'()(:ks. whwh Imye transform sandsto.~e to quartZIte, hmest~)]Je to 
ing length in nature expl'e:~sed in the same unit. cooled and consol~dated fr?IIl a hqlJld state. As ma~'ble, and. r~odIfy other rocks accord~l1¥. to 

}'lg, 1.-1(I~al sketch and eorr~sp'~~d-ing contour map. I Thus, as thel'e are 63,360 inches ill a mile, the has l?een exp]aI~e~, s~dlmentary roc~s were their CO~llposltlOn. A system ?f parallel dlnslOn 
scale" 1 mile to au inch" is expresRed hy depOSIted on the (mglllaligneous rocks. lhrough planes IR often produced, whlCh may cross the 

The sketch represents a river valley hetween Both of these methods are used on the maps the igneollR and sediment.ary rocks of an ageR original beds or strata at any angle. Rocks 
two hills. In the foreground is the sea) with a bay the Geological Survey. molten material has from time to time been fmeed divided. oy such planes are ealled slates 01' SdIists. 
which is partly daRed by.a hooked snnd·bar. On Thl'ee scales are used upward to or near the surface, and there con-I Rocks of any period of the earth's histmy nwy 
each :,ide of the valley IS a terrace, From the the Geological Survey; the srnltllest is solidated. vVhen the ehannels or vents iIlto be more or less altered, hut the younger forma-
terrace on the right a hill rises gradul111y, -while intermediate W;oo6' and the largest which this molten ma.terial is forced do not tionR have generally eseaped llutrke<1 metamor· 
from that on the left the grollnd ascends Rteeply correspond approximately to 4 miles, reach the surface, it either consolidat.es in cracks ~ phism, and the oldest sediments known, though 
ill It precipice. Contrasted \vith this precipice is and 1 mile on the ground to an illch 011 the map. or fissures cl"Ossing the hedding planes, thus form- generally the most altered, in some loca.lities 
the gentle descent of the left-hand slope. In the On the scale G2,~ a square inch of map surface ing dikes, 01' else spreads out between the strata remain essentially unchanged. 

~~:;:,~;;~~t~f :~~~:~o;,e~!u:~: i:k~;~~~~;(\:l:::~~l; ~:;;:~s:~t~h:n~ca~~I::,,:,O:od~(1;~~2r s~~,a:.e :~:~::~ :'~c~~~~.eb~~;~::l c::;t~~18:~~s O\J~t~i:i~~:ir ~.~~~ sa;~;~~;:~e;';C::d;~':~~::s~~:~::,~,~~::2:;I~~:~:: 
The following expbnation may make clearer the enclosures they cool slowly, and hence al'e gener- whether derived from the hreaking up or disinte, 
mauner in which contollrs delineate elevation, and on the scale 250~QOO' to al)()ut 16 sqnare miles. aUy of crystalline texture. \Vhen the channels gration of the underlying rockR by atmospheric 
tOI'm, and grade: At the bottom of each atlas sheet the scale is reach the surface the lavas oft.en flow out and. build ageneies or from glacial action. Surfleial rocks 

1. A contour indicates approximately a certain expressed in three different ways, one being a up volcanoes. These lavas cool rapidly in the air, that are due to disintegmtion are produced chiefly 
height al)()\'e sea·le,-e1. In this illustration the graduated line l'epresentiJlg miles and parts of acqniring a glassy or, more often) a partially by the aetion of ail', water, frost, aIJimals, imd 
contour interval is 50 feet; therefoI'e the con- miles ill English inches, illlothel' indicating dis- talline condit.ion, They are US1Hllly more or plants. They consist mainly of the least soluble 
tours are drawn at 50, 100, 150, 200 feet, amI so Oil) tance in the llleh·ic system, and a third gi\'ing the porous. The igneous rocks thus formed upon the I parts of the rocks, which remain :tfter the more 
auove sea·leveL Along the contour at 250 feet lie fl"aetional scale. sUI'face are called extl'u8h..'e. Explosiye action soluble parts have been leached out, and hence 
all points of the surface 250 feet above sea; and Atla-8 sheet8 a.nd The map is often accompanies volcanic eruptions) causing are known a..'l residual products. Roils UJl(] Ruh. 
similarly with any other contour. In the space being published in of convenient size, ejections of dust or ash and larger fragments, soils are tIle most important. Residual accumu· 
between are found all elevations ",.'hich are bounded by parallels tLnd meridians. These materials when consolidated constitute lations are often washed or olown into valleys oJ' 
al)()v(l the and below the lligher contour. The corresponding fOUI'-col'llel'ed portions of ter- hl'eccias) agglomerates, and tuffs. The ash when other' depressions, where they lodge and form 
Thus the contour at 150 feet falls lust below the' ritory are called quadmuyle8. Each Rheet on carried into lakes or seas may become Rt.ratifled, deposits that grade into the sedimentary class. 

of the terrace, \vhile that at 200 feet lies the scale of ~50:QlJ() contains one square degree, i. e., a so RS to have the structure of sedimenta.ry rocks. Surficial rocks that are due to glaeial action are 
the terrace; t.herel'ore all points on the uegree of latitude hy a degree of longitude; each The age of an igneous rock is often difficult or formed of the products of disintegration, together 

terrace are shown to lH'l more than 150 but less sheet on the scale of 1~00t) contains one-quarter of impossible to determine. 'Vhen it cuts across a with bowlders and fragments of rock rubbed from 
than 200 feet ahovE> ~ea. The ·summit of the a square degree; each sheet on the seale of (1:l.~..oo sedimentary rock, it is younger than tllat rock, the surface and ground together. TheRe are 
higher hill iR Rbted to he 671) feet Rhove sea; contatnR one·sixteellth of a square def:,l'ree, The and ",vhen a sedimentar), rock is devosited over spread irregularly over the territory oe(~upied hy 
accordingly the contour at 650 feet sUl'rounds it. areas of the correspomling quadrangles are about it, the igneous rock is the older'. the ice) and form a mixture of clay, peLbles, and 
[n this illustration nearly all the contours are 4000, 1000, and 250 square miles, respectively. Under the influence of dynamic and chemical bowlders which is known as till It mlty occur 
numhered. Where this is not possible, certain The atlas sheets, being only parts of one ma.p of fones an igneous rock may be metanlOrpllOsed. as a sheet or he bunched into hJlls aud ridges, 
contours-say every fifth one-are accentuated the United States, are laid out without regard to The alteration may involve only a rearrangement forming moraines, drumlins, and other special 
and numbered; the heights of others may then the boundary lines of the States, counties, or town- of its minute particles 01' it ruay he accompanied forms. Much ohhis mixed material was waRhed 
be ascertained hy coullting up or down from a ships. To each sheet, Rnd to the quadrangle it by a change in chemical and mineralogic composi- away from the ice, assorted by water) and l'ede· 
numbered COJltour. represents, is given the name of some well-known tion. :Further, the structure of the rock may be posited as beds or trains of sand and clay, thus 



forming another gradation into sedimentary 
deposits. Some of this glacial wash \vas deposited 
in tunnels and channels in the ice, and forms char­
acteristic ridges and moundR of sand and gravel, 
known as osars, or eskers, all(l kames_ The 
material deposited by the ice is called glacial 
drift; that washed fmm the ice onto the adjncent 
lalld is called modified drift. It is mual also to 
class as surficial rocks t.he deposits of tlle sea and 
of lakes and rivers that were made fl,t the saUle 
time as the ice deposit. 

AGES OF ROCKS. 

Hocks are further distinguished according to 
their relative ageH, for tIley were not formed all 
at one time, hut from age to age in the etl,l'th's 
history. ClassifieatioJ] by age is independent of 
origin; igneolls, sedimentary, and i:llll'ficial rocks 
may be of the same age. 

the Pleistocene and the Archean, are distin. In cliffs, canyonR, sbafts, and other natural and 
guished from one another by different patterns, artificial cuttings, the relations of different beds 
made of parallel stmight lines_ Two tints of the to one anoUler may be seen. Any cutting wh1l'h 
verind-color are used.: a pale tint (the undel'print) exhibits those relatioIls is callcd II section, and the 
is printed evenly over the whole surface represent- same name is applied to a diagram representillg 
ing the period; a dark tint (the overprint) hrings the relations. The arrangement of rocks in the 
out the different patterns representingfol'mations. ' earth is the earth's structure, alld a section exhiLit­

Pleistocene 

Neocene {~Vg:~:} . 
Eocene (includi.ng Oligocene) . _ . 
Cretaceous. 

E I Olive-browns. 
K Olive-greens 

J uratrias {~~i~~:lg} . Blue-greens. 
Carboniferous (including PCl1uian) .. ! C Blues. 
Devonian D Bille·purples. 
8ilurian (ineiuding Ordovician) .. ··1 S I· Hed·purples. 
Cambrian. _ .. _ £ Pinks. 
Algonkian. Orange-browns 
Archean . A'l Any colors 

ing this arrangement is calleu a structure section. 

\Vhen the predominant material of Ii I'oek mass Each formation is fllt'thermore given a letteI'­
is essentially the same, and it is bounded uJ'rocks symhol of the pedod. In the case of Ii Redimen. 
of different matcriulfl, it is ('onvellient to eall the tar), formation of uncertain age the pattern is 

The geologist is not limited, hO"lNe\Ter, to the 
natural and artineifll cuttings for his information 
concerning the earth's structure. Knowing the 
manuel' of the formation of roekR, anit having 
traced out the relations among beds on the Rur­
faee, he can infer their l'elati ve positions after 
they pass heneath the sllrface, dr:nv sections 
which represent the stI"llCture of the earth to a 
considerahle depth, and construct a diagram 
exhibiting what \vould be seen in tIle side of a 
cutting many miles long and several thousand feet 
deep_ ThiR is illustrate(l in the fonowing figure: 

lllaRS throughout it'! ~'xtellt a and such printed on whitegronnd in the eolorof tIle period 
a fOf'matioll is tlle llllit of mapping. to ,,,,hieh the formation is Rll}lposetl to belong, , 

Se\"era] formations cOlll:liuereu together al'e the letter-symbul of the period being omitted. I' b--~~===-~oc?:irs-::s:;,-;;=2~ 
designated a The time taken for the The number and extent of ~urncial formationR 

Tn fig. 2 there are three sets of formations, dis­
tinguished by their underground relations. TIle 
first of these, seen at the left of the section, is the 
set of l'Iandstones and shales, which lie in It hori· 
zontal position. These sedimentary strata are 
now high above the sea, forming a plateau, and 
their change of eleyation sbo\vs that a portion of 
the earth's mftSS has swelled upwm·d from a 
lower to a higher level. The Rtmta of tIlis set are 
parallel, a relation which is called coliforlfWUlr. 

The second set of formations consists 01 strata 
which form arches and troughs. These strata 
were once eontinuous, but the crests of the arches 
ha\Te been removed hy degradation. The beds, 
like those of the first set, are conformable. 

The horizontal strata of the plateau rest upon 
the upturneit, eroded edges of the heds of the 
second set at the left of the section_ The OHr-
lying deposits are, from their positions, evidentl): 
younger than the underlying formatiOlI~, anu the 
bending and degradation of the older stmta must 
ha\Te occurred between the uepositiun of the ollieI' 
beds and the acculllulation of the younger. ,Vhen 
younger st.rata thus rest upon:w er·oued surface 
of ohler strata t.he relat.ion hetween t.he two is an 
uHcon/ol'nwble one, and their sllrface of eontaet is 

deposition of :\ is eal1ed an epoch, and of the Pleistocene render them so important that, ; 
the time taken for that of a syRtem, or sume to distinguish them from those of other periods of formation~ c01ll:lists of enstal. 
larger fraction of a I:l)'stem, a 1'0'£0£1_ The rocks and from the igneous rocks, patterns of dots and line flchists and igneous rocks. At some pVt:'l'iod 

are mapped by forll1ations, and the formationR are circles, p-r:In.ted in any colors, are used: I Fig. 2.-Sketch showing a yertical ~ection in the front of tbe of their history tlJe schists were plieate(l 1»), vres-
classified into systems. The rocks composing a The ol'lgm of the Archean rocks_ is r:ot fully picture, with a landscape bcyond. sure and traversed hy eruptions of moltell rock. 

and the tillle taken for its deposition are se;tled. l\fa~lY of dIem are certalll~Y 19neou~.· The figure represents a landscape which is cut But this pressure and intruRion of jgneow, rocks 
the saiUe name, as, for instance, Cambrian ,\" hether s~chmentary r~cks are aTlso Illc~IHleJ. lS I off sharply in t.he foregrollnd by a vertical plaIle I have not affected the overlying strata of the seeond 

system, Cambrian period. not det_erlllllled. The Alchea~ ~ocks, and all meta- that cuts a sechon so as to show the umlerground set. Thus it is evident that an interval of con Rid-
As sedimentalT deposits or strata a.ccumulate morphlC rocks of unknown ongm, of whatever age, I relations of the rocks_ erable dUl'a.tion elapsed between the furmatioll 

the younger rest OIl those tlHlt are older, and the are represented on the maps by pattemR consisting The kinds of rock are indieated in the section of the RehiRts and the bebrl.nning of deposition of 
relative ages of the deposits may be diRcovered of short dashes irregularly placed. T}lese are by appropriate Rymhols of lineR, dots, aIHl daslles. the strata of the second set. During thi/l interval 
by observing their relative positions. This rela- printed in any color, and may he darker or lighter These symbols admit of much variation, but the the sclrists suffered. metamorphism; they were tlle 
tionship holdR except in regiolls of intense d.is- than the background_ If the rock is a schist the following are generally used jJl sections to repre- scene of erupti\ce activity; and they ·were deeply 
tUl'bance; sometimes ill sllch regions the disturb- dashes or hachures nmy he arranged in \vavy pm·- sent the commoner kinds of rock' eroded. TIle contact between the second and 
:wce of the be(lR has been so great that their allellines_ If Hie rock is knO\vn to he of sedi- third sets, marking a time iIlterval betweell t\'1;O 
position is reversed, and it is often difficult to mentaryorigin the hachure patterns may he com-II SHALES periods of rock formation, is another uncon-
determine the relative ages of the beds from their bined with the parallel-line patterns of sedi- formity_ 
positions j then f08~ilr;, or the l'emainR of plants mentary formations. H the metamorphic rock is The section and landscape in fig_ 2 are ideal, 
and animals, are guides to show ·which of t\VO recognized as having been originally igneous, the' but they illustrate relations \vhich actually oceur_ 
or more formations js the oldest. hachureR may be combined with the igneous The sections in the structure-section sheet are 

Htrata often contain the reltlains of phutR and pattern. related to the maps as the section in the figure is 
animals which lived in the sea or ·were \vaRhed Known igneous formatioTls are represented by related to the landscape. The pt·ofiles of the sur-
from the land into hI,kes or seas or wel'e buried in patterns of triangles or rhombs printed in any face in the section conespond to the actual slopes 
surficial deposits on the Janc1. Rocks that con- brilliant color. If the formation is of known age of the ground along the section line, and the 
tain the remains of life are called fossiliferous. the letter-symbol of the formation is preeeded by depth of any mineral-producing or water-bearing 
By studying these remains, or fossils, it has been the capital letter-symbol of the propel' period_ stratum which appears in the section may be 
found that the species of each period of the earth's If the agfl of the formation is unknowu the letter- measured from the surface hy using the scale of 
]listory have to a great t'xtent differed from those symbol consists of small letters \yhieh suggest the the map_ 
of othel· perio(lR. Only the siIllplfll" kiIldR of name of the rockR. Colum.nal'-s6ction Hheet.-This sheet contaius a 
marine life existed when the oldest fossiliferous THE VARIOUS GBOLomC SHEETS. concise description of the rock formations which 
rocks were deposited. Frolll time to time more JIistorical (fwlogy sheet.-This Rheet shows the' 1 occur in the quadrangle. The diagrams and 

complex kinds developed, and as the simpler ones areaR occupied by the various formations. On the Fig. S.-Symbols used to represent difTerent kinds of rock. verbal statements form a summary of the facts 
lived on in modified forms life became more margin is a legend, which is the key to the map. I relating to the character of the rocks, to the thick-
varied. But during each period there lived pecul- To ascertain the meaning of any particular colored The plateau in fig. 2 presents to\vard the lower nesses of the formations, and to the order of 
iar forms, \vhich did not exist in earlier times pattern and its letter-symbol on the map the I land an escarpment, or frout, which is made up accumulation of successive deposits. 
and have ,not existed since; these are character- reader should look for dlat color, pattem, and 1 of sandstones, forming the cliffs, and shales, con- The rocks are described under the correspond. 
iRtic typeR, and. they denne the age of un)' bed of symbol in the legend, where he will nud tbe name stituting tl!e slope-s, as shown at the extreme le-ft ing heading, aud tlwir characters are indicated in 
rock in which they are found. Other types and description of the formation. If it is desired of the sectIOn. the columnar diagTams byap}Jropriate symbols. 
passed on from period to period, and thus linked to find any given fonnation, its name should l>e The broad helt of lower land is travel·sed by The thicknesses of formations are giH'n under 
the systems together, forming u chain of life from I' sought in the legend and its color and pattern several ridges, which are seen in the secticlll to the heading "Thi{'kness in feet," in figm'cs whit·h 
the time of the oldest fossiliferous rocks to the noted, when the areas on the map corresponding correspond to heds of sandstone that rise to the state tIle least and greatest measurements_ The 
present. . in color and pattern may be traced out. surface. The upturned edges of these beds form ayerage thickness of each formation is showll in 

