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. U~.IV.rRSITY 

GEOLOGIC AND TOPOGRAPHI AS OF UNITED STATES. 

The Geological Surw~y is making a geologic map I 2. ContonTs denne the forms of slopes. Since 
of the Unit,ed States, whieh is hein~ issued in purts, contours are continuous horizontal lint'::;, tllf'y wind 
called folics. Each folio im'ludes a topographie 'mlOothl:{ about ::omooth snrfaces, recede into all 

to tJle observer evpry f'haracteristic feature of the I subsides the shore lines of the ocean are ('hat.~ed. 
lanuscape, It should guide the traveler; serve As a result of the of dIe surface, marllw sedi-
the investor or owner who df'sirf's to ascertain the of the land, and 

map ami ~l'ologic maps of' a snwllDf(-'fl of ('ouiltry, rcentrant. of ray.ine~, :llld in pDs:'iing positiOll uud lmrroundings of property; save the o('cupied by such 
togcther with explanatory and deseripti\"e texts. about These of contour engineer preliminary SUITe,VB in locating road8, 

TUilwllYs, awl irrigation reservoirs and ditehcs; 
provide edlH'Htionalmat.erin I for Bc10018 and homes; 
aud be useful as a nw)> for local reference. 

rodes. 

THE 'l'OPOGHAplIlC ThBP. 
eurH'S nnd Ilnglt':'i to forms of the landscape elIl be 
traced in dIe map alld skelch. 

3. Conto(Jrs :'ih01" the approximate gTade of any 

Roeks C'xpo!:lcd at the surface of tilt' land arc acted 
air. water, i('e, animals, and jllants. They 

hrokf'll into and the morc 
The features rcprci:lented Oll the slope. The altitudinal spl-we llPtmC'eIl two ('ontoun'l 

arc oft.hree dii:ltinct kinds: (1) is tllG HflIlH', whether tiley lip a ditf or on It THE GEOLOmC MAPS. 
faee, called plateaus, vallpys, hills, gentle slope; but to a on a gentle I 

and mountain~; ealled tdope one mUHt go on fl stecp slope, and The maps representing tht' geology show, by 
dIe: tiwrefore ('OlltOUrs are fal' apart on gentle slopes I co]or", und ('ollventionaI signs printed on thc topo-

works man, called ('ltT/III'(', HS i and ncar t.ogether on ",tee}) ow's. j gTllphie base map, tIll:' distribution of rock masscs 
boundarics, and ('itips. For a flat or g'cntly undulatin)!; country a small' on the f'udilCe of the IBn(l, Hnd the st.mcture 

Rdi(f.-SII are lllcaf'ured from mean 1 contour l11tf'nal is used; fi)r a stpep or mountain- ' sedions show their under/:.'ToUll(l relations, as far us 
b,;it leyel. The hpights of many pointl"! arc U('C'U- ~ OllS C'0l1l: try a large illt.f,rnll is The, known and in such detaillls the l'Icale permits, 
ratdy dcterrnitwd, and tllOse "hich are most smallcf't interyal used OIl the atlas of the 

Kl~ns OF ROCK8. 
in figures. It is 

of all parts Rock" are of many kind'l~ On the geologic map 
tllf'y nre (li:::1tinguished as igneous, sedimcntary, ;tnd 

tIlOse Colorado, tllC may he 2,)0 feet. : llletalllorphie. mattcr. 
is doue by lim',.., f:'u('h of whi('h is tlrllwn For intermediate rdief COlltour illtenals 01' 10, :l0, I 1'{Jc/:s.-Thesf' arE' roek':l which have I l'ocks.-In tllf~ course of time, and 

throu~h pointE of eg~HI denition above IllPan £olea 25, ;)0, and 100 f(,t't art' m1cd. , : and e0n..,olidated from It Rwte of fll8ion. : by a variety of pro('e>lsf's, roek8 may become ,e:rently 
le\(·I, t.hp :dtitwlinal interral reprcl'cllted thf': lire iIHIiratetl hy blue I Throng-It roeks of all molten matf'rial l]()s I dwnged in eompositioll und in texture. 'Vhen 
""p~LCe between liw;,.., ]If:'lng the l:3ame I lines, a strcam HOWl"! the E:'ntirc ."f'ur tlle line is from t,illle to t,inlf' f()l'ced upward in: the newly a('quired ('hal'ueter;sties arc lllore pro-
e<1('h wap. Thmc linps HI'E' ealled COJI/OUl"8, the: drawn unhrokcn, hnt if t.he ehannt>l is dry <l part. \ nSburcs or ehannd" of yarions .'lliapei:l aUfI size8, nounced dum the old Ollf'" snch rocks are ('atled 
nllifiJl'lll altitllciiwll between ea('h two eon- i of tll(, year thc linn i" hroken or dotted. 'Yll('I'e a II to 01" to the snrfa('e. l{.()(,k.., £imlled by: lIu:tuJJwrpl,lc. Tn tll(' of mcLall~orphjslIl_ 
tour1:3 i" eulled the Iliterval. Contours :lIld I stl'eUIll i-lillk.., and rcappear" at tbe surnH'e, the >lllP- the of the molten mass within tll('i:lC I the suh"tUIJ('PR of a- rock is eompol")cd may 
dcvut;()llS arf' printed ill hl"0'YlI. I pORed unJergronnd ('OllrRf' i" shown by a, hrokpn ~ dllllllwlr:-tllat iH, hdow thE' l"!llriU('l'-----Hre ('ulled I enkl' , imo n~ew ('ombinations, ('ert.ain "uh"tances 

The lllannpl" in wJli('h ('onrUll[",'" I blue lille. LakcR, m(jf"hps, and othnr liodie's of \ ;ntnl.~i/'(·. "\ri:Wll thp ro('k a ti.%lll'C with IlIWy be lost, or new suhstanee.'l may hp auded. 
fOrlll. amI grave i1:3 f:;]lOWll ill tilt' wuter are also shown ill hIlle, by appl'opriflte l'Oll- I paralld wallH IlWi:l8 is mllpd a: There is often n completc gradution from tJlC pri-
HIld ('ol'l"Pspondillg eontOllr lllap (fif!,'. 1). I vpntionHi I -WJll'1l nlh~ a alJ(l inegulnr l'OIlduit I to the lllct.amorphie fbrm withill a sillgle 
,-_______________ , I works of man, sueh !lR.ronds, rail- ! tJw mflSS is tC'rnlPd a ',"'-hell dIe eonduits fo)" : mass. 8ueh (,hangcs tranr:form sandstone into 

I roads, and towns, togethcr with hOllUdlu'H-'s of town- : molten traWl'Se ~tl'atiiietl rocks tllCY oft.en ' qwutzitp, limet'tone into lllnr!)lc, and modify otllE'r 
eouutips, aJl(1 r;tat,cs, Hre printed in bln('k. :::1f'ud 011' parullcl ht:'dding phtnes; , roe1,-s in various 

oft.he. Ullite<l States (exdudillg: the l'o('k mHSSCR filling- fi&lU)"CS are callcd: From tjIl1e to in geolol:,ric history igncous 
/ : A18ska and islnnd PllRst-'ssions) is nhollt :~,O~;;,OOO .~ills or sheds whcll t1ili, anil (ae('o-' and sodimentary roekR haye heen deeply buried 

I square miles. ~\..lllap dmwn \ Ii/lis when Occup,yin)!; lurgl·r prot/uepd by and later ha VE' het'n I'<lised to tIle smfiwe. In this 

The .'lket('h 
hills. 

is from its top tmvnrd the 
the map eaeh 1'f:'atUl'rR is imliea1f:'U, clireeti y 
heneHth its po"itioll in the skckn, hy contours. 
The following explanation muy mah dcan~r the 
TIlllllllPl" in which ('on tour" tlplineate elevation, 
form, Imd grade: 

1. JL contour indicatcs a certain height ahove sea 
lcw!. Tn tlliH illuRtnlt,ion t.iw contou-l' intf:'rnJ] is 

I to tllf' Rcale of 1 mill) to tIl(--' eover: the foree propelling- tlw nwgmas upwartl "-'-itllill of pre~>lltre, UlOYo-
o,020,000 square int'hcs of PfI}1Pr, and to ueeom- I roek inclo~urel:> molten lllatprial ('0011:3 with their original structure 
modale the map the would llPed to melll"!ure II the resllit that intl'U~i"e rOt,ks arc 
abollt 240 by 11-)0 fet't. oC grollIlli talEnc texturc. 'VIlCII the the sur-
suriiH'e \\ollld be repl'ef'(pnted a Kqunre inch 0(' I fH'e the molLCll mllieriul pOllJ'cd ant tlll'ough dIem 
llHlp f:illrtheE', and one lincur 011 the t!,'l"ollnd I is ('aIled {W)((, and la,Yns of tell build up yoleanie 
would lip rpp1'e~cntp(i a linear i]]eh on thf' map. ',lllountainE. Ip:neoHs ro('ks thus formed upon the 
This relMioll hc1wPcll in nature alHl eOl'- I RUl-faee arE' ealled ('.riJ'111:J1·1'« Lanls eool rapitlly in 
rl'spondi.llg di8tancp on thf' map is e,llled tllP .w'ule : tIll' air, awl a{'tjllire a or, more oihm, a par- ' lamina:' amJro'omate{Y 
ofthc III tflis CIISC it i,., "llllile to:lIl inch." I tiallv er'ystaUine in their outer parts,I'structure 

Ilwy be /,xprps,..,rd also hy a. fradio;l, : hut 'are lllore fully 1!I:'},staliine in their inner poJ'- : IiClt1'sfONily. 

of mi('a or 
with their 

thp l1Ulllel"lltOl' if' a lcngtll on the map I tion::o. The otHcr parts of laya 110ws As It rule, the oldf'",t I'o(':\..--"s HI'C most altered 
Hnd tlw d(-mOllllnator t.he ('Ol'l"f'spoIHling ll·ngth ill Sxplosi\ e al'iion and thE' younger fonnation8 hn\T l'SeapCa llieta-

in the saBle unit. Thul:3, H8 there eau,..,ing ~jt'djOll,':l of dust, morphism, tlllt to this rule there are important 
Bre iIl('hps :in a rni16, the seale "1 mile to Tht'se materialH, 'wlH'n pxceptionR. 

, un ineh" is pxprpsf'ed by consolidnted, hl"eeeias, ulld rORi.\rATlO:;o.;rs. 
Three Sl"lt!(*, lirE' used on atlas sheetf:l of the tuff.... Yoleallie ejpehl liay fall in of water i 

Ocologienl Rurwy; thE'smalJe::;t is or may be carried iI;to lakei:l or seas amI f()rm: :Fol' I1Japping: rof'ks of all 
sf:'tiiulf'otary roC'kt'!. I the art:' di\~idC'd 

" 'l'ock8.-Tht'Bc roeks are II tilill.~. A sedimentary formatioll contains 
g-round to an lnch on the nwp. ()llthe of the oC 01l1('1' rock" whi('h have it:" upper and lower limitH pidler roC'ks of unifbrlll 

a squaro indl of map surtilcp hrokpn up and t,ile of 1\hieh han~ heell ! ('haraetpr or roeb more or lpbf:l lllliformly varied in 
n1l011t square mile of eart1l surface; on s('ale eal'ripd to a differf'ut, awl deposite(1. I chtlradpr, as, for example, a. rapid altf'rnation of 

about 4 l"!gnart' miles; alld on the scale The ehiefagellt of tnm:"pol'tation of' r()('k debris is shale and limestone. "Then tht:' from one 
16 mites. At. the bott,o)]] " water ill Illotion, inC'luding rain. ~tI'eaIll~, and tk~ kin(l of roc'ks to another iR f'OlneLiHlE'l"! 

sealf' if' expn's;-ied in three WlJ.Y.'l- : 'WHtE'I' of lake8 and of tlH:' , sea. The matprials are lllt'r"f'H'll'Y to tW9 eOllt.iguons fonnnti.on:-l hy 
line miles lwd : in part earried al:> solid partiele.." and the: an awl in some eHseH the di,'itinetioll 

m·e t.hCll l:3aia to bp lllcehfllli(·Hl. Suc,b I t'ntil'd,v on tJw eOlltf-iined f<)~sik 

::o:n](l, Hnd ('lay, whidl arp latcr consoli- : 
illto ('onglolllcrutc, f:landl:3toIlP, alld shalt·. [11 \ either contuinillg tlle same kind of iglleous 

smaller portion the matcrials )Jre ('arripd in solu- I rock 01' A 
tion, :llld the :JI'() then ('Hllf'd if : mt'tallHwpllil' consist of l"()(·k 0[' t1ni-
forhlCd with the of lifc, or chelllical ' f<)fJn dwraetel' or of rocks hllving ('ommon 
without the aid of life. The more important ro('ks ehami'tPl'isti('s. 
of chemical and organic arc limc"tonc, ('hert, I "~hPll fill' sl'ielltiiie or economic reaRons it is 

a dpgree~()f longitllde; caoll gypBllm, salt, iron orc, pcnt, and eoal. Any I dpsirable to (lIla Hl<lp onf' or more 
("ontain" Ollc-fourth of It I ovo of t.he dcposits WHy he lbrmed, or : I:3f)('eially of It \'aricd formation, 

and below thp hif!,"he]" ('on tour. on t,he scale COIl- I t,he different mat.erlals nw,v ill I sudl parts m'e ({/e,ltba,~, or by some othel' 
at 1;'50 feet fill"lsjllst below the of the tel'l'a~e, : degree. Hreas: many ways, produC'ing a great appropriate t€rlll, as Icntil8. 
\vhilc that at :WO f~'pt li('s llbove tel'l'aee; there- of the eorrespowling are about 4000,: ~\notber tranf'porting agellt is nir .:iJER OF lWCKS. 

fo1'c lJll po:nts ou tllP iefl"ll('C ure ~JlOWll to l)i~ Illore 1000, and ~,)O square miles. ,wind; amI a third iR i('e in motion, or 
than };iO hut l(,Hs diall ~OO fi:ct 11/)O\-C sen. The The atlHE sht'dR, parts of one lllap: The lllO:::1t eharactPri"tie of the wilHl-hoTllc or coliHn Gel)logic lime.-The time dIe roeks 

hill is shltcd to 1)(' (iiO feet of the t!nited Htates, politieal. houndary dcposits iR 10ef'O:, a [jne-graillPtl earth; the most clwr-, \\'f'rt' made io: (ii, ided into blllaller 
lines, sneh ad t11Ol"ie of SLJ.tes, eounties, amI town- ' actel'isti(' of tlppositl'l i8 till, H lwterOf.!;pneOllS time di'visions are ealled epoehI:J, and still smaller 
ships. '1'0 eneh sheet, nnd to the Ipwdrnngle it. : mixture :)Jul pchhles \\·itll c1Hy or suwL The agc of "1\ rock js exprcssed by 

nUllllJnred, and tho.'ip the name of some wf'll-known I ~edimpntarr rock" are lIsllalhr made of byt'rs naming time intelTal ill which it ,,"us fornH,d, 
aei'P11luatl,d being made lJeuvipr. town or fi:atur8 within its limits, and at the; or bed8 whi('h'e<ln be e:lbih" Hq)tl;att'd. lan'!'b whell known~ 
i" not to lluml)('r nl1 t.he ('on/ours, and sides ana corncrs of end~ sheet the numeR of wIja- : are called s/mla. Roek; deposited in layers' are The I'ledillleniary fbrllwtiollt'! dopmited during a 
thVIl the ae('cntullting aud Ilumberillg" df ('ertaln cent shedd, if' puhlished, are printed. I said to he :::;tratified. I period arc grouped together into a The 
of O\'I'r)' lH'lh one-sllJl1t:e, for the tbe topographie : T}le I'lurtuee of tlle earth is not fixed, as it sep1llS I didHions of a systcm are 
heif!:hts of may he as('ertaincll by eounting : Illnp arc drainaf!;c, an(h'ultllre I to be; it vt:'ry slowly ri8cb or sinks, with rcicren('{l II 0[' iOl'matiolls less than a scries is 
up 01' down from a llumbereu eontour. I of the quadrangle represented. It should portray I to the sea, oyer -widc expanses; and as it rises or 

f(Colltiuuellonthirdpageofoover.)' 



or st.ra.ta accumulate the I planes. Suitable combination patternf'( are nsed i Strllciure-8edion slied.-This I'lhcet exhibit" the I 
that. are older, and the rela- for formatiollt1 known to he of :,,;Cdi-I! Tch.Jt.ions of ille fOT!llation~ beneat.h the surDt.cc. In I 

may he determined by m':'ntary or difl\ shafts, and other natural awl 1tniIi-
1 

of 
Thif< l'elatioll;:;hip hohls , The p,ltt.erns of cuch arc printed in variolll, <.'ial the relat,ion . ., of di.f1t>rcnt beds to one, 

On tile rif!;ht. of the sketch, fig. 2, tile scction is 
of schis:s whidl llre trarc:rsud by masses 
rock. The "chist!:l are llluch contorted 

of int,ense di"fUl-Lmucc; in such I colors. 'Vith the pat.t.cms of parallel hIltS, colon3 IllUother seen. Any cutting "which exllibiis i 

tlw heds have been rcvcrsetl, and' are .used to indicate age, a parLiruhr color those is el111cd II ,~cdi(JlI, and t.he Sllme 

oft.('n diffiellit. to determine their relative agc'E : assigned- to eaeh The by term ii? applipd to a diagriHlI t.lJ-e rcla-I 
from their po:::;ition~~ then or the remains! formations a.re tions. The ,nrangclllent of ill emth is 
Ill1d imprints aud indieate 'which I letters. If the of a f()l'lnation iM known the, t.hc eartM:;; structn!'e, awl a. section exhibiting this i" b 

of t"o or mol'(' iA the oldest. I symhol includes Rystem which is a .arrHl1gement i:::; cHlled it d!l'ur:h(j'e wdion. I Fig-. 4.-lLleal ~ediom of strat:t, ~h()wing (a) Normal faults 

bt,ratitied rocks often contain the remains or capiLa.1 lettf'r or monogram; the symbols; The geologist, iOl not limited, howew1', to the l!.wl (b) a 11111181 fault 

imprints of plants and animall:l ,dlich, at the t.ime,' are cOl1lpoRf'd of small INters. The names of the I natural and lntitieiul cllttings, for his information inferred. Hl·nee t.lwt portiOll of the scct;on ilf'lin
the strata, 'vere deposited, lin'd in t,he sea or were I SY!:ltf'lllS and recogllizi'd spri(,-I:l, in propP!" order (from, concerning the eart,h'l'l Oltrndnre. Knowing' the tiltCI'! whai is prohably true hut iR not, knowll by 
\vashed from the land int,o hlkf's or seas, or were \lleW t~) old), ·wit.h the eolor HlHl t"vlllhol to I manuel' of formation of 1'0('k~, and traced 1 obscrv!1iion or.well-founded inti:;rclll'c. 
hllried in '~llr1ieia.l (leposits on the land. 8uch, each system, are giwl1 in the pn:«.c(1ing out t,lle relation:::; HTllOng the bed:,:; Oll the he The sedion iJl :2 shows threc set" of forma-
1'0('];;:13, are Cu.neel fOSRilifcl'ous. :By studying fos:::;i[:::; i I:'UR,F~\(:E l"OJ01:-; on mfl'l' then' rel.ltne n,flpr they pass: lions, dit"t.,ingni;.:;llCd Imdel'gron1Ulrf'bt~ons. 
it. has heen found that the life of each period of t,he I beIlc.Jth the smtwl, Clln dnm sedions I The of seen at tllf' left of the 
earth's hil:lt.ory was t.o a gl'eat, extent different from: ,Hills llm] valleys aIla all other "lll'ihce forms have i sellt.ing the st.ructure of the eart]l to II ",,,,,idemble 
that of othcr Only t.he simpler kinds of I been prodlked For examplf', dq)th. Such a seetioll "hnt won[d 1w These "('llilllPntary RUHta 

wlwn the oldest, fossiliferous most, the stl'ealllH in the side of a miles long awl the f'ea, t(H'mill(! It plat~[j11, 11l1tl 
show,.., that It porl'~ou 

m~.":;f'd from a lower 
The l-'iruta of t,his set flre 

rocks From time to time more I, t,hat flow them t,(,c fig. 1), t[lP allu vial T[lis ilhistTUt~d in 
('olllplex dcwlope(l, and as the simpler ones plains hordering llWTl." streams \wre built up hy 
lived on in modified fUl'llls life became more yltried. : the strf'alTlS; :-;ea cliff!, arc made by' 'tlw eroding 
But. tlm'ing f'ach there li\'ed peculia.r forms, I adion of wavp,';, and s:md .spits arc built up hy 
\vlli('ll did not. in earlier timt"':l and 1ul\'e not wayes. form.., thui'l constitute pHl't, 
e~isted sillce; the.:;;e Hre (;hrll'('w[eridie and: of the of the 
tlley define the llgf' of auy bed of ro('k which i in lIk i 0lH.'(" eominllou", but, th(' crests of tite arches have 

are found. Other types passed Oil from 
to period, ami thus linked tlw 

a ('}min of lif~ from t.lH' 

Fossil remaills found in 

ing of a marine or 
double hills being worn 
and being filled Hp 

.\11 p:Jrl::; of the hnd are 

bf'PIl ,remored by degTuda.tion. The bed8-, like 
tho"c 0(' the firl'!t ~<~t, art' coni()rmahle. 

The horIzontal 8t.ral.a of [,hc rf'st upon 
the "roded edge,.., t.he 11('<1,-; of the 

,..,et at tht' left of the spctlOIl. The O\Tl lying 
~t·d.iotl at thE' frollt and a df'pofiits are, from their eyidpnt,ly 

\ than the Hull the 
The figure represents a landscape which is cut and have 

l"O(.k. off sharply in t.he fore?,'rollnd Oil a vertical planc, I 
so Iti::l if) show the underground relat,ioJls of the and tllP aC('llllll1IHtioll _ of 'd18 yOllugl·r. 
roekB. The kinds of rock are indicated by appro- youngf'r ro('kl" tJl1lR rest upon an prodcd :::;llrh,ee 

, priMe symbols of line:::;, dots, Hnd dm~hc:::;. These I of older rocks t.he relation 1WtWPf'Il till' two L'> 
symLoli::l admit of much varilltioIl, but the following; I au 

H ure generally used in "sedion:::; t.o represcut. the I il:l all 
commoner kind:::; of rock: ' The 

I 
sclnst;:; and 19nC:Olt~ rod"b At Rome 

1ml:::;S or il'! dpposited UpOll it.. adioll of .ail', waler, Hnd iee, which WCHl' - --=--~~~# I tH\(lsed ClllVIOIl'< of 'llOltCll But the 
~1~ h,,[or) til, ,dusts nne phe", .. d I" Hwl 

~~-t::'_ llltlllblOn of 1.L,ll<OUS ro kR ha\(' BOt 8imilarly, the time at whieh meta.1l,orphie TUcks I them down, <lwl I'!trpill1H tlte wHsle material 
'VPl'e forllled from the original maRseH is SOllll'tlllles to the :::;(;H. A:::; tIlt' Pl'O('(,R8 on the flow 

Shaly jiH'~~(<llJ~~ I 
the strata u{' t.he H~t()lld set.. 

shown hy theil' relation.'! to ndjaef'uL 1.(mnationH of 'WlttCl' to t.he spa, it (',1ll not canied below Se-ll 1'hu,'; it is i~vident a c:otl:,:;id~l·ab[c interval 
'of known age; but thc Hp:C recora~d on the lllap.is le\,pl, awl the Rva is therefuI·~·('nllpa the ba."i('-/evd 
tlw.t of the original masses and not of their meta-I of e.,l'OSlCln. \V1wn H large trad i:::; for a lonh.~ time 

l!llelisturhed by uplift OJ" :::;llb6idel1ce it, is (legra.(l<.'d 
twd paft.crn,~.-Endl fOl'mat,ion i,y shown ,n~nrl.v to hase-leycl, and tllt' eWll 'Kuriiwe tlnlB 

on the map by' a distinctive combinatiou of ('0101' II produced is ("dIed a. penrplu-in. If the truer, is 
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wht. J"e he of sawlstones, forming the cliff's, ami sha.les, ('Oll~ti-I gronnd alorig l".ection line,. and the froIll 

of th(, ii)l"- tnting the aR showll at, the cxt,r,emc If'ft of the surface of any mim·ral-produeing or waLel"-
flU)' formll- I the Sf'etlon. hroa.d belt of lowcl' b,nd is tray- I b~aring stmtmll which ::lppear,-l in t.he f-\peLion may 

in the and I ersed hy se\-eml ridges, which nrc f:;C'Cll in thi'see- be measured the s('~de of dIe lll<lp. • 

its color lllld p:lttern noted, the Hl'i;aS on the tion to cOl'rf'spon<l to th~ t.ll'd of sHnd- sllcet eontains a 
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geolo~ic history. In i.t tJw formationi'! are arranged reous sha[c. 
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orig~n-se(lilllelltary, igneous, and snrfaee their tllickness (::111 be measured lltld the 
oj' unknown ori~in-and w-it,hin each group at which they dip below t,lie surfilCc ('an be diagram. 

o Red-pllrple. 
are placed in the O1"<1er of age, so lill' as kllown, Thus t.heir underg:round can The thicknesse,,; of formations ure given in figures 
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Gray·1Jrown. 
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DESORIPTION OF THE REDDING QUADRANGLE. 

By J. S. Diller. 

INTRODUCTION. 

Location a1J-il area.-The Redding q-w.drangle 
lies in the northern part· of California and is 
bounded by meridians 122° and 122° 30'. west 
longitude and pamllels 49°, 30' and 41 0 north 
latitude. It meflsures a little over 34 miles from 
north to south and nearly 27 miles from east to 
west, and coo-tains about 905 square miles, a lit
tle less than one-fourth the area of Shasta Countv. 
It comprises the central portion of the county, 
~~_!l~~~ north end of the Sacntmento Val
ley, and Reddin~fiidt8 ctileftown. - -

Outline 0/ lite geography and geology of the 
region.-The broad mountain belt of the Pacific 
coast of the United States, approximately ]50 
miles in width, extending through northern Cal
ifornia and Oregon, is naturally divided into three 
mountain ranges, the Coast, Cascade, and Sierra 
Nevada, and two valley-s, the Sacramento Valley 
of California and the Sound or Willameite Valley 
of Oregon. 

In California the Sacramento Valley separates 
~he Coast Range from the Sierras. In northern 
Oregon the '\Villamette Valley separates the Coast 
and Cascade ranges, but in the northwestern part 
~f California and the southwestern part of Oregon 
is an irregular group of mountains, the Klamath 
Mountains, in which all the ranges meet and form 
an irregular upland 200 miles in length between 
the heads of Sacmmento and Willamette valleys. 
Each of these great topographic features may be 
regarded as outlining a geologic province. The 
Redding quadmngle embraces parts of three of 
these provinCffl-llie north end of the Sacra~ento 
Valley, part of the Cascade Range, and part of 
the Klamath Mountains-and contains records 
more or less complete of the geologic history of 
all three provinces. The course of ,events in the 
de\'elopment of each province is in strong contrast 
with that in the others. These events· are briefly 
as follows: 

The Sacramento Valley is a depression hetween 
the Sierra' Nevada, Coast Range, and Klamath 
Mountains and has long been receiving,.~he mate
rial washed down from the mountains. During 
the Cretaceous period it was still covered by the 
sea, and also in part during the Tertiary; but since 
that time it has been above sea level and drained 
by Sacramento River, whose floods haye made the 
de}Xlsits which forIll the present surfa(fe of the 
valley. 

The Cascade Range, which is represeuted in the 
Eedding quadrangle by the western edge of the 
Lassen Peak volcanic ridge, is purely volcanic, 
consisting of intermingled lavas and tuff's piled up 
around the craters from which they were erupted. 
So many volcanic vents were adive in the same 
belt that the volcanic cones which were built up 
about them coalesced and formed a prominent 
range, with a long, gentle slope coming down to 
the Sacramento V allev. 

The Klamath Mou~tains a.re not the direct result 
of upbuilding, like the other two provinces, but a.re 
mainly the product of upheaval ,which raised above 
the sea a long succession of sedimentary and igneous 
rocks. 

The Kiama.th Mountains (.'Ontain the oldest rocks 
of the region, and in this~ respect are like the Sierra 
Nevada farther southeast. Large masses of lime
stone and other sedimentary rocks of Devonian 
and Carboniferous age occur, as 'well as some. older 
crystalline schists. There is a small proportion of 
Triassic and Jurassic rocts, and the whole is cov
ered here and there by remnants of a once con
tinuous sheet of Cretaceous sandstones, shales, and 
oonglomerates. At times while .these rocks were 
forming, especially hefore tbe middle Devonian 
and -during the latter part of the Carboniferous 
and the greater portion of the MesDzoic, volca.noes 
were active in. the Klamath Mountain region, 
giving rise to extensive sheets of contemporaneous 

lava and tuff intermingled with the sedimentary 
rocks and covering them in many places. The 
whole body of sediments and lavas is penetrated 
by many dikes and masses of coarse granular plu
tonic rOCKS, such as granodiorite, gabbro, and ser
pentine. This complex of sedimentary and igneous 
rocks was uplifted, forming the Klamath Moun
tains, at the clOse of the Jurassic. Erosion 
and subsidence during the Cretaceous brought 
the Klamath Mountains down to sea level, but 
at the close of the Cretaceous they were again 
uplifted and with various later oscillations and 
consequent erosion have been carved to their 
present form. 

Ctimate.---8eparnted from the Pacific by a prom
inent mountain range, the Redding q~adrangle 
partakes somewhat of the arid climate of the 
interior, which, however, is partly ameliorated 
by mountains in the north and east. The cli
mate of the quadrangle differs considerably in 
different parts. The range in temperature and 
rainfall in the Klamath Mountains is probably 
quite unlike that of the northern part of the 
Sacramento Valley, where the only available 
observations were made by the 'Veather Bureau. 
The mean annual temperature for twenty-two 
years previous to 1899 is 62.4°, muging from 
an average of 45.2" in January to '81.9f in 
J ul y. The highest temperature recorded was 
114° and the lowest 18°. The average annual 
precipitation for the same time is 25.56 inches, 
almost the whole falling betw~n October 1 and 
May 30. -June to September inclusive are dry 
months, with only occasional small showers in 
the valleys, though they are more common in the 
mountains. According to observations at Red 
Bluff, the general movement of the air is from 
t1le mnuntains on the north 'and east ·into the 
valley. During the summer months, however, 
there is a well-marked northerly movement of 
the air, which is in part due to a strong west
erly indraft through the Golden Gate and its 
subsequent deflection northward through the val
ley. Killing frost rarely occms as late in the 
spring as March 30 or as early in the fall as 
November 7. 

Vegetntion.-Although the greater part of the 
Redding quadrangle is forested, most. ·of it is 
but sparsely covered with small trees and scrub, 
and other portion~, particularly large tracts of 
the gravel plains in the Sacramento Valley and 
the dry, stony plain of the Piedmont, are tree
less but afford fine pasturage for much of the 
year. In the lowlands and the foothills of the 
Klamath Mountains several varieties of oak 
(chiefly Quercus douglaHii) and the digger pine 
(Pimu Rabin'lana) are most common, with man
zanita and lh'e oak generally prevailing in the 
underbrush. About the higher summits pines 
increase and timber becomes more valuable, but 
none of it is lumbered except -in the northwest 
corner of the quadrangle, at Lamoine, where there 
is a box factory. 

PopUlation and industries.-The Redding quad
rangle, though covering less than one-fourth of 
Shasta Connty, includes its most populous por
tion. The county had a population in 1900 of 
17,318; of this number 2946 lived in Redding, 
and it is probable that the whole quadrangle con
tains scarcely less than 12,<X>O inhabitants. 

The principal industry ,is -mining, and Red
ding is the outfitting and .business center. 
Shasta County has long' been noted for its gold, 
and lately copper and silver have become impor
tant. Agriculture, including fruit raising, is of 
much less importance, though with irrigation its 
relative value might be greatly increased. The 
fine pasturage afforded by the Sacramento Valley 
during the rainy season favors stock raising and 
wool growing, for the animals may be kept in the 
mountains during the summer; but this resource 
is limited. Wheat, which is raised chiefly for 

hay, stands first among the farm products, with 
barley next, and smaU amounts of COl'll, oats, and 
rye. The orchards yield prunes and peaches for 
shipment, with grapes, pears; almonds, figs, and a 
few apples for home consumption. The genera
tion of electricity for light and power is a thriving 
industry. Fishing deserves mention, and the prop
agation of fish is of great. importance. McCloud 
River, on account of its large supply of cool water, 
the temperature rarely rising as high as 60" even 
dming the summer, has an abundanee of salmon 
and trout. Of the latter there are two varieties, 
the rainbow and the Dolly Varden. The former 
has been hatched and distributed ·to many parts 
of the world. A station for hatching salmon was 
established at Baird, ou the McCloud, in 1872 3I;1d 
has been in operation more or 1(>88 actively ever 
since. The output of the stati.on,_ ~mounting in 
some years to many millions of partially developed 
eggs, is largely distributed to other hatching sta
tions of the State for final development. The run 
of salmon in the McCloud in 1903-4 was said to 
be the greatest ever known up to that time. Over 
82,000,000 eggs were taken at the McCloud station 
in 1903 and more the year following. 

TOPOGRAPHY. 

RELIEF. 

Attention has already been called to the fact that 
the Redding quadmngle embraces parts of three 
great' topographic provinces,. namely, the Sacra
mento Valley, the foothills of the Lassen Peak 
volcanic ridge (Cascade Range), and part of the 
Klamath Mountains. 

The north end of the Sacramento Valley, lying 
between the foothills of the Klamath Mountains 
on the west and north and those of the Lassen 
Peak volcanic ridge from Millville to Bellavista 
on the east, is characterized by a broad plain of 
gravel and sand, across which the river and its 
tributaries have eut valleys rarely as much as ]00 
feet in depth and ranging from one-fourth mile to 
4 miles in width. The floors of these valleys a.re 
generally flat, being the flood plains of the adja
cent streams, and are covered with fine alluvial 
soil wbich, when well watered, is excellent for 
agricultural purposes. The sand and gra\'el plain 
is well illustrated by the Stillwater and Millville 
plains, at an altitude of about bOO feet, gradually 
rising to the north. The alluvial valleys are 
represented along Cow Creek, Stillwa.ter Creek, 
and the Sacramento below Redding. This sand 
and gravel plain, rising nearly 100 feet above 
the. alluvial valleys, represents the ancient flood 
plains of the st.reams during the Redding epoch, 
before the streams had cut their present vaUeys. 
It is interesti,ng to note that the plain, especially 
arou~d the north end of the valley from Buckeye 
by Lilienthal to Calkins, extends beyond the limit 
of the sand and gravel that fill the Sacramento 
Valley, and that this exten~ed border is cut into 
the hard rocks. 

In the southeastern, part of the quadrangle, 
drained by Cow Creek and its tributaries; is a 
series of low, flat ridges running northeast from 
the vidnity. of Bellavista and Millville toward 
Crater and Magee peaks, which, like Lassen Peak, 
were once a-ctive volcanoes and belong to the Cas
cade Range. The broad, even crests of these ridges, 
separated by relatively narro'f canyons in which 
the present streams flow, are evidently parts of a 
once continuous plain which gradually rises north
eastward from an elevation of 500 feet on the gravel 
plain of the Sacramento Valley to nearly.5000 feet 
as it approaches the volcan'ic peaks of the range. 
As this plain belongs to the foothills of the moun
tains, it may be designated the Piedmont Plain to 

conveniently distinguish it from the plain oftheSac
ramento Valley proper. The Piedmont Plain is 
for the most part dry, sterile, and usually strewn 
with numerous lava fragments, making the roads 
across it extremely rough, in strong contrast with 
the sand and gravel plain of the Sacramento VaHey. 
This arises from the filct that the Piedmont Plain 
is generally underlain by volcanic material in the 
form of lava flows or agglomerate tuff, and it is 
evident that in origin the Piedmont Plain is inti
mately related to the upbuilding of the Lassen 
Peak volcanic ridge. Backbone Ridge, north of 
Furnaceville, marks the northern limit of the 
Piedmont Plain, where it reaches the canyon of 
Pit River, but northwest of Sugarloaf it crosses the 
canyon and appears on the divide hetween Pit 
River and Squaw Creek. In this portion of its 
course Pit River marks approximately the boun
dary between the Piedmont Plain and the Klamath 
Mountains. 

The divides.-The portion of the Klamath 
Mountains which lies within the Redding quad
rangle occupies its northern two-thi.rds and 
embraces' all the country not included in the 
Sacramento V ~lley proper and the Piedmont 
Plain. The hills and mountainf! are arranged 
chiefly in four ridges, running approximately 
north and south and forming the diyides between 
the principal streams. Named from the east, these 
are the Brock Mountain divide, between the Great 
Bend of Pit Riv~r and Squaw Creek; Town Moun
tain divide, between Sq ~a w Creek and the McCloud; 
Hirz Mountain divide, between the McCloud and 
the'LittIe Sacramento; and the Clear Creek divide, 
lying west of the Little Sacramento. 

The Brock Mountain divide is most regular in 
the southern part, where the ridge, attaining a 
height of 3<X>O feet, is formed of limestone. In a 
small way the limestone is extremely rough and 
jagged, owing to the peculiar fluting which results 
from weathering. Farther north igneous rockS 
become more abundant and in Bagley Mountain 
rise to a height of 4487 feet. 

The Town Mountain divide is the most rugged 
mountain ridge of the quadrangle, having a suc
cession of five prominent peaks over 4000 feet high 
within a distance of 12 miles. The high pp.aks are 
all composed of igneous rocks, arranged in sheets 
dipping eastward and presenting steeper slopes 
with a sUCCf.ssion of small cliffs to the northwest. 
West of.Town a.nd Horse mountains is a lower but 
very prominent ridge of gra.y limestone, which 
farther south, beyond Pit River, appears in Gmy 
Rocks. Bear Mountain, a short distance to the 
southeast, is capped by igneous material. 

The lIirz Mountain divide widens and incJ;'e9.Ses 
in height northward to 5855 feet in High Moun
tain, also called Nawtawakit Mountain, the highest 
point in the ql1adl'angle, near the middle of its 
northern boundary. The divide is very irregular, 
hut its crest keeps close to the McCloud, where the 
limestone and igneous rocks, though near the larger 
stream, resist erosion more effectively than the thin 
sandstones and shales on the side toward the 
I .. ittIe Sacmmento. 

The top of the Clear Creek divide, which attains 
an altitude of over 5000 feet, lies just outside the 
Redding quadrangle, but the greater portion of its 
eastern slope, with several points rising to over 
4000 feet near Sacramento and Little Sacramento 
rivers, is included within the boundaries. 

Klamath peneplain.-About the level of the 
highest summits the slopes become _gentler and 
the crests flattish, approximating a general plain. 
This suggests that before the deep valleys ~el'e 
carved by the pr83ent streams they were con
nected in a landscape of gentle relief, iii which 
the hills were· low and rounded and the v~lley8 
broad and shallow. In the Reddihg quadrangle 
this high pla~n of gentle 'relief is SC8;rcely· per-



ceptible, owing to the later destructive erosion 
by the large streams; but in some other por
tions of the Klamath Mountains the plain is 
well developed and gives to the uplands of the 
region in which it occurs t~e character of a pla
teau. To facilitate reference to this feature it has 
been designated the Klamath peneplain (Bull. U. 
S. Geol. Survey No. 196, 1902, p. 15). 

Earlier ri've1· valleys.-The Klamath Mountain 
valleys of the Redding quadrangle are in general 
narrow and canyon-like in their lower parts, with 
steep slopes, while the upper part.:!, involving the 
crests of the ridges, are much wider an d are char
acterized by gentle slopes. These wide upper parts 
have been called for convenience the earlier yaUeys, 
to distinguish them from the canyon-like portion 
below, designated the later valleys. 

One of the best preserved of the earlier valleys 
is that of Pit River. The flat divide south of this 
river and Imst of Sherman is the border of the 
Piedmont Plain. The Jayas of the Lassen Peak 
volcanic ridge forced the Pit to the western border 
of the partially developed peneplain, and beyond 
Jones Valley the river cuts across a portion of the 
Klamath Mountains dire<'tly to the Sacramento. 
It is in this portion that the early valley, at 
an elevation of about 1500 feet, is well preserved 
and may be well seen looking westward through 
the valley from Sugarloaf, 2 miles northwest of 
Fnrnacevil1e. The level of the broad, shallow 
old valley of the Pit is scarcely 500 feet below 
the flat Backbone Ridge which divides it from 
Little Cow Creek, and is in very strong contrast 
with the narrow, deep, canyon-like valley contain
ing the present river. 

TracE'S of earlier valleys may be followed in the 
uplands along the McCloud and Little Sacramento, 
but for yarious reasons they are not so well marked 
as that of the Pit. This earlier-valley epoch is given 
great interest by the discovery of Potter Creek cave 
at the level of tIfe earlier valley. The caye COn
tained bones of forty species of animals, of which 
at llmst seventeen, including the mastodon, ele
phant, and tapir, are extinct. The character of 
the fauna in good part indicates low relief, and, as 
pointed out by Mr. Sinclair (Science, new ser., vol. 
17, 1903, pp. 708-712), is quite out of harmony 
with the present topography of the region. 

Later river valleys.-Later valleys in the Kla
math Mountains occur along all the present 
streams, but their most striking development is 
found along the larger rivers, especially the Pit, 
McCloud, Little Sacramento, and Sacramento, 
where the canyon-like valleys are narrow and 
deep, with steep slopes to the water's edge, leaving 
little or no space for roads or cultivation. 

In these later valleys, especially along the Sac
ramento, there are terraces which appear to mark 
intervals of stability, permitting the streams under 
favoring local conditions to widen the valley 
slightly. Their best development is in the vicin
ity of Keswick, where the terraces are capped by 
patches of gravel like that of the Sacramento Val
ley and represent an epoch when Sacramento RiYer 
flowed at a level about 200 feet above its present 
bed, in a somewhat wider valley. Follo'Ying the 
river further north, we find remnants of the old 
valleys on the spurs from the e.3st in the very 
sharp bends near the mouth of Sugarloaf Creek, 
and beyond this the terraces are capped by Ii sheet 
of lava which came from Mount Shasta. At Delta 
gravel of the old liver bed is preserved beneath the 
lava. 

In comparing the stream valleys of the Klamath 
Mountains with those of the Piedmont Plain nnd 
the Sacramento Valley it appears that in the Pied
mont Plain only the later valleys are found, while 
in the Sacramento Valley proper only the very 
latest occur, coITesponding to that below the Kes
wick terrace. 

DRAINAGE. 

The Little Sacramento rises in the lower moun
tains at the western base of Mount Shasta. About 
30 miles from its source. it enters the Redding 
quadrangle and with mnny meanders follows a 
direct general course across the western part of 
the quadrangle, receiving with the Pit and the 
McCloud the drainage of the entire area. Below 
the month of the Pit it is known as the Sacramento. 
It has no falis, but is full of rocky rapids until the 
Sacramento Valley is reached, a few miles above 
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Redding. The following table ,hows the height 
of the water level of the river in July, 1900, at 
a number of points in the quadrangle, named from 
north to south, and gives an idea of its water power: 

Elevation oj water ler:elof 8aeramento and Little Sacramento 
1"1ver8, Julu, 19()O. 

,I~LOO'",' I '"'. I t I i11l1£·j 
--I~[-· ~I-' 

Railroad bridge one-haH, t J!'eet. Mt. Feet. I 

Flat ...................... July 28 1277 
mile south of Portuguese I 

Railroad bridge 1 mile 

south ol Portuguese Flat July 28 1263 ! 28 
Mouth of Slate Creek, near 

Slatonis .. 

Mouth of Little Dog Creek, 
one-half- mile below 
Delta ................ . 

Railroad bridge 1 mile 

1222 1t 27+ 

1086 4 S4 

below Delta., ............ July 27 1049 ! 49 

Railroad bridge 2 miles I I 
below Delta .............. 1 July 26 1038 16 

Gregory(BairdSpur).... July 25 988 2-l 

Railroad bridge 4 llIiles 

below Gregory ........... 11 July 24 
Railroad bridge near El· 

m"'e ................. "'1 July" Mouth of Pit River ......... July 20 

Kennett bridge.. .. . . . . . . . .. July 20 

Keswick bridge ............ July 20 
Mouth of Middle Creek. . .. July 20 
RetIding free bridge ........ July 4 

839
1

420 

787 5 24 

639 5 20 
624 2 

511 12 

495 2 

406 6 6.a 

Rises of' 15, 16, and 20 feet are not unCOmmon. 
The height of the river varies from day to day, 
even in the dry season. The oscillations are 
related to the rate of melting of the Mud Creek 
Glacier on Mount Shasta, for within twelve to 
twenty hours after a particularly warm interwl 
the McCloud rises at the fishery and is clouded 
with light-colored sediment like that cOlIl:ing from 
glaciers. McCloud River is a narl'O\'l, rushing 
stream between steep, wooded, rocky slopes and 
affords an especially attractive water power. 
Within the quadrangle the river filns nearly 
450 feet in 21 miles, or at the average rate of 
21 feet to the mile. The fall is not quite as great 
as that of the Little Sacramento, but as its volume 
is over foul' times as large, and regular, it is much 
more efficient. Hecognizing the McCloud HS fin 

important water power, several companies are now 
preparing to utilize it in an electric plant. 

DFBCRIPTIVE GEOLOGY. 

SEDIMENTARY ·ROCKR. 

In the Redding quadrangle, besides a large num
ber of igneous rocks, fifteen sedimentary formations 
have been recognized and outlined upon the areal 
geology map. Collectively they contain a more 
complete record of the geologic history of northern 
California than has yet been found in any other 
quadrangle. 

DEVON1AN SYSTEM. 

ceous and full of radiolarian remains, which 
produce minute spots visible with a hand lens. 
The shales are conformable with the limestone, 
the whole series generally striking about N. 60° 
K and dipping 30° SE. 

A large body of JimC'stone occurs also in the 
divide between Little Barkbone and Rquaw creeks, 
along the trail from Kennett to the }Iammoth 
mine, and several small masses partly or com
pletely surrounded by metarhyolite crop out 
neal' the crest at an elevation of from 3800 to 
4400 feet, in sees. 13, 18, and 19, nearly 6 miles 
northwest of Kennett. These isolated masses, as 
shown by their abundant fossils, were once directly 
connected not only with one another hut with the 
larger masses of limestone and shale alrendy referred 
to. The separation in most cases is clearly due to 
erosion, which has removed the intervening mate
rial, as will be shown later, to form the Bragdon. 

The northernmost locality of the Kennett for
mation exposed in the Redding quadrangle is in 
the BE. t sec. 33, T. 35 N., R. 5 'V., on the slope 
north of Little Sugarloaf Creek. The area is small 
and the rocks are chiefly dark shales, in some 
places decidedly cherty, with' radiolarian spots, 
and ferruginous sandstone rich in coralB. 

The greatest fall, 49 feet per mile, is near Delta. Lithologic character.-The Kennett formation 

The Kennett formation of the Backbone region 
crosses the river a short distance above Morley, 
where near the water's edge the shales are rich 
in fossils. To the northeast they disappear for 
some distance, being covered up by the Bragdon 
formation, but reappear ,,,est of Baird; at this 
point the limestone ledges are few and smaller, 
and sandy shales and sandst.ones largely predomi
nate. Considerable limestone occurs in sec. 16. 
near the head of Bailey Creek, on the east slope 
of O'Brien Mountain. Small masses crop out also 
in sees.\) and 21. Farther south and southwest a 
mass of shales, containing a ledge of fossiliferous 
limestone, outcrops in the SE. t sec. 17, near the 
Buckeye road. Similar ledges rich in fossils occur, 
surrounded by igneous rocks, in the southeastern 
part of sec. 25, about 3 miles w('st of Lilienthal. 
SlatE'S with some limestone, formerly burned for 
lime, occur in sec. 6, east of Newtown, also west of 
Newtown on the road to Old Diggings. A larger 
belt of slaty shales stretches more or less continu
ously from near 'Vaugh to Clear Creek, a mile 
below Horsetown, where several lenses of lime-

The average fall per mile for 251 miles north of the (Jour. Geol., vol. 2, p. 591) is made up chiefly of 
mouth of Pit River is nearly 25 feet, and the aver- black shales, often cherty, with some tbin-bedded 
age fall for 16 miles between the moutJls of Pit sandstones, inclosing in many places lenticular 
River and Middle Creek is H feet. Below Middle masses of gray, highly fossiliferous limestone. The 
Creek the rapids continue for a mile to the long thin gray sandstones occasionally contain a htrge 
stretches of' still water which characterize the mean- . amount of material deriyed from ,'olcanic rocks. 
dering stream in the Sacramento Valley, where the One of the best sections of these rocks, though 
fall to tide water averages scarcely 2 feet to the mile. it certainly doE'S not include the whole of the Ken-

Sacramento River is not navigable in the Red- nett formation, may be seen on the left slope of 
ding quadrangle. It is comparatively shallow, Backbone Creek 3~ miles north of Kennett, where 
with occasional riffles of gravel. 865 feet of sediments are fully exposed in the fol-

Pit RiYer joins the Little Sacramento near the lowing order, beginning at the top: 
middle of the quadrangle, and just above the junc
tion carries more tllan fifteen times as much water 
as does the Little Saeramento. Like the latter, it 
is without falls, but contains a succession of rapids 
from the Great Bend to its mouth, a distance of 
about 30 miles. Its water level in September, 
1900, near the mouth of the McCloud was 688 
feet, and at Bully Hill Bridge, 7 miles farther up, 
was 760 feet, giving the river an ayerage fall of 
11 feet to the mile for the last 11 miles of its 
course. Pit River rises in the vicinity of Goose 
Lake, nearly 100 miles east of tile Redding quad
rangle, but does not receive its most important 
tributaries until it reaches Fall RiYer and Hat 
Creek, which are strong and regular streams from 
the perpetual snows of Mount Shasta and Lassen 
Peak, and which increase its flow to more than ten 
times its volume above the mouth of Fall River. 
The comparatively constant water supply during 
the snmmer makes Pit RiYer an excellent logging 
stream, and it has been used for that purpose to 
transport wood and lumber for the mines and 
smelters at Bully Hill and Keswick. 

McCloud River is the chief tributary of the Pit 
within the quadrangle. It rises at the southeaste11l 
base of Mount Shasta and has a length of over 40 
miles, nearly half of which is in the Redding 
quadrangle. From the lavas at the base of Mount 
Bhasta great spring1'! coming from the snows about 
the summit gush forth in the McCloud Canyon, 
and give to the river a large and regular supply of 
water, with a surface temperature, as already stated, 
rarely as high as 60°, eyen in midsummer. The 
cool canyon of the McCloud, well supplied with 
fish and game, is a delightful summer resort, and 
much of the land has already been bought by San 
Francisco people for that purpose. Stream meas
urements (8eptember 23, 1902) have shown that 
the river at .Johns Camp and at the United Btates 
fishery contains 1272 and 1275 second-feet respec
tively, with a fall of about 21 feet to the milp. The 
McCloud is usually lowestin September, just before 
the raius· begin. Mr. Livingston f:;tone, of the 
McCloud fishery, reports 9 feet of rain and a rise 
of the river to 26 feet above low-water mark Feb
ruary 2, 1881, when the· fishery was washed away. 

Partia~ seatwn of Kennett formation on Baekbone Creek 
north of Kennett. 

1. Shales, mostly dark, with thin sandy beds 
2. Massive, light·eolored limestone with little 

chert, but full of corals .... 
3. TWn·hedded sandstone and shales which 

are cherty and gray below. Near the mid-
dle part is a limestone lens 10 to 15 feet 
thick. 

4. Thin-bedded lilllestone, crowded with 
massive branching and (mp corals. Cherty 
nodules and bands in bluish limestone, 
becoming wWtish and without chert be· 

Feet. 
140 

100 

300 

low.. 250 
5. Siliceous shales, 10 feet of banded chert at 

top, sucoeeded by sandy shales, black 
shale, and fine shaly sandswne, "ery thin 
bedded ..... 75 

The sandstones of this section were not examined 
microscopically, but farther down Backbone Creek. 
where they are well exposed, the basal beds con
tain many grains and occasional small pebbles of 
microporphyritic igneous rocks, apparently iden
tical with portions of tp.e Copley metaandesite 
and Balaklala rhyolite. The cherts, wherever 
examined microscopically, were found to contain 
traces of radiolaria. 

stone occur. 
The separate areas of Devonian sediments noted 

above, about a dozen in number, are all charac
terized by essentially the same fossils and are 
doubtless only remnants of a continuous sheet 
whieh once covered the whole area, but which 
has since been much deformed and reduced by 
erosion to its present fragmentary state. 

Thickness.-OnJy the lower part of the Kennett 
formation is usuaUy exposed. Its maximum pre
served thickness is about 865 feet. To judge from 
the amount of Bragdon sediment derived from the 
Kennett. the latter may have lost much of its 
original thiekness by erosion, but in some places 
its upper part is covered unconformably by the 
Bragdon. 

PaleontoloHic character.-Fos..'lilshaye been found 
in nearly all the areas of the Kennett formation, 
but they are most abundant and varied in the 
region north and west of Kennett, from which 
place they can be easily reached. 

The fossils collected in the Kennett formation The limestone, which forms a much larger por
tion of the Kennett formation in this section than were referred to Prof. Charles Schuchert for study, 
elsewhere, resists erosion much more effectively and he has furnished the following report: 
than the shales and thin sandstones about it, so 
that it. forms prominent ledges which may be The section of the Backbone locality given by Mr. 
seen for miles; but as the lenses are of small Diller has one general fauna indicative of the middle 

extent they do not determine important topo- ~:~~~:t :::ofl:~~:!Sa!; 1~~~ ~:~~e =~:e:n u~o: s;:~~ 
graphic features. nite section and also species that are known to QCcur in 

DistJ·ibution.-The Kennett formation occurs in other American localities. This is especially true of 
the western and southwestern parts of the quad.- the fossils of t.he lower shale zone, which repeats the 
rangle, where its distribution is in marked contrast fauna of t.he Eureka and White Pine districts of Nevada 

with that of the other formations, being in iso- :!I~~: 7~~~I~e~~\~~!a:f o:~:·~~gi;~se ::~~i:!Q~~: 
lated patches scattered sparsely over an irregular stri<J.tula, Btrophoodonta ealW.ee, Gyphlula lotis, Pugnax 

area 20 miles in length and 10 miles in greatest altus, Atrypa mis80uriensis, awl CYI·tina missourieUl~isl. 
breadth. Taking these species in oonuection with the corals of 

The two divides to the southwest of Backbone the Jimestones, as Helioliws porosa, EndophyllU'tn or Sprm
Creek, on both sides of Little Backbone Creek, gophyllum, and PhiUipsastrroa, one sees plainly that the 

expose parts of essentially the same section as that ~~~:;:~,mi~~~: ~r::i:~: cbxe;:::: !~th~'::r~~~::!;~ 
given for the slope northeast of Backbone Creek. ica as far as centrall\HSIIouri, eastern Iowa, Milwaukee, 
Aboye the Golinsky mine on Quarry Ridge the Wis., and Petoskey, Mich. JoJast of t.hese places oecur 
black shales beneath the limestone have a thick- the middle Devonian faunas of the "North American 
ness of about 50 feet. They are somewhat sili- type.!> 
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Relation to volcanic rocks.-Ev€l'ywhere within r the McCloud. Except the stem, the smaller end had been greatly eroded before the Bragdon was I Southward from tLe fishery the distribution of 
the Redding quadrangle the exposed Kennett fo1'- of the pear-shaped area lies ,vithin the Hedding deposited npon it. In f~wt, the ero~ion WflS so the Baird is less regular. In the vicinity of' Pit 
Illation it'; limited below hya mass of ancient \'01- quadrangle and is trenched by the Little Barra- great that the Devonian sediments 'were in some River the metaandesite, augit,e-diorite, and gran
callie rorks. This relation is most evident a few I menta from Portuguese Flat to J\Tol'1ey. plaees completely 'washed away, allowing the odiorit€ cut it off, hut it appears again south of 
miles 110l·th and nort.hwest of Kennett, where the As eompared with the Kennett formation in dis- Bragdon sediments to he deposited directly upon G-ray Hocks and as a narrow belt extends along 
Kennett fonnntioll lies 011 the crests of the divides, tribution, the Bmgdon is remarkable for its l'on- the pre-Kennett (probaLly pre-Dlwonian) volcanic the western border of' the :;\lcCloud limestone to 
cxposing the ancient lavas and tuffs beneath. tinuity. It is interl11Pt.ed at only two poiuts~on !'Oeb. The residual character of the Devonian dIe Sacramento Vallev. 
TIlC'se ancient volcanics, espeeially the tuffaceolls Dog Greek by an area of voleanie rocks and on are<JR between the ancient volcanics and the Thicknc88.-Thc tota1 thickness of the Baird 
ones, are arranged in more or less distil1et sheets, Little Sugal'loaf Creek l)y a rmtaH lllaflR of Devo- Brugdon is well illustraten along the border of formation is not e'usily uetermined, on account. of 
and the Devonian sediment.:; overlie them in places I1ian shalp~'1. There are several small outlie1'l'l; one the latter from Bailey Creek to the head of the irregular limits of the eXpORUl't'S, due to intru-
wit.h approximate COIlf~1l'Illity. As t11€ sediments is a mile southew;;t of Rayha, and thc other half a Backbone Creek. " sives, but it is certainly 6.50 feet and possibly much 
are soft and fine the contad is not. well exposed. mile ellst of Morley. . BAIRD FORIIIATIOCf. more. The tuft" at the base are approximately 500 
Locally traces of shale breccia were found near the ThickneslI_-'Vithin the Redding (ptadrangle the feet thiek, and the overlying fossiliferous beds about 
('ontaet., snggesting fault;::;. The preRence of igneoml broad area of the Bra~don formation is so affeded Litholoyil' chamcler.-The formation next suc- lriO feet. 
mHterial assoeiate\l with chert. in the Ba('kbone' by Rmall folds that its -t.hickness is difficult to deler- ceeding the Bragdon is of great thickness aud Fa,una and age.-The fauna of' the formation 
Creek Devonian s:ludsLones confil'tnR the vie,\, mine; but farther north, on Hazel Creek, ·where the consists chiefly of tuffaceous rocks, ahovc which was listed 'in 18H4 hy Prof .• J. P_ 8mith (Jour. 
that the Yole}lllies are older than the Deyonian Bragdon occupies a definite belt between the Ken- . there are l::li1iceous and calcareous shales and sand- Geo1., vol. 2, pp. 5D5-5\)7), ·who calls it the Third, 
flcdiments resting upon them. Generally, however, nett and the llaird, it hBs been estim:l.ted at abollt stones, more or less tuffaceolls and llsually rich in and remarks: 'lIn a paleontological Sf'llSe the 
the sediments of the Kennet.t formation are RO fine 2DOO feet, after making dlle allowanee for fol<l'1 and fossils. The Baird, as originally named by Prof. Baird shales are homotaxial ·with the 'Vavel'ly, 
that they do not contain a conspicuous record faults. It is possible, howeye!', that t.he maximum J. P. Smith, ineluded only the fossiliferous upper while stratigraphically they probably are not, but 
their ;.murce. thickness in the ·Hedding q uadraugle may be as portion. It. is here extended do·wnward to include would agree more nearly in position with t.he 

The Kennett formntion iH limited above by the mnch as 6000 feet. the tuffaceous rocks and the adjoining sandstones higher divisions of the Lower Carboniferous 
unconformably oycrlapping Bragdon formation, ft'os!i18 und age.-Fmlsils have been found in the and shales which overlie dle topmost Bragdon of thc )IissisRippi Valley." It is "equivalent to 
-.,y11ose sediments were derived ehiefly from the limestone pebbles of the Bmguon 00nglomerate, conglomel'3te. the Lower CarbonifeTOus of the Eureka district, 
eroR:on of the Kennett. In ma.ny plfll~es t.he Ken- undalso III the sandstones and l:ihalcl:i mterstrahficd 1'uffs.-In the BailCI formation, beneath the Ne\ada" 
nett \yas completely washed away and the Bragdon ~lth the conglomewte; those III the pebbles a,re I hIghly fossllifclOllS portwn at the top, is a Blass Relah'on to adJrwenl jOi1Jt(Jtwns -The Raild is 
overlaps upon the older volcanil'l::l. These relations oldt:Jl tlldll the Blag<lon fortllcdion Hnd belong to of. tuff rtmging flOm a few SlOle to 500 feet in 100nformable WIth the BlUgdon helo" , .IS well ,1S 
are well exposr-d along the border of t.he Bragdon, the formation from "hich the pebbles weIe derned, thl(klless and usually of "trong (olors, red or )el- with the "McCloud luuestone abene. The line 
from the uppel- part of Backbone Creek across the while those of the l:itllldstones and l:ihales mall ... the low to \\llite, in coniIast "ith their tlssociated fbg- between Band and Bldgdon, as aheady explallled, 
8acl'lJnu'nto awl around tl](\ northern shoulder age of the Bragdon. tllllle the ,1ge of tlllS fOlIua- mental loeb N01tlnH'Rt of llaHd, on the roatl is detelmined hy the topmost hOl'lzon of the pecu
O'Brien Mountain to Bailey Creek, west of Baird. tion has been a matter of discussion, t.he evidenee from the fishery t.oward Radelitl'e's, tuft's are well lior Bragdon conglomerate, and there was contin-

C\'RBOXTFEROlTk ~Y~TEl1. hearing on that Rllbjeet requires fuller tl'eatllHmt exposed for Hb~mt three-fourths of a mile. They uous sedimentation from one to the other, with but 
:l1I8SmSJPPI.H Slam:,'! than it. would otherwiRP receive. are soft and friable, and locally they are beddc(l slight change in the charadeI' of the sf\diment. 

Fossils coUeeted from pebbles ill t.he cOllglorn- and <li:-:;tinetly fraglllental. A few smooth, round South of t.he Bla.ek Diamond mine t.he Baird is 
ERAGDON FORMATIO;:o,. erate at a large number of loealit.ies throughout the pebbles, one of handed chcrt, and another larger well expused, lying in confo1'mable contact beneath 

Liflwlo91:r ehumcler.-The Bragdoll formation, Bragdon area were referred to Profcssor 8ehuehert. one of rhyolite, were found illelosed in the fine the McCloud limest.one; hut from the same mine 
named by Mr. O. H. Hershey (Am. Geol., vol. 27, and Dr. Girty, and all of them flO fhr as det.ermin- tuff. 'Vith thesl' exceptions the coarsest material llOl'thward t.he Baird is separated from the McCloud 
p. 2;~8), is composed chiefly of thill-tw<lded, inter- able, with one possible hut doubtful exeeption set'n here is Randstone thiekly peppered with small limestone by an irregular belt of augit.e-diorite 
strat.ified Bhale, Handstone, alld cOllglomerat.e. The found on Bailey Creek, wpre reported as Devonian, white gruilH:; of kaolin, among whidl stand out int.ruded between t.hem and breaking them into 
shale is llHrk, often black, in Leds rangillg from a like t.hose already known in the Kennet.t n~gion, grains of quart.z and reddish andesite. Blany pieces. 
few inches to GO fpet ill thickness. The RandRtone and show clearly that the l'Onglolllef'ate is later - The exeeptional aspect of' these roeks suggestH at l'ENNRI'LVANT.1.V RERTRH. 

is generally less than 2 feet. in thicknE'.'1s and rareh' man the middle Devonian. once that they arc tufts, and there can he no doubt M'CLOUD I.nIKSTONE. 

over 10 fe~t. It il::l for dIe most part gray and 1101:- In the sandstoTlE~ and shales fossils were found that they are composed ehiefty if not wholly of 1'01-
Illal in composition, though sometimes dark, hard, at. half a dozen localitie8. An important occur-: callie material. ).Iany of the fragments are lapilli, lJi,'3to1'!J.-Thc McCloud limeRtone lies strati
and flinty, like flome formR of quartzit.e, and in renee iR upon the divine southwest of Na'vvbHvakit and the othcrs ,1re broken crystals of feldspar and gruphieally next abo\'e the Baird formation, though 
places decide<Uy tuffaceolls. or High Mountain, ,,,here the J:lfIndstolles, conform- quartz, with a tl'fl,ee of deep-brown hornblende and generally separated. from it by intl'llded augite-

The eonglomemte ('onstitlltes t.he most. charal~tel'- ably interbedtled with characteristic Bragdoll l'on- fleek.'! of chlorite repreHenting some decomposed fer- diorite. Tt was early noted by Trask (Rcpt. on 
istie porti~n of the formation. It is generally glomerate, contain Rhells which Dr. Girty reports romagllesian silicat~; but definite tm.ees of' pumi- Geology of Coast l\Iountains, 1855), who collected 
composed in large part of black and gray pebbles as "Paleozoie and without much doubt early Car- eeOUB or glassy fragment:" eould not be found. fossils near llass\; ranch, Stillwater, and first deter
of eherty quartz with others of sandst{)lle, shale, boniferous, relHted to the Baird." The fossils, A mile :5nthcr northeast, on a prominent Rpm mined its age. The Ceological Survey of California 
and limcstone deri\Ted f!'Om the Kennett formation. among which is a large of the strialus running from the limcstone to the left. bank of (GeoJ. of California, yol. 1, pp. 32()-827), uuder 
The limestone pebbles disappeal' by ,,,eathel'ing, type," oeelU' in seyeral beds expoRed and are l\feCloud River, l'hyolitic and andesitil'sandstones Prof. ,Y. n. 'Vhitney, visited the Rame locality and 
leaving holes on the surfhee, which gi\'e to the con- undoubtedly of the Bragdon horizon. conta.in Ba.ird fossils, and along the river nearly a.dded much new information, but more notable 
glomerate a peculiar porous aspcct. The beds of' Perha.ps the most important locality is l)f'side opposite t.he month of Greens Creek beds rich in data as to its distribution and fauna have been COI1-

conglomerat.e are usually 1(,8s thun 10 feet in thiek- t.he railroad 1 ~ miles northeast of Lamoine, where fossils ('ontain ahlO distinct particles of volcanic tributed ill later years by Jlessrs. H. 'V. l;'airbanks 
hut somet.imes attain a maximum of nearly fORsils were fbund in the sandstone a<ljoining the mHterial, ehiefly ofandesit.ic typer:;. (Ann. Rept. Cal. State Mining Burea.u, vol. 11, p. 