,Vhen two formationR are remote one from the The legend is also a partial statement of t.he the ridges, and t.he intermediate yalleys follow the column, which is drawn to a scale-usually 
other and it is impossible to observe their relative geologic history. In it the sytnl)()ls and names are the outcrops of limestone and ('alcareous shales. 1000 feet to 1 inch. The order of accumulation 
positions, the chaI'acteristi(~ fossil types fOllnd in arranged, in columnar form, according to the origin ,Vhere the edges of the stra.ta appear at the of the sediments is shown in the columnar arrange­
them may determine which \vas (le-posited first. of the forlllations--Rurficial, sedimentary, and surface their thickness can be measured and the ment: the oldest formation is placed at the 

Fossil remains found in the rocks of different igneous-and within each group they are placed angles at which they dip below the surface can he bottom of the column, the youngest :it the top, 
areas, provinces, and continentR, afrOI'd the most in the order of age, so tal' as kno\vn, the youngest obsenced_ Thus their positions underground can and igneous rocks 01' other formutioIls, when 
important means for comhining 10ca1 histories at the top_ be infened. pl'esent., are indicated ill their propel' relations. 
into a general earth history. Economic geology 8l1.eet_~This sheet l'epI'eSel1ts ,Vhen strata which are thus inclined are traced The fClI1nations are combined into systems 

Colol'I:l ((1ul pattel'lls_-To show the l'elati\Te ageR the dist.ribution of useful minerals, the occurrence underground in mining, or by inference, it is fre- : which correspond ·with the periods of g~ol()gic 
of strata, the history of the Redimentary rocks is of al'tesian water, or other facts of economic quentlyohserved. that they form troughs or arcbes, : history. Thus the ages of the rocks are shown, 
diYided into periods_ The na.mes of the periods interest, sho·wing their relations to the features of such as the section shows. But these sandstones, and also the total thickness of each SystE'lll_ 
in proper order (from nmv to old), \vith the color topography and to the geologic formations. All shales, and limestones \vere deposited ueneath the The intervals of time \yhich cOl'l"e~pond to 
or colors and symbol assigned to each, are given the formations which appear OIl the historical sea in nearly flat sheets. That they are now hent events of uplift and degradation and constitute 
in the table in the next column. The names of geology sheet are shown on this sheet by fainter and folded is regftl."ded as proof that forces exist iliteIT'uptions of deposition of sediments llwT be 
certain suhdivisions of the periods, frequently color-pattel'ns_ The areal geology, thus printed, which have from time to time caused the earth's indicated graphically or hy the word "unconform-
used in geologic writings, are bracketed against affords a subdued background upon whidl the surface to wrinkle along certain zones. ity," printed in the columnar section. 
the appropriate period name. areas of productive formations may be emphasized On the right of the sketch the section is com- Each formation shown in the columnar sedion 

'1'0 distinguish the sedimentary formations of by Rtrong colors. A symbol for mines is intro- posed of schists which 3J'e traversed by masses of is accompanied by its namE', a descriptioTI of its 
anyone period from t.hose of another the pattel'l1s duced at each occurrence, accompanied hy the igneous rock The schists are much eoutorted character, and its letter-symhol as used in the 
for the formations of each period are printed. in name of the principal mineral mined 01' of the and their arrangement underground can not he maps and their legends. 
the appropriate period-color, \\lith the exception stone quarried_ inferred. lIenee that portion of the section CHARLES D_ \V ALCOTT, 
of the first (Pleistocene) and. the last (Archean). Str1wtWl'e·s8c#on slwet.-This sheet exhibits the delineates what is probably true but is not 
The formations of anyone period, excepting relations of the formations beneath the surface. known by observation or well·founded. inference. Revised June, 1897. 

iJirectm'. 



1) ~~lJltll'Tl UN Uli' TH.E GOLD BELT: 
GEOGRAPHIC RELATIONS. 

The principal gold belt of California includes 
a portion of the Sierra Nevada lying between the 
parallels of 37° 30' and 40° north latitude. It is 
bounded on the west by the Sacramento and San 
Joaquin valleys, and on the east by a diagonal 
line extending from about longitude 1200 40' in 
the neighborhood of the fortieth parallel to lon­
gitude 119° 40' in the neighborhood of parallel 
37" 30'. There are other gold-bearing regions in 
the State, both to the north and south of this 
belt, but by far the largest quantity of gold is 
produced within these limits. The area thus 
defined contains approxImately 9000 square 
miles. At the northern limit the gold deposits 
al'e scattered over nearly the entire width of the 
range, while to the south the productive region 
narrows to small dimensions, continuing as a very 
narrow strip for some distance south of latitude 
a7° 30'. The 'whole southern part of the range 
is comparatively barren. North of the fortieth 
parallel the range is not 'without deposits, but 
the country is flooded with lavas Wllich effectu· 
ally bury the larger part of them. 

. GENERAL GEOLOGY. 

The rocks of the Sierra Nevada are of many 
kinds and occur in very complex associations. 
They Imve been formed in part by deposition 
beneath the sea and in part by intrusion as 
igneous masses, as well as by eruption from vol· 
canoes. AU of them except the latest have been 
more or less metamorphosed. 

The northern part of the rangt:, west of longi· 
tude 120° 30', consists pre\Tailingly of clay·slates 
and of schists, the latter having been produced by 
the metamorphism of both ancient sediments and 
igneous rocks. The trend of the bands of altered 
sediments and of the schistose structure is gener­
[l.lly from northwest to southeast, parallel to the 
trend of the range, but great masses of granite 
and other igneous rocks have been intruded among 
these schists, forming irregular bodies which 
interrupt the regular structure and which are 
generally bordered each by a zone of greater 
metamorphism. These slates and schists and 
their associated igneous masses form the older of 
two great groups of rocks recognized in the Siena 
Nevada. This group is generally caUed the Bed· 
rock series. 

Along the western base of the SielTa occur beds 
of sandstone and clay, some of which contain thin 
coal seams. These are much younger than the 
mass of the range and have not slJared the met· 
amorphism of the older rocks. They dip gently 
westward beneath later deposits, which were 
spread in the waters of a shallow bay occupying 
the Valley of California and portions of which 
ha\'e been buried beneath recent river alluvium. 

Streams flowing down the western slope of the 
Siena in the past distributed another formation 
of great importance-the Auriferous gravels. 
The valleys of these streams served also as 
channels for the descent of lavas which poured 
out from volcanoes near the summit. Occupying 
the valleys, the lavas buried the gold-bearing 
gravels and forced the streams to seek new 
channels. These have been worn down below 
the levels of the old valleys, and the lava beds, 
with the gravels which they protect, have been 
isolated on the summits of ridges. Thus the 
Auriferous gravels are preserved in association 
with lavas along lines which descend from north· 
eas~ toward southwest, .across the trend of the 
range. The nearly horIzontal strata along the 
western base, together with the Auriferous 
gravels and later lavas, constitute the second 
group of rocks recognized in the Sierra Nevada. 
Compared with the first group, the Bed-rock 
series, these may be called the Superjacent series. 

BED-ROCK SERIES. 

P ALEOZOIO ERA. 

During the Paleozoic era, which includes the 
periods from the end of the Algonkian to the end 
of the Carboniferous, the State of N eTada west 
of longitude 117° 30' appears to have been a land 
area of unknown elevation. Tllis land probably 
extended westward into the present State of 
California and included part of the area now 
occupied by the Sierra Nevada. Its western 

shore was apparently somewhat west of the I Oro and the Mariposa slates, are found only on 
present crest, and the sea extending westward the western flank of the Sierra Nevada. During 
received Paleozoic sediments which now consti- the earlier part of the J uratrias period portions 
tute a large part of the central portion of the of the Great Basin were under water, as is shown 
range. by the fossiliferous beds of that age in Eldorado 

At the close of the Carboniferous the Paleozoic Canyon south of Virginia City and in the Hum­
land area of westem Nevada subsided, and dur. boldt Mountains, but nowhere from the foothills 
ing the larger part of the Juratrias period it was of the SielTa Nevada to the east base of the 
at least partly covered by the sea. At the close Wasatch, if we except certain beds neal' Genesee 
of the Juratrias the Sierra Nevada was upheaved Valley, are any deposits known which are of late 
as a great mountain range, the disturbance being Jurassic age. 
accompanied by the intrusion of large amounts The following formation~ have been recognized 
of granitic rock. on the Gold Belt maps: 

The Auriferous slate series comprises all of the (1) The MaJ'iposa formation, which occurs in 
sedimentary rocks t}mt entered into the composi. narrow bands along the western base of the 
tion of this old I'allge of Juratrias time. Forma. range. The strata are prevailingly clay-slates, 
tions representing the Algonkian and all of the which are locally sandy and contain pebbles of 
Paleozoic and Juratrias may therefore form part rocks from the Calaveras formation. Tuffs from 
of the Auriferous slate series. contemporaneous porphyrite emptions also occur 

Fossils of Carboniferous age have been found in them. The fossils of these beds, such 'as 
in a number of places, und the presence of Silu- Aucella and Perisphinctes, have their nearest 
rian beds at the northern end of the range, north of analogues in Russia, and indicate a very late 
the fortieth parallel, has been determined. A Jurassic age. 
conglomerate occurs in the foothills of Amador (2) The Monte de Oro formation, occnrring to 
and Calaveras counties, interbedded with slates the northeast of Oroville. This consists of clay­
containing Carboniferous limestone; this can- slate and conglomerate containing plant remains 
glomerate is therefore presumably of Carbonif- of late Jurassic age. 
el'OUS age. The conglomerate is evidence of a (3) The SailO1' Oanyon, formation, which 
shore, since it contains pebbles of quartzite, horn. appears well up toward the summit of the range, 
blende-pol'phyrite, nud other rocks, which have and consists of clay-slates, alt~red sandstones, and 
been rounded by the action of waves. The tuffs. It is separated from the Mariposa fOlma­
presence of lava pebbles in the conglomerate tiOIl by a broad belt of the Calaveras formation. 
shows that volcanic eruptions began at a very The fossils indicate that the period of its deposi­
early date in the formation of the range, for the tion covered both the later part of Triassic and 
hornblende-porphyrite pebbles represent lavas the earlier part of Jurassic time. 
similar to the hornblende-andesites of later age. (4) The Milton formation, which has thus far 

The great mass of the Paleozoic sediments of afforded no fossils; it is lithologically similar to 
the Gold Belt consists of quartzite, mica-schist, a portion of the Sailor Canyon series, and future 
sandstone, and clay-slate, with occasional lime- research may show that it really was deposited 
stone lenses. On the maps of the Gold Belt at the same time. 
these sediments are grouped under two forma­
tions: TilE POST-J URATRIAS UPHEA VAT". 

(1) The Robinson formation, comprising sedi- Soon after the Mariposa formation had been 
ments and trachytic tuffs. This contains fossils deposited the region underwent uplift and com­
sho1\'-ing the age to be upper Carboniferous. The pression. The result of uplift was the develop­
formation is known on the Gold Belt series of ment of a mountain range along the line of the 
maps only in the Downieville quadrangle, a short I Sierra Nevada. The Coast Range also was prob­
distance south of the fortieth parallel. ably raised at this time. The action of the forces 

(2) The Calaveras formation, comprising by , was such as to turn the Mariposa strata into a 
far the largest portion of the Paleozoic sediments nearly vertical position, and to fold them and 
of the Gold Belt. Rounded crinoid stems, corals other Juratrias beds in with the older Paleozoic 
(Lithostrotion and Clisiophyllum), ·Foraminifera strata. The Juratrias clay-shales, in consequence 
(Fusulina), and bivalves have been found in the of pressure, now have a slaty structure, which 
limestone lenses, and indicate that a considerable appears to coincide in most cases -with the bed­
portion at least of this formation belongs to the ding. This epoch was one of intense eruptive 
middle or lower Carboniferous. In extensive activity. rrhe Mariposa and other Juratrias and 
areas of the Calavei'as formation no fossils have, older beds were injected with granite and other 
however, been found, and older rocks may be intrusive rocks. There is evidence that igneous 
present in these. It is not likely that post-Cal'- rocks were intruded in varying quantities at dif. 
boniferous rocks are present in these non-fossil- ferent times; but that the intrusion of the great 
iferous areas. mass of the igneous rocks accompanied or imme­

POST-CARBONU'EROUS UPHEAVAL. 

After the close of the Carboniferous and before 
the deposition of at least the later J uratrias beds 
(Sailor Canyon, Mariposa, and Monte de Oro for· 
mations), an upheaval took place by which the 
Carboniferous and older sediments under the 
then retiring sea were raised above water level, 
forming part of a mountain range. The beds 
were folded and compressed and thus rendered 
schistose. SruaHer masses of granite and other 
igneous rocks were intruded at this time. 

JURATRIAS PEHIOD. 

The areas of land and sea which existed during 
the earlier part of this period are scarcely known. 
Fossiliferous strata showing the former presence 
of the Juratriae sea have been recognized in the 
southeastern portion of the range, at Mineral 
King, where the sediments are embedded in 
intrusive granite; at Sailor Canyon, a tributary 
of American River; in Plumas County at the 
north end of the range about Genesee Valley 
and elsewhere; and in the foothill region from 
Butte to Mariposa counties in the slates of the 
Mariposa and Monte de 01'0 formations. 

The land mass that originated with the post. 
Carboniferous upheaval became by gradual eleva­
tion very extensive toward the end of the Jura­
trias period. This continental mass of late 
Jurassic time probably reached eastward at least 
as far as the east base of the Wasatch Mountains. 

diately fol1owed the upheavals is reasonably cer­
tain. Those beds that now form the surface 
were then deeply buried in the foundations of 
the range. 

The disturbance following the deposition of 
the Mariposa beds was the last of the move· 
ments which compressed and folded the Aurifer­
ous slate series. The strata of succeeding epochs, 
lying nea-rly horizontal or at low angles, prove 
that since they were accumulated the rock mass 
of the Sierra Nevada has: not undergone much 
compression. But the fact that these beds now 
occur above sea-level is evidence that the range 
has undergone elevation in more recent time. 

THE GOLD-QUARTZ VHlNS. 

This conclusion is based on the fact that the 
w::r~~=i:tr:=~,b[s:.e0R!~::~~e~u!y~~.urner, and latest Jurassic beds of California, the Monte de 

The extent of the gold deposits has been indi­
cated in the introduction to this description. In 
character they may be classed as prmary, or 
deposits formed by chemical agencies, and sec­
ondcvry, 01' those formed from the detritus pro· 
duced by the erosion of the primary deposits. 
The primary deposits are chiefly gold-quartz 
veins,-- fissures in the rock formed by mountain­
making forces and filled with gold-bearing 
quartz deposited by circulating waters. The 
gold-quartz veins of the Sierra Nevada are found 
in ilTegular distribution chiefly in the Auriferous 
slates and associated greenstone.schists and POl'­
phyrites, but they also occur abundantly in the 
granitic rocks that form isolated areas in the slate 
series. While some gold-quartz veins may ante­
date the Jurassic period, it is reasonably certain 
that most of them were formed shortly after the 

post.Juratrias upheayal, and that their age, 
therefore, is early Cretaceous. 

SUPERJACENT SERIES. 

CRETACEOUS PERIOD. 

Since no beds of early Cretaceous age are 
known in the Sierra Nevada, it is pl'esumed that 
during the early CretMeous all of the present 
range was above water. 

During the late Cretaceous the range subsided 
to some extent, allowing the deposition of sedi­
ments in the lower foothill region. These 
deposits are known as the Chico formation, and 
consist of sandstone with some conglomerate. 
In the area covered by the Gold Belt maps this 
formation is exposed only near Folsom on the 
American River up to an elevation of 400 feet, 
and in the Chico district at elevations of from 
500 to 600 feet. Since their deposition these 
strata have been but slightly disturbed from their 
original approximately horizontal position, but the 
larger part of them has been eroded or coyered 
by later sediments. 

Auriferous gravels are found to some extent 
in the Chico formation-for instance, near Fol­
som-showing that the gold-quartz veins had 
already been formed before its deposition. 

EOCENE l'E.RTon. 

In consequence of slow changes of level with­
out marked disturbance of the Chico formatioll, 
a later deposit formed, differing from it some­
what in extent and character. The formation 
has been called the Tejon (Tay-hone'). It appears 
in the Gold Belt region at the Marysville Buttes, 
in the lower foothills of the Sonora district, and 
it is extensively developed in the southern and 
western portion of the Great Valley of California. 
During the Eocene the Sierra Nevada remained 
a separate, low mountain range, erosion continu­
ing with moderate rapidity but no great masses 
of gravels accumulating. 

NEOCENE PElliOD. 

The Miocene and Pliocene periods, forming 
the later part of the Tertiary, have in this atlas 
been united under the name of the N eocene 
period. During the N eocene a large part of the 
Great Valley of California seems to have been 
under water, forming perhaps a gulf connected 
'with the sea by one or more sounds across the 
Coast Ranges. Along the eastern side of this gulf 
was deposited during the earlier part of the N eo­
cene period a series of clays and sands to which the 
name lone formation has been given. It follows 
the Tejon, and appears to have been laid down 
upon it, without an interval of disturbance or 
erosion. Marine deposits of the age of the lone 
formation are known within the Gold Belt only 
at the Marysville Buttes. Along the eastern 
shore of the gulf the Sierra Nevada, at least 
south of the fortieth parallel, during the whole 
of the Neocene formed a low range drained by 
numerous rivers. The shore-line at its highest 
position was several hundred feet above the 
present level of the sea, but it may have fluctu. 
ated somewhat during the N eocene period. The 
lone formation appears along this shore-line as a 
brackish-water deposit of clays and sands, fre­
quently containing beds of lignite. 

The Siena Nevada during this period was a 
range with comparatively low relief. The drain. 
age system during the N eocene had its SOUl'ces 
neal' the modern crest of the range, but the 
channels by no means coincided with those of the 
present time. Erosion gradually declined in 
intensity and auriferous gravels accumulated in 
the lower reaches of these Neocene rivers, the 
gold being derived from the croppings of veins. 
Such gravels could accumulate only where the 
slope of the channel and the volume of water 
were sufficient to remove the silt while allowing 
the coarser or heavier masses to sink to the 
bottom with the gold. 

During the latter part of the Neocene period 
volcanic activity, long dormant, began again, 
and floods of lavas,! consisting of rhyolite, 
andesite, basalt, and plagioc1astic glassy rocks 
chemically allied to trachyte, were ejected from 
volcanic vents, and these eruptions continued to 
the end of the Neocene. These lavas occupy 
---~~-- --.~-- - -, -~~-

1 'rhe term "lava" is here used to include not only such 
material as issued from volcanic vents in a neaJ."ly anhydrous 
condition and at a very high temperature, but a.lso tu:II-flows 
and mud-flows, and, in short, all fluid or semifluid eft'usive 
volcaniC) products. 



small and scattered areas in the BOuthern part of 
the Gold Belt, increasing in volume to the north 
until, north of the fortieth parallel, they cover 
almost the entire country. They were extruded 
mainly along the crest of the range, which still is 
crowned by the remains of the N eocene volcanoes. 
An addition to the gold deposits of the range, 
in the form of gold.quartz veins and irregular 
thermal impregnations, attended this period of 
volcanic activity. 

When the lavas burst out they flowed down 
the river channels. The e&:rlier flows were not 
sufficient to fill the streams, and became inter­
bedded with gravels. They ars now represented 
by layers of rhyolite and rhyolite-tu1fs, sometimes 
altered to "pipe-clay." The later andesitic and 
basaltic eruptions were of great volume, and for 
the most part completely choked the channels 
into which they flowed. The rivers were thus 
obliged to seek new channels - substantially 
those in which they now flow. 

Fossil leaves have been found in the pipe-clay, 
and in other fine sediments at numerous points. 
Magnolias, laurels, figs, poplars, and oaks are 
represented. The general character of the flora 
is thought to indicate a warm and humid climate, 
and has been compared with the present flora of 
the South Atlantic Coast of the United States. 

THE NEOOENE UPHEAVAL. 

In the latter part of the N eocene period a great 
dislocation occurred along a zone of faulting at 
the eastern base of the Sierra 'N evada, and the 
grade of the western slope of the range was 
increased. These faults are sharply marked 
from Owens Lake up to Honey Lake. There 
was also a series of faults formed apparently 
at the very close of the N eocene within the 
mass of the range in Plumas County. Near 
the crest the Sierra. Nevada is intersected by a 
system of fi.ssures, often of striking regularityj it 
is believed that these fissures originated during 
the Neocene upheaval. 

PLEISTOClENE PERIOD. 

During Cretaceous, Eocene, and N eocene times 
the Sierra Nevada had been reduced by erosion 
to a range with gentle slopes, and the andesitic 
eruptions had covered it with a deep mantle of 
lava flows. The late Neoceneupheaval increased 
the grade of the western slope greatly, and the 
rivers immediately after this disturbance found 
new channels and, rejuvenated, began the work 
of cutting deep and sharply incised canyons in 
the uplifted crustal block. 

A period of considerable duration elapsed 
between the emission of the lava flows which 
displaced many of the rivers and the time of 

maximum glaciation. In this interval most of the 
deep canyons of the range were formed. Such, 
for example, are the Y osemite Valley on the 
Merced River, the great canyon of the Tuolumne, 
and the canyon of the Mokelumne. The erosion 
of these gorges may have been facilitated by the 
fissure system referred to above, for many of the 
rivers of the range appear to follow one or another 
set of parallel fi.ssures for a long distance. 

At what point the limit between the Neocene 
and the Pleistocene should be drawn is a some· 
what diflicult question. On the maps of the 
Gold Belt the great andesitic fows are supposed 
to mark the close of the Neocene, and this divi­
sion is in fact the only one that can be made with­
out creating artIDcial distinctions. But it is not 
positively known that this line corresponds 
exactly to that drawn in other parts of. the world 
between these periods. 

The Sierra, from an elevation of about 5000 
feet upward, was long buried under ice. The 
ice widened and extended the canyons of pre· 
existing topography and removed enormous 
amounts of loose material It seems otherwise 
to have protected from erosion the area it covered 
and to have accentuated the steepness of lower 
slopes. Small glaciers still exist in the Sierra. 

During the earlier part of the Pleistocene 
period the Great Valley was probably occupied 
for a time by a lake dammed by the post.Miocene 
uplift of the Coast Ranges. Later in the 
Pleistocene this lake evidently was drained and 
alluvial deposits were spread over the valley. 
There is no valid reason to believe that the 
central and southern part of the Sierra has under­
gone any important dynamic disturbance during 
the Pleistocene period, but renewed faulting with 
small throw has taken place along the eastern 
base of the range in very recent times. 

IGNEOUS ROCKS. 

Rocks of igneous origin form a considerable 
part 'Of the Sierra Nevada. The most abund­
ant igneous rocks there found are of granitic 
character. Rocks of the granitic series are 
believed to have consolidated under great press· 
ure and to have been largely intruded into over­
lying formations at the time of great upheavals; 
they are thus deep.seated rocks, exposed only 
after great erosion has taken place. 

The rocks called diabase and augite-porphyrite 
on the Gold Belt maps are not usually intrusive, 
but largely represent surface lavas which have 
been folded in with the sedimentary rocks and 
correspond to modern basalt and augite-andesite. 
In like manner hornblende.porphyrite corresponds 
to hornblende-andesite, quartz.porphyrite to 
dacite, and quartz-porphyry to rhyolite. In the 

Sierra Nevada the diabases and porphyrites are between a granite and a quartz·diorite, and is in 
of pre.Eocene age, and contain in most cases Jact closely related to the latter: The large areas 
secondary mho rals, such as epidote, zoisite, ura- occupied by it and the constancy of the type 
lite, and chlorite. The unaltered equivalents of justify the special name: 
these rocks-basalt, andesite, dacite, and rhyo- Granite.-A granular intrusive rock composed 
lite-ate, in the Sierra Nevada, chiefly of Neo. of quartz, alkali and soda-lime feldspars, mica, 
cene or later age. and sometimes hornblende. 

Tuffs are volcanic ashes formed by explo. ApUte (also called (}r(JJfVUUte).-A granitoid 
sions aecompanying the eruptions. Mixed with rock usually occurring as dikes, and consisting 
water, such material forms mud flows; and when principally of quartz and alkali feldspar. 
volcanic ashes fall. into bodies of water they Syenite.-A granular intrusive rock composed 
become regularly stratified like sedimentary chiefly of alkali feldspars, usually with some 
rocks and may contain fossil shells. Breccias are soda·lime feldspars and.hornblende or pyroxene. 
formed by the shattering of igneous rocks into .Amphibolite, amphibolite-schist.-A massive or 
irregular angular fragments. Tuifaceous breccias schistose rock composed principally of green 
contain angular volcanic fragments cemented by a hornblende, with smaller amounts of quartz, 
consolidated mud of volcanic ashes. feldspa.r, epidote, and chlorite, and usual1y 

GLOSSARY OF ROCK NAMES. 

The sense in which the names applied to igne. 
ous rocks have been employed by geologists has 
varied and is likely to continue to vary. The 
sense in w mch the names are employed in this 
folio is as follows: 

Peridotite.-A granular intrusive rock gener· 
ally composed principally of olivine and pyroxene, 
but sometimes of olivine alone. 

Serpentine.-A rock composed of the mineral 
serpentine, and often containing unaltered remains 
of pyroxene or olivine. Serpentine is usually a 
decomposition product of rocks of the peridotite 
and pyroxenite series. 

Pyromenite.-A granular intrusive rock com­
posed principally of pyroxene. 

Ga"bbro.-A granular intrusive rock consisting 
of soda-lime or lime feldspars and pyroxene, or 
more rarely hornblende. 

.J)iabase.-An intrusive or effusive rock com· 
posed of soda-lime feldspar (often labradorite) 
and pyroxene (more rarely hornblende). The 
feldspars are lath.shaped. The pyroxene is often 
partly or wholly converted into green, fibrous 
hornblende or uralite. From this change, also 
frequent in gabbros, rocks result which are refer­
red to as uralite·diabase or uralite·gabbro. 

IJimite. A granular intrusive rock consisting 
principally of soda-lime feldspar (chiefly andesine 
or oligoclase) and hornblende or pyroxene (some. 
times also biotite). 

QUUII'tz.diorite.-A granular intrusive rock com­
posed of soda-lime feldspar and quartz, usually 
with some hornblende and brown mica. 

Granodiorite.-A granular intrusive rock hav­
ing the habitus of granite and carrying feldspar, 
quartz, biotite, and hornblende. The soda-lime 
feldspars are usually considerably and to a vari· 
able extent in excess of the alkali feldspars. This 
granitoid rock occupies a position intermediate 

derived by metamorphic proces-sess from augite­
porphyrite, dia.base, and other basic igneous 
rocks. 

.AugitqxJrphyrite.-An intrusive or effusive 
porphyritic rock with larger crystals of augite 
and soda·lime feldspars in a finer groundmass 
composed of the same constituents. 

Hornblmuleporyhyrite.-An intrusive or effu· 
sive porphyritic rock consisting of soda-lime 
feldspars and brown hornblende in a fine ground­
mass. 

Qua;rlz.porphyrite.-An intrusive or effusive 
porphyritic rock consisting of quartz and soda­
lime feldspar, sometimes with a small amount of 
hornblende or biotite. 

Quartz-poryhyry.-An intrusive or effusive 
porphyritic rock, which dllfers from quartz·por­
phyrite in containing alkali feldspars in excess 
of soda-lime feldspars. 

RhyoUte.-An effusive rock of Tertiary or 
later age. The essential constituents are alkali 
feldspars and quartz, usually with a small amount 
of biotite or hornblende in a groundroass, which 
is often glassy. 

.A'fIiksite.-An effusive porphyritic rock of 
Tertiary or later age. The essential constituents 
are soda-lime feldspars (chiefly oligoclase and 
andesine) and ferromagnesian silicates (horn­
blende, pyroxene, or biotite), in a groundmass 
of feldspar microlites and magnetite, usually with 
some glass. The silica is ordinarily above 56 per 
cent. When quartz is also present the rock is 
called a dacite. -

Basalt.-An effusive rock of Tertiary or later 
age, containing basic soda-lime feldspars, much 
pyroxene, and usually olivine. The silica content 
is usually less than 56 per cent. It is often dis­
tinguished from andesite by its structure. 

Trachyte.-An effusive rock of Tertiary or 
later age, composed of alkali and soda-lime feld· 
spars, with biotite, pyroxene, or hornblende. 

GENERALIZED SECTION OF THE FORMATIONS OF THE GOLD BELT. 

FORlal.A.TION NAMlI:. 

Chioo. 

Monts de Oro. 

Mariposa. 
Milton. 

Sailor Canyon. 

Intrusive granitic rocks. 

Robinson. 

Calaveras. 

C1lA.RA.OTER OF RocKS. 

___ 1 __ GREAT UNOO:Nl!'ORllITY --

Bla.ckcla.y-slate. with interbedded 
greenstones and lIome oonglom­
.,ate. 

___ 1 ___ UNOONll'ORlIIIITY ---

Argillite, limestone. quartzite. 
cbert, and mica·schist, with inter­
bedded greenstones. 



DESCRIPTION OF THE BIG TREES QUADRANGLE. 

GEOGRAPHICAL RELATIONS. gently to the southwest. Its surface, however, Twomile Creek, Hull Creek, and the North 
would be somewhat uneven, and above it would Tuolumne, after flowing some distance to the 

The Big Trees quadrangle comprises the tem- project several summits, such as Blue Mountain, southwest, tum sharply to the southeast. It is 
tory between the meridians of 1200 and 1200 30' composed of unusually resistant rocks belonging probable that the southeasterly courses of these 
west longitude and the parallels of 380 Bsteatot tbe to the Bed-rock series, and which, on account of stre&ms are due to structural features. 
and 380 30' north latitude, being thus a q.,adrengle. the durability of their materials, formed hills too The region as a whole is well watered, most of 
quarter of a square degree of the earth's surface. lofty to be buried beneath the lavas. The larger the streams flowing the year round. The North 
It is about 341- miles long and 27t miles wide streams have long since cut through this volcanic Fork of the Mokelumne and the Middle and 
and contains about 938 square miles. It embraces mantle into the underlying Bed·rock series, and North forks of the Stanislaus are fed in part by 
portions of Amador, Alpine, Calaveras, and have carved deep canyons. The canyons of the melting snow from the crest regions of the Sierra 
Tuolumne counties, but more than seven-eighths. smaller streams are similar in character but not so until late in summer, and retain at all ordinary 
of the area belongs in the two last named. Other deep, and break up into head-water ramifications seasons good volumes of water. They are usually 
quadrangles immediately adjacent to it are the long before reaching the summit region of the fordable on horseback in summer at points where 
Pyramid Pe&k on the north, the Dardanelles on Sierra. their beds are not too rocky or cumbered with 
the east, the Sonora on the south, and the Jackson As a consequence of the energetic cutting of large bowlders. 
on the west. In contact with its corners are the the streams during Pleistocene and present times, Vegetation and Ordwe.-The greater part of 
Markleeville on the northeast, the Yosemite on traveling in a northwest-southeast direction, par- the quadrangle falls within the heavily forested 
the southeast, and the Placerville on the north- allel with the crest of the range, is slow and zone of the Sierra Nevada locally known as the 
west. The greater part of the Big Trees district toilsome. It is no longer possible to ride easily "timber belt." This belt crosses the quadrangle 
lies within what may be termed the middle region along upon a nearly level ridge, but canyon after from northwest to southeast, and lies between the 
of the western slope of the Sierra Nevada-that canyon must be crossed by the tedious process of general elevations of·3000 and 6000 feet, although 
is, the well-watered and forested zone lying descending one of its steep sides and climbing not sharply limited by these altitudes. It is a 
between the alpine topography of the "high laboriously up the other, sometimes a matter of stretch of magnificent forests which TreN ottbe 

Sierra" and the foothill district in which the hours. have in great part escaped the saw- timber bIllt_ 

gold mines of the Mother Lode are situated. In .Drainage.-The greater part of the Big Trees mills. In size and nnmber the conifers dominate 
the extreme northeast corner of the quadrangle quadrangle. is drained by the Stanislaus and all other trees. They include the yellow pine 
the country already begins to assume the charac- Mokelumne rivers. The streams, however, which (Pi1VU8 P()'fuleJ'08a), the sugar pine (Pinus l,.a;m. 
teristics which belong to the higher portions of cross the southern border of the quadrangle to herUana), and the famous "big tree" (Sequoia 
the range, while the extreme southwest portion, the east of Shaws Flat flow into the Tuolumne gigantea). All of these species attain great size and 
on the other hand, lies in the foothills_ River in the Sonora quadrangle, while those cross- beauty (see fig. 5, page of illustra.tions), particu­

TOPOGRAPHY. 