50 (luart.z and chert. pebbles prevail in th~e Bragdon From this 10l'Hlit:v Dr. One of the best examples of fine tuffaceous eon- 35 and map of Shasta County; Am. Geo1., voL 14, 
HIllall(,l' and finer hedH, Hnd sometimes aho in the Girty reports Pleu- glomeratf'f'( in the Baird formation outcrops near p_ 28) Hnd J. P. Hmith (,Tour. Geo!., yol. 2, p. 599). 
larger bells, where the pebbles )]re not OYcr an inch j'otomaf'iu ? sp., and alT. lux liB. the McCloud on t,lJC unfinished road to l\fiddle L1'lhologir character.-The limeslorw is dark gray 
in diamet.er. As the beds become ('oarser pebbles There is no room for doubt that t.hese fossils Salt Creek. It is nwde up wholly of volcanic and massive below and lighter colored and some
of sandstolle beeome most abundant, while those of belong to the Bragdon alla arc not derived from material, some of it andesitie and crowded with what thinner bedded above, with many nodnleR 
liJllt'Rtone a1'30 gt-'nerally inerellse in number and an o1tler formation, and Dr. Girty remarks that feldspar microlites, hut most of it rhyolit.il'. Home and sheets of !,'Ta·,Y chert, often eontaining silicified 
Rize. Conglomerate extelldH t.hroughout the area. if this be admitted "no other l'onclusion is pos- frngments are devitrified, showing traces of the fossils. 
of the Bragdon formation, but appt'ar::l most ablln-! sible than that the Bragdon is a Paleozoic forma- Ot'iginal perlit.ic el'aeh; others contain anhedrul The largeRt and must aceessihle exposures of' the 
dantly along the Little 8aeramento. Much of it I tion. Indeed, it is fairly safe t.o say that the quartz emhedded in a mosaic of quartz and feld- McCloud limestonc are at. Gray Roeks, near Bayha, 
along t.he river is fine, but some i.'l l'oarse-with horizon is not later than Baird, for the loeal spar. It. lips not far beneath thc .McCloud lime- the old Bass's ranch loeality, and farther north on 
one exception ll1uf'h coarser than t.hat found clse- : faunas have JTlany points of l'f'flemblanec with i fltone and is permeated by carbonate oflime. 1IeCIond River opposite the "Cnitcd 8tates liRhery. 
where. A short distance above Elmore, on the len tha.t of the Baird and nOlle at all with those of ~ The prominent horizon of t.u11'l of wide extent in The two loealities are separated by quartz-augite-
bank of t.he river, Horne of the'smooth, round cob- the overlying Carboniferous formations." t.he I{aird illuicntes cOIlt.emporaneous volcanic aetiv- diorite, which cuts the limestone. 
bles of sandstone in a bed of conglomerate attain a This matter is mOrc fully disenssed in the Amer- ity, t.hough no definite tlOWR of lava were found Topo!Jraphy.~The MeClolld limestone generally 
maximum of ~ feet ill diameter, though they are iean Journal of Science, vol. 19, )\)0;5, p. 38G. associated with the tuff. n'8ist" weathering morc effectively than the usso-
generally not over 6 inches. Relation to formall:ons.-The infererH'e Fossilijero1l8 sedhIJ(mts above the tups.-The sili- eiatt'd quartz-augite-diorit.es, RO tltat it usually gives 

Igneous materia] ii'! rare or entirely wanting in . drawn from t.he that the Bragdon is of Car- centis and calcareolls shales null sandstones at. the rise to bold outcrops and, where large, becomes 
many of the eon~lOlIlerates, hut in others it is I boniferouR age and lies between thc Baird <Jnd the top of the formation, to ,"vhieh lhe term Baird was one of the principal fhctors in the topography, 
abundant and appears to have been deri\'ed chiefly Kennett formations is confirmed l)y its fltmti- first applied, arc largely tufiill'eOllS also. Theyarc forming prominent. ridges and peaks. 
from the Copley metaandesite. Some of the Rantl- graphie posit.ion in the section from O'Brien wdl exposed on dle right. hank of McCloud River CaveB.-The massiveness of' the McCloud lime
stone l;eds are dark and dosely rcsemble igneous Mountain to McCloud niver. On the McCloud a 8hot't dist.ance above the Baird fishery, and farther stone and its purity under certain conditiolls of 
roeks (llu::lB :\Iountain diabase), with which they nea.r the fishery the Baird is well l'xp08ed, and on north at least as far as Campbell's. Locally the internal drainage have afforded the opportunit.y 
are frequently associated in t,he field. These sand- the slope of O'llrien Mountain the Kennett linw- limy and eherty shales and hard sandstones are for the development of large eavel'lls. One of' 
stones were ohseryed at one point west of' Little stone outcrops. Between them 011 Dailey Creek nea~'ly free fro~ igneous matter, but generally it these ne,lr Potter Creek, a mile sont.heast of' the 
t)acramel1to Uiwl'. They arc most abundant east is the Bragdon, dipping eastvwrtl beneath the prevails eYCIl where fossils at'e ubulldant, so that fiidlery, und another opposite .Tolll1s Camp, 'i miles 
of t.hc river and nOl'thcust of' Delta, in the upper Baird. From this poiut the two adjoining fol'- tJlere is no striking contrast between the upppr and farther up the McCloud, have been found by Dr. 
part of the llragdon. They are composed of the nmtions can be traced northward for many llliles lower portions of the Baird flS here defined, and no J. C. Men-iam and his assist.ant.s to contain deposits 
Hame minerals, though in angular fragments, as the in essentially the same relation. They a~e con- paleontologic break, for .Baird forms go down into inclosillg numerous boneR of Pleistocene animals; 
Bass Mountain diabase-chiefly plagioclase and: formable and represent eontilluous Bedimelltation. the llragdon. t.hese will he noticed more fully ill connection wit.h 
augit.e. These sandstone>! in part pos::,:ibly rep- The boundary between them is marked by the DI:8triuution.-Fl'Olll the fishery the Baird for- the origin of the earlier ri\Ter valleys. 
resent contemporaneous volcanic aetivity dm'ing upper limit of the eharHcteristie Bragdon con- mation extends IlO1ihward in a narrow belt up D£8triuutiol1.-The limestone can be traced more 
the laHer portion of't.he Bragdon. glomerate. )'JeCloO(l H.iYer fo1' a dozen mileR and then paRR€S or less continuously for 25 miles from the north 

Distl'ib/JII:on.-The large area of' llragdon in the The Bragdon rests UpOll the Kennett formation into the hi~h hills west of the river. On the east end of the Sacramento Valley near Lilienthnl 
northwl'stern portion of the Hedding qlladmngle is awl iR made up largely of sediments dt'rived frol11 it is limited generally by augite-diorite, which I northward to Nawtawakit Monntain, where it 
part of a Rtilliarger, irregularly pear-shaped maS8 t.he Kennett. It is evident that t.he two forma- senus many dikt's through the Baird into the passes beyond the quadrangle boundary. Neal' 
which exhmds from Trinity HiveI' nOitheast to tions are unconformable and that the Kennett Bragdon, whieh limits the Baird on the west. Lilienthal it begins with a series of small limestone 

Reddllig. 



lenses, apparently included in Dekkas andeRIte 
a.nd worn down to the level of the valley plain. 
Alt.hough much metamorphosed and in some places 
whollv crrstalline, thev eont.ain diRtinet t.races 
fossil; deflnitdy fixin~ their age. Farther north 
tllC'Y l'is(~ ahove the plain and form hilh~ incl'eas
inp; in prominence to Gray Rocks. For 10 miles 
heyond Pit River the cscarpmf'nt of :J.IcCloud lime
stone forms one of' the prineipal topo~raphic featlll'es, 
but iL is very nlHeh e11t up by quartz-augite-diorite 
i uto irr{~glliar patehes of limestone separated from 
one another by distances varying from 11 ft~W feet 
to over 2 miles. lIow nlllch of tllis 
may be (lue to the original lenticular character 
the limeRtone is not kno\vn, hut then' can he no 
doubt that it is mostly due to the dissecting igneous 
roek. The largest mass is that opposite the fishery. 
Two other large masses occur ill t.he Hil'z Mountain 
region, but fart,her north, in tbe weRtel'll portion 
of Na,,,tawakit MOllutHill, tlwre is a ('ollsiderable 
decrease iu size. 

Thi('1c1/e8c~.-1;1 thickness the McCloud limest.one 
vnriL'S from 200 fept or h'sJ'l neal' the south end, 
where it appear,':'l iu small leu,,;88, to approximately 
2000 fcet in tIll' pl'Ol11illeut. rug-geJ. mountain 
formed by it a short dishmcc norLheast of the 
fishery . 

.A.'l~.-The fOBsil faulla of the ~feCloud limestone 
wa:; long ago made known hy ),11'. "F. B. Meek in 
vol. 1 of the Paleontology of California, fl11(1 in 
reviewing it, _Prof .• J. P. Smith, who collected extell
f:lively in the field, says that the McCloud limestone 
is "in part equivfllent to the Coal Measllres." 

Relation to adjacent fn·ffwlionll.-Throughout 
the greater part of its extent ill t.he Hedding 
quadrnngle the :McCloud limcJ:1t,one i:; bounded 
hoth east and west by quart,z-lmgit.e-diorit.e, hnt. 
for over 2 mileR south of the Black Diamond mine 
it, lieB conformably het,\H'(~1l t.he Baird antl the 
N oBoni formations. 

Lith%gi(; characlt:r.-Next ahove the McCloud 
limt'~b:)lle is a formation composed yery largely 
andesite or basalt tuff's and tuffaceous conglom
e["ate antI a few flOWB of lava, hut locally illter
stratified wilh these yolcanic products are shales 
ami :;:uuJslone~, in p:H't calcareous, and often rieh 
in fosRils. The formation I.., well expo.'led on 
Nosoni Creek, hf'rlrt' the nllrtlf\ ~o>'loni forma.tion. 
Tt inl'llldes the" l\IeCloud ~haleH" of Smith and 
Fuirbanks, as well as the pyrol'la:,;tic Tocks with 
whiell tllf~i'le shales are so intimately llssoeiated. 

l~Ij)'odasric 1·ocks.-The greater portion of the 
Nosoni is made up of fragmental volcanic rocks, 
but it ineludes also a small number of contem
poraneous flowf:l. All belong to essentially the 
."ame typf' of lava, near the dividing line between 
the angite-llndesites and the baS)llts, but on aCCOllnt 
of the prevalence of interBcl"tal f:ltructure and the 
OCCllrrenee of olivine the la\"w,o are reglmled HS 

mainly bai;alts. 
Th~ rocks art' dark and compact, with uneven 

fl·aetnre. In most CJ1Bel'l they are holocrysta11ine, 
deeidedly mieroporphyritie, and made up chiefly 
of plagiocla.'le, with HIuch angite, lei;'; magnetite, 
and oecHsional olivine or idtlingsite. The tnhular 
phellocrysts of lahl'at10rite are inclosed in a groun(l
mass having inters8rtal structure modified by flu
idal moveme;ut, giving the lHth-shuped eryslal:;.; 
labradorite a pa1'<lllel or stream-like fll'l'angenlC'nt, 
with the granular augite and oxides of iron 
between them. Augite oeC'urs sparingly among 
the phenocrysts, but olivine or iddingsite is more 
common, though Jleither appears in the gl"onnd
mass a.nd hoth are sometimes entirely absent,. 

\\The1'e hypocryst::tlline the fe1dBpal'8 are less 
developed in a general matrix of un individualized 
mat{~l"ial, (Ieeply stained by oxide of iron. It is 
rarely amygdaloic1al, with amygdules of chlorite 
an(1 ealeite. l\f08t. of the lava iB altered and l'hlo-
rit.e ,vith caleite becomes abundant. 

TIl(' fragment.al material is in nul' cases eoarsely 
agglomcl'lltic. Conglomerate tuffs with pehbles a
few inches ill diamder are eommon, hut the most 
a.burulnllt form ha>'1 lapilli not over half an inch 
ill greatest diHlf'nsion. The fragment'l are rarely 
holoerYf:ltalline. ROTlle are hyalopilitit', looking 
more like lnpilli from alluesit.ic than frolll basaltic 
eruptions. They beeome more abuTHbnt. t.o the 
south. Fine tuff;'; are rare. ~ one were found 
containing remnant..., or pseudomorphs after pum-

4 

Ice Or glass particles. Near the hase of the Nosoni on the r.--aRt and upon the andesites and rhyolites 
opposite Horse Mountaiu, adjoining the McCloud the volemic belt on t.he west. r1'he shales arc blaek 
Jimes10ne, are gray calcareous shales and thin sann- to gray, and weut,her whitish. rnder the mieT"o
Atones eontaining many of the eharacteristie long, seope they usually SllOW many round spots, whie:h 
slender Fuwliu((. Overlying t.hese shaleB is a hed oceasionally eont.ain distinct remains of' minut~ 
of tuff succeeded by a greater thickneEs of f:lmall- marine organisms, probably ill most eases l·udiolaria. 
hedded, somewhat tuffaceolls sandstone, which i!'l In some plaN~R the shaleR arc highly silieeoll!'l, ,,,ell 
capped by a ll'lls of limestone about 30 feet in bedded, and of' a greenish gray color. 

due /'0 fo1ding, which hl'lngfl down the Pit forma
tion ill Jones Valley and causes it to extend west
ward beyond Bear l\1ounulin. To t.he south it 
disapPf'a;'s beneat.h the Cretaceous of' the SaeTH,
mento Vlllley. 

Tkick'}/e88~-The total thickness of the Pit. forma
tion lUIS not, hCCD llCcurately measured, but. eareful 
estimat8s in the field indicate that it is probably 
somewhat oveI: 2000 feet. thickness. Farther up the ridge arc purplish :TII;ffs.-The tuffs are mllally of fine angular 

Rhnles and tuff.., with charaet.eristic fossils, allli I:mnd ~ject.cd from actiyc yoleanocB anti in t,he 
the whole assemblage of ~osoni Rtrata is overlain ficld closely resellll)le interbedded sheets of altered 

1/h~8ils and (fge.-Fossils m'c uncommon in t.he 
grcawl' part of the formation, and yet. t.raeeH may he 
found at many places. They are usually ammon
ites, but rarely AO pre"er\'ed that e\'en their generic 
dctcl"lllinnt.ion is possible. At. the top of the for
mat.ion, howevcr, tIren~ are Beycral hUlHlred feet of 
shales and tuffs in which fossils are more almn
dant and haw been referred by Prof. J. P. Hmith 
to the uPI)('r Triassic, though it is possible that the 
less fossiliferous and larger portion below may 

by tho maRS of' andesite:; forming the BUlnmit alll1esiti(' or rhyolitic hwa. Occasionally they arc 
Horse Mountain. eoaI'SE', more distilletly fragmental, amI loea.liy 

JJi.~f1·ihlllioll.-The Kosoni forms a north aIHI silicified. 
south helt lying next east of the j.IcClonu lime- One of the best. sections for studyillg t.he inter
stone all(l ext{'uds from t.he HOithern border of the bedded shalctl flnd tuff:::; of' the Pit. formation i" on 
Sacramento Valley to beyond the houlHlary of the 
quadrangle. The helt widens to the nort.h. In 
the vicinity of Pit lU vel' the Nosoni formation is 
ellt off by the intruded quartz-augite-dimite, but 
heyond that point it begins again with a consider
able amount of' andesitic or basaltiC', tuff. 

N orthwC'st of Tow'I1 }IountHin the ~ osoni ie; 
again cut off by the quart;r,-augite-diorite, whieh 
includes masses of' t.he :McCloud limestone, but the 
formation reappears heyond Dekkas Creek. where 
Hndesitic tuffs and eonglomerates begin to form its 
~'l"eaLer portion and continue to inerease in bulk 
rapidly in that direct.ion. In the nOl'thpl'll portion 
of the field the tuffaceous tH.'df:l lie for the most lX1rt 
below the fossiliferous shales and sands/,olles, though 
small maSSPH of such strata are occasionally :f(HlIu1 
interbedded with the tuffs. _A. good example 
t.his kind occurs on the sout.heastern slope of ~nw
tawakit. Moulltain at an elevation of ahout. 20()() 

feet. 
l'hi{:knes8.-0pposite the fishery, on the Wt'st

N'll slope of Horse Mountain, the l\'osoni forma
tion is well ~xposetl, with a tot.al thickness of OVPI" 
iiOO feet from the )IcClond limeRtonc belov,' to 
the andesites of Horse :l\-fountnin above. Fllrther 
north, however, there are greater accnu11Ilations of 
\'olcanic material, and the thil:klless increasf's to a 
maximum of about 1200 feet 011 the eastern "lope 
of Nawtawakit l\fouut.aill. 

}l'ossil,~ and age.-FosRils arc <'Olllmon and SOIllP

times abundant in tIle shales awl more or If'S>'l tuff
aeeous sandstones, and among them OIlC of the 
most useful in the field for reeognizing the llOrizon 
is a long, slender J?/J"~IIIiJJ(J. Pl'odllctus, too, iR 
ol'Cflsionall v abundant .• 

This fw,~iliferous horizon was disrovered by MI". 
H. 'V. Fairba.nks and first dC':';{'riiJe(l hy Prof. 
J. P. Rmith (Jollr. G-eol., voL ~, p. (j02)~, whose 
('ondllsion ,yas that the strata hOTe cnlled ~osoni 
"are t.he probable equiYHleuts of t.he Robinson hcdi::i 
of the Ta.ylor,'lville region and of the Lit.tle Grizzly 
Creek beds of Plumas County, whie!! seern to fOrtl1 
the top of the Carhoniferous ~formatioll." 

Relation to adjw:ent fo'rmationH.-The Nosoni 
eonformHbly overlies the McCloud limf'stone oppo
site Horse Mountain and fart.her south, but to the 
north the accumulation of so grent. a mass of' pyro
clastic rocks heneath t.he main horizon of fossilf'. 
sugge:;;ts an unconformity. However, t.he OCCIIl'

rence nellr the bottom of the pyroclasticll of slllall 
lensE'S of' shale bearing eR.'lentially t.he samf' fossils 
as those above flnd the close affinity of the fauna 
with that of the ~feCloud liuH'stone strengthen the 
eyidenee ill favor of conformity. 

The general dip of the No'soni fOl'mation is to 
t.he east., nut! t,here is no douht that it is overlain, 
most likely with unconformity, hy the great IW1SR 
of' andf'Rit.ic rocks forming Horse, Town, Minnesota, 
and Salt Creek mount.ains. The volcnnic roekR 
arc nearly or quite alike, a.nd the only guide in 
drawing the liBe has bl,lm the occurrence of' fossils 
charaetel'istic of the Nosoni formation. No char
acteristie fossils have beel\ found in this f.,rrent body 
of volcanic: rorks next abo\'e the Nosoni, but in the 
strata overlying the volcanies chamcteriRtic Triassic 
forms oeellr, flnt! they at'e so different as to sug
gest a. deeided hrE'ak somewhere bdwef'1l t.he 
Nosoni and the Pit formations. 

TIUASSl(' SYSTEM. 

Lit/i.olo]ic (dwmcir:t".-The Pit formation (the 
Pit shales of J. P. Hmith: .Tour. GeoL, vol. 2, 
p. 5(2) is eompo,:;;ed largely of da.rk flnd gray 
shales, thin-bedded sandstones, and many layers 
of tuffs. It lies beneath the Hossclkus limestone 

the spur from Brol'k 1Ionutain t.o R(juaw Creek, 
along the line between 'fps. 34 nnd :35 N. There 
lire within about a mile, from tIre limeRtone crest to 
the l'reek, at. lenst a dozen heds of t.uff, ranging 
fi·om :5 to 20 or more feot. in thickness, hehn't'll 
the more abundant dark Rhales. Romc of' the 
beds can he traced aloll~ the strike north and 
south for a mile 01' more ant! dip t.o the east con
fi:mllably with the shaleB. Tire tuffs are generally 
dark gra.y, with o(,{~'lsional qunrtz gr-aiIlR, and closely 
resemblc some form~ of rhyolite-porphyry; bllt. a 
thin l'3ection showR that. thc whole is made up 
angular f'r'agments of qnartz, altered fehl::;p,lr, some 
ferromagnesian minerals, magnetitf', and lapilli. 
All o('easional elI ned form like of glass 
is fi)tll1d a Itf're(l to qunrtz. The~e sOIlletimf's 
eonblin lapilli whidt arc di~tinet to the naked eye, 
bllt frcqncnt.ly they do not appeal' in the fiel(l to 
be fra~mt'lltalrocks. The sharp, 11llgulHl" charader 
of the grains of igneous minerals, with the asso
eiatf'(l voleanic particle", ShOWH that the material is 
pml"tieally a volcllllie saud. 

On t.he new road from Squaw Creek t,o the lime
stOHl' quu)'ry at. dre south end of Brock :Monnt.ain 
t.he t.ufib are largc awl \'al'Y mOl'e in thc size of' the 
particles, but t.he bulk iH of Jine material. Higher 
up Hquaw Creek fln(l on the Rlopes of \Vinnihnlli 
l\lountain they are ~oIIlewbat eOarR?r. They repre
sellt. l'ontenrpol'aueous voleanic actiyity, bnL -flows 
of rhyolite huH' not generally bec'lI fl"HItld nS80ei
uled with thcm. Their SOUl"ce appean; to be to the 
southeast, where rhyolitic roeks of the s:nIlE' a.ge 
oecur. 

to the middle Triassic. 

and later is in the one case eomplex, hilt. in t.he 
other sharp and definite. Everywhere the Pit for
mation l'l'sts upon yol('ani(~ l"Oeks, either andesitf's 
or rhyolites, or upon their llsBociated tuffs, and it 
is evident that these volcanic roeks, '\vhich form tht' 
prominent hills frol11 Horse Mount.ain to 8alt Creek 
Mountain inclu::;ive, are older t.han the Pit forma
t.ion lmd lie eoni()rmably beneath it; hut the vol
canic activity whieh gave rise to dlis great mass of 
lavns l'OlltiJllwd nt intervals throughout the deposi
t.ion of' the Pit formation, giving rise ,vithin it to 
inte]"bed(h~(} f!mvs, illtrlHlf'd shcets, and dikes, as 
well as to 11l11llerOllS beds of tulr. For this l'ea~on 
the relation of the Pit formation to the assO(~iatecl 

igneous rocks appeal'R complex. On t.he ot.llf'r 
hand, the Pit formation at many pointi:; Tnay be 
seen to lie confol1nably beneath die lIosselkus 
limest.one. 

T1iflifll()!I'ic ('liamctcl".-The Hosselklls limestone, 
named from a locality in Cenesee Valley, Plumas 
County, CaL, wherc a" limestone of' tile ~me fauna 
oecllrs' (Bull. Geo1. 80c. AtllC'l'ica, yol. 8, pp. 3GB-
412), t'Onformably overlies tlw Pit formation. It. is 
l)f':3L exposed in Broek ~fountain, of which it. forIns 
the entln' sllmmit. 

CXpJ"('88iou.-Tlre physiographic Prof. J. P. Rmith (.TOlll'. Geo1., vol. 2, p. GOG) 
('xpre~"ion the: Pit format.ion is complex. In h<:IH thoroughly studied this 1imef::ltone in the Brock 
gen8l'1l1 its shales and thin sandstones arc muelr )lountain region, and COIIRidpl'8 it in three diYi
softer t1mB t.i18 atljaeent fOJ'matiolls eHst and Wf'st, and sions, eadt charaeterized bv numerous t()ssils and 
t.hey haye determined t.he course of Squaw Crcek lithologic fentuI'(,s. The l;wcst division, the '1'1"3-
and its ynUey; but t.he vnllf'y is hilly and irregular chyceras bcds, about, ;,)0 feet in thiekness, eonsists 
owing t.o t.he lo('al occurrence of hard beds of' of ratller hard, pure limestone, t.hin bedded, dal'k 
01' intrlHled sheets or dikes of rhyolite whirh resist bluish, and with almndant fossilR. Next. ahove 
erosion lTIul'h more ell'ectiyely tl:~lll the sl1l"l·oun(l-. come the Atradites beds, about 100 feet in thick
ing shales, and Rome of til(' ·hillf'., a" for example I ness. They nre h:1nl and silic('oll:;, and while fos
"Tinniblllli, approaeh in ~ize those 011 the Rides of sils are wry numerous it is almost imposRihle to 
the valley. get out good specimens. Finally, the Spil"ifel'ina 

Di.~ll'ibtltion.-Thc Pit format.ion enters the' beds indude the upper flO feet of hurd, siliceouR, 
llorthern part. of the quadrangle from the nOl'th- somewhat more mnssive limestone, in whieh 8riri-
east in lHewittipolll Mountain, at t.he head of is the 1lI0Mt common fossil These subdivi-
North FOl·k of Aquaw Creek, ,vhere the upper pnrt arc not sllm·ply marked. In general the 
of the formation is well exposed. Seventy-five feet. limestone is mUl'h thinner hedded Hnd darker than 
of gray Rhaly slates, in cllieareou8, immt'diately Ure McCloud limestonc, with whieh it might othel'-
un(lerlie the Ilos:::;elkus and beneath the \vise be eonfnsed. Smnll HmlIloniteR are the most 
shale there is much imperfeet.ly bedded tuff, inclnll- noticeable fossils of t.he HosselkuR limestone, while 
-ing "nur.ll prrtdlf'S of gray, gl"ccnif:lh,01' brownish, (,llP corals elw{"fld~ri7.e the ).IeCloud limestone. 
rarely banded rndiolarian ehert. The ~hales, like Di~triblltion.-As already indieated, the main 
the iimcstone, strike K. 80° E. and dip 5W HE., mass of the llosselku~ limestone is expo~ed in 
but just beyond the northern horder of' the qua.d- Brock Monntain, where by a gentle fold its out
rangle the strike is turned mnch more to the east crop helL is widened to 2 miles. Along the strike 
by t.he Grizzly arch, whose axis runs in that dil'€e- the outcrop is cOJltinHons for '7 miles. To the 
tioll. In the western pOI't.ion of Mewitt.ipom .:\-Ioun- nor!ll, beyond 13nwk )'Ionntain, a small lens of 
hlin, at t.he head of' Cha.ttewlowcn Creek, the tuff Hossclku:-; limestone appears on ~orth Fork of 
a.nd sandl'to11e dip sOLlLhwest beneath a syncline in Squaw Creek, and a mile beyond it a larger mass 
which the Pit formation turns southward across in which (}eformation has widened the belt. 
the Hedding quadrangle. On the ste~~p s10pes of Another srnnll lells appears in sec. HI, T. :i() 
}Iewittiporn a great. thicknci-is of the reddish Pit ~., R. 2 \V., and still another heyond the limits 
sImleR and tuffs is well exposed. The lower half of the quadrangle, in see. 1, T. 8,6 N., R. 3 'V., 
of the formation was examined on the divide whel'e it forms a narrow syncline, riBing to the 
beLween t.he forks of Chatt~rdowcn Creek, whel'(~ nort-Invest 311(1 mnrking the point where the strata 
greenish siliccous sandtltone with conchoidal frnc- are turned eastward hy t.he Grizzly :Heh. On the 
tnre is underlain hy black and reddish fossiliferous southern slope of Jlewittipom MOllnt.ain the Hos
sllflles of great. thiekncss that rest upon the andesites Belklls limestone :-rppea:rs again in several exposures 
and tll1f~ of t.he Town Mountain belt of volcanics. I with sharp eurves. At tIlt' point where it erosses 

Extending southward the: belt of' the Pit fOl'ma- die northern border of dIe quadrangle the lower 
tion sprcads out, at fil'llt, slowly, but near Pit River port.ion has a.bundant small ammonitf'B, \vhile the 
more Tapidly, until along that stream it has n. wi(lth upper pnl't is vcry irregularly cherty and siliceous, 
of at least 12 mile;,;. ThiR widening of the belt is with many brcl'cia.1.etl patehes. Southeast of Brock 
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Mountain, a short distance beyond Pit River, the BROCK SHALE. 

limestone disappears, except for one or two small Name and character.-The Brock shale conform
lenses, for 5 miles; it reappeal'S on Cedar Creek in ably o\"erlies the Hosselkus limestone in Brock 
large masses, nearly 3 miles in length, which form Mountain, whence the name, and has a thickness 
occasional prominent clift's by the stage road of about 400 feet. In the lower 300 feet or more 
between Furnaceville anu Round Mountain. An adjoining the limestone the shales are dark, some
interesting feature here is that the limestone is, in what calcareous, and frequently contain HaloMa. 
part, at least, overturned and rests upon later for- Above thffie come sandy shales, gray and reddish 
mations. On the spur southwest of the mouth of in color and characterized locally by Pseudomo1Wtis 
Cedar Creek two limestones occur, one 60 feet and 8ubeireularis. 
the other approximately 100 feet thick, separated Distribution.-The Brock shale is well exposed 
by 150 feet of dark shales. The whole set of beds in Pit River, with PseudomonotiH rather common 
dips to the southwest and is evidently overturned. in the synclinal ridge running north into the lime
It is possible that the limestone has been repeated stone of Brock Mountain. The same shale can be 
by faulting, but this seems improbable, for the two traced as a naITOW, probably continuous belt north
have largely different "faunas. In the upper one, westward across the quadrangle. Pseudomonotis 
exposed at Eilers, corals are more abundant than in was not found at as many points 8S Halobia, but 
the lower. since it is rarely as abundant as Halobia this is not 

The Brock Mountain belt of the Hosselkus surprising. Near the northern limit of the quad
limestone, which has just been ,traced across the ,rangle, on the slope of Mewittipom Mountain, the 
northeast portion of th~ Redding quadrangle from shale is well characterized by its fossils and has its 
Mewittipom Mountain through Brock Mountain to full thickness overlain by tuffaceous conglomerate 
Cedar Creek, is remarkable for its eastward curva- containing calcareous fragments. The Brock shale 
ture at both ends-a feature of structural signif- is also exposed on Cedar Creek, but owing to an 
icance. overturn it here apparently underlies the Hossel-

Twelve miles southwest of the Brock Monntain kns limestone. A thin sheet of Brock shale may 
,belt, about Bear Mountain, there are isolated out- be present on Bear Mountain, but it was not iden
'crops of the HosseIkns limestone of so great impor- tified by fossils. 
:lance structurally that, they are considered _by Relations and age.-There is no doubt concern
themselves. The principal exposure is on the ing the conformability of the Brock shale and the 
northwestern slope of Bear Mountain, near the Hosselkus limestone, but the relation of the shale 
center of sec. 12, T. 33 N., R. 4 W., where a to the overlying Modin formation has not been 
dark-gray fossiliferous limestone, locally 50 feet in definitely determined. It seems probable, how
thickness, occurs with a dip of 52° E. beneath the ever, that the two formations are unconformable. 
mountain. This limestone horizon lies between The age of the Brock shale is certainly Triassic. 
the shales and thin-bedded sandstones which form Concerning the fossils from this shale Dr. Stanton 
the base of the mountain and the tuffaceous sand- reports as follows: 

stone and conglomerate which form its upper part, The shales immediately overlying the Hosselkus lima
and can be traced at intervals all around the moun- stone contain two fossiliferous horizons-a. lower one, 
tain, dipping into it in such a way as to indicate extending up 300 or 400 feet, which has yielded only a 
the existence of a shallow syncline with the axis of Halabia, very closely related to the one that occurs in 
the fold nearly north and south. An outcropping the limestone and below it, and an Atractitell, while the 
mass of the limestone 50 feet thick occurs on the higher horizon is locally filled with .1'Ileudomonotis 8ubcir· 

southwestern slope, and another of llMrly the same :::~is ::~:fou':::e:;: s~~e ~~:: :e~ ~:~ ~:~ 
thickness on the northwestern slope. It is overlain found in separate beds, with the same stratigraphic rela
in part by a thin body of shales which are capped tionship to each other and to the limestone. 
by conglomerates composed largely of igneous mate
rial. The limestone, especially on the southwestern 
slope, is much broken and looks like limestone con
glomerate. The top is irregular and is covered by 
a thin shale. The basal portion of the overlying 
tuffaceous conglomerate contains numerous frag
ments of the fossiliferous limestone beneath. 
Around the north end of Bear Mountain, where 
ledges of limestone were not seen, its former pres
ence is iudicated by numerons limestone frag
ments in the conglomerate. The limestone is well 
characterized as Hosselkus by numerous fossils, 
among which are bones of large reptiles common 
to the limestone of Brock Mountain (Merriam, 
J. C., Bull. Geol. Dept. Univ. Cal., vol. 3, pp. 
63-108). 

TMckness and lenticular characfer.-The lentic
ular character of the Hosselkus limestone is evi
dent from its areal distribution. The largest lentil, 
that of Brock Mountain, has a thickness of 200 
feet. The next largest is that of ·Cedar t."'reek, 
which is about 160 feet thick. To the north and 
west the thickness decreases. On the ea~t end of 
Mewittipom Mountain it is not ov~r 75 feet, and 
the lentils about Bear Mountain scarcely reach 50 
feet. 

The lack of continnity in the outcrop of the 
Hosselkus limestone is certainly not due to intruded 
igneous rocks, for it is bordered on both sides by 
shales which apparently continue, more or less 
unbroken, between the outcrops of limestone. 
Nor does its lenticular character appear to be 
due to displacement by which the intervening 
portions were removed, for the remnants are really 
lenticnlar in shape, thinning to an edge regularly 
parallel to the bedding, as if dne to limitations in 
the conditions of deposition. 

Fossils, age, and relation to adjacent forma.
tions.-The Hosselkus limestone is especially 
remarkable for its fossil cephalopods and reptiles. 
The former are being investigated by Prof. J. P. 
Smith, of Stanford. University, and the latter by 
Prof. J. C. Merriam, of the State University at 
Berkeley, Cal. The age of the former is upper 
,Triassic, and it lies with apparent conformity 
;between the Pit formation and the Brock shale. 

ROOding. 

JURASSIC SYSTEM. 

Lithologic characf.er and name.-The Modin for
mation is an extensive succession of tuffaceous beds, 
overlain by a greater mass of compact, fine gray 
shaly sandstones and shales, with a few small 
lenses of limestone. It is named from Modin 
Creek, near the mouth of which, in the northeast
ern part of the quadrangle, the formation has 
yielded most of its fossils. 

Tuffaceous bed.-At the base of the Modin for
mation is an extensi ve bed of volcanic conglom
erate that possibly marks a definite horizon of 
volcanic activity, though no certain flows of lava 
were discovered at that level, unless it be in the 
north end of Bear Mountain. The source of the 
material was not found_ The fragments in the tuff 
are mainly andesitic, wit.h a dense groundmass of 
feldspar microlites. There are a few phenocrysts 
of augite and more of altered plagioclase. The 
degree of crystallization in the groundmass is geu· 
erally lower than that of the earlier volcanic rocks. 
The fragments are generally angular to subangular, 
but some appear to be waterworn. They are rarely 
as large as a foot in diameter. Coarse and fine are 
intermingled withont assortment, as if pyroclastic. 
The most remarkable feature of the conglomerate 
is found in the fragments or nodules of limestone 
which it contains. 

One of the best exposures of this conglomerate is 
in Bear Mountain, where it overlies the Hosselkus 
limestone and crops out all around the mountain, 
of which it forms the entire tabular summit. The 
fossils in the fragments of limestone contained in 
the conglomerate are, at least in part, the same 
as those of the Hosselkus limestone, so that the 
source of the fragments in this case seems evident. 
The material with which they are associated is vol
canic, and it appears as if the limestone fragments 
were dislodged by volcanic action, a view which 
would account for their irregular and unexpected 
distribution. 

A much larger complete section of the Modin 
formation, affording excellent exposures of the tuff
aceous conglomerate beds at the base, is found 

along Pit River between Flat Creek and Potem shale. The overlap, however, must be small, for 
Creek. West of Flat Creek the Brock shale the Darrow belt of Brock shale continues for miles 
occurs, in the upper 100 feet or more of which 
occasional specimens of Pseudomonotis were found. 
The basal conglomerate, with prominent fragments 
of andesitic lavas and fossiliferous calcareous nod· 
ules, occurs just east of the mouth of Flat Creek, 
and similar conglomerates occur at several other 
points farther east, especially at the mouth of Lick 
Creek and in the northwestern part of sec. 7, T. 34 
N., R. 1 W. Careful search has shown that some 
of the limestone nodules contain imperfect fossils. 

The basal tuffaceous beds are well exposed on 
Squaw Creek, just above the mouth of North Fork, 
and contain scattered limestone fragments, gener
ally a few inches in diameter. They are fossilif
erous and, like those at Bear Mountain, throw 
definite light on the derivation of the limestone 
fragments from an older formation. 

Sandstones and shales.-The most common rock 
of the Modin formation above the tuffaceous beds 
along Pit River is a very fine gray sandstone, 
usually thin bedded and associated with slaty 
shales. Interbedded with these were found lime
stone lenses 13 to 20 feet long and 12 to 18 inches 
in thickness. They resemble the nodules found in 
the tuffaceous conglomerate, but are far above them 
and contain no fossils. 

Limestone lentils.-In a portion of the Modin 
formation south and southwest of Bagley Moun· 
tain, among the shales and thin-bedded sandstones, 
there are a number of small lense.:! of limestone, 
one of which, in the southern part of sec. 15, T. 36 
N., R. 2 W., has a thickness of nearly 100 feet and 
a length from north to south of over a mile. It 
includes two layers of shale, has yielded a number 
of fossils, and may be traced in a series of small 
lenses for over 4 miles. 

Distrt."hution.-As shown on the areal geology 
map, the Modin occupies two distinct areas. The 
main belt-like area, 3 by 15 miles, extends north
ward from Cedar Greek across Pit River to the 
northern boundary of the quadrangle, where it 
turILS eastward and finally disappears beneath the 
great field of Tertiary lavas_ The smaller area, less 
than a square mile in extent, occupies the snmmit 
of Bear Mountain. 

Thiclcness.-The outcrop of the Modin forma
tion has a width of about 3 miles and an average 
dip, almost wholly in ODe direction, of over 50°. 
If there is no fanlting it is well within reason to 
estimate its thickness at 3000 feet. This estimate 
includes the tuffaceous beds at the base, which in 
Bear Mountain reach their maximum thickness of 
about 400 feel. 

Foss"ib and age.-Among the fossils in the lime
stone fragments of the basal tuff on Squaw Creek 
Dr. Stanton recognizes" Pseudomo1Wtis sp. related 
to Pileudomonotis subcircularis Gabb." and remarks: 
"This lot seems to be derived from the upper Tri
assic, but the tuff in which the limestone fragments 
were found is more probably of Jurassic age." 

Dr. Stanton has collected a large number of fos· 
sils, chiefly from the shales, sandstones, and lime
stones above the basal tuff of the Modin formation, 
and reports as follows: 

Between the .Pseudomonotis subcircularis horizon [Brock 
shale] and the beds yielding a well-characterized Juras· 
sic fa.una [potent formation] comparable with that found 
at Taylorsville there is a broad belt in which a great 
thickness of rocks is represented and from which fossils 
were collected at many localities. In the field these 
were considered. Jurassic, and I still think. that most if 
not all of them are of that period, but the pBleontologic 
evidence is not so complete as is desirable. The fossils 
at most localities belonged to few species and were either 
poorly preserved or belonged to persistent types that 
would not aid in discriminating Jurassic from Triassic. 

Overturn of the Modin formation on Pit River.
One of the features of the Pit River section of the 
Modin formation is its general dip to the west 
instead of to the east, as is the case with all the 
older formations of that region. Slaty cleavage is 
often well developed and generally dips eastward 
at a high angle. It seems evident that at this 
point the Modin formation, like the Brock shale 
and the Hosselkus limestoue, has been overturned 
as a result of the sharp bend to the east along 
Cedar Creek. 

Relation to adJaoont formations.-The fragments 
of Triassic limestone contained in the basal tuff
aceous conglomerate of the Modin tend to show 
that the Modin lies unconformably upon the Brock 

without conspicuous variation. The shale is absent 
in Bear Mountain, however. 

The relation of the Modin formation to the over· 
lying Potem formation appears to be one of con· 
formity, though the Modin epoch closed at a time 
of vigorous volcanic activity, especially in the 
vicinity of Bagley Mountain. 

Lithologic characler.-The Potem formation is 
composed of sandstones, shales, and tuffs. The 
thin-bedded sandstones and gray, sometimes slaty 
shales predominate in its lower part and make up 
the greater portion of the formation. They are 
more or less calcareous and contain a few small 
lentils of limestone. Tuffaceous conglomerates 
occur sparingly in the lower half of the forma-
tion, but in the upper part they are most abun
dant-in fact, nearly all the sediments of this 
part are of igneous material. Some of this mate
rial may have been furnished by contempora-
neous volcanic activity, but most of it was derived 
by the ordinary processes of erosion from a wide 
expanse of volcanic rocks. 

Distribution.-The Potem formation occurs in 
the Redding quadrangle in one area only, along 
the northeastern border, in the vicinity of the 
Great Bend of Pit River. Its fossiliferous shales 
and sandstones are well developed on Potem 
Creek, which may be taken as the type locality. 
In the Lassen Peak folio this formation was 
called the Beud formation, but as that name had 
prior use in Texas, Potem is here substituted. 

Thickness.-The total thickness of the Potem 
formation can not be closely estimated, but a study 
of the section along Pit River on both sides of the 
mouth of Potem Creek leads to the con viction that 
it must be at least several thousand feet. 

Fossils, age, and correlation.-Concerning the 
fossils of the Potem formation, of which he made 
large collections, Dr. Stanton remarks: 

Overlying the beds [Modin] just discussed and cov
ering a considerable area near the eastern margin of the 
quadrangle is another formation characterized by a. well· 
marked JUI'll$ic fauna, inclnding several species that 
occur in the Hardgrave sandstone near Taylorsville. 
Among the forms Dlay be mentioned Rhynchonella, 
Pecten. acutipUcoJ.U8 Meek, Pecfen (Entolium), Pinna 
expansa Hyatt, Modiola, Gervillia, Lima, Trigonia (sev
eral species), Goniomya, Ph61adfJ'lnya, and .Ammonites 
of Ooroniceras type, etc. It is probable that horizons 
somewhat higher than the Hardgrave sandstone are 
included in the formation, but some of the types that 
seem later, as indicated by their occurrence in the Tay
lorsville region, are immediately associated with the 
Hardgrave species_ This fauna is very distinct from 
all those that precede it in this region. 

So far as yet known the Potem formation is the 
equivalent of the "Hardgrave" sandstoue of Tay
lorsville (Bull. Geol. Soc. America, vol. 3, pp. 
369-412), and most likely also of the "Mormon" 
sandstone, for the small Rhyn..chonella occurs in the 
gray sandstone of both localities; but the still later 
faunas of the" Thompson" limestone, "Hinchman" 
tuff, and "Bicknell" sandstone of the Taylorsville 
region have not yet beeu found in the Great Bend 
region. .Tt is possible that they are covered up ·by 
younger formations east of the Great Bend or that 
they may have been completely removed by erosion. 

Ol)ertwrn of a part of the Potem.-The s;hales 
and sandstones along Potem Creek and the slope 
west of it dip sonth west, like the bulk of the 
Modin formation, with which they have been 
overturned, but farther east, between Potem Creek 
and Pit River, the general dip is more nearly nor
mal, to the northeast. It is important to note, 
however, that the position of the strata in the 
Modin formation is decidedly variable, a condition 
due to the fact that it has been greatly compressed 
in all directions. 

Relation to adjacentformations.-Therelation of 
the Potem to the adjacent formations is not always 
clear, especially that to the Modin. Along a por
tion of their contact both have essentially the same 
strike and dip and appear couformable, though at 
tbat point both are overturned; but elsewhere they 
are separated by prominent masses of andesitic 
lavas and tuffs such as form Bagley Mountain and 
the point south of Pit River opposite the mouth of 
Potem Creek, indicating an epoch of vigorons vol
canic activity and a probable unconformity between 



them,'s view which is strengthened by the fact that 
the faunas of the two formations are unlike. 

The next formation younger than the Potem is 
the Chico, which is Cretaceous. The two forma
tions are found in contact near Round Mountain, 
just east of the Redding quadrangle, and are strik
ingly unconformable, indicating one of the most 
profound interruptions known in the sedimentation 
of that region. 

(''RETACEOUS SYSTEM. 

Lithologic characler.-The Chico formation is 
composed chiefly of yellowish sandstone, often 
pebbly, passing toward the base into conglom
erate and upward into gray shales. It is decid
edly softer than any of the older formations. 

Distribution.-It may be said in general of the 
distribution of the Chico formation that it extends 
throughout the Sacramento Valley, but is covered 
by later formations, except around the valley bor
ders where the cover has been washed away. A 
great bulk of it lies southwest of the Redding 
quadrangle along the western border of the Sac
ramento Valley. 'ro the northeast it extends 
through Lassen Strait, between the Klamath 
Mountains and the Sierra, and possibly connects 
with the Chico of northern California and Oregon. 
Within the quadrangle it is limited in its distribu
tion to irregular patches along the borders of the 
Sacramento Valley .. 

The "Horsetown beds," which are here included 
in the Chico, appear only in two small areas near 
the southwest corner of the quadrangle, about a 
mile from Larkin. On the Sacramento above 
Redding the Chico is well exposed, and again 
at Sand Flat, east of Buckeye, where it has been 
fruitlessly bored for oil. 

On Dry Creek shales appear overlying the 
sandstone and conglomerate at the base of the 
formation and dipping about 10° S. The basal 
conglomerate has a thickness of at least .15 feet 
and includes material from the Triassic shales and 
igneous rocks against which it rests. 

Basin Hollow affords one of the largest exposures 
of the upper shales, which form adobe, but there 
are prominent ledges of sandstone and conglom
erates also. One bed of the latter is nearly 20 feet 
in thickness and contains some pebbles at least 4 
inches in diameter. From Basin Hollow the Chico 
extends eastward across the Copper City arch of 
older rocks, and outcrops in patches at Oak Run, 
Oak Flat, and Little Cow Creek, 3 miles east of 
Furnaceville, as well as at Round Mountain, 4 
miles beyond the eastern limit of the Redding 
quadrangle. This is the easternmost exposure of 
the Chico in the region. It dips to the east and 
disappears beneath the later formations which 
underlie the lavas of the Lassen Peak district. 
How far it extends beneath the lavas is unknown, 
but it may connect by way of the Great Bend of 
Pit Ri \'er and Mount Shasta with the Chico of 
Shasta Valley. 

TMcknes8.-The greatest thic.kness of the Chico 
formation in the Redding quadrangle is at Basin 
Hollow, where it is about 600 feet. It thickens 
rapidly southwestward from Redding by the con
formable addition beneath of older beds-first the 
Horsetown, then the Knoxville-until on Elder 
Creek, 50 miles· from Redding, the Shasta-Chico 
series of beds attains an estimated thickness of 
29,000 feet. 

Fossils and age.-The Chico formation is highly 
fossiliferous and its fauna is well known. Its age 
is be]ow the middle of the Upper Cretaceous, but 
the addition of the Horsetown and Knoxville 
beneath carries the succession of strata far into the 
Lower Cretaceous. 

Relation to a~jacent format·ions.-The Chico rests 
with marked unconf01'mity on the older formations, 
from the Jurassic to the Devonian inclusive, around 
the north end of the Sacramento Valley. This 
unconformity is the most profound interruption 
among the sedimentary rocks of the Pacific coast 
and can be traced over a wide area. The relation 
of the Chico to the lone will be considered later. 

TERTIARY SYSTEM. 

Conl,position and distribution.-Within the Red
ding quadrangle the lone formation is (,'Omposed of 

gravel, sand, and clay, with occasional beds of coaly 
material, and has a thickness not exceeding 60 feet. 
Sands, often micaceous, are by far the most abun
dant. The best exposures of the lone formation 
are outside of the quadrangle, along the western 
border of the Sacramento Valley, as well as to the 
east on Little Cow Creek and about the Great Bend 
of Pit River to the head of Kosk Creek, where it 
is certainly over 1000 feet in thickness. 
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It crops out around the borders of the valleys 
and canyons of the Piedmont region in the Red
ding quadrangle, forming a narrow belt between 
the Chico below and the Tuscan tuft· above. On 
the one hand, it is difficult to decide in some places 
whether the nonfossiliferous beds overlying those 
well characterized by Chico fossils are Cretaceous 
or lone, and on the other, the tuff.s of the Tuscan 
formation and gravels of the lone appear to be 
interstratified, and therefore the upper boundary is 
not always evident. In general, however, where 
the lone is best developed there is little difficulty 
in recognizing it. 

Fossils and age.-The fossils of the lone forma
tion are chiefly leaves and occur most abundantly 
in the sandstones and shales on Little Cow Creek 
above Phillips's sawmill and near the head of Kosk 
Creek, where the following, determined by Dr. 
F. H. Knowlton, were collected: 

Little Cow Creek. 

Ficus l18iminmfoUa t Lesq. 
PopuluB Zadda.chi 1 Heer. 
Platanus i1issecta Lasq. 
Murns calitornica.? Lesq. 
Salix n. sp. 
Cinnamomum D. sp. 
Zizyphus n. sp. 

Near head of Kask Creek. 

Babalites califomicus Lesq. 
Ulmus ealifornica Lesq. 
Ficus tiUmtolia AI. Br. 
Populus Zaddachi Reer. 
Quercus oonvel:a. Lt'sq. 
Fagus Antipofii Abich. 
Parsea pseudo·caTOl.inensis Lesq. 
Laurus sp. 
Magnolia eaJifornica !.esq. 
Rhus mixta Leeq. 

Concerning these Dr. Knowlton remarks that 
"all of the species (with one exception), whether 
correctly identified or not, come from what is 
known (in the Sierra Nevada) as the auriferous 
gravels. . . . There is nothing in the collection 
which suggests an age as old as the Eocene." The 
formation is accordingly considered to be of Miocene 
age. 

A mussel (Unio) has been found with the leaves 
on Little Cow Creek and indicates that the water 
was fresh at that point, but farther south in the 
Sacramento Valley, about Marysville Buttes, as 
shown by Mr. Lindgren, the same formation con
tains marine fossils. During the lone epoch the 
great bay which occupied the Sacramento Valley 
was receiving so large an influx of water by way 
of the "Lassen Strait" region as to keep its 
upper part comparatively fresh. The conditions 
were such, however, as to favor the accumnlation 
of vegetation, from which small beds of coal were 
forilled at a number of localities. At the same 
time the ancient streams were depositing amif
erous gravels over the gentle slope of the Sierra 
Nevada. 

Relation to adjacent fm"flWiwns.-On the western 
side of the Sacramento Valley the lone formation 
rests upon the Chico with marked unconformity, 
but along Cow Creek and Little Cow Creek on the 
eastern side of the valley the unconformity, though 
appreciable, is much less distinct. The movement 
producing this discordance must have taken place 
about the close of the t."'retaceous, and it is evident 
that the resulting deformation was mnch gTCater 
in the Klamath Mountain region than about the 
north end of the Sierra Nevada. Since that defor
mation and upheaval the Klamath Mountains have 
remained for the most part above the sea, and the 
same may be said of the "Lassen Strait" region, 
which during the lone epoch was occupied by a 
body of fresh water connecting with the sea by 
way of the Sacramento Valley. 

The rock next younger than the lone is the 
Tuscan tuff, which rests nnconformably upon its 
eroded surface; in some places, especially near Oak 
Run l the lone had been completely removed by 
erosion before the deposition of tJIe Tuscan tuff, 
which now rests directly upon the Cretaceous. 

Lithologic character.-The Tuscan tuff is almost 
wholly andesitic, ranging in texture from coarse 
agglomerates, in which there are unassorted angular 
fragments a yard in diameter· mingled with frag
ments of aU sizes, down to dust. Fine-textured 
gray tuff, often distinctly stratified, is by far the 
most abundant. It iii composed of small fragments 
of andesite, sometimes pumiceous, with broken crys
tals of andesine and hornblende, embedded in a fine 
gray matrix composed of minute angular particles 
of volcanic glass, which constitute the major part 
of the rock. In the basal portion sands ~Ild gra v
els occasionally occur interstratified with the tuff. 
Along the eastern border of the quadrangle the 
upper part of the tuff locally contains fragments of 
dacite and basalt, but even where most abundant 
they form only a small portion of the tuff. 

Distribution.-'l'he Tuscan tuff was named from 
its occurrence about Tuscan Springs; in the Las
sen Peak quadrangle. It extends throughout the 
northern part of the Sacramento Valley, but is 
generally covered by the Red BI.uff formation 
except around the valley borders. It outcrops 
along the eastern side of the valley almost ('on
tinuously from Chico Creek to Little Cow Creek 
and forms the broad stony plains of the Piedmont 
region, represented by the Swede Creek Plains and 
others in the southeastern part of the Redding 
quadl·angle. The ('.anyons cut across these plains 
and afford excellent exposures of .the tuff, which is 
found to include occasional flows of la va. The 
plains are underlain by layers of unassorted mate
rial containing many angular fragments which 
weather out on the surface and make it exceed
ingly stony. Around the northern border of the 
valley from Little Cow Creek to HOf!:letown the 
lack of continuous exposure, as shown on the map, 
is due chiefly to a cover of Red Bluff gravel, though 
some of it has been remo'led by erosion. 

There is a typical exposure 2* miles northeast 
of Buckeye, on Stillwater Creek, where the speci
mens were obtained for the educatil)nal series 
rocks described in Bulletin 150, page 211. 

Thickness.-In the stony plains region along the 
eastern border of the quadrangle the tuff is 400 
feet thick and much of the material· is coarse, b~t 
on the western border of the valley it is much fin~r 
and usually less than 25 feet in thickness. , 

Source of malerial.-The material of the Tusc.n 
tuff is all derived from the volcanoes of the L~n 
Peak region. This is clearly shown by the di~j i
bntion of the material, not only as to size of f -
ments and thickness of mass, but also as to e 
kind of lava. The bulk of the finer matellal 
which appears on the western side of the Bacta-
mento Valley con tains a considerable amount of 
hornblende and most likely came from the grea er 
volcano of Lassen Peak. 

Relation lo adjacent formationB.-The Tus n 
tuff in many places appears to rest conformab 
upon the lone, but in others, as already stated, the 
two formations B:re evidently separated by an inter
val of erosion. A similar interval separates· the 
Tuscan tuff from the Red Bluff. 

Age.-During Miocene and Pliocene time the 
volcanoes of the Cascade Range were in vigorous 
activity. The border of the great volcanic field to 
which they belong extends into the southeastern 
part of the Redding quadrangle, where it is rep
resented by the Tuscan tuff and some overlapping 
flows which have been mapped separately. .As: 
the mass of the Tuscan tuff lies unconformably 
between the lone (Miocene) on the one hand and 
the Red Bluff (Quaternary) on the other, it is 
chiefly Pliocene. 

QUATERNARY SYSTEM. 

RED BLUFF FORMATION. 

The Red Bluff formation consists chiefly of 
gravel and sands, with a small proportion of clay. 
It is well exposed on Sacramento River 1 t miles 
east of .Redding, in a prominent bluff nearly 
100 feet in height. The exposure which gave 
name to the formation is at Red Blnff, nearly 40 
miles south of &dding. In the Redding quad
rangle gravel predominates largely over sand; the 
well-rounded pebbles rarely attain a diameter of 4 
inches, although there are occasional rough bowl
ders ha ving a diameter of over 5 feet. Farther 

south, at Red Bluff, the type locality, sand pre
vails associated with small beds of fine gravel. 

The Red Bluff formation occupies the central 
portion of the Sacramento Valley west of the 
Piedmont region. It forms the gravel plains of 
the .Redding region, laps up over the edge of the 
Piedmont Plain on the east, as well as over the 
edge of a peneplain cut in the older rocks around 
the northern and western borders of the Sacra
mento Val1ey, and connects directly with the ter
race level which follows up the river by Keswick 
and Copley about 200 feet above the present level 
of the river. It rests unconformably upon all older 
rocks. Much of the Tuscan tuff, which is next to 
it in age, was removed by erosion before the Red 
Bluff was deposited. 

It is evident that during the Red Bluff epoch 
Sacramento River and its tributaries were supplied 
with a large amount of gravel and sand, which 
they carried to the great valley for deposjtion. 
The presence of occasional bowlders suggests float
ing ice as an agent of transportation, and it is not 
improbable that· glaciers in the higher mountains 
had a considerable share in furnishing both the 
sediments and the water for the streams of the 
Red Bluff epoch. 

The older portion of the Red Bluff formation, 
which is covered up in the Sacramento Valley, pos
sibly records events closely related to those chron
icled by the interesting bones in the Potter Creek 
cave, on the McCloud, which show that elephants, 
mastodons, tapirs, camelsl and many other forms 
now extinct enlivened the ancient landscape. 

The alluvium is the fine silt, sand, and gravel 
of the flood plains near the· level of the present 
streams. On the surface fine material generally 
prevails and aft'ords by far the larger part of the 
agricultural soils of the region. It is well devel":' 
oped along Cow Creek and its tributaries and 
along Sacramento River, particularly from Red
ding to the sonthern margin of the quadrangle. 

IGNEOUS ROCKS. 

INTRODUCTION. 

In the Redding quadrangle there is a long ~~l 
cession of igneous rocks, which began with the 
eruption of acidic and basic volcanics before the 
middle of the Devonian and continued at inter- I 

vals in the Carboniferous, Triassic, and Jurassic 
nearly to the end of the Mesozoic, when a variety . 
of dike rocks such as quartz-augite-diorite, angite- \ 
diorite-porphyry, dacite-porphyry, and amphibolite \\. 
appeared, with larger masses of quartz-hornblende
diorite, quartz-mica-diorite, and serpentine. Dur-
ing the Tertiary followed the great erupt.ions of 
the Cascade Range from the vicinity of Lassen 
Peak and Mount Shasta, which flooded the 
northeastern part of California with lava and 
continued with decreasing energy to the l:Jte . ; 
Quaternary. , 

PRE-KENNETr. 

COPLEY METAANDESITE. 

General description.-The Copley metaandesite 
was named from its occurrence in the vicinity of 
Copley, where the most important type is well 
exposed. It is generally pale green on weathered 
surface, bnt darker green and compact on fresh, 
somewhat shaly fracture. Distinct porphyritic 
structure is not common, but the rock is fre
quently more or less fragmental, a feature which 
shows most clearly on the weathered surface. 

Occu'l7'ence.-The·Copley metaandeaite includes 
a great mass of lava made up of many separate 
volcanic flows of considerable variety and sheets of 
tuffs more or less distinctly bedded but genera.lly 
sO compressed as to develop slaty cleavage. 

Cut by numerous joints in various directions 
and deeply eroded and intersected by many dikes 
of rhyolite and quartz..augite-diorite, the Copley 
metaandesite has an aspect of greater age than 
any other area. of volcanics in the Redding quad
rangle. This feature is emphasized also by the 
occurrence of auriferous quartz veins, especially in 
the southwestern portion, where some of them are 
mined. In the northern half of the area, on the 
slopes of Bass and O'Brien mountains, the meta
andesites are less altered and the sheeted character 
and beds of tuft' better preserved than farther ·south. 

In the tuffs, especially from Bass Mountain 



northward, the hipilli are sometimes well pre~' 
ser\red, '''''ith crystals of fresh augite an,d feldspar 
in a yellowish de vitrified groundmass. Many of 
the lapilIi and some of the flows are amygdaloidal, 
leaving no doubt as to the explosive character of 
the volcanic action by which they were produced, 
and thOl\gh they are not common, their wide dis
tribution, shows that the whole mass with which 
t~ey ~re "Connected is made up of burface eruptions. 

Southwest of Retitling the metaandesite is gen:' 
erally a' breccia of green fragments in a light
greenish matrix. It is I'd,rely coarse; the fragments 
where largest are generally less than 4 inches in 
diameter." Near the eastern border of the mass, 
about Olney Creek and Or~gon Gul('b, are some of' 
the' best exposures of breccia. Grains of quartz 
frequently appear on the weathered surfuee, so that 
it looks like quartz-porphyry, but on closer exam
ination these grains are generally found to be sec
ondary-in fact, to be amygdules filling ancient 
steam holes in the andesite. It is often difficult to 
decidf! in the field, where the rocks are as highly 
alt£red as those of Larkin and Old Diggings, 
whether the quartz is primary or secondary, and 
it is probable, on this account, that some quartz
porphyries may have been included in the areas 
marked metaandesite. Here and there the meta
andesite is rotten and deeply sta.ined by oxide of 
iron. At other pla.ces it has a decided cleavage, 
like slate, and has lost its general resemblance 
to lava, but in thin section under a microscope 
traces of' its original igneous structure IIlay still 
be seen. 

Relation to adjacent rocks.-The oldest rocks 
with which' the Copley metaandesite comes in 
contact are those of Devonian age. Theil' rela

. tion may be seen to greatest advantage in the 
Kennett region, where Devonian rocks clearly 
overlie the ancient rhyolites and andesites. 

Masses of shale occur in' the O'Brien Mountain 
and Larkin ,areas of the Copley 'metaandesite, and 
in places they contain beds of tufl'. They are usu
ally long, narrow belts, folded or faulted down into 
the volcanics upon which they rest. The shales 
are associated with fossiliferous limestones of Deyo
nian age, and show that the Copley_ metaandesites 
are older than the middle Devonian. This relation 
is also emphasized by the fact, set forth more fully 
in the description of the Kennett formation, that 
the Devoniaw sediments are derived in part 'from 
the Copley metaandesite. The Bragdon, like the 
Kennett) rests upon the metaandesite and contains 
much sediment derived from it. 

The Copley met.aandesite is cleaJ;'ly cut by dikes 
of the adjoining Balaklala rhyolite, as well as of aU 
the younger ernptives, the most abundant of which 
are quartz-uugite-diorite and dacite-porphyry. 

D,'stribution.-The principal area of the Copley 
metaandeSite is that of O'Brien Moun tain, extend
ing south through Bass Mountain and the hills 
a'boiit '; the 'National mine to Copley and Old 
Diggings.- - Pit River crosses the northern portion 
and the Little Sacramento and Sacramento follow 
the general COUl'Se of the northwestern border. 
The rocky banks of the latter afford paJ;ticularly 
good exposures. 

, Another area of Copley metaandesite lies south
west of Redding and is in line with that of O'Brien 
and Ba'ss mountains, though separated from it by 
a mass of rhyolite. 

Two small areas of Copley metaandesite' occur 
in the northwest cornel' of the Redding quadra'u";' 
gle, one on Dog Creek and the other at Portuguese 
Flat. These areas are completely surrounded by 
rocks of later age and it is probable that the' vol
canic rocks oc'Cupy a large area beneath the Bragdon. 