Relief.-The elevations range from a general 
altitude of about 1500 feet near Robinson Ferry 
to over 8600 feet in the extreme northeast corner 
of the quadrangle, corresponding to an average 
grade of about 165 feet per mile for this portion 
of the 8ieIT~ slope. Robinson Ferry itself, being 
in a ca.nyon incised below the general level of the 
country, has an elevation of only 700 feet above 
the sea. With the exception ,of a few mountain 
meadows, usually near the heads of streams, the 
area as a whole is practically destitute of alluvial 
"alley bottoms, and is drained by streams of tor­
rential character, flowing in narrow canyons. 
The dominant features of the topography are 
long, rather narrow, ftat..topped ridges, which 
usually have a northeasterly-southwesterly trend. 
These ridges are, as a rule, capped with vol­
canic breccia made up of fragments Cban.c:ter of 

of andesitic lava. As their tops are the rldp •• 

often bare and fairly even, they have come to be 
natural routes of travel through the region, and 
are followed by the sheep and cattle herders, who 
make use of the highest alpine districts for 
pasturage during the summer months. Keeping 
upon the crest of one of these ridges, the traveler 
may ride for hours on a scarcely perceptible grade 
toward the northeast. The general aspect of the 
country, as seen from such an elevation, is that of 
a somewhat uneven, gently sloping plain, below 
the surface of which the present canyons have 
been excavated. It is evident that the topog. 
raphy of to-day is compound in character. The 
streams now rushing through the canyons have 
been for some time at work cutting and shaping 
the surface of the region, but they have not been 
ab1e to efface entirely an older land surface which 
existed before their present period of activity 
began. Before the beginning of the present 
cycle of erosion an earlier cycle had Old eroded 

passed through the successive stages of e .. dace. 

its history, resulting in a low surface which, after 
being covered with volcanic material near the 
close of the Neocene period., was elevated. Thus 
again exposed to the action of the streams and 
other erosive agencies, it was carved into the 
present intricate detail of canyons, ridges, 3nd 
peaks. The significance of the present topog­
raphy can be best understood by retracing briefly 
the .teps by which it was produced. If the 
present canyons were once more filled up with 
the solid rock which in the course of Pleistocene 
time has been disintegrated and carried down as 
.ediment to the Great Valley, and if the lava 
cappings of the ridges were extended so as again 
to cover the filled-in canyons, there would be 
reproduced a surface nearly identical with that 
upon which the existing streams began their work 
It would be a great de.olate lava plain, sloping 

ing the western border between the divide north larly in the middle portion of the quadrangle, to 
of Calaveras Valley and the divide BOuth of San which district the Seqnoias in the Big Trees 
Domingo Creek are tributary to the Calaveras quadrangle are restricted. The latter trees occur 
River in the Jackson quadrangle. The drainage as in two groves, the smaller one in Cala-
a whole is of the consequent type-i e., ConHquent veras County, at the post-office and ~'.~~ 
the important streams show a well- .treama. hotel of Big Trees, and the larger one s.qaoiP_ 

marked tendency to flow straight down the slope in Tuolumne County, about 5 miles southeast 
in consequence of the general southwesterly of the hotel The fact that these noble trees 
inclination given to the region by orogenic or flourish only in these two places within the quad.­
mountain-making forces, especially at the time rangle may be partly due to their ~xceptionally 
of the Neocene upheaval This parallelism of sheltered locations. They grow in quiet hollows, 
streams, dependent upon original angle of slope protected from the winter storms by the partly 
rather than upon the controlling influence of belts inclosing ridges and the surrounding forests of 
of weak rock, is well' shown in the southeast pines. All the larger conifers flourish best in 
corner of the quadrangle; also in the region sheltered spots, but are likewise found on many 
between the North and Middle forks of the of the ridges. The forests are often very beauti. 
Stanislaus. That all the streams, even under the ful The conifers, standing some distance apart, 
nearest approach to ideal conditions possible, are frequently interspersed with black oaks. 
should :flow in strictly parallel lines is not con· Undergrowth is usually lacking except near 
ceivable. Such conditions did not· obtain in the springs or small streams, and the ground is often 
Big Trees quadrangle. Inequalities in the resist. thickly covered with a low bright-green plant of 
ance o.f rocks, and structural features, have had the rose family (OlwlJ7uJ:ibatia foliolOBa), some­
an important influence upon the course of the. times called by the inhabitants "mountain 
streams. But it is to be observed that where a misery," and a prostrate shrub known as "Indian 
1arge stream, such as the Middle Stanislaus, carpet," thus giving these forests an open, park­
departs from what may be considered its normal like character which is very pleasing. 
consequent direction, as is the case between its In the southwest corner of the quadrangle the 
mouth and Bakers Crossing, the streams of vegetation assumes the l~s attractive character 
secondary importance, as a rule, still retain their associated with the foothill districts. PootbUi 

consequent direction. Thus, in spite of the depth The dark but fresh green of the larger repon_ 

of the Middle Fork of the Stanislaus in this por- conifers is here replaced by the sad bluish-green 
tion of its course, it receives no drainage from the hue of the digger pine (Pinus 8abiniana), with 
south except the insignificant amount gathered which tree are usually associated scattered oaks 
from the canyon wall itself. The stream. on it. (QuerCU8 dOU(flasii) of like dusty shad.. of 
southern side usually head close up to the brink green. All the trees of this district are smaller 
of the canyon and then flow away in the normal and less symmetrical in form than those of the 
direction of slope to the southwest. higher slopes, while many of the hills are covered 

In the northern. portion of the quadrangle the with grass, which dries to a dusty brown in sum­
general trend of the forks of the Mokelumne and mer, or with thickets of low and stiff shrubs. 
their main tributaries is westerly, and this is like- This portion of the area has not the well-watered 
wise true, as a rule, of the lower parts of the aspect of the forest zone. Flowing springs are 
tributaries of the Stanislaus to the south of the rare, and the ~lrainage from the upper Sierra 
Middle Fork. The relatively greater hardness slopes has here been concentrated into the larger 
of the quartzite of Blue Mountain streams flowing below the general surface of the 
ridge seems to be an efficient cause for !~~u=:lof district. 
the northwest deflection of the Middle 5 .. c:a of In the northeast corner of the area the vegeta-
Fork of the Mokelumne and for the tion also changes. The tamarack pine (PiJnJus 
BOuthwOBt deflection of the South Fork, the 1WIJ/l"l'aylJll!(],) and the .ilver fir here 
general trend of both forks being nearly due become abundant, the fir clinging gen- Alplaerea!_. 

west. Rivers can erode channels parallel to bed· erally to the ridges and higher slopes, while the 
ding planes and planes of schistosity with greater tamarac~ in company with willows and poplars, 
ease than across these planes, unless the rocks are prefer the relatively low and damp fiats. Some 
shattered transverse to the bedding. As examples of the rock at this altitnde has been swept bare 
of streams influenced by these structures may be by glaciers, and the trees often struggle for sub· 
cited Rose Creek from the Star mine westward sistance in the cracks and crevices of the granite. 
and the South Fork of the Stanislaus just north Damp meadows covered with luxuriant grass are 
of Mount Elizabeth, where canyons are cut in the abundant, and near them there usually are groves 
quartzite parallel to its strike. The westerly of" quaking aspens." 
course of Fivemile Creek is likewise determined As a whole the quadrangle is a sparsely settled 
by the same conditions. It will be observed. that region. The winter snowfall at elevations above 

4500 feet i. u.ually heavy, and few of the inhabi· 
tants attempt to pass the winter above that 
altitude. The herds of cattle and "bands" of 
sheep which find pasturage on these higher slopes 
during the summer months are gathered together 
in the autumn and driven down to the Great 
Valley or to the lower foothill.. In the fore.t 
zone timber, chiefly yellow pine, is being cut at 
several points, while between Murphy and Big 
Trees the smaller yellow pines, in part a second 
growth, are being extensively felled to supply 
the demand for mine timbers created by the large 
mines at Angels, in the Jackson quadrangle. 

Some of the high ridges capped with andeBitic 
breccia are exceedingly dry and support scarcely 
any shrubs or trees, and when these are present 
they are often of types that normally occur at 
lower altitude., aB wild lilac (Ceanothu.), digger 
pine, and manzanita. 

Two transmontane highways, once important 
but now little used, cross the quadrangle. One, 
the Sonora Bnd Mono toll road, enters the quad­
rangle at its southern border, near the Phoenix 
Reservoir, and passes out of it, into the Darda­
nelles quadrangle, northeast of Parsons. The 
other, the Big Trees and Carson Valley road, 
extends from Big Trees northeastward to Silver 
Valley and thence beyond the bound. of the 
quadrangle. 

GEOLOGY. 
BED·ROCK SERIES. 

The Bed-rock series consists of sedimentary 
rocks, which were turned into a nearly vertical 
position during or before the post-J uratrias defor­
mation, together with the associated igneous rocks. 

The sedimentary rocks of this period represent 
beds of clay, sand, and gravel which have been 
hardened and metamorphosed. These beds were 
originally horizontal, but have since been folded 
and greatly compre.oed by force. acting chiefty 
from the NNE. and SSW. They have alBO been 
subjected to extensive erosion, so that the upper 
part. of the folds have disappeared. Intercalated 
in these sediments are layers of metamorphic 
lavas and tuffs, showing that volcanic eruptions 
occurred while the sediments were being depos­
ited. Irregularly intruding the .edimentary rocb 
with their inclnded volcanic layers are masses 
and dikes of various granular igneous rocks, such 
as granite and gabbro. 

SEDDrnNTARY BOOKS. 

(}aJq;v(Jr(},8 formation.-Rocks which have been 
referred to this formation in the Big Trees quad.­
rangle may be divided into two portions dllfering 
on the whole in lithological character and in the 
degree of probability with which they can he 
assigned definite age. Together they occupy the 
western and southern portions of the quadrangle, 
and are separated from the granitic rocks on the 
east by a very irregular line, extending across the 
quadrangle in a southeasterly direction from Pan­
ther Creek in the northwest comer to near the 
mouth of Hull Creek in the southeast corner. The 
great bulk of the formation is composed of slaty 
or schistose rocks which have plainly been derived 
from siliceous sediments of varying coarseness. In 
all cases where such an observation Scht.to.tt 

was possible, the schistosity was seen 81101 beddtla:. 

to be approximately parallel with the original 
bedding. Associated with these sediments are 
limestones, frequently in lenticular masses, and a 
smaller amount of schistose rocks which have 
been derived from igneous material, probably in 
most cases intruded into the sediments 1.080 ... 

at some early stage of their history, II<llltem. 

subsequent to their deposition, but also in part of 
volcanic origin and laid down contemporaneously 
with the siliceous sediments in the form of tuffS 
and flows. 

The possibility of dividing this formation intq 
two portions which differ in age is suggested by 
the fact that one division as a whole 
is more siliceous than the other and twJ.:1vl.10II.I 
does not contain lenses of limestone. Caiayeru. 

The line of division between the siliceous and 
the more argillaceous and calcareous series may 
be considered •• p ... ing through Shoep Ranch 
and running just east of the limestone lenses at 



American Camp. Even if the two hypothetical 
portions of the Calaveras formation are separated 
by an unconformity, the subsequent folding and 
compression of the whole has been so intense 

·and so complex that the fact might readily remain 
undiscovered. On the other hand, it is quite pas· 
sible that the entire series represents continuous 
sedimentation with a gradual change of lithologic 
character from one portion to another. Dikes of 
diorite.porphyry and other igneous rocks are 
abundant in all of the rocks of the Calaveras 
formation except the massive quartzites. 

The rocks belonging to the siliceous division 
lie to the northeast of the line above indicated as 
separating the two portions of the Siliceous 

Calaveras formation. These rocks are terrane. 

almost without exception quartzites or highly 
siliceous schists. Occasionally, as south of Sheep 
Ranch, east of Collierville, and west and south of 
McCormick's ranch, the quartzites are associated 
with schistose or gneissic bands which have 
probably been derived from igneous material. 
As a rule these bands are too narrow and too 
intimately associated with the quartzites to be 
separated on a map of this scale. The quartzites 
may be in comparatively thick beds, nenrly white 
in color, or in thinner, schistose beds, in ,""hich 
CRde the color is usually darker and the grain 
finer. The massive white quartzite makes up the 
greater part of Blue Mountain and extends south. 
ward across San Antonio Creek as a belt of 
resistant material which has determined some 
picturesque falls where it crosses that stream. 
Thence it continues as a high ridge until it is 
interrupted by the granitic area which extends 
westward from Avery's raneh. South of the 
Stanislaus the quartzite masses of Mount Eliza­
beth, Mount Lewis, and Mount Provo may be 
correlated with the Blue Mountain quartzite. 
Under the microscope such quartzite is seen to be 
composed of interlocking grains of quartz, with 
some scales of mica. No fossils have been found 
in the siliceous series in the quadrangle, but it is 
probable that these rocks are of Paleozoic age. 

Southwest of the siliceous terranes above 
described the Calaveras rocks are chiefly dark 
slates, fine.grained siliceous mica.schists, 
thin·bedded quartzites, and limestone. ~~~~~i~:~:.s 
The most interesting rock of this south. o"s terraau. 

western division of the Calaveras formation is the 
limestone, as by it the Carboniferous age of the 
sediments with which it is immediately associated 
is determined in a fairly satisfactory manner. rrhe 
large and fantastically irregular area shown in 
the neighborhood of Columbia extends for several 
miles into the Sonora quadrangle and is the largo 
est member of a disconnected but linear chain of 
limestone lenses extending in a southeast direction 
across the Sonora quadrangle into the Yosemite 
district, and in a northwesterly direction into the 
Jackson quadrangle. At Hites Cove, in the 
Yosemite quadrangle, fossils (Fusulina) indicat· 
ing Carboniferous age have been foulld in one of 
the lenses of this chain. 

granodiorite afe not uncommon within the lime· 
stone area. When of sufficient size these masses 
are indicated on the map. The limestone is also 
cut by numerous dikes of diorite·porpbyry, altered 
and decomposed. The very irregular shape of 
this limestone area is probably due to 
a combination of several causes. The f:.~~~r!:he 
fact that the beds, even in the middle il:~:t~~~he 
of the series, are sometimes separated are&ll. 

by thin beds of non·calcareous sediments shows 
that the deposition of the limestones was an 
interrupted process. Furthermore, each single 
bed when deposited was a lens, thickest at the 
middle and tapering out at the edges; or perhaps, 
by the admixture of ordinary clastic material, 
passed gradually into the siliceous sediments 
which have given rise to the schists and quartzites 
of the Calaveras formation. Thus, before any 
folding of the series took place, the limestone 
deposits consisted of a series of lenses of different 
shapes, sizes, and thicknesses, lying one above the 
other. In their middle portions these lenses 
might be separated by thin layers of ordinary 
sediments or be continuous one with the other. 
Toward their peripheries, however, they would 
become thinner, and thus be separated by increas. 
ing thicknesses of othpr sediments, or they would 
grade gradually into the latter by admixture 
ordinary sedimentary material With the subse· 
quent intrusion of masses of granitic rocks, and 
with the intense compression and complex folding 
of the whole region, the originally -Hat-lying strata 
were thrown not only into longitudinal folds but 
into transverse folds as well. Finally, with the 
planing off by erosion of all the upper portions 
of the folds and their truncation down to the 
level of the present surface, it is not difficult to 

how the present shape of the area may have 
been brought about, although it may not be pas· 
sible to follow it step by step. The structure 
and character of the limestone beds are excellently 
shown where they are cut by the canyon of the 
Stanislaus, northeast of Abbott Ferry. The lime· 
stone area within which the town of Murphy 
lies is similar to that just described, as indeed 
are most of the smaller patches shown on the 
geological map. They are nearly all composed of 
several beds of limestone separated by layers of 
other sediments, and illustrate well the lenticular 
form and lack of horizontal continuity shown by 
deposits of this character. rrhe area about 
l\ll11'phy is somewhat noted as containing an 
interesting cave of unknown depth. The cave 
lies about a mile northwest of the town, and is 
frequently visited by tourists on their way to 
Big Trees. rrhe limestone neal' the cave, when 
struck by the hammer, emits the fetid odor com· 
mon to similar rocks. 

The other rocks comprising the 80uthwest division of the 
Calaveras formation and which are probably of Carboniferous 
age, present few points of general interest. In the south· 
west corner, in the vicinity of Robinson l?erry, 
these consist in good part of normal dark clay ~~oeu!r~~!:;. 
slat-es, sometimes a little mi'!aceoQs. 'Vest of 
Columbia, between the limestone and the granodiorite, the 

The Columbia area of limestone is remarkable ~:!8 o~~~if{)h~!u :c:~0:p~~:s~!rU~n!i::.:hfs~i~h7c~n~~: 
not only as being the largest exposure of lime· microscope shows to be made up of clear interlocking grains 

stone yet .mapped i~ tbe ~old l1elt, but ~rgetarea of ; ~~~a:: ;:i~hr::~:i~,a;!:r:~~.~~: u~~~;v~~~d~~::t ;;1:: 
also for Its exceedlllgly Irregular and .mes one. I decay Qf basic igneous rocks. Some little·altered clay slates 

curious outline. It partly surrounds a considerable occur just sontheast of Val1ecito, and also near the edges of 

mass o~ granodio~ite, towar~ which the be~ding . !~~~~~~~!~;;::~s~!.~ ==es~::~tr:~:to~f!~~~~l~~ 
on the lllner ma.rgm of tbe hmestone area dipS, as schist and talc-schist. West and south of Sheep Ranch the 
shown by thin interbedded bands of schist and prevailing rocks arc dark siliceous slaws, frequently pas~ing 

quartzite. On the outer margin of the area the into slaty mica-schists. 

dip of the bedding and schistosity is usually The prevailing strike of all of tbese rocks, 
northeasterly at a high angle or practically verti. when not too close to areas of massive igneous 
cal The strike is variable, swinging around neat' rocks, is northwesterly and soutbeasterly, with a 
the contact with the Parrott Ferry granodiorite northeasterly dip of from 60° to 70°. Variations 
so ~s to be everywhere approximately parallel in both dip and strike are, however, frequent, 
with its periphery. rroward the north tbe lime· even when not close to visible intrusive masses. 
stone is largely concealed beneath tbe Neocene 
gravels and lavas, but is exposed over a consider. IGNEOUS ROCKS. 

able area at Douglas Flat, again disappearing Granodiorite, qllaJ'iz·dioJ'ite, gl'am£t.e, 
beneath Neocene deposits to the northwest. Most gnelss.-About two·thirds of the Big Trees quad. 
of the limestone, although retaining a distinct rangle is underlain by a great complex of granitic 
bedded or schistose structure, has become a gran· I rocks varying in age and in composition. Taken 
ular crystalline rock to which the name marble is . as a whole this complex contains no deposits of 
properly applicable. 'When polished it is gener'l economic importance. The exceptions to this 
ally nearly white, marked vdth faint gray veinings, consist entirely of those masses which are inclosed, 
and is rather fine grained. Pure white beds, as or nearly inclosed, by the sediments of the Cala· 
well as otbers of variegated pink and green tints verns formation. Thus gold.quartz veins are 
and containing bands of biotite, occur a short abundant in granodiorite east of Columbia in the 
distance upstream from Abbott Ferry. The beds south part of the quadrangle, and north of Wood. 
of nearly pure limestone are sometimes separated cock in the northwest part. While at many 
by thin bands of schist of various kinds, while points the members of this complex are inter. 
larger masses of mica.schist, siliceous schist, and mingled in a very intricate manner, it may be 

divided into two groups which togetber form 
very large areas. These are (1) biotite.granite 
and gneiss, and (2) granodiorite and quartz. 
diorite. These two groups of rocks are not dis· 
criminated OIl the geological maps, but are 
indicated by a single color. 