PlJh'ographic deseription.-The Copley metaandesi~ is 
well exposed along the river in the vioinity or COI)Iey, where 
it is decidedly_ green and compact, though in plac.el clearly 
fragluental. In thin section under a microscope it is found 
to be compOsed ehielly of plagioclase (apparently andesine) 
and ehlmite with variable amounh of epidote. flbroul green 
hornblende, magnetite, and calcite, sometimes also, qq.artz. 
'J'Ke plagioehl.sB is IllOBt abundant, generally much a.ltered, 
b~t sometimes fresh, in well·deflned elongated crystals, with 
irregular pat.ches of chlorite a.pparently derived rrom Itugite 
filling the spaces between them. Epidote 101 genernlly present 
and often abundant Bnd varies inversely with the amount of 
calcite present. Magnetite is less abundant, in some pJa.ces 
ra.re. 'l'be _regutlU' intersertal structure Is often modified by 
the parallel, stream·Uke arrangement of the f .. ldBpal'S. 'l'he 
rock, though generally holocrystalIine, is often hypoct'ystal
line Il.{Id ;an~ .in I'Itruoture from pilotaxitie and inte:rsertal 
to granular in which only the feldspar shows traces of crys· 
taUograph(c boundru:ies. 

Originally the rock wa.s 80me form of pyroxene-andesite, 
but. in view of the degree of alteration it way be .more 
appropriately' designated metaandesite. 

Redding. 

• 

BALAKLALA RH!OLITE. don, from which, _~m the eastern side in 'McCall 
Gulch, it is separated by Ii fault. General descriptl:on.-The Balaklala rhyolite was 

named from the fact that it forms the hills about 
the Balaklala mine. Where freshest the rock is pr~:::~~,rt?eh~::~J:;?:~~~i~~::i:! u~:~:~;:~t:!~ct{:h:~ 
gray, generally with distinct phenocrysts of quartz, ~;:~;~rec:~i~:t ~~~~e~~~p:~: g~~n~:~th~r~:~::l~l;~ 
and is often impregnated by pyrite. On the surfacE however, the rock has It granular appearance in the field and 
it is deeply stained with oxide of iron and is porous loses all traee of porphyrltio structure, though in thin section 

from the decomposition of the pyrite. Flow struc- ~:y~~~ :/~~:~O~;ei~::c~i~~~:~~:~\y ~~: :;:~!~I~a~:::~ 
ture is rarely'distinct. In many cases it is fmg- broken, giving wavy extinction. The feldspar oceurs in 

mental and most frequently it is breCX!iated. ~;:;~l:n~~~fi~:eC:~;!~~~san:e ai=~~:::.m~~~~:so~r :~~:~~~ 
Occurrenre;.:....-The Balaklala rhyolite is made up are without twillning or simply Carlsbad twillS. Those of 

of a succession of irregular lava flows and tuffs plagioelase have mUltiple twinning. It is doubtful if the 

which have heen so compressed and folded as to: ;~~O;~~'\~i~~:~alil: :o;:c:~~~~yt~:I:~~i:J::iteI~!:~70 
render very obscure the original layered arrange- rhyolite. 

ment of the mass. Little Backbone Creek 'and The groundmass is generally finely cryptocrystalline and 

Squaw.C"Teek cnt narrow valleys in it to a d.cpth :~:re~~~i~~nf~~:p;; ~:~ ::~~~~::fJ~~~~::ici:'I:~~ 
of 1000 wet; Their slopes are steep and, rocky, in loeaUy it becomes abundant. 

strong contrast with the gentle relief '~Illd small 
ledges of the main ridge about the heads of Cot.
tonwood, Motion, and Spring creeks. The ledges 

" 
CA RnO~IFEROUS. 

BASS HOUI:IiTAIN DIABASE. 

in the rocky canyons are generally irregular and General dcscription.-The diabase of the south
massive, rarely appearing as sheets 01' flows, and ern slope of Bass Uountain is gelleral1y a dark, 
yet the occurrence of tuff among the ,masses of somewhat greenish, compact lava which is not por
nonfragmental material clearly indicates that it is phyritic; but is occasionally vesicular and more fre
of volcanic origin. In t.he vicinity of the Uncle quently fragmental. Where fresh this lava has 
Sam mine it is usually lightc~ colored and is rich in darker spots ·of augite embedded in a lighter colored 
larger grains of quartz, so that in the field it gl'oundmass. 
resembles granite-porphyry. Breccia is comIQ-on Di8lribution.-There are two principal areas 'or 
and occasionally conspicuous. The best examples groups of areas of the Bass Mountain diabase. 
observed are on the slope north of Squaw Creek, One on the southern slope of Bass Mountain 
where some of ,the fragments are over a foot in extends southward to the border of the newer 
diameter. Finer breccia occurs on the railroad rocks about Sacramento Valley as an irregular area. 
near the mouth of Squaw Creek and on t~e over 6 miles in length and 4 miles in width, with 
divide near the, trail between the heads of Cot- several included tracts of Kennett and Chico; the 
ton wood 'and 'Motion creeks, as well 3S beneatll other consists of four or more small parallel strips 
the limestone on the Quarry road 1t miles north- 1 -to 3 miles in length extending northwest and 
east of Kennett., The fragments are generally southeast in the region of Middle Salt Creek . 
rhyolitic, but in some ('.ases. decidedly andesitic, Occu'rrence.-The best exposures are about the 
like the Copley metaandesite. head of Rancheria Creek, on the lower slopes of 

The Balnklala rhyolite is everywhere cut by Rass Mountain, where the ledges are made up of 
numerous joints . running in many directions, but irregular masses of tuff and sheets of laya which 
those having a northeast-southwest trend appeal' to are locally vesicular .. _' 11'ragmental material is much 
be most common and are sometimes accompanied the more abundant on the mountain slopes, but 
by shearing. In some places, especially about less so farther south, though in places clearly made 
Balaklala Hill, the shcaring was so great as to up of small cellular lapilli fluch as commonly result 
render the rock fissile, like shalf', but the grains of from explosive eruptions in connection with the 
quartz are generally preserved. yolea.nic effusion of this type of lava. The rock 

Relation and iige.-The Balaklala rhyolite, with is generally well jointed, but not slaty, ,and yields 
its_ associated tuffs~ clearly underlies the Kennett a deep-red soil. 
limestone Hnd shale which form the crest of the Rocks of essentially the same character as the 
ridges between 'Squaw Creek and Backbone Cr~k. diabase of the southern slope of Bass Mountain 
The Devonian sandstones on Backbone Creek·con- occur within the Bragdon area in, the vicinity of 
tain rhyolitic material like that of the Balaklala, Middle Salt Creek and apparently thl'OW light 
and afford conclusive evidence that the Balaklala upon the gener;ll relations of the larger mass 
rhyolite is older than the middle Devonian. south of Bass Mountain. On Middle Salt Creek 

The rhyolite p'enetrates and overlies the Copley the diabase occurs as interbedded flows. The 
metaandesite. The mass of the metaandesite sheets. are not only conformable between the 
was erupted before that of the rhyolite, but their layers of the Bragd~n sediments, but are occa
eruptions appear to some extent to have ulter- sionally associated wit,h beds of volc,nnic sand 
nated, and it has' not been possible in all cases to whose origin is connected with the eruption of 
separate them. the diabase. These tuff~eous sandstones are com-

ophitic structure and is not clearly distinguish
able petrographically from the Bass Mountain 
diabase. The' two can be distinguished only 
'when it is possible lo discover their relation to 
the Bragdon. It is evident that since the same 
diorite cuts the Jurassic rocks it is much younger 
than the diabase. No dikes of the diorite were 
found in the diabase. In the Middle and North 
Salt Creek regions the bodies of igneous rocks of 
the Bragdon area are chiefly diabase, but :filrther 
southeHst, on Salt Creek, the diorite prevails, though 
it is possible that considerable masses of quartz
augite-diorite are included in the areas marked 
Bass Mountain diabnse. 

Feb·ographic de8cription.-Normally t.he Bass Mountain 
diabase is hoiocrystalline, generally with automorphic pIa· 
gioolase and xenomorphic augite. The fabric is opbitk or 
Qphitic granular. Rarely, when pyroxene is abundant, there 
are poikiUtie patches. Some of the ve!licnlar flows and the 
tapilli in the tuff contained originally con~iderable amor· 
phous ma.tter. In this case the Automorphic plagioclase is 
long and narrow,- hut in the larb"tlr masses where the diabase 
is normal it becomes more (l()ar~ely crystalline, the plagioclase 
becomes partly xenomorpbie, and the structure tends toward 
even granular. 

The greatest variation of the rock is in its mineral compo· 
sition. Ordinarily that on the middle southeastern slope of 
Ba~s Mountain is ,composed of' plagioclase and augite, but at 
the base, near the road, graphic quartz intergrown with pIa· 
giocl!Ule b .. eomes common and the rock is a quartz·diabase. 
Granitic quartz, but not generally graphic, is a common {'on· 
stituent of the diabase along the road to witbin a mile or 
Newtown, and yet there are places within this large area 
where it practically disappears. 

Hornblende is another of the variabLe minerals. In many 
place3 there is no traceoC it; in other .. there is a small amount 
of light. brown hornblende. incre~lI~ing in quantity nntil it 
equals or exceeds that of the augite, Sometimes it is in par· 
allel intergrowth with the augite, but generally it. i~ inde· 
pendent., yet holds essentially the same relation as the augite 
to the roclllabric. The quartz nnd hornblende vary without 
reference to each other, and both oecur at intervals in both 
areas-that i~, among the interbedded sheets of the Bragdon 
formation along N orfh Salt Creek, a.s well as in the urea 
northeast of Newtown. 

In many places the rock is highly altered, the feldspars are 
kaolinlzed. and the augite is completely replaced by chlorite 
and caloite. Groen hornblende, which is secondary, gener· 
ally after augite, ill rarely abundant and less widely dis· 
trib).lted than the brown hornblende. 

Qt:AR1'Z·LATITK. 

In the Nosoni formation are several small masses 
of somewhat rhyolitic rock, on the southwest spurs 
or'Rollibokka and Horse mountains. At the latter 
locality only tuffs were soon interbedded with fos
siliferous shales, but at the ft;H'mer, about 1t miles 
a little east of north frolIl ~he mouth of' Nosoni 
Creek, -a well-defined sh~et of lava of rhyolitic 
aspect occurs, but is not separately mapped. It is 
about 75 feet in thickness, and, like the tuffs below 
and the tuffs and fossiliferous shales above, strikes 
nearly north and south and dips easfward into 
BolHbokka Mountain. A prominent ledge of this 
reddish rock is locally banded and has cavities sug
gesting lithophysEC. The rock has a few.long pla
gioclase twins with symmetric extinction angles up 
to 30°, indicating labradorite. They are inclosed 
in a ·microgranitic ground mass of qua.l'tz and feld
spar, of which a few of the grains show lamellar 
twinning. Notwithstanding the rhyolitic aspect 
of the rock, the absence of orthoclase, with the 
prevalence of labradorite and the presence of free 
quart;;:, places it among the quartz-Iatites. 

TRIASSIC., • 

It is not certain that all the dikes of rhyolite west posed of the same minerals as the diabase and con
of the Sacramento Hrc Balaklala. and older than the tain oecasional fragments of the underlying shale. 
middle Devonian. There were extensive eruptions The whole association indicates contemporaneous 
of rhyolite early in the Triassic and it is possible volcanic activity at intervals in the later portion of 
that some of the dikes west of the Sacramento may the Bragdon epoch, and -it is believed that the Bass 
have been formed at that time. The dike-like Mou,ntain diabase belongs to that horizon, though DEKKAS ANUgSlTE. 

masses on the slope west of Copley are very fresh the evidence is not altogether satisfactory. General description.-rhe Dekkas' andesite i~ 
and muy belong to this class. At several points Relation to adjacentformat-ions.-Therelation of generally a dark-gray lava that is more or less 
also, but mOre particularly on the east slope of the diabase on Middle Salt Creek to the Bragdon is porphyritic, but not conspieuously so to the naked 
Backbone' Creek,- over 4 miles above Kennett, a clearly that of contcmporaneous interbedded flows. eye. It takes its name from Dekkas Creek, along 
peculiar brec'Cia of shale frnbFments, apparently In the case of the m.asse& south of Bass Mountain, which the ro::;k is' well exposed. It includes a 
cemented by igneous material, was found along which are supposed to be of the same age, the reI a- great mass oflava made up of many separate over
the contact of the rhyolite and the Devonian tions are different. The diabase appears to rest lapping volcanic flows and sheets of tuff more or 
shale, indicating that the rhyolite is younger than di:rectly upon the eroded surface of the Copley less distinctly bedded, irregnlarly conformable, and 
the shale and presumably of Triassic Hge, bilt this metaandesite and of'the Kennett formation. The dipping eastward. 
is not separated on the map from the Balaklala absenL'e of the Bragdon beneath is cyidencc that Occurrence. - Its beRt exposures are on the 
rhyolite. Some of the tuffs underlying the lime- the -eruption took pl'ace on land, but its presen,ce western slope of the ridge from Horse Mountain 
ston'es contain dark fragments of shale which is above shows that after tlie eruptions from the se\'- to Bollibokka Mountain, where the hard la.yers of 
probably older than the Kennett. eral centers south of Bass Mountain the distl'ict tuff· and lava make n snccession of' bold bluffs and 

Distribution.-The principal area is that of subsided, was covered by the Bragdon sea, and· show better than elsewhere their general character 
which Balaklala Hill is a part, extending from received the upper beds of the Bragdon formation. and position. That the sheets of lava were flows 
Backbone Creek southwestward across the west- The large patches of Kennett within the Bass upon the surface is shown by the vesicular chal'
ern border of the Redding quadrangle. to Iron Mountain diabase area may have been laid bare by acter of the upper portion, which has since been 
Mountain, and forming the conntry rock of the recent erosion, but it is evident that the diabasc converted into amygdaloid" and by their associa-
copper deposits of that region. . cover is .not yery thick and that the Devonian was tion with laye~ of v·olcanic ejecta. 

An area. of rhyolite lies along the ,eastern side I not completely covered by it, for the Bragdon at On the Wf'.Btel'll slope of Town Mountain the 
of the Sacramento, f't:om Keswick to Waugh alld one point appeall! to rest -directly on the Kennett. sheets of lava are more prominent th~tt:::,those -of 
has been cut down to ,the level of the plain about Relation to' the quartz-augite-diorae.-In the ~Iid- fragmental material. Near the,.$ulTl.niit,.'apo:Ve th~,~ 
the,n01ith en4 ~fthe ·S~ramellto Valley. Another dIe Salt -Creek region, to a limited extent, the bulk of the altered andesites, ,are promineut''Clifis,' 
small area o~cu~ on Dog Creek, 3 miles west of Bragdon is cut by dik.es and intruded sheets of formed by several sheets of a.'fi~e' gl'~~t;I~(ro'clf' 
Delta; it is here partially surrounded by the Brag- quartz-augite-diorite, which frequently has an (quartz-augite-diorite) like that which .so exten-



si'Vely ,cuts the McCloud IiQlestone, while the 
summit o( the mountain is lJlade up chiefly of 
fine tuffs and shales locally containing red chert. 

On the western slop" of Minnesota and Salt 

8 

wholly from· the alteration of augite. No distinct tra.ees of 
original ,hornblende or :miea., IUch 88 ooonr In the augite
diorite, comd be found, tboughlnaeveral6Ue88mallamollntB 
of lIIeOodary hornblende were present. 

Creek mountains fragmental volcanic rocks are BULLY HILL Jt.BY~LITB. 

most prominent, but, as elsewhere, the fragments Geneml description.-This rhyolite takes its 
are not COOl'He, being rarely over an inch in diam- name from Bully Hill, famous fill' its mines, 
eter and never much larger. This indicates a where, though much altered, the rhyolite is well 
considerable distance from the volcano whence exposed. On a fresh fracture it is gmy, contain
they iesued, and yet the distal,lce can not have ing distinct phenocrysts of quartz in a compact 
been great, for layers composed wholly of very groundmnBB. On the surface it· is usually porous 
fine material, su~h as volcanic dust, are equally and deeply stained reddish from the oxidation of 
uncommon. pyrite. 

This belt is remarkable for t\Ie numerous layers Occurrence and relationB.-In the Bully Hill 
of fossiliferous, more or less tufi'llCoous shale which region the rhyolite is arranged in flows alternating 
it contains inoorbedded with the lavas and tuffs. with tulf. dipping BOuth",stward beneath the Pit 
As the shales inclose many microscopic fossils of shales, but in places, as for example on Baxter 
marine origin similar to those of the Pit shales to Creek near Copper City, it cuts the lower portion 
the east, the volcanic products must have spread of the Pit shales and envelops its fragments. The 
out upOn the sea 8oor. long, narrow belts running from Bully Hill toward 

Relation.-The Town Mountirin belt of Dekkas the Afterthought district are for the most part along 
·andesite from one end to the other is bounded on the crest of an arch running from" the Klamath 
the west by ~e. Carboniferous and on the east Mountains southeast toward the Sierra Nevada. 

clastic materi!ll occurs in the Pit, River area, bot 
lava flows are almost equally abundant. Pit 
River cuts a deep canyon. across the area, expos
ing in the steep slope opposite the mouth of 
Pooom Creek great .heets of lava and tujl" diJ>
ping to the northeast. In some places these rocks 
have a distinct cleavage, but its production has 
not been accompanied by Bny considerable degree 
of metamorphism nor even by deformation of 
fossils. 

Relation.-Both .res. of the Bagley, andesioo 
lie practically on the border between the Potem 
and Modin formatioDs, but do not necessarily 
indicate an unconformity. These areas represent 
centers of gt'e8ter accumulation of volcanic mate
rial near points of eruption during the beginning 
of the Potem epoch. Between the two points the 
contemporaneous sediments contain 89me detritus 
from both centers, but apparently the greaoor por
tion comes from a different SOUl'Ce. For this rea
Bon the intermediate sediments were included in 
the Pooom. ' ' 

,The feldspar ill deeply kaolinized, but in polulzed ·light 
mnch of it shoW!! the lamellar twinning of piagloo1ase. Their 
absence in a. few C8.aes may pouibly indicate the presence or 
orihoclaae. Gmtns of epidote are common among the prod. 
neta of alteration in IIOme grains. wblle sealea of sericite pre· 
vall in others. Tbe hornblende oooo.rll in IImall grain. and 
shreds. It 111 In moat C88eII light brown. but often 'green and 
occasionally changed to chlorite A 81p.all aUlount of mag
neUte i. present. and ocCll8lonally also, as at the falls of 
Clover Creek, leucoxene and tr8ees of pyroxene. 

Near the boundaries ot the area.s the ropk becomes finer 
grained, bot gene~17 hall an even granitic .trueture. In 
~ther places, especially east of Larkin, it ill porphyritic. The 
feldllpar In part aud rarely tbe quartz a.ppMr WI phenocrYlts 
in a granitic groundm8BII; and· the dike·like extension from 
this DlIUJII reaembles:the dacjte·porpbyrlel!l in texture. 

RelatWn and age.-The age of the quartz-horn
blende-diorite £'aD not be. closely determined.in the 
Redding quadrangle. The youngest rock it cuts in 
that region i. the Bully Hill rhyolite of early Tri
assic age. On the other hand, it is older than tlte 
dikes of quartz-augite--diorite and hornblendite, 
whic4 are younger than the Potem and were 
erupted about the close of the Jurassic. While 
it is certain that the qU8:rtz-hornblende-diorite ie 
of Mesozoic age, its eruption most likely ~rre4 
late in .the Jurassic. 

QUARTZ.:UICA·DIORITlt. 
chieHy by the Triassic, and its sheets of lava and It is flanked on both sides by the Pit shales, with an~=!':~:c :::"!~~-:;~ore:v=: !~ ;! !~~: 
tuW, like the rocks of both adjoining systems, dip anticlin"l dips, but part of the area, not teadily is darker a.nd generaJly fresher than elsewhere, but not so 

to the eRst between them so as to approximately separable, is occupied by a somewhat 'later rhyolite, :;:,,::t~:I= =:0: ~~~ ~:e=~ !=:-l:~:~: General description.-The quartz-mica-diori~ 
fix the general ·horizon of the volcanic activity which, on Cedar Creek and in a number of small crystalline gronudmau of well.deflned plagiooiase Mysta.ls found in this quadrangle is ~ gray rock of gran
which it rep~ent8. Along the eastern border occurrences north of Pit River, cuts through the andgrainsofaoglte. Along Pit River it ill 1e81 mioroporphy· itic llabit, composed essentially of quartz, plagio
these Hows of volcanic rocks are overlain conform- Pit shales to the Hosselkue limestone. For con- =:e a::t:e:.r~te~n;!::r:::a!a;:~~ew~!t~;;::~:~~ clase feldspar (gene~lly and~ine), and a black 
ably by, and to R small extent are interbedded with, venience, all the rhyolites erupted in the Redding yielding much oorbonate of lime. mica (biotite). It frequently contains 8 small 
the bottom part of the Pit shales. On the western quadrangle during the deposition of the Pit shales co~~:: :~~!~:~~hnr:ar;:t:e~o=~~on,;! ~~h!:.': amount of orthoclase, showing its close relation 
side the relation to the Nosoni formation as out- are included under the term Bully Hill rhyolite, blende and rare1yof augik, with tho&! of plagioclase. Tbe to granodiorite. 
lined is equally clear. The outcrops of the Dekkas: though they represent a considerable range of time. :re~=i:n~~o:~~:~~~:: ~~!~:t:~lIa ::=.~:: Distribution.-There is only one small area of 
andEl3ite and Nosoni formation are approximately' Bedded tuffs, composed largely of cry~tal fragments groundlDllBlln thil type Isles8 crystalline than In the other quartz-mica-diorite in the Redding quadrangle, in 
parallel for over 20 miles, but the Nosoni belt nar-: of quartz and feldspar, with a smaller proportion and is full of leId8par mlerolites, witb mnoh yellowlsh·green the southwest coruer, a mile from Larkin. This 
rows to the south, and on Campbell Creek, as well of glass and pumice particles replaced by quartz, chlorite. occurrence is .a small stock, but there are larger 
as near Lilienthal, it is unconformably overlapped: are cOmmon among the Pit shales and are locally LATE JURASSIC OR EARLY CRETACEOUS. masses, poeeibly batholiths, farth,er .west. The rock 
by the andesinc Hows, which extend wEl3tward a associated with sheets of rhyolite. QUABTZ.HOBIIBLKNnK.DIOBITK. is bright and fresh1 forming prominent ledges close 
short distance beyond the McCloud limestone. Distrihutio7t.-The Dl"eA is extremely irregular to the edge of the plain, where it is quarried tQ.' 

The stratigraphic position of the great body of and roughly T-Bhaped, with Bully Hill at the . General description.-At several points in the small extent for curbing and tombstones. ' 
volcanic rocks made up of the Dekkas andesite and: radial center. The top part lies along the south- quadrangle there are areas of holocrystalline, even- Pd'l'Ofll'aphio deBOTlpUon.-The medium.~iDed holoerys. 
the Bully Hill rhyoli~ conformably under the Tri-: eastern base of the prominent ridge formed by granular rock, like granite in appea~ce, COlll- talIine aggrega.t-e oontaiDII quartz q.nd plagioclase in about 

aasic and unconformably upon the upper Carbon-: Horse and Town mountains, and extends from posed essentially of quartz, plagioclase, and horn- ;:~=~:~:t:i!~~=.BCa~I;~:t~!:;:' b~O:::::; 
iferous, :Oxes the horizon of great volcanic activity: Pit River northeastward; forming many promi- blende. Th~ form stocks and cut rocks as young' unaltered and xellomorphic, and zon~ .tructure ill commou. 

at the beginning of the Mesozoic. Although the ~ nent ledges, to the slopes of Didallas Creek. as the Triassic rhyolites. != ~D:a~:;~!~~ ar:/=~~~z ~~n;~e=.s ~ 
greatest volume of volcanic products occurs at this. From Bully Hill the stem part of the area Ooourrence.-In·the Redding region generally IIDl8.lltraeeofoa1cltiiillpreaent,probablyfrominclplenta.lter.. 
horizon, it must be remembered that there was extends southeastward to the Afterthought region this rock is covered by residual material, except in atlon of feldspar, ",00 a 8Dla.ll qoantity of the biotite has 

vigorous volcanic activity in the same region dur-' along Cow Creek. where it spreads· and disappears the rocky canyoDB of vigorous streams like Spring ebanged to chlorite. . 

ing the later .Carboniferous, and that it continued beneath the cover of lava. from La .... n Peak. Creek, where it is well exposed. The light-gray 4ge.-The rock, though exposed unper the saDie 
with decreB:sing energy into the Triassic. Petrographk ducrlpUon.-The· fremest eJ:p08urea of the color is varied by ~rk blotches and angu'lar condition as the quarQ:-hornblende-diorite, is much 

Distrihution.-The main area of Dekkas andea-: Bully Hill rbyolite a.rean Horse Creek and ~ Town Creek.· patches which loo.k like inclusions, but are ~lly less altered and on this account may be . regarded 
ite is from 1 to 2i miles in widtq, with a length of, :7tg: e .::;,ern!.~~ o~::,.e ::~ H:!:I~~w!:r' ~h;=~. secretions ranging in size from half an inch to as younger, but was certainly enlpted before the 
over 25 miles. It stretches from. the end of the; bas a well.marked conchoidal fracture. Pbenooryat. of 2 feet in diameter. Toward the north in the beginning of the Chico epoch of the Cretaceous. 
Sacramento VaJley proper north,ward and s1ightly' qua.rtz are colDmon, but small, These pbenOOl'ytlu. witb a canyons the rock is medium grained, but on, the 
northeastward beyond the boundary of the quad- ~~ ~;,t::::::dt:~=k~: :~:;=:::~ borders, especially toward the south end, it is 
rangle, forming an i.rregular ridge with prominent IBC8.ttered by fluidal motion of the lava. finer grainea ·and cuts the adjacent volcanics, 813 

peaks, including Horse, Town, Minnesota, and Salt ~~~~:::-~~~:.~ ~s:n:e::m::~ may be seen on Rock Creek near the stage road 
Creek mountains, and part of BoJlibokka. largely of amorj:JbolUl matter, but DO glaM nor deft.ntte eri. bridge half 8 mile southeast of Keswick., The 

The total thickness of the rhasa is approximately· ,denC6ofsphernIitioorperHtielltruetul'ewasotiaerved. Some same general rel~tions are found about all the 
1000 feet, but it varies from place to place, not ::io: =ro!~e o~~~:y:= !:e:eabee: y ~tl= bodies of quartz .. nornblende-diorite, and they ,may 
only in this respect but also in composition. zones in which the ores have accumulated, tbe rook ill greatly be regarded as stocks. The rock is cut by many 

The Clikapudi area of andesite southeast ofCop-i ~:r:::~I;o::r:a~e;t~D:::=!:d-=-mn~:=: joints and lomlly by qll£!ortz veins, some of which 
per City is scarcely 2 square milE13 in extent. This' poaed.leaviIig a kaoIiniZ6li IIilieeolUl lIl8II8 deep]yatained. by are auriferous. 
area is supposed to represent the Dekkas rock! oxide of iron. Beneaththe.nrfaoe it ill gray and locally Cull Distrihution.-The principal area of quartz-horn
brought to the surface by an anticline and by the; :~~~~ t:::n:,hle~ ~= :f ~:yr:;ol~ blende-diorite js th.{'t, about Shasta, on the western 
erosion of rocks from the crest. At the Pit River' oceun in the hill above the Copper CIty mines, lJut wa.a not border of the quadrangle, extending northward 
~ridge it in~closes a mass o~ s1.J.alee and beyond the ~:e~~::~~~k::;:= ~-:e~~;:~ Mountain beyond Minnesota, a station on the mine railroad 
rIver appears to be overlam on the· southeast by diabase and the Dekkas andesite In Minnesota Mountain are between KEI3wick and Iron Mountain, and 'west
rhyolite related to that of Bully Hill. The ~test eonsiderecl to be Bully Hili z:byolite, though in general the ward beyond the ql,18drangle boundary toward 
dimensio~ .of the exposure .run~ northwest and :;:~::: Is more erysta.Ume and perhaps locally holo- Clear Creek. 
BOutheast, determined by an anticlinal fold with JUru.BBIC. A smaller area exoonds from Bayha northward 
Pit shales on both sides. tp Pit .nd McCloud rivers, where the quartz-horn

htt-ograp1&k desorlption . .....::The Dekkas andesite is generilJ.ly 
a oompaet, ligbt- to dark-gray rook whieb il decidedly mi6ro
_poI'pbyritle, though BOarCeIy porpbyrltle to the naked eY8. 
Moat of the phenOOl')'lta appear to be labradorite, &quare to 
re.rtaugula.r iD. 0I'088l1eOtion, attainiog oommonly 8 by 1.6 mm. 
in size, but & rew a.re of augite almOit oompleteJy ehanged. to 
chlorite ,a.nd epidote. The gronad,wasa is generally muab 
altered, but the great preponderance of feldspar microlltes 
and gfainl, commingled with ehlOl'lte. epidote, some bla.ek 
o:ddee, aDd other lees definite secondary products. snggem 
original pllotaxltic and int(lJ'8ertal structures such a8 are 
oommon to manyaugite-andeaitea. In Ql&Dyof the HoWl! the 
grooDdmB8IJ is more plalnly erysta.Uine. The mlllUtude of 
striated plagloolaae crystals in the mass are generally about 
O.lS to O.B mm. in length and appear to be andone. Where 
holoerysta.lIine these minute fe1d8pan ~.in.all dirootions and. 
with ophltlc structure clamp angular patcbetl of chlorite and 
clouded grains of epidote between them. Oxides of Iron are 
common, bot rarely abundant. Some 'of the dark basaltic
looking ilQWI a1M bolooryatalline, ;With a decided tendency to 
ophltlc. 80111etllDf's sD.bgranular structure, b~~ no traoe 01 
olivine or Iddlngllit.e waa found, as In the similar lavas of the 
N060ni tonnatWn. Thill baefc form. auociated with the Dek· 
kas andesite ill in the field much like the a.uglte·dl.orlte which 
·forlDA deftnite dikes cutting the Dekkaa andesite, and it i. 
moat Ukely that the irregn1ar .beets a.re intruded. They 
were not mapped separately. The eblorite appeal'ldo cmne 

BAGLBY AIIDESITB. 

General characJer.-The Bagley andesite includes 
t~ lavas and pyroclastics of a succession of vol
canic e;ruptions of similar general, character. It is 
commonly :OIled with an abu~dance of small phe
nocrysts of plagioclase, and rarely also with dark 
grains in a greenish groundmass. 

~istribution.-There. are two areas1. one includ
ing Bagley Mountain, from which the rock takes 
its name, near the northeast comer of the Redding 
quadrangle, and tlle other along Pit River near 
the eo:stem border. 

Occurrenoo.-Both m ..... are composed chieJly 
of andt:Bitic tuff, sometimes coarse, almost 8;gglom
., .. tic, but generally fine .nd stratified, will>' occo-
~ional traces of marine fessils. ~ ,,' 

More than three-fourths of the Bagley Moun
.tain area is occupied by tuft: The lavas are most 
ablWdant near .the summit and the whole mass 
has ,a ,thicbess,of about 1000 'feet. Much pyra-

blend~ioritejslighter colored aJ;).d coarser grained 
than that of the Shasta area. It varies little in 
color and there .re but few dark portions, possibly 
early secretions. On the borders it is finer grained, 
and E13pecially also in the long tongue running 
northeast near the mouth of the McCloud, where 
it is in places decidedly porphyritic. 

Small areas occur at the crossroads schoon-ouse 
3 miles south of Bayha, at the falls of Clover 
Creek, and near Larkin. From the latte,r a 
decidedly porphyritic, dike exoond. to the south
east. 

Petrographk deacription.-There al'fl two types or pb~1 
of the quartz·hornblende-diotlte, the even grannla.r and 1;he 
porphyritic, of whieh the former Is ~y far tbe more abundal;lt. 
In the even.·grannlar type the feldspar is ulluallya little more 
abundant than tbe quartz,' and the hornblende ill for.the m6.t 
part searooly a thUd tbe'amount of the feldspar. but these 
p~rtiODI vary greatly .. In tlJ.e Ughteet colored and OO8l'86ly 
eryBtalline rock there is little hornblende, but in the dark 
portions, "eSpecially the early segregations, it is about &I 

abundant III the quartz ~ feldspar. 

QUARTZ·AUGITE·DIORITB. 

General description.-The augite-diorite of the 
Redding quadrangle is a dark, line-grain.,a, 
bftl3altic-looking rock which is composed mainly 
of plagioclase feldspar and augite, with a .. con
siderable Qmount of quart:z. 