The granite and gneiss series will first be 
described. The largest area of thes~ rocks forms a 
z~ne 4 to 9 miles in width lying imme· (jranlte aDd 

dlately east of the ;?e~s of the Cala· :iee;~s com. 

veras formation.! Ihls zone extends 
from East Panther Creek diagonally across the 
quadrangle to its southeast corner. The eastern 
border of the zone, or its contact with the large 
granodiorite JUass of the eastern portion of the 
quadrangle, is a very irregular one. The irregu, 
larity of tbe western bounda:ry, its contact with 
the rocks of the Calaveras formation, is less 
marked. 

The coat'se biotite'granite, which is the most 
conspicuous member of the granite and gneiss 
complex, is a rock usually susceptible Biotite. 

of ready recognition in the field. Pot. granite. 

ash feldspar 1S an abundant constituent., and by 
its conspicuous development in relatively large 
crystals tends to give the rock a porphyritic 
texture. Other minerals readily seen with the 
naked eye are quartz and biotite, the former in 
distinct grains of irregular shape, and the latter 
in small scales, usually so arranged as to give a 
suggestion of gneissic or banded texture even in 
hand specimens. Perfectly fresh specimens are 
secured with difficulty, as the rock weathers to a 
considerable depth and becomes somewhat friable. 

Under' the microscope t·h" porphyritic texture is generally 
not con~picuous. The comp()uent minerals are seen to bfl 
lllicroline, orthoclase, oljgoda~e, abundant quartz. SOlDe bio­
t.ite, and usually Il. few small zircon~. More rarely IIlUs(~ovite, 
titanit-e, and apatite are present insmall amounts. Thoroughly 
typical biotite-granite of the ldnd deReriued oecurs in the 
canyon of the North )[okelumn0. in the Cala\Teras Grove at 
the Dig Trees hotel. in the Sonth Grove, in the ('anyQU of 
the Middle St.ani81aus northeast of Mount Knight, and at 
yarious other points. 

biotite of 11 reddish·brown color, and pyrrhotite with little or 
no pyrite. _ These gnelilses may be called pyroxene-diorite. 
gneisses. All of these dioriw-gneisses are prob. 

~~~Yil:e;~~:~~~~~;~:;so~Ot~~ ;~e:~:'dl~;i~ !~:!:::~. 
nudules found inclnded in the granjtic rocks 
reprcscnt an earlicr crystallization of t.he granitic magma; b\lt 
all of these gneisses present evidcnce of having undergone 
recry8tallization. Many of the nodules show no banding. In 
the bed of the North MokeluIIllle, on Yount Knight., and at 
other point.s are found greenish quartzite·like rocks. These 
differ from ordinary quartzite in containing green pyroxene, 
epidote, amphibole, titanite, and specular iron ore. They also 
contain pla.gioclasc, hilt in no case are all of these minerals 
contained in anyone specimen. Such gneisses have probably 
resulted from the recrystallization of more or 

~:S;n1~~~.~: :;~~3t~~i~:'Of t~:C:O;:;7~okr:::n~: ~i~~l~: 
about 1 kilometer above the mouth of Blue 
Creek. and also abovc the month of :Hear River. In the 
North Mokolumne Canyon at two points, and at 
one point on thc ridge north of the Middle ~~'!'I~~,:!:~cate 
Mokelumne to the northeast of Blue Mountain, 
there were found in the gneiss series narrow bands of light· 
colored gneiss composed chlefl.y of lime silicai-cs, wolla.stonite, 
and garnet., with some titanite and quartz. Such lime·silicat-e 
gncisses may be completcly metamorphosed impure lime­
stones. All of thc above gnei8ses are found in thc series 

in the c."\nyon of the ::'S"ort.h Mokelumne. 
of Big Trees axe some streaks of pyroxene-gneiss 

u~ually containing pota~h feldspar, and a minor 

;~~~~ll~sor u~c:~Z~in~he,;~!~n~o:~!Ur~:f :~~ :~\~~~!~\ts. 
pyroxene-granulites by German petrographers. 

At. many points in the gnciss series arc found narrow bands 
composed almost entirely of coarsely granular 
quart·z. It is possible that such qm~rtz-gneisses ~:::Ir:s;(: 
reprcsent vein quart.z which has become thor-
oughly granulated through crushing and recrystallization. 

While some of the gneisses of the Big Trees 
quadrangle afe regarded as recrystallized sedi· 
ments, in no case can tbey be considered contact 
metamorphics. They are, to be sure, associated 
in a very intricate manner with the biotite.granite. 
gneiss which is intrusive in them~ but they are 
no more thoroughly recrystallized at one point 
tban at another. Their complete metamorphism 
and recrystallization is rather to be regarded as 
a kind of regional metamorphism, they being 
deeply buried at the time the metamorpbism took 
place. It is probable, however, that "the biotite· 
granite, which was intruded into the gneiss series 
at an earlier period, formed zones of contact met· 

Exposed on steep canyon walls, as northeast of amorphism at the time of the intrusion. The 
Mount Knight, this gneissoidal granite usually entire series, both the intrusive granite.gneiss and 
weathers in yellowish tones and in forms sug· the other gneisses, was intruded at a later date 
gestive of bedding, whereas typical massive gran· by the granodiorite and quartz.diorite magma; 
odiorite weathers in gray tints and in rounded but the gneisses having already undergone a com. 
masses with absence of parallel structure except plete recrystallization, no evidence of furthe% 
where it has been much jointed. The biotite· alteration along the contact is to be noted. 
granite has been grently. compressed Biotite- ",Vhile the larger portion of the gneisses is 
and sheared at many pomts, so that i~':,i~~~ included in the broad band extending across tbe 
much of it may be correctly called quadrangle, as previously described, isolated 
biotite.granite.gneiss. Although typical fades of masses are found at many points. Such is the 
the gneissic biotite.granite and of the massive area outlined on the geological map 5 miles east 
granodiorite are readily distinguished, yet this of Murphy, in the canyon of the North Stanislaus. 
difference is bridged by various intermediate This area is entirely surrounded by the sediments 
facies, so that it is often a matter of great diffi· of the Calu\'eras formation, which also contains 
culty to say just where the dividing line should at some points narrow streaks of the same gneissic 
be drawn. The gneissoidal granite may locally rock. Another isolated mass lies one.quarter mile 
Jose its gneissic structure, while the granodiorite northeast of Clover Meadow, in the granodiorite. 
lllay become gneissic or schistose, particularly On the summit of Garnet Hill, east of the mouth 
near contacts. of ~Ioore Creek, is an interesting deposit, which, 

Intimately associated with the biotite.granite though of no economic importance, is 
are some fine.grained gneisses,2 sometimes alter- somewhat remarkable for the size and *Id'!i!,' 
nating with the former in bands, but often occur· beauty of the minerals which compose deposit. 

ring in irregular patches and occasionally in it. It is made up of white quartz, green epidote in 
large areas. These gneisses vary much in com· prisms 3 inches or more in lengtb, and brown­
position. The most abundant kinds are diorite· ish-red garnets. The latter usually show brilliant 
gneiss and quartz.diorite.gneiss. crystal faces. This lode lies in a narrow tongue 

The diorite-gneiss is dark l,'Teen in color and is composed of of gneiss which projects from the large area south 
soda-lime feLdspa.l' (ehieUy oligoclaso-andesine), grcen umphi- of Moore Creek. The main mass of Garnet Hill 

~~(;Ct~~O'~ll~i~~~\~:~'ll~~~:~~;d~~:!e~r~h;:: ~!~~!~~~ is granodiorite. 
grained and even texturcd, and are quite d.."lJ'k The granodiorite and quartz.diorite series is 
in CQlor; others are coarser grained, with small rounded por- exposed over wide areas in the eastern and north· 

~~!:it~~~;~~spa~(l ::_~~:! ~~~)~~.:~~~i:~e i!W~O::~~:~: eastern portions of the quadrangle, and GranOdiorite 

penetrat.ed hy 'white anastomosing dikes of fine-grained in smaller detached areas in the south· dio~ll:i:o-:': 

~:7;!~'rcp!:s:nfs°Sj~~~~s:~:: :~e t~:r~t~~:-g;:!~B:!s.diO~~~ ~estern ~art. As t.he rock of these PI~X' 
diorite-gneiss often occnrs in rounded nodulcs induded in CIrCUmSCrIbed areas IS, as a rule, less typICal and 
granodiorite,.as at Highland Creek. Sometimes these nodules I less constan t in character than that of the large 
~rc~:nabundant t~~~c~~f~:l\:~t.~es~:ebl:ll~l:~:f~~~i~~~: eastern mass, the latter will be first described. 
gneisses, descrihed, dilIer from the lattcr in containing! O\'er most of the region drained by the Stanislaus 
py~:ne. WhiCh~ more or less altered to green amphibole, I R:iv:r northeast ~f Bak~rs Crossing the gr~no-

-, On t.he Pyramid Peak g'eological map the northern exten- . dIOl'lte shows a faIrly umform character. It lS a 

sion of this gneissic arDa is ropresented as being composed of rather even-textured rock of only moderate coarse­
contact metamorphic roeks ?f the Ca:averas for:nation, no ness of grain. The component minerals recogniz. 

~,~;:l~i~ ~:~;u~~:~n~:~~:p!~:t.:~~:c;:!is~~:;~~I~ ~~h~~ able with the naked ~ye. are plagioclase, Composition 
derived frolll sediments quartz, orthoclase, bIOtIte, hornblende, oitypleal 

no:T~l:r;:~r!i~~~s ~)~;~8~~~~~.as ;~:x!~~~~ t~::~~~o:: and frequently acc~ssory titani~e in gtanodlorl~. 
gneisses, ... vhilo thoroughly granular. uS11ally have the mineral crystals up to one.elghth of an mch or more In 
grains :uranged in layers, so that they arc roughly sehistose. I size. 

~:c~~ ~:r:raIl;;e~:~:~. fO~~~~~;~~t :xCt~:~~:!~~~ ~fli~i~~~; I under. the micro~cope s~ch a-rock sh~~s abund~nt pl~gio-
lost in this proceBs of reerystallization, but tIle ehemlCal COlll- cla.se, ehieflyandesme. which often has IdlOmOrphlC outlmes, 
position may bo t.he same in the original rock and tIlc recrys- I grains of qna.rt.z and hornblendD, and orlhocla8e in large 
tallized gneiss. Somc gneisses are igneous rocks whieh have I areas, acting as a mat.rix to. the other minerals. Titanite, 
become schistose by movement.s while still in a viscous cou· apatite, epidotc, and small ZIrcons are generally present as 
dition. I accessory constituents. Microline is sometimes present, as in 



~!:i~~r:ee~. ti~~tegr:~~: ~~c~Sn::;r r!~d~e~ ;~i~Z the Calaveras formation, are composed chiefly of 
speaking, nota granodiorite, butanaIllphiuole,biotite-granite alkali feldspar without dark constituents. 'fhe 
or qllartz-mOllzonite. Itsrelatious to the nOfmal granodiorite outlines of the two areas last noted are only 
wore not determined. approximate. 

Along the North Fork of the Stanislaus the OaMro.-Gmnular rocks made up of basic 
granodiorite protrudes into the granite and gneiss lime-soda feldspars usually with pyroxene or 
complex as a long tongue, extending southwest- amphibole are caned gabbro. Such rocks occur 
ward to a point about 1 mile northeast of in the Big Trees quadrangle at a great many 
Gardner's hote1. On the northern side of this points. On the geological map only the larger 
tongue the contact line between the granodiorite areas are shown. The most abundant gabbro 
and the granite and gneiss complex is largely is a dark-green coarse.grained rock. This is, as 
hidden under andesitic breccia. On the south a rule, composed almost entirely of Amphibole.. 

and west, however, it is concealed only by soil amphibole aud basic plagioclase with gabbro. 

and trees. It has nevertheless proyed extremely some magnetite. Occasionally grains of pyroxene 
difficult of satisfactory delineation, even where and olivine are found in the rock, and sometimes 
cut by the canyon of the North Stanislaus. The pyrite. Such a rock may be called an amphibole. 
massive granodiorite becomes gneissic or schistose gabbro. A lal'ge area of this gabbro occurs in 
as the contact is approached, and is intimately the drainage of Beaver Creek. The area at the 
mingled with fine-grained biotite-gneisses like tip of the granitic tongue about 2l miles north· 
those of the granite and gneiss complex; Mueh east of Sheep Ranch contains hypersthene. This 
of the biotitic gneiss is plainly included in the mal!s is plainly intrusive in the Calaveras forma­
schistose granodiorite. The contact between the tion and sends dikes into the latter. The largest 
granodiorite and the granite and gneiRs complex of these dikes is shown on the map. 
is shown with more than usual sharpness a little The gabbro of the area in the northwest cornel' 
more than a mile southwest of Fennessy's house, of the quadrangle contains olivine, Olivine, 

in the bed of Griswold Creek. Here the massive pyroxene, and little or no amphibole, gabbro. 

granodiorite is succeeded on the ·west by fine- and may be ca11ed an olivine·gabbro. 
grained pyroxene-gneisses containing hypersthene, The mass designated gabbro on the ridge 3 
which in turn give place to the coarse gneissic miles dlle north of Sheep Ranch is in reality 
biotite-granite. heterogeneous in character. These rocks are 

rrhree areas of granodiorite occur in the south- largely altered, and while a part of the Uralite_ 

western portion of the quadrangle, entirely sur- area may be called uralite-gabbro, other gabbro. 

rounded by rocks of the Calaveras formation. portions contain little feldspar, and are largely 
The smallest of these is traversed by Knight and made np of green amphibole, probably of second­
Rose creeks, and is composed of a granodiorite ary origin. There is perhaps also some diorite in 
differing but little megascopically from that of this area. 
the main mass on the eastern border of the quad- pY}'(J.Jlenit6.-Granular rocks composed chiefly 
rangle. The hand specimens, however, do not of pyroxene are called pyroxenite. There are 
show any crystals of titanite, and the two areas in the drainage of Jesus Maria Creek 
microscope shows that orthoclase is less ;~~r!t:~~~~ which are so called. The larger of these extends 
abundant than usual. The rock thus northward across Esperanza Creek. Like similar 
tends toward an ordinary quartz-mica-diorite. On areas in the .rackson quadrangle, the pyroxene is 
the western side of this intrusive mass there is largely altered to amphibole, so that many sped­
evidence of contact metamorphism induced in mens in the areas designated pyroxenite might 
the inclosing schistose rocks of the Calaveras more correctly be called massi\'e amphibolite. 
formation, the latter being here converted into IJiorl:te.pOJ'phYj·y.-Fine-grained, dark-gre~n 
thoroughly crystalline fine-grained biotite.schists, dikes are abundant in some portions of the 
which at one place carry red garnets of consider- Calaveras formation in the western 
able size. part of the quadrangle. They are par- ~l~ri~!f 

The Parrott Ferry area and the one west of ticularly numerous in the limestone porphyry. 

Vallecito present the charaeters usually found in area east of SLaws Flat and north of Columbia, 
the intrusive masses of granodiorite ParrtlttFerry in the schists and limestones east of Collierville, 
occurring in or near the foothill belt ;~:n~d~~ri~': and in the schists, slates, and qnartzites between 
or the Sierra slope. 1'he rock of such ar~as. the North Stanislans and the northwest corner of 
areas is nearly always more basic than that of the the quadrangle_ They are also common in grano­
broad exposures nearer the summit of the range. diorite in tIle north·west cornel' of the district, and 
Hornblende is more abundant and frequently were noted in the gneisses of the North Mokel· 
shows a porphyritic development. Biotite is less umne Canyon. These dikes are usually small, 
conspicuous and often lacking, while plagioc1ases and no attempt was made to represent them all 
are generally the only feldspars present. It is on the geological map, a few of the larger and 
usually possible in these areas to find all grada- more persistent ones only being shown. Under 
tions from quartz.mica-diorite to more basic facies the microscope such rocks generally show decom­
composed chiefly of hornblende with a little inter- posed porphyritic feldspars, prisms of greenish­
stitial epidote. This is especially the case neal' bro\vn hornblende, and an altered groundmass 
their peripheries. Strictly speaking, these rocks with abundant epidote, chlorite, calcite, and 
are seldom true granodiorites, although they were quartz. Occasionally they lack the porphy­
probably intruded at the same time as the main ritic structure and may be called fine-grained 
mass and may represent modifications of the same diorite. 
magma_ The area west of Vallecito resembles A mphibolite.-This rock, in most places a schist, 
the Parrott Ferry area very closely, both being forms small areas in the southwestern portion of 
probably parts of a single intrusion. It is com- the quadrangle_ One of these terminates at the 
posed chiefly of a dark medium.grained rock of Stanislaus at Robinson Ferry, and is important as 
dioritic aspect. The microscope shows conSider-I containing at this locality the gold-quartz veins 
able alteration, the large crystals of green horn- of the Mother Lode. This same belt of amphib­
blende being surrounded by a granlllru' aggregate I olite-schist extends northwestward into the J ack­
of epidote, quartz, and a little secondary feldspar. ~on quadrangle and there contains the famous 
At its northern end the mass passes into a schiRtose mines of Carson Hill and Angels Camp. The 
hornblendic facies which the microscope shows to schist is light green in color and fine grained. 
contai.n epidote and a little pyroxene in addition The microscope shows it to be composed of num­
to the hornblende. The granitic area extending erOlIS prisms of green amphibole and grains of 
west from the canyon of the North Stanislaus to epidote in a groundmass of quartz, calcite, usually 
near Sheep Raneh is regarded as granodiorite. It some feldspar, and sometimes biotite. Another 
contains, hmyever, more biotite ana orthoclase small area of amphibole.schist occurs about a mile 
than does most of the granodiorite of the quad- north of Vallecito, and there is a narrow streak 
rangle. just west of Murphy which is not shown on the 

-S:yenite.-Granular rocks composed chiefly of map. Still another band extends in an east­
alkali feldspar, with usually some amphibole, \vest direction in the northwest corner of the 
pyroxene, or mica, are ca11ed syenite. There are quadrangle, to the northeast of Woodcock. This 
but few areas of such rocks in the Big Trees area lies between the Calaveras formation and 
quadrangle. That shown on .Mill Creek, in the granodiorite_ 
northwest corner, is an amphibole-syenite; the A small lens of amphibole-tale-schist occurs in 
dike by the road east of Calaveras Valley is a the ,vestern portion of the quadrangle west of 
mica-syenite; and the two small areas in the Murphy. I~ike the similar lenses in the Jackson 
drainage of Rose Creek, a little to the 'west of the quadrangle, this rock is an altered form of dikes 
contact of the granodiorite with the schists of of the peridotite.pyroxenite family. 

Big Trees-3. 

SUPERJACENT SERIES. 

The Superjacent series consists of late Creta­
ceons, Eocene, Neocene, and Pleistocene sedi­
ments, lying unconformably on the Bed-rock 
series, together with igneous rocks of the same 
periods. During late Cretaceous, Eocene, and 
Neocene times the Sierra Nevada was a mountain 
range and the Great Valley of California was 
under water. During the same time the rivers 
flowing down the western slopes of the range 
deposited the auriferous gravels. Volcanoes sit­
uated mostly along the crest of the range poured 
out floods of lava, chiefly in Neocene times. 
During the Pleistocene, also, portions of the Great 
Valley were under ",,-ater, but there were few 
volcanic eruptions. 

NM)CENE. 

During late Cretaceous and early Neocene time 
there appear to have been no mountain making 
movements of importance in this part of the Sierra 
Nevada_ During this long epoch the Big Trees 
quadrangle was subject to erosion. About the 
close of the Neocene nearly its entire surface was 
flooded with lava. In Neoeene time the region 
was. a greatly eroded ,.surface. The Neocene 

perSIStent process of rock decay, com- eroded 

hined with the action of frosts, rain, surface. 

and streams, had succeeded in subduing a once 
rngged region to one of such gentle slopes that 
the streams were largely deprived of their cutting 
power. Certain rocks of the Bed-rock series, 
such as quartzite, are more resistant than others, 
and withstand longer the unceasing attack of the 
erosive agencies. Masses formed of such rocks 
at every stage of degrad.ation stand Monadnocks. 

higher than the surroundmg country, 
forming what are known as monadnocks. An 
excellent example is seen in Blue Mountain, which 
rises boldly above the general level of the sur­
rounding country, and was never covered by 
N eocene lavas_ Mount Elizabeth, Mount Lewis, 
and Mount Provo, all of which are composed of 
quartzite, are other examples. Portions of this 
old eroded surface are preserved underneath the 
lavas, and the nearly level lines of contact between 
the lavas and the underlying older complex, as 
seen on the canyon sides, furnish the datum plane 
from which the old eroded surface, now so thor­
oughly dissected by modern streams, may be 
reconstructed. Little can be said of the character 
of the topography during the earlier stages (Cre. 
taceous time) of this long period of erosion, but 
the fact that the Bed-rock series consists of highly 
metamorphosed rocks and contains also large 
areas of granitic rocks, which must have solidified 
from fusion at some depth, 18 an indication that 
the region has been deeply denuded and probably 
passed through all the stages of a youthful topog­
raphy, characterized by lofty peaks andridges,deep 
canyons, and tumultuous tOl'rents, before approach­
ing the quiet old age typified by a low plain. 

The volcanic material which was thrown out 
toward the close of the Neocene came chiefly from 
vents near the crest of the range. Probably while 
the eruptions were still in progress there began 
an elevation which increased the slope toward the 
southwest. The streams which were then begin. 
ning to establish their channels on the la,'a­
cloaked surface were thus given great cutting 
power. The impetus given the streams at that 
time is in part still retained. The larger ones 
have long since cut through the volcanic mantle 
and have sunk deep canyons into the underlying 
Bed-rock series, which they are still engaged in 
deepening. 

.Drrrinage.-In a broad way, it may be said that 
there is evidence that three considerable rivers 
existed in Neocene time in the Big Trees quad­
rangle. Two of these rivers flowed in broad 
valleys. One originated in the Pyramid Peak 
quadrangle and flowed nearly south through the 
northwestern portion of the district to llear Sheep 
Ranch, whence it drained westerly into the Jack­
son quadrangle. The other river had a westerly 
course from near Bradford's mill to Vallecito, 
and thence flowed farther west into the Jackson 
quadrangle_ The former existence of these two 
valleys, while not certain, is highly Neocene 

probable. The evidence rests largely rivers. 

upon the disposition of the rhyolite-tuff areas. 
The two rivers indicated above represent the 
older river system of the quadrangle, and existed 
during the pre-volcanic period. At a later date, 

after the region had been flooded with andesitic 
lava,,'l, a stream originating in the Dardane11es 
quadrangle entered the Big Trees district near 
Clover Meadow and pursued a general south­
westerly course, crossing the site of the present 
canyon of the Stanislaus at Parrott Ferry. The 
former existence of this river is shown by a chain 
of areas of certain basaltic-looking lavas, desig­
nated latite, which appear to have flowed down 
the river channel from a source near the summit 
of the range to Knights }t-'el'l'Y, at the east border 
of the San Joaquin Valley. 

gra-vels.-The gravels deposited by 
rivers existed in the Big Trees quadrangle 
in N eocelle time can be divided into two series: 
an older series, deposited before the eruption of 
the andesitic la\"as, and a younger series, deposited 
after the andesitic eruptions began. 

The older gravels are generally light in color, 
being composed chiefly of quartzose pebbles. 
They rest directly upon the eroded 
edges of the Bed-rock series, and are ~:c~I::r 
frequently capped by a bed of rhyolitic ~ravels. 
tuff. Near Vallecito and Douglas Flat the older 
Neocene channel, as sllOwn by the extent of the 
gravels and residual cappings of rhyolite tuff, 
must have been very broad. The stream which 
occupied it flowed westward into the Jackson 
quadrangle. This old channel is sometimes called 
the Central Hill channeL Even these earlier 

gr~vels, although usually consisting Gra"e1s of the 

ChIefly of quartzose pebbles, are not Central tlill 

entirely devoid or volcanic material. cbannel. 

At a point about 3 miles east of Douglas Flat, 
in a bluff overlooking the Stanislaus, the gravels 
are exposed beneath a bed of rhyolite tuff_ A 
tunnel has been run into them at this point, and 
it can be seen that pebbles of rhyolite occur, 
together with those of quart7., quartzite, chert, 
and siliceous p,orphyries, showing that rhyolite 
eruptions had actnally begun before the gravels 
were covered by the bed of tuff. Similar Eght­
colored gravels have been preserved between 
Rose and Knight creeks, south of Stage's ranch, 
It is possible that the last-named areas, taken in 
connection with the patches of rhyolite tuff 
extending as far east as Bradford's mill, mark 
the general nearly east-west course of a broad 
river valley of early Neocene time, as previously 
suggested. 

In the drainage areas of the Jesus Maria and 
Esperanza creeks there has been found a very 
definite channel, called the Fort Moun-
tain channel. The gravel of this old ~~~tM~~~:he 
stream bed has been mined by drifting tain channel. 

beneath the rhyolitic lava cap at a point on Jesus 
Maria Creek and at several points on Esperanza 
Creek. The elevation of the channel on Jesus 
Maria Creek is about 2300 feet, and, so far as can 
be determined from the topographic map, the 
altitude of the channel increases to the north, so 
that it is quite certain that the stream drained to 
the south. On the ridge between Esperanza and 
Jesus Maria creeks this channel forks_ The main 