Occurrence and relatwm.-The principal ma~ of 
qt1a~tz-augite-diorite: in the quadrangle is a iong, 
irregular belt1 apparently n great dike, extending 
from Gray.Rocks along the course of the l\JcCloud 
·limestone northeastward and northward almost con.,. 
tinuously for o~r 20 mUes to the limits .of ~e 
qUII:~ra~gle and to an unknown distance beyond, 
sending out many branch d~es into the adjoin
ing formations, especially into the Baird and B;rag
don, cutting the McCloud limes~one into many 
pieces and enveloping ·some ~f them with .. variable, 
so;metimes conspicuous,. contact phenomena. T~e 
belt varies in width up to .nearly a mile and. is 
:One granular througho~t. In shape it is most 
irregular on the western or concave side, ~here 
it adjoins the Baird formatipn. Although it pen
etmtes both the Baird. and McCloud formations, 
it rises ehiefiy. between them and ;BCparates the~ 
along their strike for over 15 miles from Pit River 
to the southern slope of Nawtawakit Mountain. 
The large masses of limestone are eut acro~ in 
.n direction. by many small dikes. Fragmental 
material resem.bling tuW was observed' at several 
points, but it appeared in each case to be of local 
origin in connection with' ~e iJ?tl1lsion and not of 
surface volcanic origin. 

Dikes of quartz-augite-diorite occur in the pre
Cretaceous rocks throughout t~e Redd.ing quad ... 
mngle, but are -somewhat more abundant west of 
the main belt, where it" cuts the C~pley meta
andesite in the neighborhooa of Pit Rive~j A 
number of them, 'for the· m?St part highly altered, 

• 



occur on Squaw Creek, where the hornblendic 
phase is seen on the road a mile southeast of 
the Uncle Sam mine. Prominent dikes of com
paratively fresh quartz-augite-diorite occur east 
of the main area, on the slopes of Minnesota and 
Bollibokka mountains, and also on the southern 
slope of Bagley l\fountain, where it cuts rocks of 
J urRssic age. 

Peh·ographic desarlption.-Although this rock. is often 
aphanitio, it is holoerystaUine. The feldspal"fl, for the most 
part andesine with s?me oligoclase, a1"9 in pal·t automorphic, 
but generally the outline is somewhat modified by interferent 
crystallization. The augite is wholly xenomorphic, and the 
general structure of the rock is even granular, with a strong 
inclination to ophitio, characteristic of diabase. The quartz 
also is xenomorphio and ocoasionally graphic, as in quartz
diabase. 

Augite is by far the most widely distributed ferromagnesian 
silicate, and quartz is almost always present, so that the most 
abundant phase of the rock is a quartz·augite·diorite, but 
other dark minerals eccur locally and modify the rock COD

siderably. The most important of these is hornblende, 
which, though generally absent or present in a mere trace, 
sometimes becomes abundant and produces a phnse which 
will be considered presently under itB appropriate heading. 

Biotite also oooUl·S sporadically. but Dever beoomes so 
abunda.nt as to modify the rock perceptibly. It is in irregu
lar scales and ooour8 mo~t commonly in a dike which crosses 
Bailey Creek and the wagon road three·fourths of a mile 
northwest of Baird. 

Hornblendic phase.-The mOl!lt general variation of the 
quartz-augIte·diorite oonsists in the presence of pale·brown 
hornblende, ranging from a me1"9 trace associated with muoh 
augite to a predominant amount with only a little augite. 
The extreme variation in thiB direction is represented by 
several dikes in the vicinity of Sherman and 2 miles liIOuth, 
nea.r the forks of Dry Creek. This rock is perphyritic, with 
phenocrysts of light-brown hornblende from 1 to 9 mm. long 
and some grains of augite in Ii ground mass made up of horn
blende and plngioclase with it small amount of quartz. The 
hornblende and plagioclase are present in nearly equal 
amounts, but the hornblende, being mostly automorphIc 
in slender orystalslike thOl'le in camptonite, is the more prem
inent. Part of the feldspar is antomorphic, but most of it is 
xenoworphic, and there may be some orthoclase with the 
striated plagioclase and the clear granular quartz. 'i'here 
are tracE'S or magnetite and pyrite and other secondary and 
accessory minerals. 

One of the best examples of this hornblendio phase, but 
without prominent hornblende phenocrysts, ocours along the 
main road about 1:1 miles northeast of Newtown, wbere it 
fol"lll.S a large area whieh was not outlined against the B88S 
Mountain diabase on account of the close resemblance of the 
two in the field. 

Ge-neral descriplion.--On Salt Creek and at 
other points there is a gray.to reddish rock which 
is conspicuously porphyritic, with prominent phe
nocrysts of quartz and plagioclase e~bedded in 
a compact groundmass. The rock is properly 
a dacite-porphyry, though known to the miners 
of the region as bird's-eye porphyry. 

Distrihution.-This rock occurs generally in dis
tinct dikes, but is not abundant. On Salt Creek 
4 miles southeast of Gregory it forms an irregular 
area from which dikes appear to radiate. The 
greatest length of the mass is only about a mile, 
extending up and down Salt Creek from the wagon 
road, and it is scarcely 200 yards in width. The 
rock has prominent phenocrysts of quartz, but dis
integrates easily, leaving much quartz among the 
residual material. From near the east end it sends 
off to the southeast a dike which soon runs out, 
but reappears in sec. 34 with 8 more easterly 
course, Another dike just south of the Salt Creek 
area has the same trend. A short dike extends to 
the northwest, and two interrupted lines of dikes 
extend to the southwest, one a little south of west 
and the other a few degrees west of south. The 
former appears at two points along Sacramento 
River in the first mile above Elmore, and reap
pears on Backbone Creek. At Smiths Gulch, on 
Clear Creek, in the same direction and beyond 
the quadrangle boundary, the most typical and 
conspicuously porphyritic dacite-porphyry of the 
region occurs. It is No. 90 of the "educational 
series of rocks," and has been described by Profes
sor Iddings in Bull. U. S. Goo!. Survey No. 150, 
page 233. The other line of dikes extends a little 
west of south. Crossing O'Brien Creek, it appears 
on the western slope of O'Brien Mountain and also 
on the railroad about half a mile below Morley, 
where the dike has a width of nearly 100 feet and 
the phenocrysts of quartz and feldspar in a par
tially granular groundmass are inconspicuous. The 
only other dikes of this material seen in the.Red
ding quadrangle are on the hill along the road q. 
miles south of the Old Spanish mine, possibly also 
near by on Sugarloaf, as well as on Stillwater Creflk 
near Lilienthal and in the Black Diamond mine 
near Bayha. 

Petrographic deacripUon.-The dike·like projection to the 
southeast from the quartz-hornblende-diorite near Larkin is 
quite like the dacite-porphyry, and it is probable that they are 
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closely related genetically. Although distinctly porphyritic, 
the dikes are not all equally so. Biotite is rarely preseut 
and hornblende is not generally prominent. The dacite· 
porphyry on Salt Creek is most coDilpicuously porphyritic 
and approaches the type material of Smiths Gulch. In its 
residual sand there are sharp tabular crystals ef feldspar ever 
half an inch in length and anhedrons ef quartz reund like 
peas. The large feldspar crystals were not a.1l'ected, but the 
quartz orystals were partially resorbed by the magma, the 
crystallographlo outlines being remeved, and the great major. 
ity of the original quartz crystals being left entirely anhe· 
dral, or vnrious sizes from that of a small marble down to 
that of a pin's head; in fact, some may have been entirely 
resorbed. 

The large phenocrysts ef plagieolase are made up ef many 
twinning lamelllll of Jaw symmetrical extinotion, indicating 
oligoclase. Small scales of biotite or hornblende are present, 
but for the mOl!lt part not in sharply defined crystals; they 
are included in a mioroorystalline groundmBIIS composed of 
quartz and plagIoclase. There are present also small amounts 
of angite and of magnetite j sphene, zircon, and apatite are 
inoluded in the other minerals. 

Age.-The dacite-porphyry cuts the early Tri
assic volcanics west of Lilienthal, but does not cut 
the Cretaceous. Like the quartz-hornblende-diorite, 
to which it is closely related, its eruption was cer
tainly Mesozoic and probably took place late in the 
Jurassic. 

General description and occurrence.-There are 
two small areas of a panxenomorphic rock composed 
exclusively or nearly so of hornblende-a typical 
hornblendite-in the Redding quailrangle. The 
rock forms a 12-foot dike which outcrops on the 
railroad three-fourths of a mile north of Keswick 
and again on Flat Creek, it miles to the north
west, where it may be traced for a short distance 
by a line of bowlders. A small fragment was 
found on the mountain slope a mile northwest of 
Copley, but it was not seen in situ at that place. 

Petrographic deserlption.-The rock is coarselyorystalline, 
with grains from 1 to 9 mm. in diameter. In transmitted 
light the hernblende is pale brown and pleochroic, with 
characteristic oleavage. Much of it is bleached, becoming 
pale green or colorIE'ss, with fibrous struotu1"9, but both forms 
in optical continuity appear in the same grain. For the most 
part the rock is composed almost exclusively of hornblende. 
with a few grains of magnetite. On Flat Creek, however, 
the hornblendite appears indiBtinctly porphyritic. The large 
anhedrons of black hornblende are I!O abnndant as to over· 
shadow the small quantity of greenish groundmass. The 
greenish portion iB made up ohiefly of green hornblende, with 
much chlorite, mllgnetite, and calcite, and fine granular 
quartz, and its original composition cou).d not be determined. 

Relations.-The dike of hornblendite cuts the 
Copley metaandesite and the quartz-hornblende
diorite and possibly may be related. genetically to 
the hornblendic phase of the quartz-augite-diorite 
found in the same region, though the differences 
in composition and fabric are considerable and no 
transition forms were observed. 

A few conspicuously porphyritic dikes with 
aphanitic hypocrystalline groundmass, composed 
when fresh of plagioclase, chiefly andesine and 
augite, are included under andesite-porphyry. 
The principal area is on Potem Creek, where 
the irregular dike cuts the Potem formation, but 
lies for the most part between the strata. The 
dike has a length of over 4 miles and in places 
a width of several hundred feet. On the weath
ered surface the kaolinized tabular phenocrysts of 
andesine are much more conspicuous than in the 
fresh rock, where the groundm.ass is decidedly 
aphanitic. 

On Squaw Creek below East Fork is a dike 
whose general trend is east of north. It is over 
a hundred feet in thickness, and the long, narrow 
phenocr,vsts, which are locally abundant, are in 
some places completely absent. The greenish 
groundmass contains spots of chlorite from the 
decomposition of augite, and in thin section it 
is seen that spots rich in augite are poikilitic. 

A small mass of andesite-porphyry occurs it 
miles southwest of Copper City, and several others 
more or less decidedly porphyritic on the eastern 
slope of Bear Mountain and the border of Jones 
Valley. About 5 miles west of Kennett, near 
the Uncle Sam mine, is a 25-foot dike which is in 
part decidedly porphyritic, like the andesite-por
ph yries, but in its microcrystalline groundmass the 
minerals are xenomorphic and among them there 
is considerable granitic quartz. Both of these fea.
tures tend to show the close relationship of these 
rocks to the quartz-augite-diorite. 

The serpentine which occurs in the northwest 
corner of the Redding quadrangle is part of a large 

area lying beyond the boundary, about the head. 
of Slate and Shotgun creeks, where it is 80 inter
mingled with gabbro as to suggest their genetic 
relation. The serpentine is in places vaguely por
phyritic, and the pale-green color on fresh fracture 
contrasts with the reddish yellow of the weathered 
surface. The serpentinization is almost complete, 
but in a few thin sections traces of olivine and 
diallage still remain to show the composition of 
the original rock from which the serpentine was 
derived by alteration. From the relative promi
nence of the mesh structure in the serpentine, it 
is probable that the original peridotite contained 
about twice as much olivine as diallage, besides 
magnetite and chromite and perhaps other acces
sory minerals. A short distance beyond the quad
rangle boundary the serpentine contains large 
bodies of chromite, which has been successfully 
mined. 

The serpentine penetrates all the adjoining rocks 
of the Redding quadrangle, showing that it is at 
least younger than the early Carboniferous. It is 
supposed to be of late Mesozoic eruption, in con
nection with lllany other similar masses in the 
Coast Range. 

TERTIARY. 

General de8cription and occurrence.-Basalt is 
represented in the southeastern part of the Red
ding quadrangle by a number of distinct flows 
from different volcanic vents on the slopes of the 
Lassen Peak. volcanic ridge. The rock is closely 
related to diabas~ in chemical and mineralogical 
composition. Since these flows spread over that 
part of the country the creeks on their way to the 
Sacramento have cut canyons through them, expos
ing the underlying Tuscan tuff, lone, and Creta
ceous. The basalt sheets cap the usually flat-topped 
divides between the streams. The best examples 
are those along the south side of Bear Creek and 
between South Cow and Old Cow creeks. 

The basalts about Bear Creek are generally gray 
in color and, though sometimes vesicular from the 
expansion of steam bubbles, have a porosity cor
responding to the miarolitic structure of granite, 
due to the contraction consequent on cr,vstalliza
tion. North of Bear Creek the lavas are often 
aphanitic and closely resemble andesite. This is 
especially the case on the divide between Cow 
Creek and Clover Creek, as well as on Bullskin 
Ridge, but in the neighborhood of Oak Run stage 
station the basalt is of the type first mentioned. 

Petr()graphic descripUon.-In thIn section the microscope 
shows the Bear Creek basa.1t to be perfectly fresh. Where 
not vesioular it Is holocrystalline, with ophitie structure. 
The ronnd graJ.ns of olivine and angular ones of angite, wIth 
some magnetite, fill the spaces between the sharp crystals of 
labradorite. The rock has no trace of porphyritlo structure 
in the field, but in thin section one finds in ra1"9 cases a pbe
nocryst of plagieclase full of inclnsions and occasionally 
also a crystal of olivine. 

The andesitic type, which is mOl!lt ahundant north of Bear 
Creek, is hypocrystalltne and deoidedly mioroporphyritic. 
The phenocrysts are chiefly tabular plagioclase, with a small 
amount or augite and elivine and some rhombic pyroxene, 
embedded in a more or less felty groundmass full of feldspar 
microlites, with grains of pyroxene, magnetite, and oonsider· 
able amorphous bast'. In this type ollvine is never abundant 
and is sometimes entirely lacking, so that the rock belongs 
rather to the pyroxene·andesites than to the basaltB. In the 
field, however, it was not separated from the nermal basalts. 

QUATERNARY. 

PYROXENE ANDBSlTE. 

General description and occu·rrence.-In the can
yon of Little Sacramento Ri ver from Portuguese 
Flat southward to the mouth of Sugarloaf Creek 
there are, at many places, terrace-like benches 
about 150 feet above the level of the river. 
These benches are capped by remnants of a sheet 
of lava which WRB once continuous from Mount 
Shasta to the mouth of Sugarloaf Creek, a dis
tance of about 50 miles. The lava escaped from 
a volcanic vent surmounted by a cinder cone on 
the southern slope of Mount Shasta and, getting 
into the narrow valley of the river, followed it 
until the flowing ceased and the lava congealed. 
It covered the old river bed completely to a depth 
of from 50 to 100 feet. Since then the river has 
cut a new canyon down through the lava sheet 
into the underlying shales and sandstones, as 
at Delta, where the gravel of the old river bed is 
exposed beneath the lava about 35 feet above the 
railroad and 70 feet above the river. 

Petrographic desc1"ipUOfi.-The upper surface of this long 
How of pyroISne-audesite is generally somewhat vesicular 

and in many pla.oes decidedly porphyritio, with numerous 
small erystals of plagioclase, chiefly andesine, embedded in a 
dark-gray groundmass whloh the microscope discovers to be 
made up chiefly of small orystals of piagiocltlBe and.grains of 
pyroxene, with a. few of olivine and eODiliderable globulitic 
base. This andesite is decidedly basaltic. 

There are 11 few 1IIllB1Isquare seotions of unstriated feldspar, 
probably orthoclase. The pyroxene is partly automorphio. 
Its parallel extinotion and faint pleochroism indicate that it 
is probably bronzlte. 

Age.-Although this lava flow of the Sacramento 
is of late Quaternary age and the youngest in the 
Redding quadrangle, there has been over 50 feet 
of canyon cutting by the river since its eruption. 
Locally on the borders of Mount Shasta and Las
sen Peak there are other flows of later eruption, 
coming down to within the last two hundred years. 

STRUCTURE. 

The Redding quadrangle embraces parts of three 
topographic provinces and it has structUl"',u features 
allied to each province. The principa.l of these are 
the Klamath Mountam uplift, the Copper City 
arch, the Sacramento Valley syncline, and the 
syncline of the Great Bend of Pit River. These 
features are all more or less fully represented. on 
the sections of the structure sheet. 

Klamath Mountain uplifl,-H all the formations 
of post-J urassic age were removed from northern 
California the consequent topographic changes 
would be striking, and one of the em phatic fea
tures would be the isolation of the Klamath Moun
tains. The bulk of the Coast Range of California 
and Oregon, as well 8S the Cascade Range, all 
bordering the Klamath Mountains, would have 
disappeared, but the mass of the Klamath Moun
tains would remain. Made up of rocks in general 
like those of the Sierra Nevada, the Klamath Moun
tains were affected chiefly along parallel lines of 
deformation running northwest and southeast, but 
also along others nearly at right angles. In the 
Mesozoic and Paleozoic rocks of the Redding quad
rangle there is evidence of movements along both 
directions, but, with many small variations, the 
general dip of the formations, as shown in sec
tions A-A and B-B, is to the southeast and east, 
away from the Klamath Mountains, in the western 
part of the quadrangle. This great uplift. of the 
Klamath Mountains began possibly as early as 
the close of the Paleozoic, certainly as early as 
the close of the Jurassic, but has been affected 
since by many lllovements which ha\Te crushed 
the rocks of the Coast Range, while those of the 
Sierra Nevada have been much less affected. 

Oopper Oity arch.-}""'rom the vicinity of Copper 
City an arch in the Pit formation extends to the 
southeast toward the Siena Nevada, bringing to 
the surface a stretch of Dekkas andesite and Bully 
Hill rhyolite flanked by the Pit formation, 8S 

shown in section D-D, and running under the 
lavas of the Lassen Peak portion of the Cascade 
Range. There was an upward movement of this 
arch after the deposition of the Chico, and again 
after the lone was laid down, but the movements 
were small. The principal movement was pre
Cretaceous .. 

Sacramento Valley syncline.-The Cretaceous and 
Tertiary strata along the eastern border of the 
northern portion of the Sacramento Valley dip 
gently westward beneath the valley, but rise again 
to the surface along the western border and mark 
that portion of the valley as a broad, shallow syn
cline filled with deposits of a later geologic epoch. 
This feature is represented in section };-E. The 
same formations swing around the north end of 
the valley, connecting the sides, and it is evident 
that the syncline is rising to the north. Its exten
sion in that direction may be reprffiented. by the 
syncline of Bear Mountain (section D-D), which 
lies southwest of the Copper City arch and is 
deep enough to catch the Hosselkus limestone 
and the tuffaceous conglomerate of the Modin 
formation in the upper part of Bear Mountain. 
Both arch and syncline are gentle, but the 
involved beds are locally much crumpled in a 
small way. 

Syncline of the Great Bend of Pit R;ver.-The 
broad, somewhat irregular curve of the outcrop 
of the Hosselkus limestone horizon, from Cedar 
Creek: to beyond the northern boundary of the 
quadrangle, marks part of the border of a syn
cline filled by the Modin and Potem formations, 
of Jurassic age. This syncline is bounded on the 
north by the Grizzly arch, running east and west 



jUl!t beyond the northeastern limit of the Red
ding quadrangle, and is composed largely of Car
boniferous strota. "The eastern extremity of this 
arch passes beneath the lone formation and the 
lavas of the Cascade Range, and both of these ter~ 
ranee have been uplifted, showing that there has 
been movement along the arch possibly as late as 
the Pleistocene. 

Near the head of Chatterdowen Creek, where 
the Hosselkus lime:ltone and Brock shale are 
turned eastward by the Grizzly arch, a narrow 
syncline extends northwest beyond the quad
rangle boundary to the upper portion of Clai
borne Creek, where the structure is well exposed. 

The syncline of the Great Bend of Pit River 
and that of the Sacramento Valley lie close 
together, end to end, and are separated, if at all, 
only by the low arch running southeastward 
from Copper City. They represent the great 
depression in the pre-Cretaceous rocks between 
the Klamath Mountains and the north end of the 
Sierra Nevada, a depression which has been filled 
with the Chico and lone formations, the Tuscan 
tuff, and the great lava mass of the Lassen Peak 
region, thus forming mountains'out of later mate
rial, 80 that the Klamath Mountains appear to be 
('ontinuous with the Sierra Nevada. During at 
least a portion of later Cretaceous time the Lassen 
depression was occupied by an arm of the sea, but 
during the Miocene the water was fresh. 

AREAL DISTRIBUTIOX. 

The structural features determine the areal dis
tribution of the formations. The uplifts bring the 
older rocks to the surface and the depressions or 
synclines are filled with the newer formations. In 
the Redding quadrangle the Klamath uplift more 
than any other feature is expressed in the areal 
distribution. The general strike of the formations 
is north and south and the dip toward the east. 
The older formations outcrop in the western por
tion of the quadrangle, and the rocks are suc
cessively newer toward the east up through the 
Paleozoic and Mesozoic to the Tertiary and Qua
ternary. 

The most ancient rocks of the quadrangle are 
volcanic, including the Copley metaandesite and 
the Balaklala rhyolite, which form a large area 
and several smaller ones near the western border 
of the quadrangle. Upon these rests the Kennett 
formation, which once formed a continuous cover, 
but by erosion and the eruption of later igneous 
rocks it has been reduced to a number of isolated 
patches; in the northwestern part of the quad
rangle these are covered by the large area of Brag
don, but the Kennett reappears just beyond the 
northern border of the quadrangle. Next above 
the Bragdon is the Baird, whose ontcrop, like that 
of the McCloud, the Nosoni, and the Pit forma
tions, as well as the included volcanic horizons of 
the Dekkas andeeite and the Bully Hill rhyolite, 
forms more definite north-south belts. The expo
sure of the Pit formation is widened by the Copper 
City arch and the syncline to the west, which 
catches the Hosselkus limestone and part of the 
Modin formation in the Bear Mountain syncline. 
In the northeast corner of the quadrangle the dis
tribution of the Hosselkus limestone, Brock shale, 
and Modin and Potem formations is determined by 
the synclinal corner of the Great Bend of Pit River. 
The later fonnations, Cretaceous to Quaternary 
inclusive, are limited in their distribution to the 
Sacramento Valley and the great depression filled 
mainly by the lavas of the Lassen Peak: region 
which appear in the southeast corner of the quad
rangle. 

HISTORICAL GEOLOGY. 

SEDIMENTAR¥ AND IGNEOUS RECORD. 

PRE-DEVONIAN. 

The geologic history recorded in the terranes of 
the Redding quadrangle should be prefured by a 
statement concerning earlier events recorded in 
other portions of the Klamath Mountains, where 
there is exposed a series of schists, for the most 
part mica-schists, derived by regional metamor
phism from sedimentary rocks. No fossils have 
been found in them and it seems probable that the 
schists are older than the Silurian, which is well 
preserved at one point in the north end of the 
Sierra Nevada. They are certainly older than the 
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Devonian and give evidence not only of extensive 
sedimentation, but also of an epoch of metamor
phism which antedates the earliest records in the 
Redding quadrangle. 

The first events chronicled in the rocks of the 
quadrangle consist of extensive. vigorous, and 
long-mntinued volcanic activity, beginning with 
the effusion of a great mass of andesitic lavas 
(Copley metaandesite) and closing with the 
Balaklala rhyolite. The eruptions, as far as con
cerns the Redding quadrangle, appear to have 
taken place on land, for no marine beds have been 
found among the lavas, though some of the tuffs 
are stratified. 

DEVONIAN. 

Over the whole of the Klamath Mountain region 
during middle Devonian time deep-sea conditions 
prevailed, and fine sediments, chiefly shales, often 
siliceous and full of microscopic shells, were depos
ited, with occasional leUBe8 of limestone in which 
corals and some other forms of marine life are espe
cially abundant. The few sandstones found are 
made up of sediment derived from the earlier 
volcanics. . 

The middle Devonian epoch of deposition was 
closed by an uplift that exposed the consolidated 
beds of sandstone, shale. and limestone to vigorous 
erosion, which completely swept away large tracts 
of the Devonian sediments, exposing the under
lying volcanics and paving the way, as it were, 
for the unconformity between the Devonian and 
Carboniferous. 

CARBONIFEROUS •• 

Subsidence in the Redding quadrangle initiated 
the early part of the Carboniferous and the deposi~ 
tion of the Bragdon, with marked erosional dis
cordance, upon the Devonian and earlier volcanics. 
The uplift and subsidence about the close of the 
Devonian were not accompanied in this quadrangle 
by any rock folding, for the bedding in the Brag
don and Kennett formations at their contact is 
apparently parallel. The fossils show that marine 
conditions prevailed during the Bragdon, and that 
the water was shallow is indicated by the fact that 
conglomerates are common in which the pebbles 
were derived largely from Devonian sediments, 
with some from the older lavas. Toward the close 
of the Bragdon epoch there were eruptions of dia
base, and beds of volcanic sand. associated with 
contemporaneous flows, occur at variolls places. 
In the Bass Mountain region, however, the erup
tions appear to have been on land and not directly 
associated with marine deposits. 

Between the Bragdon and Baird epochs, both of 
which are early Carboniferous, there was contin
uous sedimentation without definite interruption. 
Volcanic activity became more general. The lavas 
came from different centers and were more andes
itic. Toward the close of Baird time, however, vol
canic acti vity ceased, and the long quiet succeeded 
during which the 2000 feet of McCloud limestone 
of the middle Carboniferous was deposited. 

Oscillations began and the McCloud limestone 
was succeeded during the Nosoni epoch, of late Car
boniferous age, by shales and sandstones, with an 
increasing amount of tuff. Pyroclastic rocks, with 
occasional sheets of basalt or basaltic andesite and 
rarely also fossiliferQus shales. accumulated to a 
gr~ter and greater thickness northward, indicat
ing that the volcanic source was in that direction 
beyond Nawiawakit Mountain. 

About the close of the Carboniferous and before 
the deposition of the Triassic there was extensive 
movement, resulting in mountain uplifts by which 
portions of the Sierra Nevada and of the Klamath 
Mountain region appeared above the sea, restrict
ing the area over which the marine sediments of 
the succeeding period were laid down. So far as: 
yet known the strata of Jurassic and Triassic age 
are limited to the southeastern portion of the Kla
math Mountains, east of Sacramento River. While 
it is possible that these strata once coyered the Kla
math region and have been wholly or partially 
removed by subsequent erosion, the evidence is 
not yet conclusive and the determination of this 
point must await further investigation; but there 
is evidence in the unequal distribution already 
known that an uplift of the region occurred about 
the close.. of the Carboniferous and that it was 
accompanied by extensive volcanic activity, the 

igneous masses penetrating and overflowing the 
sediments of greater age. 

TRIASSIC. 

The vigorous volcanic activity begun in the late 
Carboniferous was aecompanied, as already indi
cated, in part of the Klamath Mountains, at the 
close of the Paleozoic, by a short interval of 
upheav.al and erosion and was then followed by 
extensive and long-continued volcanic eruptions 
of the Dekkas andesite and the Bully Hill rhy
olite of early Triassic time. It was one of the 
most exteUBi ve and prolific volcanic epochs in the 
geologic history of northern California and stands 
nearly midway between the other great volcanic 
epochs. one in the early Paleozoic and the other 
in the Tertiary. 

During the entire period of volcanic activity 
embracing the close of the Paleozoic and the 
beginning of the Mesozoic the eruptions of the 
Redding quadrangle were submarine, burying lay
ers of characteristic fossiliferous shale. As the 
eruptions decreased at the close of the volcanic 
epoch, shales and sandstones began to predomi~ 
nate, with an occasional layer of lava and tuff in 
the Pit formation. AnotIler epoch of quiescence 
followed, during which the Hosselkus limestone 
and the overlying Brock shale were formed. 

JVRASSIC. 

The quiet of the closing Triassic was broken 
and the J urnssic initiated by volcanism which 
is represented in the extensive tuffaceous con
glomerate at the base of the Modin, a conglom
erate which contains, besides volcanic material, 
fragments of fossiliferous Triassic limestone. The 
slight unconformity of the Modin conglomerate 
on the Brock shale is due to changes of eleva
tion in connection with the volcanic activity, but 
unaccompanied by rock folding. The source of' 
the volcanic material was not discovered. It was 
of short duration and the succeeding strata were 
formed of finer sediments locally rich in fossils. 

At the beginning of the Potem epoch there were 
andesitic eruptions of importance, chiefly at two 
places, Bagley Mountain and a point about 10 
miles to the south. They were submarine and 
furnished much tuffaceous material for the Potem 
formation. 

Between the Potem and the Chico is a con
spicuous unconformity which represents a long 
interval, in part Jurassic hut chiefly Cl"etaceOUS, 
and during that interval the geologic changes were 
more profound than at any other time. The 
Jurassic part of the interval is represented else
where in California by the Mariposa beds on 
the eastern side of the Sacramento Valley, while 
the Cretaceous part is represented by the Knox
ville beds on the western side of the same valley. 
They are supposed to be unconformable, but they 
have not yet been found together in California. 

At the close of the Jurassic period came one of 
the great mountain-building epochs of the Pacific 
coast of the United States. The rocks were greatly 
folded, faulted, and crushed, and uplifted. giving 
to the Sierra Nevada and the Klamath Mountains 
much greater altitude and extent than they had 
before. They probably extended northwestward 
beyond the present coast line so as to occupy a 
portion of what is now the Pacific Ocean. In 
connection with the intense dynamic action which 
formed the mountains, there was vigorous igneous 
intrusion, for all the beds older than the Creta
ceons are intersected by batholiths or dikes of 
granitic, porphyritic, and aphanitic rocks, whose 
eruption must have taken place before the depo
sition of the Cretaceous in that region. 

CRETACEOUS. 

The epoch of mountain building and igneous 
activity closed with the Pacific coast of northern 
California farther west than it is now. The land 
began to subside more or less continuously and the 
sea to advance, with intemtptions, upon the land, 
until toward the close of the Cretaceous the waves 
of the ocean beat against the western base of the 
Sierra Nevada in California and of the Blue 
Mountains in Oregon. The Klamath Mountains 
were chiefly, if not completely, covered by the 
advancing Cretaceous sea. This is indicated by 
the fact that not only are the Klamath Mountains 
practically surrounded by Cretaceous sediments, 

but isolated patches of Cretaceous strata occur at 
a number of points in these mountains, so that 
the evidence is conclusive that a large part if not 
the whole of this region was beneath the sea at the 
close of the epoch of Cretaceous subsidence. The 
same is true also of the foundations of the Cascade 
Range, and the fineness of the later Cretaceous 
sediments in the Sacramento Valley indicates that 
the Sierra Nevada region was reduced by long
continued erosion to one of low relief. 

The Cretaceous subsidence of the land and 
advance of the sea were not without interruption, 
for at some time during the Cretaceous, probably 
near its close, there were intrusions of peridotite. 
which by alteration have given rise to great 
masses of serpentine. Some gabbros were intruded 
about this time, and there were such oscillations of 
the land as to change the succession of strata at 
many points from what it would have been had 
the subsidence been regular and continuous. 

At the close of the Cretaceous period the Kla-~ 
math Mountains were again uplifted and the Cre
taceous strata in places were greatly crushed, but 
not so within the JWdding quadrnngle. 

TERTIARY .AND QUATERNARY. 

The Tertiary period opened with the Klamath 
Mountains above the sea, and they have remained 
above ever since. During the Tertiary and the 
Pleistocene there were many oscillations of the 
land, alternating with long or short epochs when 
it was comparatively stable. These movements 
are registered for the most part in the topographic 
forms sculptured by erosion and may be most con
veniently considered under the heading "physio
graphic record." 

PHYSIOGRAPHIC RECORD. 

Topographic provinces.-The three topographic 
provinces represented in the Redding quadrangle 
differ widely in origin. The plain of the Sacra
mento Valley is purely constructional. being due 
to valley filling leveled by the floods of the Sac
ramento. The Piedmont Plain bordering the 
Cascade province is also constructional, being due 
to volcanic floods from local vents or from larger 
volcanoes in the main ridge streaming and spread
ing in a plain toward the Saeramento Valley. The 
Klamath Mountains. on the other hand, are not 
built up like the other two, but are lifted up, and 
the special surface featnres are degradational, the 
result of erosion, chiefly stream carving, and will 
be cOUBidered chronologically iu connection with 
the contemporary sedimentary and igneous record. 