channel, or western fork, appears to be continuous 
beneath the lava and to connect with the gravels 
east of Railroad Flat, in the Jackson quadrangle. 
The east branch extends under the lava ridge north 
of the head of Esperanza Creek, and has not been 
traced farther north with certainty. The Lampson 
channel of the Jackson quadrangle forms a 'west 
branch of the Fort Mountain channel. South of 
Jesus Maria Creek there is an extensive series of 
grayels, capped in part with rhyolite, which appear 
to be a part of the Fort Mountain channeL So far 
as can be judged from the topographic map, the 
elevatiQn of these gravel masses is very nearly 
the same, or slightly lower than at the Banner 
gravel mine on Jesus Maria Creek. It is there­
fore likely that the river flowed south to neal' 
O'Neil Creek, and thence took a westerly course 
into the Jackson quadrangle, probably passing 
near Cave City and down the drainage of Cala· 
veritas Creek. 

On the south slope of an andesite-capped ridge 
3-!- miles northeast of Woodcock's mill, in the 
northwest portion of the qnadrangle, is it small 
deposit of river gravel capped with rhyolite tuff_ 
The gravel, as exposed at an hydraulic washing, 
is about 30 feet in thickness. The peLbles are 
chiefly of quartz, quartzite, and rhyolite. The 
rhyolite capping appears to extend north under 
the andesite. This gravel channel possibly con­
nected at one time with the .Fort :Mountain 
channel, but the evidence is not conclusive. 



The gravels of the andesitic period will now I 'Vhitney, various bones of extinct mammals, par. Rhyolite is the oldest Neocene igneous rock in defined and regular stratification (see fig. 4 on the 
be described. After the earlier gravels were, ticularly those of the mammoth, were found. the quadrangle. As previously stated, it is cap- page of illustrations). Such fine-grained stratified 
buried under rhyolite tuff, which was I Although probably in the main of Neocene age, ped at many points by andesite, and on Agenfthe material is well shown around Calaveras Valley 
probably the first product of Neocene ~~~.;:II;lgl the: the auriferous deposits on the limestone in the the ridge south of East Panther Creek rhyolite. near the western edge of the quadrangle. While 
volcanic activity in the Big Trees peTlod. I vicinity of Columbia, with the exception of the it is capped by both andesite and basalt. The the finer material is more common in the lower 
quadrangle, there followed an inter'val of erosion, patch about balf a mile northwest of the town, peculiar lava called latite overlies rbyolite at foothills and along the edge of tbe Great Valley 
dnring which fresh gravels, usually of no great are not typical well·rounded stream gravels, but Bradford's mill, at Avery, and at several points to the west of the present area, yet its deposition 
thickness, were spread in part over the rhyolite are composed of subangular, little-worn fragments, along the Stanislaus River east of Murphy. was not confined to these districts. ,"Vell·stratified 
tuff and in part over the Bed-rock series. When largely quartzose, which appear to have been Ba8alt.-I .. avas made up of basic lime-soda andesitic sands occur just beyond the limits of the 
not found resting directly upon rhyolite tuff or washed into the crevices by small streams from feldspars, augite, and magnetite, and usually quadrangle east of Clover Meadow, where they 
immediately beneath it, it is not always possible the waste of the rocks in the immediate neighbor- olivine, are called basalt. Such lavas are found are capped by coarser conglomerate and breccia. 
to say whether a given deposit of gravel antedates hood. Much of the cherty material may have in the quadrangle only in the drainage of the [ The entire problem of the source, mode of erup­
or is subsequent to the rhyolite eruptions; for been derived directly from the limestone area, for Mokelumne. There are several small areas on tion, and method of deposition of these extensive 
the older gravel has evidently contributed its the soil covering portions of the latter is full of the ridge south of East Panther Creek, and two '[ andesitic accumulations is one of much interest_ 
resistant white pebbles to later deposits, and, as similar siliceous fragments. The deposits may small masses on a spur a little east of Devils Nose. The volcanoes whose eruptions furnished material 
has been seen, the gravels beneath the rhyolite thus be in part of Pleistocene age. The soil and All of these areas .-were perhaps formerly con- in such great v01ume undoubtedly lay Location of 

may contain rhyolitic pebbles. Three·fourths of detrital material over most of the limestone area nected and formed one flow. This basalt overlies to the east of the Big Trees quadrang1e, eruption. 

a mile southeast of Murphy there is a small len- west and south of Columbia has been so thor- rhyolite at one point and underlies andesitic hit near the crest of the range, but their exact position 
ticular area of gravel of a peculiar character rest- oughly worked over by the early miners that it at another on the ridge south of East Panther has not yet been and may never be determined. 
ing in a hollow in the limestone, which was evi- is often impossible to determine what may have Creek The basalt is therefore probably younger It is impossible to describe all that took place 
dently deposited in close connection with the been the original character of the surficial deposits than the rhyolite and older than the andesite. during tbis portion of Neocene time with the same 
rhyolitic eruptions. '1'he upper portion of the in a given spot. Ande8ite. ~ Massive andesite was nowhere certitude attainable in descriptions of the volcanic 
deposit, exposed in an open cut, is chiefly a fine In the higher eastern portion of the quad- encountered within the quadrangle, but in frag. activities of the present day. But some attempt 
white silt, apparently of rhyolitic origin. '1'his rangle gravels derived in N eocene time from the mental aecumulations of varying coa~'se- Distribution to picture the events of a time that_ h~s left its 
contains abundant well-rounded pebbles of white rocks of the Bed·rock series are not known. ness, from fine tuffs to coarse breCCiaS, ofthenndes_ mark so strongly affixed to the eXlstmg topog­
pumice which readily float on water. The mate- Rhyolite.-Those lavas that are rich in silica this rock is extremely abundant and Ite. raphy may lend additional interest to the andes­
rial shows the cross.bedding characteristic of (70 pel' cent or more) and in alkalies (6 pel' cent eaps nearly all the important ridges in the area. itic accumulations which must attraet the atten­
stream deposition_ An inclined shaft, said to be or more), with little lime, are called rhyolite. Such ridges and peaks as are free from andesitic tion of any observant traveler in the region. "\\Thile 
about 200 feet in length, has been sunk in the Such rocks are usually light in color, many rhyo- material owe their exemption to one of two causes. some of the coarse breccia may have 
deposit, at an angle of about 28 0 with the horizon, litic tuffs being quite white on weathered surfaces. Either they are composed of resistant material poured down the slope as mud flows, :!-~1.!:'e~i!~e 
and reaches an underlying bed of coarse gravel Rhyolite in the form of tuff is fairly abundant and stood sufficiently above the old eroded surface the water necessary to give fluidity to an eslte. 

containing large, imperfectly rounded fragments within the limits of the Big Trees quadrangle. upon which the andesites were laid down to pro- the mass being possibly deri\'ed in part from sub­
of quartz. This underlying gravel was washed Numerous areas occur near Vallecito ject like islands above the desolate waste of lava, terranean sources and'in part from the copious 
for gold, with what success is not known. Another and Douglas Flat, where they evidently R:hyolltetuff. or else they have since lost their former volcanic and violent rains that are know to be a frequent 
patch of light-colored gravel, containing consider- form fragments of a once extensive bed which covering by erosion which has brought them consequence of volcanic eruptions, much of the 
able rhyolitic material and cross-bedded white has been dissected by erosion. The rhyolite below the general level of the old Neocene sur- finer material must have been deposited in broad 
silts, occurs about It miles southeast of Vallecito, underlies the andesite, as can be seen at many face. Probable examples of the former class are bodies of water, probably produced by the clog­
beneath the latite of the Table Mountain flow. points east of Douglas Flat, to the northwest or :found in the quartzite masses of Blue Mountain ging of the drainage by the vast amount of loose 

The post.rhyolitic erosion was interrupted by Sheep Ranch, on Esperanza Creek and near Hale's and Mount Elizabeth, while in the latter division material so sndden]y thrown into the streams. 
the andesitic eruptions, which took place neal' the mill on the South Stanislaus. rrhe tuff, while may be placed the long narrow ridges lying within On the other hand, the coarse cong1omerates found 
crest of the range. In the western portion of the sometimes soft and friable, is usually consolidated and near the apex of the angle formed by the on the present ridge tops at altitudes above 7000 
quadrangle the first manifestation of a rene.val of into a firm fine-grained white or pinkish rock, of junction of the North and Middle forks of the feet indicate rapid and powerful, though probably 
volcanic activity appeared in the formation of somewhat porous texture. Such indurated facies Stanislaus River. shifting, streams of water high up on the Neocene 
gravels composed largely of andesitic pebbles but often contain crystals and fragments of sanidine and The extensive distribution of these andesitic slope. The old stream beds in the Bed-rock series 
including also pebbles of other rocks. These quartz, and when exposed in vertical bluffs, as is deposits over the quadrangle, and the shape of having been filled up with volcanic detritus, the 
earlier, partly andesitic gravels are R,elatlon"f often the case, they occasionally show a/columnar the areas, show very clearly that the topography water, probably more abundant then than now, 
sometimes auriferous, and have been i~::!l!l:nd structure, the columns being generally 4 or [) of early Neocene time must have been quite dii- was compelled to find its way down the debris­
hydraulicked northwest of Douglas uffs. inches in diameter and in sections a foot or so ferent from that of the present day_ Such a broad, cumbered slope as best it could, having no fixed 
Flat. They pass upward without any sharp in length between the horizontal joints. This even distribution of clastic material could have channels to carry it off. Pre\oTented from perma­
break into andesitic breccias and tuffs, which are columnar structure is well shown in the hill cap- taken place only upon a surface of prevailingly nently establishing new courses by the 
frequently represented by waterworn andesitic ped by rhyolite tuff just east of Vallecito and at gentle relief, before the deep dissection which is constant accession of fresh material I.e~r~~n~&e 
pebbles embedded in varying amounts of finer other points in the vicinity. The tuff might in so characteristic a feature of the existing land- thrown out from the volcanic vents lava plains. 

andesitic material. Where the number of pebbles such cases be mistaken for a massive lava flow. scape. That the old surface was not altogether above, the streams became overburdened and 
derived from the Bed-rock series is proportionally The microscope, ho·wever, shows that the rock is devoid of irregularities has already been indicated. obstructed, and were forced to expand into tern· 
large, and especially where the material has been a true volcanic ash, made up of small shreds of Evidence of a former depression below its general porary lake-like sheetA, in which the finer materials 
washed for gold, it has been mapped as Neocene volcanic glass in a matrix of still more finely level is seen near the head of Beaver Creek in the were deposited in comparative quiet. Such a 
gravel. It should be understood, however, that comminuted material. A few broken crystals of eastern part of the qnadrangle, where that stream lake existed in the neighborhood of Calaveras 
andesitic gravels, fine tuffs, and coarse breccias sanidine and quartz, with some scales of biotite, crosses a mass of andesitic breccia through which Valley and Esperanza Creek. Fossil leaves are 
were all laid down during the period of andesitic are usually scattered through this glassy matrix. it has not yet cut into the Bed·rock series although found in the shales or pipe-clay deposited in this 
eruptions, and that all three classes of material, Extensive beds of similar tuff occur from Sheep the rocks of this series occur much higher up on body of water. As ·will be later shown, there was 
with various intermediate facies, may be found in Hanch northward to Calaveras Valley. Smaller the slopes in the immediate vicinity. at least one intel'\Tal during the period of andesitic 
the areas mapped as Neocene andesite tuff. 'fhe areas are found at intervals as :far north as the The clastic andesites vary considerably in the eruptions in which a long stream was enabled to 
andesitic areas on the ridges northeast of Ameri- ridge south of East Panther Creek. It is possible size of the fragments of which they are composed, establish its channel down the slope, and even to 
can Camp, to the south of the Middle Stanislaus, that these isolated patches were all connected at the amount of rounding which the latter have cut through the andesitic material into the Bed­
are chiefly volcanic gravel. Still other gravels one time, and that they were deposited in a river undergone, a:nd the distinctness with.which the rock series. 
associated with light.colored sands and clays are valley extending from what is now the ridge material is stratified_ The most common form, 'l'he larger fragments aud pebbles of which the hreccias and 

found in portions o:f the pre-andesitic channel south of East Panther Creek to Calaveras Valley, due in part to its resistance to erosion, is a rough conglomerates are composed are usually dark to light gray in 

preserved beneath the areas of latite, particularly where the Fort Mountain channel gives positive breccia composed of fragments of various sizes :ll~:~i~'~C::;!~~' ~~'~~~::~e~~l:~~Sp~le~~:=~is~~~I~!n~~~~c:~ 
neal' Shaws Flat. These gravels, as a rule, are not evidence of a former ri vel' valley. A coneiderable and showing no traces of stratification or assort- an inch in Jongth, hilt the porphyritic crystals 

extensive and are concealed beneath area of rhyolite tuff resting on granite is crossed ment. Breccia of this character is of very fre- :i:: ~l~;~~C:~~:~~~:; ~!l~h::~i; ~~:~i~~:~~t ~:~!~~~!:. 
their lava covering_ They have been ¥~bree~:!~~e at Avery on the road to Big Trees. Other patches quent OCCUlTence as the topmost mem- Andesite apparent to the naked eye, Augite is not, as a 

mined at various points by tunneling taln channel. occur south of the Middle.stanislaus neal' Stage's bel' of a series of andesitic beds capping breccia. rule, a eonspicuous megascopic mineral in these rocks. Under 

through the rim rock of the ancient channel until ranch, on Deer Creek, near Hale's mill, and at a ridge, and particularly so in the higher portions !~~le:~::~S(l(t~r~~~cna;:;~;~:e~:a:~~~~e!~ r;:yr~~:~~~~~~:~ 
the bottom gravels were reached. The channel in other points in the neighborhood_ An area at of the quadrangle. Another common facies is a hlende-andesiteR. and pyroxene-andesites, There is no sharp 

which they lie was buried beneath andesitic silts, Stage's ranch shows clearly the relation of the breccia in which the angular fragments of andes- line w be drawn between these varieties, 

gravels, and breccia, while the latite itself lies in rhyolite to the early gravels and to the overlying ite are smaller and lie in an abundant matrix of Latite.-Associated with the clastic andesites 
a later channel cut in the andesitic deposits. The andesite. As previously suggested, the rhyolite more finely comminuted material of the same of the quadrangle is a series of msssiye lavas 
older channel, in which the gravels occur, has deposits extending westward from Bradford's kind_ Andesitic conglomerates, in which the comprising three members. Two of these are 
been called the Table Mountain channel. l mill to Stage's ranch were probably deposited in pebbles are well rounded by water transportation dark, rather basaltic-looking rocks, to which the 

Thegravelsformerlywashedonanextensiveseale a broad river valley which may have connected (see fig. 3 on the page of illustrations), occur at name basalt ha,.,,! hitherto been commonly applied_ 
near Columbia are of a character somewhat differ- with that at Vallecito. The thickness of the many points in the quadrangle, very commonly On the geological map these two basaltic varieties 
ent from that of the gravels met with in Columbia various areas of rhyolite tuff in the quadrangle in the basal portion of a thick andesitic deposit; are shown as a unit. The third is a light- to dark. 
other portions of the quadrangle. They gravels. varies from a few feet to 500 feet on Esperanza but they are not confined to the bottom of the gray, fragmental-looking rock, of some",'hat harsh 
rest upon limestone which, previous to or during Creek. While the rhyolite lavas probably came series. A coarse andesitic conglomerate, with feel, usually containing abundant sparkling scales 
their deposition, was dissolved and eroded away in largely from vents east and north of Some rhyolite \ pebbles frefluently over a foot in Andesite COn- of black mica. These rocks were erupted as fluid 
aremarkablyirregularmanner. Wherethegravels the Big Trees quadrangle, there is evi- oflocalorigln. I diameter, occurs on the tops of some glomerat~. molten lavas and ran down an important stream 
have been removed the exposed limestone presents dence that some of it had a local origin. Thus of the 10ftier ridges, as, for example, along the channel which had been excavated during a lull 
a very rugged surface. The gold and gravels just north of the South Fork of the Mokel- crest of the high ridge overlooking the canyon of in the andesitic eruptions. They are thus younger 
were caught in the deep crevices between the umne at the western edge of the quadrang1e is a the Stanislaus about 4 miles northeast of Fen- in age than one portion of the andesitic tuff­
fantastically shaped projecting points oflimestone, butte of massive rhyolite which evidently came nessy's h011se. In this case the conglomerate is breccias, but older than another portion. The 
as in huge natural riffles. Much of the material out at that point. Near the river a tunnel has the upper surviving member of an andesitic stream channel which these lavas Table Moun_ 

found in these cavities is said to have been fiue been run into this mass, and inquiry showed that: accumulation at present 800 feet thick. From usurped entered the quadrangle just talnchannel. 

clay, and was the matrix in which, according to it had been exploited for precious metals. An I these coarse deposits of volcanic mate- Andeslle east of Clover Meadow and ran in a southwest-
1 See W. H. Storms, Twelfth Ann, Rept. State Min, Cali- assay was therefore made, which showed that the rial all gradations may be found down Sllnd. erly direction to a point a mile and a half south 

fomia, p, 482. rock contains both gold and silver. to the fine andesitic sands and tuffs showing well- of Fennessy's meadow. Thence turning west-



ward, it' crossed the present line of the North 
Fork of the Stanislaus at Squaw Hollow, and con­
tinued down the west bank of this river to Parrott 
Ferry. Turning southeastward at the latter point, 
it again crossed what is now the Stanislaus Can­
yon and continued on into the Sonora quadrangle 
to Shaws Flat and thence southwest to Knights 
Ferry. This channel is known to miners as the 
Table Mountain channel The stream was a long 
one, holding much the same relation to the Neo­
cene'slope that the Stanislaus, with its North and 
Middle forks, holds to the present general drain­
age system. 

The first of the three lava "flows ran down this 
channel, following the course indicated, into ~he 
Sonora quadrangle, where its remnants now form 
the striking topographic feature of Tuolumne 
Table Mountain. The relatively low northern 
end of this mountl!in just appears within the 
southern border of the Big Trees quadrangle, 
near Shaws Flat. Since its eruption, erosion has 
greatly reduced the former continuity of the Table 
Mountain "flow, and to-day it is represented only 
by a series of strips and patches which rest upon 
a great variety of rocks, showing that the inter­
volcanic stream had been able to cut a fairly deep 
channel before its work was so summarily inter­
rupted. Where theee residual patches occur 
along the canyon of the Stanislaus, as at Parrott 
Ferry, east of Vallecito and Douglas Flat, and 
south of Big Trees, they form ftat benches which 
break oft abruptly on the side next to the river 
in picturesque columnar cliffs or palisades, some­
times 200 or 300 feet in height. The unconform­
able relation of this flow to the andesite is best 
seen about half a mile northeast of McKay'S mill, 
where its vesicular base is well exposed resting 
upon an eroded siope of andesite tuff, while only 
a short distance away it lies directly upon the 
granite and gneiss of the Bed-rock seriee. 

The rock composing the Table Mountain flow is character­
ized by its abunda.nt porphyritic m-yat.al!! of labradorite feld­
spar lying in a dark, fine-grained matrix. Under 
the miC1'O!KlOpe it shows phenocrysiB of labra· r.,!I::.~n­
dorite, augite, and usually a little olivine, in a 
groundmasi!l of lath-shaped labradorite crystals, grains of 
augite and olivine, and globulltic glass. There is always a 
little a.ooessory magnetite and apatite present. The rock may 
be termed an augite·latite. Three chemical analyses, of speci­
mens taken from portions of the :flow Hi to 20 miles apa.rt, 
show it to contain from 56.1 to 59.8 per oont of siliC/1., Ii 0 to 6.li 
per cent of limc, 2li to 3.9 per cent of soda., and 8.4 to 5.0 per 
cent of potaBh. 

The second "flow was poured out on top of the 
Table Mountain flow, but did not descend so far 
down the slope. The most. westerly BlotHe-~tite 
mass that can be refened WIth confi-
dence to this second flow is in the basin of Love 
Creek, south of Big Trees. Two patches of very 
eimilar glassy lava Occur on Mill Creek, south of 
Avery, which may poseibly be a part of this "flow; 
but their correlation is somewhat doubtfu1, as one 
of them is overlain by lava indistinguishable from 
that of the Table Mountain flow. The lava of 
the second eruption differs in its distribution from 
thoee which immediately preceded and followed 
it, inasmuch 88 it ie not confined to the general 
line of the buried N eocene stream channel. It 
occurs in small patches in various parts of the 
Stanislaus drainage, as well as in the drainage 
area of the South Mokelumne, and even in that 
of the Tuolumne River at Bradford's mill. It is 
generally much thinner than the Table Mountain 
flow, being usually less than 50 feet in thickness. 
It is typically ehown in the vicinity of McKay's 
mill It sometimes exhibits a rude columnar 
parting, the columns being short and stout. The 
rock cleaves most readily in planes transverse 
to the columns, and ehows briUiant ecalee of bio­
tite lying in a dark·gray ground. Pebbles and 
angular fragments of andeeite and latite are found 
in many specimene, giving the rock a decidedly 
tuff-like aspect. The matrix is evidently highly 
glassy, and contains blebs and flamboyant wisps 
of dark obsidian. 

The mierosoope shows the rock to contain crystals of labra· 
dorite, biotite, and a, little augite, lying in a streaked glassy 
groundmaBs. The peculiar structure of the groundmass is due 
to the drawing out of the viscous lava. by the movement of 
:flow alter crystallization had. aJready begun, the resulting 
streaks Q,Ild banda being distorted and broken as the cooling 