EOCENE, OLIGOCENE, AND M.IOCENE. 

During Eocene time California north of the 
fortieth parallel was wholly above sea level and 
received no marine deposits, though such extend 
north in the Sacramento Valley to Marysville 
Buttes and south along tile coast of Oregon to 
Rogue River. 

The Eocene was closed by a disturbance which 
folded the strata before the deposition of the Mio
cene, producing slight changes in the fonn and 
size of the land areas. An arm of the sea filled 
the Sacramento Valley, but at its north end the 
water was comparatively fresh. It extended north
east through the Lassen depression and received 
the thick deposit of fine sediments that make up 
the lone formation. 

Klamath peneplain.-The long-continued ero
sion of the Eocene, Oligocene. and Miocene reduced 
the Klamath Mountains and the Sierra Nevada 
region to a peneplain, which in the region first 
named is known as the Klamath peneplain. The 
low relief is indicated not only by the fine char
acter of the sediment in the lone, but also by the 
character of its fossil flora, which is that of a fiat 
coastal region whose climatic conditions were similar 
to those of Florida. 

PLIOCENE. 

The volcanic eruptions which contributed to the 
Tuscan tuff took place chiefly in the Pliocene and 
were subsequent to an upheaval which led to the 
erosion of the lone in the Redding quadrangle 
before the Tuscan tuff was deposited. The great 
volume of volcanics completely filled the Lassen 
depression. covering the lone formation and many 
of the ancient streams of auriferous gravel on the 
western slope of the Sierra Nevada and, north of 
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the fortieth pai-allei, :forming the Piedinont PWri 1 im source, in three 'parm', (1) Placer gold, (2) ~ of i~eous rocks; ~d;";tes and rhyolites which charscrerizes moh' bOdies removes the 
toward the Sacramento. gold from qusrtz veins, and (3) gold from copper so a1tere(f liY pressure ID many cases &8 to copper, but leaves most of the iron in the form 

mines. closely resembla slare. Although most of the of liinonite, and with it the bulk of the gold and 
QUATERNABY. Plarer mining.-Placer gold was discovered in . mines are shallow, some of them, especially at Bl1ver, 80 that in the early days the mines were 

DiWerential uplift began ~ear the close of the California by James .W. Marshall in 1848, and Old Diggings and farther northwest on Squaw opened and worked for gold and silver only, and 
Miocene and conti;'ued at inrervals, with long the wave of prospectors early reached the Shasta Oreek, have reached a depth of 500 feet and it was not recogoized until laOOr that large bodies 
baits and occasional subsidences, through the Plio- region. At first mining was 'connned to the beds indicate a considerable degree of continuity. of copper ore were lying below. The presence of a 
ceDe and Quaternary, until some parts of the Klam~ and bal'S of present streams, and until 1854 nearly Most of the wnes about Old Diggings, espe-- small amount of the precious metals makes it pos
ath peneplain reached an elevation of nearly 7000 all the gold produced in California came from this cially the Central, Evening Star, Mammoth, and sible to mine 8 comparatively low-grade copper ore 
feet 'above the.... This peneplain is al80 bordered source. The maximum produelion of gold in Oal- Spanish,.re working to a grearer or I ... exrent. at a profit. 
by, other similar but later plains of erosion whose ifomia was nep.rly $68,000,000 in 1853, but as the All are on rather irregular but nearly parallel 
relation. have not y<ll been,fully traced out The shallow placers were worked out the higher gravels qusrtz veins, whose general course is a few degrees 
uplift, which was slow but intermittent, greatly of the aricient streams were attacked by the more east of north (dip about 80° 8E.), and have been 
invigorated erosion, and the streams carved out expensive hyd,aulic methods, and the· yield of worked in that direction 8S far as the National 
their valleye'·wider or narrower in reSponse to the placer gold was kept up for mony years, though o~ mine .. The veins range in thickness"from a few 
grade imposed by the differential changes of level. • reduced scale. The restrictions placed on hydl"llU- inches to 18 feet and carry disseminated pyri 
One of the early stages recorded in the Redding lie . mining within the Sacramento'drainage, which and chalcopyrite. The Central mine ill at present 
region produced' the wide elevared valleys illus- includes the Redding quadrangle, have m&rerially the iarg<st producer of the Old Diggings vicinity 
wted by the earlier valley of Pit River. This is reduced "the -anll:ual yield in that region. Of the and furnishes the bucket tramway over which the 
closely related in" level to the Potter Creek cave, thirteen placer mines reported by the ~tate mining other mines ship their ore acroBEI Sacramento River 
collcerning whose fauna· Mr. 'Sinclair remarks: bureau·in March, 1902, in 8ha8ta~County, twelve to the· Southern Pacific Railroad. 

SILVER. 

With the mining of copper in the Redding 
region in 1897 the "soci&red silver product of 
Shasta County greatly increased, and since then 
Sh .. ta Oounty has' yielded more silver annually 
than any other county of the State. The product 
within the quadrangle is now de:rived wholly from 
the copper mines. 

COPPER. 

~'.Associated with mountain and' forest types like are in the Redding quadmngle,··one each' near A group of veins about Quartz Hill have been Within 8 decade "California has come into prow
Hap/ocerus and the deer are plains speeies-the Slatollis, Copley, Redding, and Delamar, three worked and have furnished some ore for the inenee as a copper-producing Stare and at present 
horse, camel, bison, and elephant," ·8 combination near Delta, on Dog ("Teek, ond five near Copper Keswick smelter. The largest vein of the hill is fifth in rank. This advance has brought 8hasta 
which,,,,,,,,,rds with lhe gentle relief with which it Oity, but ·their combined yield is 'no~ over 8 r~ is not I ... than 40 reet in thickness, with a strike County to first rank in the Stare &8 a soureo of 
is ailsociated on the border of a great river valley. thousand 9011a1'8. They are chiefly' on low st~ of N. 45° E. and a dip 'of 65° SE., but only the mineral wealth, the greater part of which .com~ 
AccOrding to· Mr. Sinclair, '(the types present, 88 tel'l"8Ce8 and are worked during tlte rainy winter central portion has been removed. The north- from the Redding quadrangle or from ver;y close 
well·as the" proportion ·of living and extinct species, and spring,· but in' some cases· -ott present stream eastern extension of the veins of this region to its borders. The total copper product of Cal
indicare that we are 'dealing with an .... mblage,of beds the mines are worked at low w~ter during the has furnished the gold for the early rich placers ifomia for 1004 W&8 valued .t $3,786,022,. of which 
forms of ·later Quaternary age." summer. of the Buckeye region and may yet be ·the BC~ne Shasta County yielded $3,402,517, an increase·for 
, . The·earli.r-valleY'inrerval was closed by an uplift In the Reddiug quadrangle there were three of greaOOr activity. 'the county of $1,231,020 over the product of 1003. 
which changed the grad. of the streams, causing localities in the early days where placer mining A short distance BOuth .. st of the Old Spanish Although mines now operated for copper were 
them to wear away their beds and cut the narrow, was especially 8ctive aDd productive-in the vicin- mine, about 3 miles west of Redding, the Crown 'located 8S early 8S' 1862 near Copper (,lty" for gold 
canyon .. like valleys which have been designated ity of Shasta, about Buckeye, ·a~d 'between these: Deep and Bracket mines were active "in the sum- and silver and ·their copper contents were' noted, 
t.he later valleys. The uplift was long continued, . two 'localities at Old Diggings,' near Sacramento mer of 1903, and were shipping ore to K~wick. ! the real exploitation for copper in the ~ding' 
with intervals 'of stability' which. permitted the River. . The veins of these mines are less regular than:" :region began in 1895, at Iron Mountain, when 
streams' uQder favoring conditions to widen their 1'he Buckeye· district embraced :'only shallow thOljHl of the other regions and generally strike N .. that property came into the possession of a London 
valleys slightly; as at KesWick and around the gravels and residual material of that portion of '12'-'40° W., though at the Old Spanish mine the ,syndicare. 
northern·border of the SacrameutoVailey. where ·the p~neplain about the head of Buckeye Creek 'strike is usually N. 12°-35° E. At the Bracket' 
the Bedding quadrangle lape over upon a border- and im tributaries, and could be )forked only in and Orown Deep mines the veiUB:are cnished in ' 
ing peneplain. The ·final valley filling or sggrad- the 'wet s .. son. In 1881 $14,000 W&8 reported places and the inrermingled vein marerial appear. 
ing 'Of the, north end of the Sacramento Valley from this district, but in late years the output has to be of several ages. 
with the Red Bluff formation 'was completed at been very smalt.·· The gold is· evidently derived, The auriferous quartz veins of the Old Spanish 
this time, though the depOBition of the older por- from the auriferous quartz veins which intersect mine and Shasta region are in granodiorite, thoug 
tion of the Red Bluft' on the valley bottom began the ancient igneous rocks of the region. The long they too belong to the same sysrem as those already 
long before, ot the time when the laOOr-valley cut- period of degradation incident to the development referred to; but thus far none of those in the gran
ting was initiaOOd.Another uplift at the close of of the peneplain .bout Buckeye·has greatly favored ire have proved more dumble than those in the 
the Red Bluff epoch increased the bottom Cutting the concentration of placer- gold in the vicinity. other igneous rocks. 
once inore, and the streams carved out the narrow The group of placer mines near Shasta was most The quartz mines of Squaw Creek west of Ken-
valleys in which we now :Snd them. The uplift active in the early days and, according to the cen- nett are of .interest :as being among the oldest a.nd 
was circumferential about the northern part of the s~s reports, yielded $25,920 in 1881. This, of most exreuBi vely worked of the region. The Uncle 
Sacramento Valley, but greatest on the eas.t, less on course, is small compared with their original Sam ran ten or mo~ stamps for about a dozen 
the north,. and least on the west, 8S evidenced by annual production, and they are now practically yOO1'8 with a. chlorination plant, and drifted on the 
the various canyons and alluvial plains developed. exhausted. -Interest at present cente1'8 in rock vein for 1500 feet at Ii level about 500 feet beneath 

,ECONOMIO ,GEOLOClY. 
MINERAL RESOURCES •. 

•• talliforo .. Dopooilo. 

Shasta 'County ha. long been celebrated for it. 
mineral products; and for five years was the banner 
county of the State. Gold, 'Silver, and copper are 
its, principal products, and to copper it owes its pre
eminence. The value of its products rose from a 
total in 1891 Df $2;224,706 to $6,737,571 in 1001, 
but owin~ to:a decline in the price of copper and 
the -occurrence of 'miners' -stri.kes· the total output 
was reduced in 1002 to $3,730,049'and in 1003 to 
$3,201,680, bnt in 1004 it rmieagain to $3,402,517. 
Although'Sha.ti County emb"""", almost four 
times th.· 31"08 of the included Redding 'quad
rangle, 'llie greater part of the mineral values of' 
the C(mnty DOW comes from within 'the quadrangle 
or from very close to its borders. . The following 
table, compiled, chiefly' from data secured' by Mr. 
Oharles G, Yale, <>f the United Slates Geological 
Su"ey, ' gi:'9'es 'a 'fit)mmary of the' minerai produc
tion of ShBBlo County for 1004, 

; \ Mitiera'producf(on o/8haBta Cowntllin 190,#. 
Go1d: i • 

FrolBjpla.cenr ...•....... , •.. "1,082 

·r;;~!i;:rU~~~:::::'::::. ::~ ";082,167 

,'" ~?~:.:.:.:.:.: .. :.;.:.:.:.:.:':.:.:.:.:.:.:.:.~.:.:.:::.::':.:.:.: 8,;:: 
LiJn¥toD81 •. ' .. ' .... ."~ .••••• ,... ..•...• G,oiOO 
Chrom:lte......... •..•...... 2,260 
Pyrite...... ......•....•.............. a,/iOO 
lI8.OII4&I1l ....•• ,............... 1,500 
Briel!; ............................ :....... 17.500 
The silver II obta.in.ed ehi.elly from copper OreL 

GOLD~ 

The gold obwned in the Redding quadrangle 
may be ~ conveniently considered, nccording to 

Reddtog, 

mining, from which the· bulk of the precious the cropping. An incline W8S sunk on the vein 
metals is obtained. from the main level to 1040 feet beneath the sur-

During the summe1'8 from 1902 to 1905 8 sue- face. Two veins which combine strike nearly 
tion dredger 'was used in. Sacramento River· near northwest and southeast and dip northeast, with 
Middle Oreek, above Redding. This work has a thickness ranging over 4 feet for' iilochof their 
been carried on in a small way more or less extent. The quartz contains locally diSseminated 
irregularly for a number of y~, with varying pyrite, chalcopyrite, and occasional traces of free 
resulm. ' gold. The grearer values were found in the upper 

OJ]. Clear 'Creek below Horsetown, near the part of the eastern portion of the mine, about a 
aouthw.st corner of the quadrangle, ii chain- dike of andesit&-porphyry which prohably effected 
bucket dredget was installed in 1903 on ground the enrichment of the vein. The mine was recently 
which, judged from· the early yield' of that region, bonded and thoroughly prospected by the Trinity 
should be rich. Difficulties ·were encountered and Oopper Company. 
the dredger was burned, but it h .. been rebuilt and The group of quartz veins about the Uncle Sam, 
operations continued. extending from the Riley and BliBS to heyond the 

Vein mining.-With the decline of placer mining Clipper, are at an elevation of 2000 feet or more 
th&source of the placer gold was sought farther up on North 'Fork 6f Squsw Oreek, and areconveu
the same "streams, and inany claims were filed on iently located to fumish siliceOus ores which may 
quartz veiUB'colltaining free gOld and sulphid .... ,be needed.t the Mainmotli omelrer in treating the 
Some of these veiDB have been worked with limited large bodies of copper ores of the same region. 
success,. but on the whole they have been of too low These veins generally strike about N. 50" W., but 
grade for even moderate results unless worked there are exceptional cases· where they strike nearly 
under' the mosfi auspicious circumstances. Such east and west. 
a favorable opportunity oecurred in supplying On Dog Oreek, about 4 miles 'southwest of 
the demand of the Keswick omeirer for siliceous Delta, a msB8 of rhyolitic rock occurs, locally 
ores to flux the copper and iron sulphides, and impregnated with sulphides and traversed occa
for ""v",,,1 yesrs a number of the mines in that sionally by quartz .veins. 'lWf a dozen groupa 
vicinity, especially near Old Diggings, have been" of claims have been located at this place' in the 
worked for this purpb8e, but With· a totaishipnienl, Redding qusdrangle, but'none are now working. 
in large part of carefully selected and graded ores, The only'mine in the region now shipping ore is 
amounting to not over 500 tons pet month during the Inca . .' A tunnel follows the small decomposed 
the summer of 1903. This 'amount must have quartz vcln N. 60° W., and only the carefully 
been greatly increassd during>the last two yeats to aBBOrted ore is shipped in bags. 
meet the demands of two new~melrers. Gold: .... &Uiled with oopper.-In the table already. 

The country ""*' of the auriferous quartz veins given it wlll' be seen. that a large part of the gold 
throughout, with the eXoeption' of the Shasta product ol'the Redding quadrangle comes from the 
region, is essentially the same &8 that of the copper mines. The leaching of the pyritiferous 
copper--ore bodies.· and Consists ·of an ancient copper ores near the surface to forin the gosean 

The copper ... gion of Sh&8ta Oounty, about 30 
miles in length and scareely half as wide, exreude 
nea1"1y east 8.nd west across the middle of the Red
ding quadrangle and embraces two actively pro
ducing districts, Iron Mountain and Bully Hill, 
which are separated by a dozen miles of country 
where as yet no large bodies of copper ore have 
been found. 

The Iron Mountain district is the largest and by 
far the most important of the region. Iron Moun
tain lies just ouwde of the border of the Redding 
quadrangle, northwest of Keswick, and from this 
locality the district exrends nearly north .. st for 25 
miles, to beyond the Mammoth mine, and has a 
width of scarcely 2 miles. It comprises the ~olfl
ings of the Mountain OopperOompany, Balaklala, 
Trinity Copper Company, Mammoth, Summit, and 
a number of other companies. 

The Bully Hill district,.an area scarcely 3 miles 
north and south by 2 miles east and west; includes 
the Bully Hill and Copper Oity mcm, besides • 
number of prospected claims on the slope south 
and southwest of Horse Mountain. 

The AfOOrthought, at the .. st end of the copper 
region, has recently become a producer. The 
Black Diamond, though not a producer, deserves 
consideration on account of the exceptional mode 
of occurrence of its deposim. . 

The country rock of the copper deposits is essen
tially the same throughout, though not all of the 
same age. It is chiefly rhyolite, with a sin&ller 
proportion of metaandesite and tuff and here and 
there a trace of included sediments. The Coppe1'
ore deposits are limited to lines or zories' of dis
turbance in which the country rock is crushed and'. 
sheared, thus preparing the way for cirCulating 
wa_ and greatly enhancing the possibilities of 
mineral solution and dep~tion. 

:B'ISSURE SYSTElfB. 

The rocks of the copper region have experiencecJ 
disturbances at many periods extending over a 
wide range·of time. These have doubtless varied 
greatly in intensity from time to time, but each is 
recorded in corresponding flexures and fractures of 
its own, producing a very complex aggregate, In 
which it is not only difIicuIt but prsctically impos
sible to 8B8ign with certainty every effect to, its 
period. The matOOr may be rendered clearer 
by considering the fi .. ures in three groupe-(l) 
earlier fiBSures filled, at I ... t in pari, by igneous, 
rocks of pre-0ret8ceous eruption, (2) fissures bear-
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iug.", deposits, and (3) fi .. u .... .of late Cretaceous 
or post.cNtaceou, age. 

Earlieot ji88u ...... - These fissu",", including a 
very large group through which from the Nrth·s 
interior the numerous igneous rocks of the Red

tion of .the 0'" bodies is due to receJlt Ikulting, • 
large part is attributable to look of regularity in 
the original deposits. 

DU'l'BIBlI'TIOll 01' ORB!. 

ding quadrangle a.t various times reached the sur- So far BS yet known ore bodies of economic 
fuCe, are of earlier d.te th.n thos. which contain value have heen found only in the Balaklals .nd 
Ihe 'ore deposits under consideration. fur the ores Bully Hill rhyolites. At. number of points they 
are found in the igneous rocks which fill the earlier occur near the contact with sedimentary rocks, but 
fissures. . It is possible that there,were ore deposits not within them. However, it is not improbable 
of importance antedating the TowfL Mountain series that such may yet be found, for simil~r deposits 
o~ igneC)UB rocks or those of later J u1'8ssic age and are known at Rio Tinto, Spain, in slates. 
that they were modified or completely removed by The Balaklala and Bully Hill eruptives, made 
subsequent erosion, but of such deposits distinct up chiefly of ancient rhyolites, with andesites and 
evidence has not been found. tuffs and small masses of included sediments, the 

Ore-l>earing fls,ure8.-The fi .. ul'elj which gave whole inlereecled by various dikee, offord. wide 
RCCeIJ to mineral-bearing solutions and, thus per- range in the ch.emical composition and .physical 
mitted the formation of deposits of copper and condition' of. the country roclr. The copper-ore 
.uriferous. qusrtz originated chie8yducing the bodi ... re usually found in the rhyolitic rook .. but 
epoch of l'OC'k crushing and mountain making occqr also in the more basic forDl8 or op. the con· 
about the close of the Jurassic. Thi, is indicated tact between the two; The limited gl!neral exam
by the fact. that the fissures bearing ore have heen iDJItions of the mines made thus far do not dieelose 
found in J Ul'8ssic rocks, but not in the. Cretaceous. marked variation in deposit values due to variation 

All the importsnt ore-bearing ij~ ... s-in nny di... in the country rook. and yet there are suggestions 
tricl have heen gaoerally supposed to be opproxi- in the Blllly Hill and IrOlr Mountain districts that 
mately parallel. while those of different districts are BUch may b. the ease in the neighborhood of dik ... 
more or I ... oblique. This is true of the smaller The ore bodi.. are found in irregular fi .. u .... 
districts only, and the discordance is apparent only along which there has been much shearing, so that 
when we compare the general directiOD-of the whole a narrow zone of the adjacent rock is ofteJ?;ren
region with th.t of the sep.mte dielricts. The dered fissile. The form of the ore body is as a 
greatEst ~nSion of the coppel' :region is in a rule iJ.Tegularly lenticular, of unequal planar diam
direction about N. 80° E.. while that of the oters in the shear zone. Its extent along the strike 
severa! districts rsoges from N. 60° W. to N. 32° E. is usually less. than that along the dip. It. dirac
• The general trend of the Iron Mountain district . tion of greatest extent often makes a sm8l1 nngle to 
is N. 32° E., but the strike of its, ore-be&.ring fifr the dip and lies in the" rake" or pitch of the ore 
su .... rarely confo.me to this general direction. body. III ,iIe these lentieular bodi .. range from. 
Perhaps the closest approach. is in the 8Outhweet- fraction of an inch to hundreds of feet in diameter, 
e~ part of the district, where the general course of They succeed one aoother in the same irregular, 
the bodies is nearly northeast. In the middle por- more or tatS continuous shear ZODf", 01' they may 
tion of the field •• bout the head of Motion and be in adjacent 'parallel sh .. r zon... The greatest 
Spring creek .. the strike of the ore-bearing fieeuree diBlence to which any closely related but dis«on
varies, but the principal· ones usually run about neeted series of ore bodies in the same shear belt 
N. 70° W .• while in the north slope of Balaklala has been traced is not over. mile. 
Mountain and beyond Squ.w Creek their general Concerning the deptha of ore deposits compara. 
course is more nearly N. 70° Eo, though locally tively little can be Mid. The deepest mine is less 
diverted. The rtlcks are much sheared. and in all than WOO reet deep; another within the Redding 
paris of the distric\ the fissures containiJlg the ore quadrangle has not been followed more th.n 700 
deposits are uenally those that show the greatest feet ben"~ the ,urface. The present character of 
shearing. the ore, however, indicates rather an increase than 

In the Bully Hill district the principal ore- • decrease in its ..... ti.l valu", with increasing 
bearing fissures course about N. 10° E., parallel depth. 

originated in the alteration of pyrite. It is prob-' 
able that the same i, true at Bully Hill. where the 
bornite .ppears to penetrate the pyrite and chalco
pyrite along the. fissures, but the matter could 
not be definitely · .. ttled from the thin eections 
examined. 

Chalcocite (copper glance, Cu,S) occu .... gener
ally in the rorm of nodulee, but sometimes as • 
fine black powder. at Bully Hill. chiefiy just 
beneath the ~ne of complete oxidation. It is 
often associated with greeu or rarely blue copper 
esrbonates (malarhite and azurite) .t the bottom of 
the gossan, or in the sh~red borders of the ore 
body to. depth generally of a few hundred feet. 
In November, 1900, it was found with bornite on 
the 57(}'fuot level at Bully Hill. much deeper than 
ever before in that. locality.. It has a dull blarkish 
leed-gmy color snd is ma";ve rather than distinctly 
crystalline. As a 'source of copper thus far, even 
where it is most abundant, it is of much less hnpor
lance than chelcopyrite. on 8ecount of the small 
size of the I1lRSSe8. " Small veins of chalcoJite occur 
in pyrite and chalcopyrite, and it is evidently of 
later origin thin either of the others. It' pene
trates and envelops· chalcopyrite in such a way 
ilB to suggest its OOi vatian, at least in part, from 
chalcopyrite. 

Tetrahedrite (gray copper ore, CuSSbllS'I') is 
reported by Mr. Keating and is poBBibly present 
locally in the ore of Bully Hill. for BOme antimony 
has been found by the .... ye1'8. 

Cnprite (red oxide·of copper •. Cu,O). in a nodule 
of cOIUliderable size, was observed and a specimen 
()oUected by Ml·~ Oxam, mine superint,endent (1902), 
in ·the clay selvaga at Bully Hill. about 6 feet from 
the ore body and 160 feet from the surface. 

Malachite (green carbonate of copper, CUllCo4 + 
H,O) forms a green stain, small streaks, and nod .. 
ules on tbe sheared horder of ·the ore bodies at 
Bully Hill, just below the gossan, with chalcocite, 
very mrely azurite" and a. latger amount of second .. 
ory qusrtL.. . 

Azurite (blue ""rbon.te of copper. Cu,C,O,+ 
H,O) is rare .t Bully Hill. occurring with maJa.. 
chite. 

Native copper (Cu) ooours sparingly at many 
places in the joint planes ot the zone of oxidation 
or commingled witL the oxidation products. 

Chsleanthite (bi... vitriol. CoSO. +6H,O) is 
common in the oxidizing portion of nearly all 

the bulk of the goi;san. 'which is "often CavernouB, 
with beautiful. iridescen4 sta1aetitic, and botry
oidal lining. It results from the oxidation of the 
pyri~ and chalcopyrite, and is limited to the zone 
of oxidation near the surf8.ce. 

Barite (BaSO 4) is the most abundant gangue min
eral. It i. distributed throughout the orea of the 
Bully HiIl.nd Afterthought districts, but is alway, 
disseminated in fine particles, so small in amount 
compared with the ore minerals as. to be scatcely 
visible to the naked eye. In the .. stem districts 
it oocurs from the surface to the great .. t depths yet 
attained and appears to be one of the primary min
erals of the ore bodies'. Rarely it occurs in cavities 
a .. mall tabular crystsls, and at Copper City it ha, 
been found in small veins cutting the ore. There 
appear to be a.t least two generations of barite. In 
the Iron Mountain district., where quartz is the 
principal gangoe. barite was found locelly by 
Mr. A. H. Brown in the Golineky mine, and 
traces were seen eleewhere north of Squaw Creek. 
Barite is most common among copper and lead 
ores, while quartz is associated with pyrite. As the 
f.Wspar of tbe rhyolite in Bully Hill containij 
barium, the barite may come from its alteration . 

. Quartz (SiO,) is the usu.1 gangue mineral of 
the copper om in the Iron Mountain district, as 
barite i. in the Bully Hill and Afterthought 
districts. It is even more finely disseminated than 
harite, though OccaSionally it is visible to the 
naked t'!ye. Nowhere is it so abundant as to fonn 
8 conspicuous part of the ore bodies, or to suggest 
that these are quartz veins. At BuUy Hi1l it is not 
common, but wns seen disseminated with pyrite on 
the 570-foot level, while near by barite, occnrs in' 
the portion of the ore body richer in chalCopyrite 
and other. copper minerals. Quartz waE! seen with 
pyrite nearer the surface in the north and eJse.. 
where about Bully Hill to a very limited extent. 
The quartz intermingled with primary pyrite is 
regarded of eaeentielly the same .ge, but it also 
occurs secondary as veinlets and irregular m8sse8' 
of small size with the carbonates in the ZODe' 

of oxidation. 
Calcite (Caco,) occurs locally .. gangoe in 

hands of chalcopyrite in the Afterthough4 arid 
rarely also elsewhere ,in the lower portion of the 
zone of oxidation. 

LODES ".D PBOSPKl.'T8. 

with the greetest extent of the producing dis
tricl, thongh there are local variations of minor 
importance. 

mines along water seepage aud damp places, but The term lode is here used to include all the ore 
is generally associated with melanterite (green vit- bodies in ,essentially the same shear zone. Rarely 

ORB UD GANGUJC MUJClU.UJ £lIl'D 'l'JUtIB RBLATIOllS. riol or copperas, FeSO,,-t7H,O). Some bluish- they are 100 feet in width and a mile in length, 
Pyrite (FeS,) is generally by far the most com- green vitriol in the·mine tested yielded much iron and .. vera! may occur in each ore-bearing tract 

In the AfOOrthought district the principal fio
BUres ranga from N. 50"-60' W., parallel to the 
greeteet extension of the district and also to the 
axis of an arch in the rocks, which stretches from 
the Klamath Mountsine toward the Sierra Nevada. 

The wide range in the direction of. the ore
bearing fissures of .the copper region is due to 
the fuet that, as the region Ii.. neBr the borders 
of the irregular Klamath Mountains, next to the 
Sierra Nevada, it ~ experienced earth strains of 
an especially wide range in direction. 

In dip the ore-bearing fi ... ureB lire usually verti
calor at a high angle. but several prominent vari
atioDs from this general rule occur in the northern 
portion of the Iron Mountain district, at the Shasta 
King and Mammoth mines, where the .. dip west
ward flattens and locally may be even reversed. 

Fiw>res of laI£ (JretaC€OWl or pOlJi,.(JreI4ceo .. 

age.---;-The ore bodiet!' are tra versed by occasional 
fissures which must be of later origin than the ore 
itself: Movements have occurred along these fis
sures, faulting the ore. Rarely the ore, body is 
,heered ."d schist... like the adjllCO!'t country 
rock, and occasionally the shearing involves. the 
bornite 88 we.ll88 the pyrite. Generally, however, 
the ore body is contrasted~ with the country rock 
by the absence of fiSBuring. 

By fur the greater part of the fieeuring and 
movement affecting the ore bodies has probably 
taken place aloug their borders, which are some
tim .. polished (as in the Hornet mine). while the 
conntry rook is shelired and altered to a. whitish 
gonge or selvage consisting generally of • mixture 
of clay and sericite. The fi8EIures of later origin 
within or near the ore bodies sometimes contain 
~ndary ores such as chalcocite, m.alachi,te, azur
ite, native copper, or quartz. While it is certain 
that BOme of the ilTt'.gularity of form and distribu. 

mon and abundant mineral of the ore deposits, and only a trace of copper. within a district. 
BOm_tim.. occurring alone in relatively pure Sphalerite (zinc blende. ZnS) is widely but not Bully Hill.-The Bully Hill district hoe two 
masses, but more frequently carrying a mixtul'e unifonnly distributed, occurring apparently in all ore-bearing tracts;' Bully Hill and' Copper City, 
of chalcopyrite, and sphalerite. Not infrequently the ore bodies with pyrite, chalcopyrite, and galena. besides a number of prospects which have uot 
in such mixtures the ore has. decidedly schistose Like the chalcopyrite, it is generally disseminated. yet rev .. led important ore bodies. At Bully Hill 
structure, the darker bands being formed chiefly of but occasionally forms unsymmetrical D1888ef1 of there are two lodes which are being worked-the 
sphalerite. Pyrite occurs ruso locally disseminated considerable size in which, there is little e1se. eastern or Delamar lode in the Bully Hill mine, 
through the country rook adjoining the ore bodies Locally it occurs 'with pyrite and chalcopyrite in and the western or Anchor lode in the Rising Sun 
and elsewhere. The bulk of the pyrite is one of streaks, giving the mass a decided schistose struc- mine. 
the primary D.J.inerals, but it occurs also to some ture. Although crystalline in structure, it has no The Delamar lode 1If'U8 early opened on the 
extent among the minerals of later date, especially crystal outlines, -even when, like pyrite and chal- southern slope of the hill, but the deeper workings 
where it forms druBY linings on jo~nt planes cutting oopyrite, it ~s smttered through the country rock. are somewhat farther north. The general course 
the ore bodies. The occu .... nce of 'phalerite, chalcopyril.ej and of the lode is abo;'t N. 10" E. and the dip approx-

Ch.lcopyrite (CuFeS,) is the chief souree of the galena in the .unaltered ore bodiee indi""tes that imately vertical. Including interruptions. it ~as 
copper mined, and, though oocW'l'ing 88 rather pure sphalerite is one of the primary minemls of the ore been traced less than half 8 mile, with a width 
irregular masses within the ore body, it is gene-r- deposits. varyiug from a few feet to nearly a score and a 
ally di ... minated with sph.lerite through the Galen. (PbS). like bornite and chalcocite, was depth of .bollt 800 feet (elevation. 1180 feet). 
pyrite. It 8~ grades into the pyrite in color observed only at Bully Hill, where it OOCU1'8 in The shear zone is more or less distinct throughout 
that it is very difficult to esti.mate the relative places rather abundantly in some.of the ore bodies and contains-irregularly lenticular ore bodies, some 
proportions of the two mineral.. In the copper. near the zone of oxidation .. well .. at the bottom of which have been very rich. A dike of hasaltic 
region of C.lifornia the chalcopyrite and pyrite of the mine (elevation. 1180 feet). It occurs "lao . rock (the .""",lIed porphyry). greatly altered. cut, 
appear to be of the .. me age and generally pri- sparsely disseminated through the ores and coun- through other igneous rooks and .lalee of the .. st-· 
mary, except in the zone of enrichJllent beneath try rock locally, but most commonly in connection ern slope of the hUl, and the shear zone follows 
the goss&n, w.here the former. is occasionally found with chalcopyrite, bornite, and sphalerite, and is approximately the general course of the dike, 
in joint planes cutting the ore body and is undoubt- the primary ore mineral that may carry the silver either cutting the dike or on the contact between 
edly secondary. values. it and the rhyolite (Bully Hill qDJIrtzite). but. so 

Bornite (Uhorse-flesh ore" or "peacock ore," Native silver (Ag) is of the same ooourrence as far 88 yet observed, the shear zone of the Delamar 
Cu,FeS,) has been observed locally.in the Bully native copper. but rarer. 'lode does not enter the rhyolite. The walle 8re 
Hill mine, where it occurs at one point near the Wad (impure hydrated oxide of manganese) is sometimes sharp, but in many places indistinct, 
zone of oxidation and from there pownward at found in relatively small quantities, limited to the grading into the material of the shear zone. The 
intervals. intermingled with pyrite, chalcopyrite. zone of oxidation at· Copper City and poBBibly ore is, however •• Imost always easily sepamble 
galena, barite, and sphalerite, to the bottom of e1sewhere. It occurs as nodules in the gossan or from the country rock. 
the min •• or the 67(}'foot level (October. 19(3)- in the sheered country rook bo!'derin~ the upper The ore bodi .. of the lode are very irregularly 
about 820 fee:t below the summit of ~uny Hill and part of the ore body. Its brownish-black color distributed ,in-the shear zone in overlapping, E'n 
1180 feet above sea leveL On a fresh fracture it and very light weight are features which readily 6che100, or linear-discontinuou8 arrangement, 
generally hoe o.peculiar reddish-broIYD color which distinguish it from the blark powdery form of usually conneeted by sman stringers. They vary 
tarnishes on exposure and becomes iridescent pur.. chalcocite. in size from lenticular or eheet-like nodules' a ·few 
plish blue. In·,the ore deposits .t Butte bornite I Limonite (brown hematits, Fe,O, .3H,0) forms inch .. wide up to .bodies'hundreds of feet in length 



and nearly a score of feet in thickness. The great
est extent of the are bodies appears to be in a nearly 
vertical direction, pitching steeply to the north. 
The crushed rock of the shear zone is not always 
mineralized, but it is generally more or less richly 
impregnated with ores and sometimes completely 
replaced. 