magma became more pasty. This rock may be eaJled a biotite· 
latite. Chemical analyses of two specimens, taken about ten 
miles apart, show from 61.0 to 62.8 per cent of silica, 3.2 to 4.'9 
of lime, 8.7 to 4.2 of soda, and 4.4 to 5.2 of potash. 

The last "flow, called, from ite typical occurrence 
on a group of peaks a few miles east of Clover 
Meadow, . the Dardanelles "flow, ie an Dardanelles 

augite-latite so closely reeembling the Iatlte. 

rock of the Table Mountain How that in certain 
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facies the two are practically indietinguishable. 
It is usually finer grained, with less abundant 
porphyritic crystals, and as a rule contains a little 
more silica. Like the first ftow, it is confined to 
the general line of the N eocene stream channel, 
but has not been certainly identified lower down 
the elope than about 2 miles below McKRY's mill. 
A chemical analysis shows it to contain 59.4 per 
cent oi silica, 4.6 per cent of lime, 3.'[ per cent of 
soda, and 5.0 per cent of potash. 

The distinctive chemical characteristic of all 
three of these lavas is a rather high percentage 
of total alkalies, with the potash slightly in 
excess of the soda. Chemically they stand 
between typical andeeites and typical trachytes, 
and correspond to the intermediate group of 
plutonic rocks called monzonites. Such lavas, 
the volcanic equivalents of the deep-seated mon­
zonites, have been named. latites. (See Bull. 89, 
U. S. Geol Survey.) 

PLEISTOOENE. 

.Erosion.-The geological record within the Big 
Trees quadrangle during Pleistocene time haa 
been preserved mainly in the strong sculpturing 
by erosion, deposition having played an exceed­
ingly unimportant part. With the cessation of 
volcanic activity at the cloee of the Neocene, the 
streams were again able to aElSert themselves and 
to set about the establishment of the present 
drainage system. With the increased fall given 
them by the Neocene upheaval, they were enabled 
to attack with vigor the volcanic mantle which 
covered the region, and to sink their gorges deep 
into the Bed·rock series. The andesitic tuffs and 
breccias which once concealed nearly all of the 
older rocks were thus diBSected into their present 
irregular and detached areas. The continuity of 
stream erosion was, however, broken in the higher 
porti.on of the region by the epoch of glaciation. 

Gravels.-Pleistocene gravels occur at intervale 
aU along the present streams. Some of the loose 
materials lie distinctly above the present water 
levels and were evidently deposited when the 
rivers ran at higher levels. In some caecs, ae 
near. Vallecito, where the Ple~tocene gravels rest 
partly upon Neocene gravels, it ie not alwaye 
possible to discriminate eharply the former from 
the latter. 

Alluvium.-The proportion of alluvial, or bot­
tom, land within the quadrangle is ewall, and is 
almost confined to grassy meadows, usually in the 
head-water regions of streams. Beautiful meadows 
are found in Bear Valley in the northeast corner 
of the quadrangle, at Lord's ranch in the south­
east corner, and others of less extent at other 
points. In many of these the grass is cut for hay, 
while others are simply fenced and used by the 
stockmen as feeding and gathering grounds for 
their cattle preparatory to the annual autumn 
retreat to the Great Valley. 

Glaciation.-There is abundant evidence of the 
former existence of glacial ice in the high eastern 
portion of the quadrangle. This evidence consists 
of bare granite slopes showing glacial polish and 
scoring, of transported bowlders of granite left 
stranded on rocks of unlike character (see fig. 1, 
page of illuetrations), and of definite piles of loose 
rocks - moraines, composed of materials which 
have fallen on the ice and been C1IlT"i.ed down the 
slope and left on the ridge tops and canyon eides. 
River canyons that have been occupied by glaciers 
are commonly U.shaped. As only the upper por­
tions of the main canyons, chiefly to the eaet of 
the quadrangle, exhibit this form, it would appear 
that the ice streams never extended far down the 
present drainage. There is some evidence, how­
ever, that at an early stage of the First period 

Glacial epoch the Pleietocene rivers of aladdlon. 

occupied shallow valleys, and it was perhaps dur­
ing this time that the glaciers extended farthest 
west, where they left moraines which are still pre­
served at some points. Thus in the neighborhood 
of Bear Creek on the slopes of the North Mokel­
umne Canyon, at Squaw Hollow in the canyon of 
the North Fork of the Stanislaus, and on the 
ridge south of the Middle Stanislaus south of 
Bakers Crossing there are small remnants of 
moraines. After this early period of greatest 
ice exteneion, when the river valleys were shallow, 
it may be supposed that the ice sheet retreated. to 
the higher mountains to the east of the Second lod 

Big Trees quadrangle. During this of II:~D. 
interglacial epoch the rivers are thought to have 
greatly deepened their canyons. After this period 

of canyon cutting, the ice sheet again advanced 
westward, gouging out the loose rock, polishing 
the bed rock, and to some extent eating into it, 
thus transforming the V-shaped river-cut canyon 
into a glacial U-shaped canyon. 

The chief evidence oi the first period. of glacia­
tion lies in the existence of the moet western 
moraines above referred to on the ridge tops and 
canyon eides, and in the gentle slopes of the upper 
part of the canyoIL 1.'he upper gentle slopes are 
supposed to be the sides of the early shallow river 
valleys. The canyons adjacent to the most western 
morainee do not show the characteristic U-shape 
of glaciated canyons, strongly suggesting, as pre­
viously stated, that these moraines were left there 
at an earlier period when the canyons were shal· 
lower. In the procees of deepening the canyons 
in the supposed. interglacial epoch, the glacial 
markings and scorings and the terminal moraines 
left by the retreating ice of the first epooh in the 
lower parts of the shallow river valleys would of 
course be obliterated, and only the morainee on 
the ridges and higher slopes would ·be left to 
atteet the former presence of the ice. Some of 
the ponds and meadows of the upper drainage 
of the Stanielaus were formed by the clogging of 
the streams by morainal dams. 

In fig. 2, page of illustrations, is shown a view 
of some potholes in the canyon of the North 
Mokelumne River 5 miles northwest of Bloods. 
The potholes lie 25 feet vertically above the pres­
ent water level of the river. Theyare Olac:laJpot­

about 250 in number and cover a sur- boleti. 

face of approximately 2000 square feet. To the 
north is a glaciated cliif of granite about 40 feet 
high, on the eide of which is another pothole. It 
may be presumed that these potholes were formed 
by a glacial river falling from this granite cliff. 
Just above the potholes. salt water oozes out of 
cracks in the granite and, flowing into the nearest 
potholes, crystallizes into salt, which is gathered 
by Indiane and others for culinary purposes. 1 

No prominence was given to the etudy of glacial 
phenomena in the Big Trees quadrangle, and it 
is probable that more moraines exist than are 
shown on the geological map. 

ECONOMIC GEOLOGY. 

Neocene a;urijlJ'I"OWl grave18.-The gravels depos. 
ited by the Neocene rivers were formerly worked 
on an extensive scale, with large profits, in the 
southwestern portion of t:h.e quadrangle, but there 
is now little being done in this district. Columbia, 
once the center of a stirring mining 
population, has sunk into decay, and ~~~r mines 

a. similar fate has overtaken the little COlnmbia. 

settlemenls of Shaws Flat and Springfield. Their 
appearance of semi-desolation is etrangely height­
ened by the bare and bleached points of limestone 
which stand like closely set gravestones about 
the dilapidated houses. On account of the depth 
of the ·cavities in the limeetone in which the 
gravels near Columbia lay, and the difficulty of 
securing deep drainage, most of the auriferous 
detritus bad to be hoisted with derricks, and 
waehed into the sluices from raised dumping plat­
forms. As much as $100,000 per week is ea.i.d to 
have lJeen shipped from Columbia between 1853 
and 1858, but the industry bad already greatly 
declined in 1870, and in 1896 mining was going 
on in a small way at one point only_ 

The deeper gravels beneath the Pleistocene 
gravels just east of Vallecito, although not on 
limestone, resembled those of Columbia Qravels about 

in the difficulty experienced in secur- Valledto. 

ing the requisite deep drainage whereby they 
could have been profitably washed by ordi· 
nary hydraulic methods. It was necessary to 
mine the gravel by drifting, and raise it to the 
surface through vertical shafts, some of which 
are said to have been over 100 feet in depth. 
The reported depth of this pari of tbe old channel 
is interesting, ae it lies below portions of the later 
channel covered by the latite "flow to the eaet, and 
is nearly surrounded by the ancient rocks of the 
Bed-rock series. Its gravels are apparently con­
tinuous with those expoeed below the andeeites 
on the northwest of Vallecito, and the former 
outlet of the stream. must have been in that direc­
tion. Before and during the andesitic eruptions 
this depreseion in the early Neocene stream bed 
must have become ::Iilled with gravel and buried. 
beneath the volcanic tuffs and breccias. The 

lAm.. Jour, SeL, Bd serieB, Vol. XLIV, 1892, p. 4li8. 

later intervolcanic stream, which cut I out the 
Table Mountain channel down which ~he latite 
"flowed, did not reexcavate this buried hollow;but 
cut a new course to the eouthward, not!! very dif­
ferent, as shown by the distribution of the latite, 
from that of the present Stanislaue. Since that 
time later erosion has again brought partially to 
light the old channel at Vallecito. Southeast of 
the town are two patchee of gravel whose eitu8.­
tions with reference to the existing topography 
allowed them to be formerly hydraulicked and in 
great part washed away. A considerable depoeit 
of gravel occurs about 1t miles southeast of Val­
lecito, beneath a patch of the latite. This mass 
was being worked by tunneling on the west side 
of the hill in 1896, while an excavation on the 
east side attests the earlier employment of the 
hydraulic method. The gravels north of Douglae 
Flat, which are partly andeeitic, were O .... vels near 

formerly hydraulicked on an extensive DellghsFlat. 

scale, but nothing is now being done in this local­
ity. In the neighborhood of Vallecito and Douglas 
Flat the N eocene gravels, of varying thickness, 
cover a wide area, but they have not been exten­
sively exploited except at the points noted. A 
emaIl patch of gravel occurs about a mile south of 
Murphy, which was being worked in a desultory 
manner in 1896. It is probably a continuation of 
the deposit formerly hydraulicked on the south 
side of the andesitic area north of Douglas Flat. 
The gravels east and north of Sheep Ranch were 
iormerly worked at several points, particularly at 
the eastern edge of the town. The river which 
deposited this gravel was perhaps a branch of the 
one occupying the Fort Mountain channel, in 
which case the stream drained to the northwest 
and joined the Fort Mountain channel north of 
O'Neil Creek. Deposits which are regarded ae 
belonging to the Fort Mountain channel occur on 
the ridge north of Q'N eil Creek and thence north 
at frequent intervale to the vicinity of Railroad 
Flat. As much oi this river depoeit is hidden by 
the rhyolite that overlies it, only a few 
areas appear on the g~ological map. mi:i~'f 
The name of the channel appears to :,=~n 
have been taken from a picturesque 
andesitic hill which is situated. 2 miles north of 
Calaver .. Valley. This hill is locally known as 
Fort Mountain. There is no evidence, however, 
of any prerhyolitic river deposit at Fort Moun· 
tain. The volcanic conglomerates that make up 
the hill show evidence in their varied bedding of 
ehifting currents. But the waters that arranged 
these conglomerates in layers probably belonged 
to a temporary sheet of water that accompanied 
the volcanic eruptions. The Fort Mountain 
channel hae been mined east of Railroad Flat, on 
Esperanza Creek, 'and at the Banner Blue gravel 
mine on Jesus Maria Creek. At the Banner mine 
the gravel is worked by meane of a Banner 

shaft sunk through the rhyolite cap- gravel mine. 

ping. The channel ie said to be 12f? feet wide. 
A level line run north .from the Banner roine 
shows the pr~eent grade of the Fort Mountain 
channel in this vicinity to be 70 feet to the mile. 
The river gravels on the ridge north of O'Neil 
Creek have been mined at several points. In 1896 
the gravel at the Brassila mine was being worked 
by drifting under the lava cap. The Fort Moun­
tain channel is supposed. not to have crossed 
O'Neil Creek, but to have drained west into the 
Jackson quadrangle. 

Pleistocene auriferous grave18. - Wherever 
gravels occur bordering the exiet~g stream beds 
in the southwestern and weetern part of the quad.­
rangle they have been washed to some extent for 
gold. Several areas are indicated along the 
Stanislaus from Robinson Ferry up to Abbott 
Ferry, and most of them have been exploited by 
the hydraulic method. Although never occurring 
far from the stream, yet they are ae a rule dis­
tinctly above its present high-water mar~, and 
record a stage when its bed. stood higher than it 
now does. Most of the gravel forming the upper 
part of the deposit immediately east of Vallecito 
appears to be Pleistocene, although it has been eo 
thoroughly turned over in many places that there 
is considerable doubt as to the original position 
and age of much of it. It does not appear to 
have ever had any great depth over Aurifel"Ou. 

much of the area, as the bed rock is ~:~~S:t 
exposed in several places where appar- .treanu;. 

ently no great amount of gravel has been arti· 
ficially removed. The pebbles. consist of andesite, 
rhyolite, quartz, and other rocks, all of which may 



have been derived from the immediate vicinity. amounts of sulphides in the Belleview vein. 
Pebbles from the dioritic area just west of the Galena, containing some antimony, and chalco· 
town are abundant. Near Columbia, Pleistocene pyrite were noted in small amounts. The regi?n 
gravels are still being worked to some extent by north and east of American Camp is a rat1~er 
hand sluicing at Browns Flat, and by hydraulick· promising one and contains numerous quartz 
ing at Yankee Hill. Other deposits which were veins, most of them as yet undeveloped. 1'he 
formerly worked at a profit occur southeast of Keltz mine, situated in the canyon of 
Douglas Flat on Grapevine Creek, on tbe South the South Fork of the Stanislaus, is on Keltz mine. 

Fork of the Stanislaus, and near Murphy. a vein lying within the siliceous schists of the 
In addition to these earlier Pleistocene gravels, Calaveras formation, just to the west of a dioritic 

the present beds of nearly all the streams in the dike. The dip varies, but is usually from 35° to 
western part of the quadrangle have proved more 45° SE. The vein rock of the Keltz, in contrast 
or less auriferous, and there are few or none of to that of the Robinson Ferry gronp, is free mill· 
them that have not had their gravels turned over ing, consisting chiefly of quartz, pyrite and free 
and washed, in many cases more than once. gold. The Riverside mine, now idle, is on the 

Gold-quartz veins.-Some activity was manifest north bank of the South Fork of the ",iverslde 

in 1896 near Robinson Ferry, where prospecting Stanislaus, about a mile west of the mine. 

was being carried on at the :l\:felones, R,obinson Keltz. "\Vhere seen, the vein is a strong one, 
Stanislaus, and Calaveras Consolidated Perry mines. upward of 5 feet in thickness, and is composed 
mines situated on the south slope of Carson Hill, largely of ribbon quartz. The ore shows both 
at the Adelaide at Robinson Ferry, and at the copper and iron sulphides. The Star mine is in 
Norwegian mine on the south side of the river. schist on the north side of Rose Creek, 
None of them, however, were established on a and is working upon two diverging Star mine. 

paying basis, although the Carson Hill group had veins. Nearly all the quartz seen is of a dark 
been producers several years ago. The Mother color. It is said to be very rich in spots. The 
J.Jode, as exposed on the south slope of Carson mine has recently been reopened and a rich body 
Hill, comprises several veins which show a ten· of ore found, containing free gold and sulphides 
dency to converge near the ferry. They are, of copper, iron, and lead. '1'he dark color of the 
however, exceedingly irregular, and in the Stanis- quartz of the Star mine has been shown by Dr. 
laus mine the ore occurs in small cross stringers Stokes, of the United States Geological Survey, 
of quartz in black Calaveras slates, near a mass to be due to finely disseminated carbonaceous 
of talcose schist. The ores of the mines in the materia1. On the north side of Knight Creek, 
immediate vicinity of Robinson Ferry Tellurides of within the granodiorite area, a prospect was noted 
are, as a rule, rich in tellurides of go1d, fe'::~: :~der, in which the vein material consists of dark quartz 
silver, and lead. Petzite, hessite, and nickel. containing pyrite and scales of molybdenite. The 
calaverite (tellurides of gold and silver), and vein of the Eagle prospect, on Eagle Eqgle pros2 

altaite (telluride of lead), have all been described Creek, is from 6 inches to 3 feet in peet. 

from the Stanislaus and Melones mines, as well thickness, and strikes nearly N.-S. magnetic, dip. 
as the rare mineral melonite, a telluride of nickel. ping about 44" E. '1'he country rock of the mine 
In addition to the tellurides, the veins contain is the Calaveras formation. A dike was noted 
free gold, pyrite, and a little galena, in a gangue along the vein. Free gold, pyrite, chalcopyrite, 
of quartz with usually some dolomite and oeca· and zinc blende are present in the ore. 
sionally a little albite. A series of quartz veins occurs on both sides of 

The other gold·quartz veins of the quadrangle the Stanislaus in the Calaveras formation near 
all lie to the northeast of the linear-system of the: Collierville. Although several tunnels have been 
Mother Lode, of which so short a section is: run on them, they are all in the prospecting stage 
included within ~he general area near Robinson of development. The vein rock of the Homestake 
Ferry. The Belleview mine, formerly known as claim, near Collierville, is a dark quartz MI 

the Hyde mine, is in the same granitic Belleview containing pyrite"free gold, and a little coiii:r~ill~. 
area as the mines of the Soulsbyville mine. galena. A small mill was formerly run on the ore 
district in the Sonora quadrangle. Unlike most from the Collier claim, which adjoins the Home· 
of the mines of that district, there are not large stake, but the ore is said to have contained tellu· 

rides, in which case probably a large proportion mine, on the ridge slope north of the Licking Fork 
of the gold ,vas lost in the tailings which were of the Mokelumne, has been worked at different 
not saved. The strike of the Collier·Homestake times. The ore is very base, being composed 
vein is nearly due E.-W., and the dip about 80° largely of su1phides. Pyrite, zinc blende, and 

although sometimes nearly vertica1. The arsenopyrite are present in large amount. 
Business and Sailor Boy veins, on the east The granodiorite area north of ltV oodcock's mill 

bank of the river, strike, like the Collier, nearly contains numerous quartz veins, many of which 
E.-W., which is also the general strike of the have been exploited for gold. 'rhese claims are 
dark siliceous slates and accompanying limestone in the West Point district, which in the Jackson 
lenses on both sides of the river. The North quadrangle has afforded some producing mines. 
Chimney Rock vein has apparently a nearly NK- The Lockwood mine is a type of the mines of the 
SW. strike, with a steep southeasterly dip. The 'Vest Point district. It is located Lockwood 

country rock is hard siliceous slate, and the vein about lt miles northeast of Wood. mine. 

rock quartz, containing abundant pyrite. The cock's mill. The quartz vein has a northwest· 
strike of the schists and slates is here nearly southeast course. The ore is free gold, pyrite, 
R-W., and the dip 65° S. The Dorsey vein is pyrrhotite, and other sulphides, in a gangue of 
nearly vertical and strikes about N. 54° E., and, quartz. '1'he sulphides are present in very large 
as exposed at the surface, is 6 or 8 inches wide. amount. A fine.grained dioritic dike cuts the 

The Oro y Plata vein, formerly the Blue Wing, vein of the Lockwood mine, and the ore is said 
outcrops just north of Murphy, in limestone close to have been richer near the dike. 
to the contact with the Calaveras Gold and Bih'cr iIi diyolite.-There is a butte 
schists. It was formerly. extensively ~~l!~u~W~g of rhyolite shown on the geologica1 map just north 
worked, and possesses mterest on of the South Mokelumne, at the west margin of 
account of the unusual association of sulphides in the sheet. This rhyolite appears to have been 
the ore. Ordinary vein quartz forms a part of erupted at this point. It has been exploited by 
the deposit, but is accompanied by brown jasper. means of a tunnel, the mouth of which is near 
Cinnabar, stibnite, and galena are present in the the river. A sample of the rhyolite from the 
ore, and it is also said to contain copper. The, dump was assayed by the Selby Smelting and 
Mayflower and Mayday claims are prospects in ' Lead Company of San Francisco, the result show· 
the Calaveras schists northwest of Murphy. Theil' ing"that it contains .03 ounce gold and .25 ounce 
veins, like those near Collierville, conform to the silver per ton. 
nearly R-W. strike of the inclosing schistose Iron.-A deposit of limonite, which has been 
rocks. The Sheep Ranch mine has been more prospected to a small extent, occurs in the Cala· 
extensively developed than any other Sheep R.qnch veras formation adjacent to a small lens of lime. 
mine in the quadrangle, but is at pres· mine. stone about a mile northeast of Murphy. It is 
ent idle. rrhe vein lies in dark siliceous slates, not likely to prove of economic value. 
and strikes N. 55" W. The dip is northeasterly Mad'ble.-Several small quarries have been 
about 75°. rrhe thickness of the vein varies from opened in the limestone on the Bannister ranch, 
a few inches up to several feet, and consists of about half a mile northeast of Abbott Feny. The 
numerous stringers of quartz with intermingled marble is apparently of fair quality and the supply 
slate. The ore consisted of pyrite and free gold practically unlimited. Veined, pure white, and 
in a gangue of dark quartz, and was free milling. variegated marbles are all present within a com· 
It is said that in the lower levels the sulphurets paratively small area. The markings of the veined 
were not considered worth saving, all the gold variety are 8 little too faint for a thoroughly 
being caught on the plates. effecth'e stone of this class. The material is 

A large number of quartz veins containing some dressed in the quarries to supply local demands, 
gold and silver have been exploited in the rocks the lack of transportation facilities restricting it 
of the Calaveras formation to the north and west to the home market. 
of Blue Mountain~ In many of these claims the 
quartz is dark in color, as at the Star mine on 
Rose Creek. None of these veins appear to have 
developed into permanent mines. The Cook May, 1898. 

H. W. TUHNER, 
F. L. RANSOME, 

Geologists. 
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FIG. l.- PERCHED BOWLDER ON A GLACIATED ROCK SURFACE, NORTH OF BLOODS. 

Flo.3.- ANDESITIC CONGLOMERATE, SHOWING IRREGULAR BEDDING, AT 
FORT MOUNTAIN. 

F IG.4.- BEDS OF FINE-GRAINED ANDESITE-TUFF, NEAR THE HEAD OF 
ESPERANZA CREEK. 

CALIFORNIA 
BIG TREES QUADRANGLE 

FIG.2.-POTHOLES IN THE CANYON OF THE NORTH FORK OF MOKELUMNE RIVER ABOUT 5 MILES NORTHWEST 
OF BLOODS. 

FIG. 5. TYPE OF THE BIG TREES (SEQUOIA GIGANTEA ) OF THE CALAVERAS GROVES 