The zone of complete oxidation in the Delamar 
lode consists largely of limonite, but is frequently 
a breccia in which limonite is the cement binding 
the fragments of the country rock. Rarely the 
limonite forms small iridescent cavities lined with 
stalactites. It results from the oxidation of the 
ores by circulating waters, which carry away the 
copper, zinc, and lead, leaving most of the gold 
and silver behind with the iron. Some of the dis~ 
solved metals may have been entirely removed, 
but a large part of the copper found its way down~ 
ward and was added to the are body, greatly enrich~ 
ing the lode below the gossan. The lower limit of 
the gossan descends irregularly, deep into the are 
body along fissures, but the contact is usually 
abrupt and marked by more or less black powdery 
are. 

In the upper part of the enriched zone the are is 
usually black from the presence of chalcocite and 
galena, but at greater depths, with some exceptions, 
pyrite and chalcopyrite generally give their color 
to the are. In the upper ores of the zone of 
enrichment, mined some time ago from the Dela
mar lode, the proportion of copper was so high 
that an iron flux had to be added in smelting; but 
in those below, which are now being removed, 
there is a greater percentage of pyrite, and no iron 
flux is necessary. Near the gossan copper carbon~ 
ates occur, with chalcocite and rarely cuprite and 
native copper on the sheared borders of the lode. 
The body of the lode is composed of pyrite, chal~ 
copyrite, chalcocite, bornite, sphalerite, and galena 
in varying proportions. Pyrite is generally most 
abundant, but locally it may be surpassed by an 
increase in one or more of the other ores. Chalco~ 

cite is generally limited to within a hundred feet 
of the go.ss:m, bllt has lately (November 16, 1903) 
been reported by Mr. Keating to occur with born~ 
ite on the 570-foot level, where its occnrrence is of 
especial inteM3t as lowering the probable extent of 
the zone of enrichment. 

The Anchor lode is approximately parallel with 
the Delamar and lies over 200 yards to the west, 
with a known length of about one-fourth mile. 
It is wholly within the rhyolite locally known as 
the "Bully Hill qnartzite." It has been traced 
farther south than the Delamar lode and opened 
by a tunnel and shaft in the Rising Star mine to a 
depth of about 200 feet from the snrface, or to an 
elevation of about 1300 feet above the sea. The 
gossan scarcely reached the SUrfHce at the Rising 
Star, but is well developed beneath. In the irreg~ 
ular are body pyrite, chalcopyrite, sphalerite, and 
chalcocite vary greatly in relative proportions. 
Chalcocite penetrates the ore body in veins and 
is clearly secondary. Locally sphalerite is abun. 
dant, and near it chalcopyrite may prevail. 
Farther north on the same lode, where reached 
by tunnels 4 and 7, galena appears, as in the 
Delamar lode. The surface of the Anchor lode 
has been traced into the summit of Bully Hill, 
where granular pyrite prevails in old openings. 
Locally in this lode, as in the Delamar, quartz is 
the very sparse gangue of pyrite, while barite, 
somewhat more abundant, is the gangue of the 
richer copper ores. Generally in this district the 
greater values are found with barite. Little is 
known of the northern part of the Anchor lode 
in depth, bnt the persistence of the Delamar sug
gests interesting possibilities. 

Ore bodies of comparatively small size have 
been found in the North Star, Y dalpom, and 
other openings in the rhyolite on the west slope 
of Bully Hill. They apparently belong to a third 
zone west of the Anchor lode. Pyrite, chalcopy
rite, and other ores were observed, with a larger 
amount of quartz gangue and some calcite. 

The Copper City lode h.. a known .length of 
less than one-fonrth mile and a width locally up 
to about 5 feet. It was discovered and mined as 
early as 1862, when some of the are was shipped 
to Swansea, Wales, for reduction. Later, mills 
were erected to work the decomposed material of 
the zone of oxidation, but when the sulphide 
bodies were reached the project failed and mining 
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activity nearly ceased. Recently the property has 
been developed, in connection with that of Bully 
Hill, to a depth of several hundred feet. The 
shear zone in which the lode occurs traverses 
rhyolite like that of Bnlly Hill and locally gives 
to it a decidedly slaty structure. In the main 
tunnel east of the lode the rhyolite clearly cuts 
the slates and includes slate fragments. Although 
are bodies were seen close to the slates none were 
found in them. The shear zones of the Bully 
Hill and Coppar City tracts may traverse the 
slates between them, but important mineralization 
appears to have taken place only in the igneous 
rocks. 

The general course of the lode, where recently 
worked by the Bully Hill Company, is N. 50' E., 
and the dip is vertical. The are is pyrite and 
sphalerite, with chalcopyrite in varying propor
tions and barite as gangue. In 1902 this lode 
was worked in connection with the Bully Hill 
mine, but in 1903 activity in the Copper City 
trad was confined chiefly to the Arps and Tam
rack prospects. 

West of the Bully Hill district, near the summit 
of Horse Mountain, is an interesting occurrence of 
native ('opper, very small particles of which are 
sparsely scattered through a mass of altered 
igneoUB material, chiefly of volcanic breccia or 
conglomerate of siliceous lavas. Farther south
west, near the head of Potter Creek, a number 
of prospects show distinct traces of copper ores, 
but as yet no considerable are bodies have been 
disclosed. 

Aftertlwught.-The Copper Hill lode, in the 
Afterthought district, was worked years ago and 
has lately been revived and become a producer. It 
consists, so far as known at present, of two short, 
nearly vertical ore bodies which strike about N. 
55" W., parallel to the Copper City arch. The 
two bodies are nearly parallel and stand en 
{-chelan, approximately 350 feet apart. One of 
them in 1903 had been prospected to a depth 
of over 100 feet. They lie close to the contact 
in rhyolite that incloses fragments of slate. Like 
those of the other districts, they are composed 
largely of pyrite, sphalerite, chalcopyrite, and 
galena, with local traces of bornite. The gangue, 
which forms less than 5 per cent of the are, is 
barite, with a trace of calcite. 

Several years ago this property was purchased 
by the Great Western Gold Company. DevelQP
ment has since gone far beyond the limit of 1903. 
A smelter has been erected and is now said to be 
shipping matte to an eastern refinery. 

The Donkey mine is on the strike of the Copper 
Hill lode; a mile farther southeast and in the same 
rocks, but the workings were water filled in 1903, 
and an examination of the are in place was there
fore impracticable. 

Black Diamond.-The Black Diamond district 
is near the center of the copper region, about 14 
miles northeast of Redding. Its are bodies are 
contact deposits and therefore decidedly unlike 
those of other portions of the copper region. 

The country rocks are limestone and quartz.. 
augite-diorite. The former is the McCloud lime
stone, of Carboniferous age, and is cut to pieces by 
the fine-grained quartz-augite-diorite. Both rocks 
extend from tlle end of the Sacramento Valley 
northward across the qnadrangle, and along their 
very irregular contact at a number of points masses 
of are have been found, of which three will be 
described. The first of these is in the Black Dia
mond district and is largely copper are, but the 
last two, one 1t miles southeast of Baird and the 
othe!· near Johns camp, about 10 miles farther up 
McCloud River, are ores of iron and will be noted 
under the appropriate heading. 

The are bodies thus far discovered in the Black 
Diamond region are small, rarely over a few inches 
in diameter, irregular in form, and scattered locally 
thronghout the gangue. The are consists of chal~ 
copyrite, pyrite, pyn-hotite, or magnetite, occurring 
separately or in aggregates. The pyrrhotite was 
examined for nickel, but there is none present. 
To a very limited extent the ores have been 
observed locally disseminated in the adjacent 
limestone. The existence of large bodies of mag~ 
netite along the contact at the two localities referred 
to above suggests the possibility of tlle occurrence 
of similar bodies of copper .ore, but none have yet 
been found. 

The are is associated with contact minemls, 
hedenbergite and garnet, resulting from the inter
action between the intrnded igneous material and 
tlte limestone. These contact minera1s may there
fore be regarded as the gangue of the ore. Heden
bergite is a pyroxene rich in lime and iron. It is 
the most striking mineral of the contact, occurring 
in coarse, crystalline, green, fibrous masses, with 
the fibers arranged perpendicular to the contact 
between the limestone and the diorite. Heden
bergite readily alters under· the influence of the 
weather, and as it is rich in iron its decomposition 
yields much limonite. Magnetite, too, oxidizes 
readily and gives rise to limonite, so that from 
both these sou.rces the eontact region becomes 
deeply stained reddish yellow with hydrous oxide 
of iron. 

One of the best exposures of the contact phe~ 
nomena is on the crest of the limestone ridge Gray 
Rocks, where it is cut across by a number of dio~ 
rite dikes running east and west and ranging from 
5 to 100 feet in width. Along the edges of these 
dikes, in contact with the limest~me at many 
points, pits have been dug into the iron-stained 
fibrous mass of pyroxene, which is mixed occa· 
sionally with garnet, another mineral resembling 
veau vianite, and traces of the ores. 

FIG. i-Sketch map showing relation ot Iron Mountain lode 
to other lodes of the same district. 

Iron Houniain.-The Iron Monntain lode, as 
ahown on the sketch map (fig. 1), lies wholly 
outside the Redding quadrangle, but close to its 
western border. On account of its great economic 
importance and close relation to the other lodes of 
the same district within the quadrangle, it may be 
mentioned here. It has been traced from the head 
of Slick Rock Creek northeast to beyond Boulder 
Creek, a distance of fully a mile, and embraces a 
number of approximately p:trallel are bodies, two 
of which are much larger thaD the others. The 
large and prominent gossan, which in places 
extends to a depth of 100 feet, but is practically 
absent at some points, early attracted attention and 
was worked for silver and gold. Since 1895, when 
the great bodies of sulphide are were discovered 
beneath the gossan, it has been worked mainly for 
copper. The principal are body is said to have 
been 800 feet long, 100 to 400 feet wide, and was 
traced to a depth of 600 feet. It consists predolll~ 
inantly of pyrite, with chalcopyrite and sphaler~ 
ite in varying proportions and scarce! y a trace of 
gangue minerals. Chalcocite and bornite also have 
been reported. Calcite is occasionally found in 
chalcopyrite, and quartz in pyrite, but barite was 
not observed. 

The ore is occasionally schistose and affected by 
small transverse faults. The pyritous are comes 
immediately in contact with the bottom of the 
gossan, but in some places is disintegrated, form~ 
ing a fine, brassy~yellow powder. The Hornet are 
body, which forms the north end of the lode and 
has been fully prospected but not yet mined, is 
perhaps longer than the Iron Mountain are body, 
but is notBO thick nor of so high-grade ore. lIB 

borders are sheared and sometimes· polished by 
movements since the are was formed. In dip it is 
vertical, with pitch apparently at a high angle to 
the northeast. 

The annual average of copper in the Iron Moun~ 
!ain lode, judging from the reports of the company, 
thus far has ranged from less than 5 to over 7 per 
cent, with an average value of precious metals of 
less than $1 in gold and a little more in silver to 
the ton. Up to the end of 1902 the mine had 
yielded approximately 62,000 tons of fine copper. 

Some years ago the Mountain Copper Company 
prospected under bond with diamond drills a num~ 
ber of the lodes northeast of its own. 

Proceeding northeast from the Iron Mountain 
lode, which is closely in line with the workings at 
Sugarloaf, one enters the Redding quadrangle and 
finds the King Copper, Spread Eagle, and Loraine 
lodes in the same course. All have bepn pros~ 
peeted, but the most extensive workings are at 
Spread Eagle, where there is a large mass of 
gossan on the steep slopes at the head of Motion 
Creek. This has been penetrated by tunne1s, which 
have cnt a mass of sulphide are that appears to 
strike N. 70'-80" W. and to dip 75" SW. This 
is traversed by sheared fissures, some nearly paral~ 
leI to the strike and others transverse. The pyrite 
are beneath the gossan is generally wet, soft, and 
incoherent, and in places it is cemented. by quartz 
gangue in varying proportions. In the lower tun
nel some small masses of chalcopyrite are seen. 

The general trend of the small ore body of the 
King Copper, on the slope of Spring Creek, is 
N. 70'-76" W. It dipa 84' SW. and apparently 
agrees quite closely with the position of the Spread 
Eagle are body, transverse to the general direction 
of the Iron Mountain lode. 

The Balaklala lode is one of the most prominent 
in the Iron Mountain district. It is well marked 
in places by heavy gossan and has been trnced 
more or less continuously for over half a mile. It 
lies in and nearly parallel with the slope of South 
Fork of Squaw Creek, and strikee about N. 70" E., 
with a northwesterly dip somewhat steeper than 
the slope on which it occurs. The principal are 
body yet known in this lode, the Windy Camp 
body, has been followed along the strike for nearly 
1000 feet and on the dip for over 500 feet. It has 
an irregular thickness ranging from a few feet to 
over a score, and appears to pitch to the northeast. 
The rocks on the borders of the are body are gen
erally sheared, with but little clay, and are not 
much impregnated by sulphides. The ores are 
chiefly pyrite, with more or less chalcopyrite, but 
are generally of low grade. Quartz is the only 
gangue mineral, and forms a larger percentage of 
the are than at Iron Mountain. At the north 
end of the lode, where the great masses of gossan 
occur, comparatively little is known of the unal~ 
tered are bodies. 

The Shasta King ore body lies on the west slope 
of South Fork of Squaw Creek, nearly opposite the 
Windy Camp are body and at a lower level. As 
the general dip of the Windy Camp body is toward 
the Shasta King, they have been regarded as belong
ing to the same shear zone. This view is strength~ 
ened by the occnrrence of smaller are bodies on the 
steep slope between them, suggesting a former con
nection which has been severed by the erosion of 
Squaw Creek; but the relations are not yet clearly 
understood and can not be fully worked out until 
the deeper parlB of the Windy Camp body are 
disclosed in detail. 

The Shasta King body is somewhat irregularly 
basin shaped. It. is some hundreds of feet in 
width, with a longer axis running nearly north 
and south and rising somewhat to the north. It is 
limited for the most part by fissures, along which 
there has been decided shearing. Exceptions are 
fonnd in places on the upper surface of the are 
hody where it is solidly "frozen" to the country 
rock. The are is like that of Balaklala. The 
region is one of much disturbance, and the are 
bodies appear to have suffered greater deformation 
than the adjacent quartz veins. 

The Mammoth lode, exposed in the Mammoth 
mine, has an apparent course N. 80° E., and has 
been traced less than half a mile. Thus far only 
one are body has been extensively prospected, 
showing a length of over 300 feet and a depth 
at least 200 feet from the upper gossan croppings. 
On the principal level it dips 30° NW., and cross-



cut tunnels show an extensive development in that 
direction, which may be accounted for, in part, at 
least, by a change to gentler dip. The ore, com
posed chiefly of pyrite, is locally rieh in chalcopy
rite and carries considerable sphalerite. Quartz is 
the gangue mineral, but in much of the ore there 
is scarcely a trace of it. 'rhis lode supplies the 
ore for the Mammoth smelter, reeently erected at 
Kennett. 

About a mile northeast of the J\Iammoth mine 
is the Golinsky, which contains an ore body that 
extends over 160 feet N. 700 Eo and to a depth, so 
far as known, of not oyer 100 feet. It is approx
imately parallel to the Mammoth ore body, and 
though the ore is more variable the two may be 
closely related. Recently the Golinsky has been 
bonded and extensively prospected by the Trinity 
Copper Company. 

The Friday and Lowden prospcct is a mile 
southwest of' the Mammoth and is approximately 
in line with the Balaklala and Golinsky mines. 
Much development in richly impregnated rock has 
revealed at least one ore body, whose principal 
dimension, though sma.ll, appcars to lie N. 400 \V., 
or nearly transyerse to dIe general course of the 
principal deposits of this part of' the copper dis
trict, but nearly pa.rallel to a number of more or 
less prominent auriferous quartz veins in the 
vicinity. Some of the ore rich in chalcopyrite 
is very heavy, suggoAting the presence of barite, 
which is known thus far to occur loeally in at 
leaRt one other of the mines in the northern por
t.ion of the district. 

rrhe northernmost openings of the· tlistrict are 
near the head of Little Backbone Creek, where the 
Summit mine tunnels show much impregnated 
rhyolite with included slate and tunal1, indist.inctly 
banded veins in which cha.lcopyrite is most prom
inent, with smaller amounts of quartz and pyrite. 

~nNOR METALLIFEHOUS DEPOSITS. 

Chro1nite.-Chrornitc is mined on Shotgun 
Creek, but the serpent.ine in which it occurs 
l'eaches as far SOUtll as Slate Creek, and it is 
not improbable from the trend of the chromite 
bodies that fome may vet be discovered within 
the northwestern portio~ of. the Redding quad
rangle. At the forks of Shotgun Creek, ahont 
a mile from the Southern Pacific Railroad, a 
series of lenticular chromite bodies occurs in a 
somewhat indefinite RheaI' zone which is vertical 
and courses S. 400 'V., through the serpentine. 
Five bodies, ranging from 200 to 1500 tons eaell, 
connected by more or less distinct vein-like leaders, 
have been mined to a depth of' not over 40 feet 
within a distance of 2i50 yards. Exccpt for these 
leaders the ore masses have nothing in them 
resembling vein structure. Generally the ore 
separat.es easily from the serpentine, but in some 
C3ses it is "frozen" firmly to it. Ot.her p3.rJllcl 
but as yot les.<.J produeti\Te zones haye been found 
in the same region. A partial analysis by Dr. E. 
T. Allen of an average sample of the chromite 
seleet.ed in the mine brave the following result.,,: 
CrZO!p 48.87 per cent; FeO, 15.86 per cent (total 
iron reekoncd as FeO); platinum, gold, and silver, 
none. The ore is used for furnace linings, and 
315 tons were shipped in 1903. -

iron.-Iron ore (magnetite) occurs in the Red
ding quadrangle at many places on the contact 
between the McCloud limestone and the qllartz-
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augit.e-diorite. AltllOugh not. mined, it occurs at rock shipped chiefly to the Keswick smelter. It 
two points in quantit.ies well worth noting. The I is used also by the )fammoth smeIt~Jr, at Kennett. 
first is It miles southeast of Baird, and the second Exact chemical analyses are not m·-ailahle, but it 
on the northeast slope of Hin: 1Hountain, near is said to make excellent lime and to serve well for 
MeCloud River. The ore in both eases is ehieflv flux. lsolatvd masses of' the limestone south 
magnetite, with abundant limonite Oll the surfac;. Larkin and east of Newton have been used for 
At the first lornlity the material was formerly lime, but they are too far from the railroad to 
(1901-2) quarried for flux at Bully Hill. The compete with that ncar Kennett. 

the upland plain of the Sacramento ValIey is for 
the most pflrt gravelly and in general so dryas t.o 
require irri,gation for SHcc('Ssful fanning. The dry, 
rocky plains of the Piedmont are st~.,rile, hut the 
basalt flOWR, where decomposed, make good soils. 
Although this quadrangle is richer in limestone 
than any other of the same size ill. California, these 
rockR occur Oil stcep mountain slopes not Ruiwd to 
agriculture. Irrigation is pradif'ed to a consider
able extent, uut. in a small way by indivicluak 
It is evident, }wwevel', tlwt ·wit.h proper irrigation 
the soil would generally be produetivp, and it is 
gratifying to know that stepil arp being taken in 
that dire<:tion. 

occasional presence of small bands of garnet and 
trftces of other related minerals locally in the mag
netite indicate that it, is a contact phenomenon 
similar to that in t.he Black Diamond region. 
The ore body has been opened to a width of 40 
feet without exposing its limits. It appears to 
be nearly vertical, and its occurrence on the north 
slope of the hill suggests an ore hody of consider
able size. According to Mr .• J. ll. Keating, gen
eral superintendent at Bully Hill, it contains about 
70 per cent of iron, 1 or 2 per cent of insoluhle 
material, and only a trace of sulphur. 

On the northeastern slope of lIirz Mountain the 
iron ore has a somewhat wider distribution, but 
this may be due to the gentle dip to the east., 
parallel to the slope of the limestone. It has 
been prospected by a number of open cuts, and, 
liS in the other case, is generally a contact deposit 
on the borders of the limestone and diorite, but in 
places appears to penetrate the diorite. 

In both cases the bodies of magnetic iron ore 
:ue large, but follow contacts of great irregularity. 
Each contains an element of promise of other ore 
bodies, for at t.he Black Diamond mine, on the 
8ame contaet, t.he magnetite is associated with chal
copyrite and pyrrhotite. 

Nonmetalliferous Deposits. 

LIMESTON}~. 

The Redding quadranglc contaills a larger 
amount of limest.one than any other quadrangle 
of the same size on our Pacific coast. Three 
horizons of limestone, Devonian, Carboniferous, 
aIHI Trim"-,,ic, are shown upon the map. The 
McCloud and Hosselkus limestones have been 
used to a limited extent for lime at a number 
of places, but more extensively for fluxing cop
per ores at Hully Hill. The average partial 
analyses givcn below were furnished by Mr. 
Keating, of Bully Hill: 

A IUtly8~8 of 1lfeCI(Jwl and H08sell(lls lime;;iMu8. 
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The McCloud limestone contHins nearly 94 per 
cent of carbonate of lime, while the Hosselkns 
contains less than 98 per cent, but both ure good 
for t.he purposes used. The intrusion of igneous 
rockA into the McCloud limestonc USlla lly makes 
it more diffieult t.o quarry Ulan the HosselkuA, 
which IlOW supplies the Bully Hill and After- I 

CI,AY. 

Clays of two sorts, occurring under entirely 
unlike conditions, have been used in the Hed
ding quadrangle. In the copper region clay sel
vage to the ore bodies is never very abundant, but 
in some of the upper workings of the Rully Hill 
mine there is enough for local use ill the smelter as 
lining for con verters. 

Brieks were made Heveral years ago from the 
sandy alluvial clay in the flood plain of' Sacra
mento RiYer several miles south of ReJding, where 
tllere is a large deposit; and a few miles Huther 
down the valley, beyond Clear Creek and neal' 
Anderson, there is a briekyard in more contin
uous operation, which supplies much of the tracle 
of tIle Saaarnento Valley. 

BrILDIKG- HTONE. 

WATRll SL1!'l'LY. 

I1-rigalio1l.-The 8aeramcnto, -.,vhere it. entern the 
Sacramento Valley above Redding, has a large antI 
regular volume of water, even at its ImH'Rt stage 
during the dry sunUller seasons and early autumn, 
when wat€r is needed for irrigation. 

There is an extensi n, area of land in t.he north' 
end of the Saeramento Valley where the surface 
streams fail during the dry season and the ground 
wat.er lies 20 feet, 01" more beneath t.he surf~'lCe, so 
that irrigation is required for the most :Hlceessful 
fhrming. The large supply of water in the Saera-

Stone of severdl varieties has been used locally mento affords t.he opporhmity tQ meet the demand, 
for structural purposes, but scarcely any is shipped but the river in t.his vicinity flows in a IlHl'rOW 
from the quadrangle. The Chico sandstone from valley ~50 feet below the general level, a.nd to 
Sand 1,'lat and from Clear Creek near Texas render the water ayailahle for irrigating t.he higher 
Springs was formerly uf.;ed for some of the rail- plains would require worb of great magnitude. 
road culverts, and furnislled trimmings for several Al;tesian wulcJ'.-The prohlem of ohtaining arte
buildings in Redding. It is soft., grayish red or sian water in the north end of the Saeramento Val
bluish, and is easily worked, but is occasionally ley haR not been solyed. No deep wells have been 
malTed by mud spots. made, though there arc structural features suggcst-

A granodiorite of lively gray color f{lrIns a hill iug that some of the ground water of that region 
at. t.he southwest corner of the quadrangle and is may be under sufficicnt pressure to bring it to the 
locully nsed to a limited extent for tombstones, surface. rrhis end of the Saeramento Valley is 
for street curbing in Hedding, and for doo;-steps. part of a hasin 'which is filled with fimnations 
Thc granitic rock weathers gray, with slight dis- younger,t.han the Cl'etaecous. .Helow is the lone, 
coloration from the decomposition of the ferromag- overlain by the Tusean tuff, and this in t.urn is 
nesian minerals. It IS only 6 mlles flOm the covered hy t.he &dding gravels, which form t.he 
railroad, with an easy grade, and deserves eonsid- i surface in the middle portion. The Tusean tuff 
eration for any large structure in the northern part. . and Jone, cropping out more or less continuonsly 
oftlle Sacramento Valley. I only f.trollnd the border of t.he valley and dipping 

The TllSf'Un tuff stands fire well and, being soft., . generally toward t.he middle portion, fortH a hnsin, 
is easily hewn t.o any shape. It is commonly used I except toward the south. 
for chimneys and fire places, and in-the vieinit.J:" of The lone, owing to the sand and gravel which 
Millville a small church and seyeral smokehouses make up its bulk, is porous and capablc of hold
are made of it. The Tnscan tuff is similar to the II iug much water entering through tIle outcropping 
t.raS8 of the Rhine Valley, which is so extensivcly edges. On t.hc other hand, the overlying Tuscan 
nsed ill the manufacture of puzzolan cement, and tuff, as shm'{~ by the fact that it brings the water 
there a.ppears to be no good. reason why it might of the Red Bluff gravels to the snrfaee, though 
not be used in HIe Rcdding region for the same Romewhat porous, is pl'aeticnlly impervious to the 
purpose, l'Spccially since the neccssary lime for water in the Tone and may hold it ulU]er pressure. 
admixture is abundant. If this he true, deep boriIlgH reaching through the 

COAT,. 
tuff would tap the wat.er in tJlC Tone sands and 
gravels and allow it to rise in £worahle situations, 

Traces of coal occur in the lone format.ion at a possibly as far as the surface. 
number of plaees; but more particularly in see. 12, 
T. 33 N., R. 2 W., about. 2 miles sOl.ltheast of the 
Afterthought mine, where it has been pretty thor
oughly prospected and fonnd t.o be of little value. 

son.s. 

thought smelters. I The cultivated RoilR of the Hedding quadrangle 
The Devonian limestone near Kennett is the I are almost wholly alluvial, resulting from stream 

only one extensively quarried, and furnished the' transportation and deposition of fine material on 
material from which 18,500 ba.rrels of lime. were the flood plains, where at least three-fourths of the 
burned in 1902 at Kennett, besidcs 3500 tons of \ farming of the region is carried on. The soil 

Around the northwest. cornel' of the valley. 
"""'here Raera.mento Hiwr ent.ers, tlle Tuscan tuff 
was worll away and, hy affording an out.let, relieved 
the pressure at all point.s higher than {,OO feet above 
sea leyel. To the south, also, the water is not con
fined. It may flow to the sea, and, unless the fric
tion of' flow is so great as to give rip-e to pressure, 
the ground water of the lone eo.uld not rensonahly 
he expecte(l to be under artcsian condit.ions. 

April, 1905. 
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Potem formation. 

Bagley andesite. 

Modin fOl'mation. 

Nosoni formation. 

McCloud limestone. 

Bragdon formation. 

GENERALIZED SECTION FOR THE REDDING QUADRANGLE. 

SCALE: 1 INCH=2000 FEET. 

Suooession of andesitic flows and tuffs. 

Black and gray shale, weathering whitish, thin-bedded, fine sandstone, and 
interbedded rhyolitic tnit'. . 

Bedded tuft's and lava flows, andesitic below, rhyolitic above, all more or less 
altered. Tllffa.eeOW! shale with minnte marine OrganisJllB in andes:ltie 
portion. 

CHARACTER OF TOPOGRAPHY. 

Prominent ridges in sandstone portion, valleys In shaly portion. 

Bugged mountains. 

Ridges and hillil. 

Hills, Yalleys, and low monntaln9, 

Prominent peaks and mountains. 

M::k: gray-limestone with cherty nodnlell~ extensively intruded by diodtic Prominent ridges and SpW'8. 

Chiefly black sh.a.le, often cherty, with some thin· bedded sandstone eontatn
ing iossiliferouslimestone lentils. 

Andesite and rhyolite flows with some tuffs; andesite altered and greeD in 
oolor~ rhyolite gray, but stained by iron on surface. 

Low ridges with limestone 1edge6. 

Prominent ridges and plWns. 

J. S. DILLER, 

Geologist. 
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Name of folio. 

Livingston. 
Ringgold. 
Placerville. 
Kingston. 
Sacramento 

Sewanee. 
Ar:thracite-Crested Butte 

PUBLISHED GEOLOGIC FOLIOS 
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State. 

I Gents. 

~:;r~~~Tennessee ...... I. ~~ 
California 25 
Tennessee. 
California 
Tennessee. 
Colo:-ado . 
Tennessee. 
Colorado. 
Va.-Md.-W.Va. 
California 
Ky.-Va.-Tenn. 

i 
• ! 

~ r-_i Name of folio. 

Washington 
Spanish Peaks 
Charleston .. 
Coos Bay 
Coalgate. 
Maynardville 
Austin 
Raleigh. 
Rome. 
Atoka. 
Norfolk. 

State. 
-~ 

Price.'i' !. 
-----

D. C.-Va.-Md .. 
Colorado. 
West Virginia 
Oregon. 
Indian Territory. 
Tennessee. 
Texas 
West Virginia. 
Georgia-Alabama. 
Indian Territory . 

110 I 

:: 1 

Harpers Ferry 
Jackson 
Estiliville 
Fredericksburg 
Staunton. 
Lassen Peak 
Knoxville 
Marysville. 
Smartsville 
Stevenson. 
Cleveland 

.... I Virginia-Maryland 

25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 

,0 
<1 
,2 
73 
<4 
?5 
,6 
n 
78 
,9 
80 
81 
82 
85 
84 
85 
86 
87 
88 
89 
90 
91 
92 
95 
94 
95 
96 
97 
98 

Chicago 
Masontown-Uniontown 
New York City 

. I Virginia-North Carolina 
lllinois-Indiana 
Pennsylvania 

'I New York-New Jersey 
Indiana. 
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25 
25 
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25 
25 
25 
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25 
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25 
50 
25 
50 
25 
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25 
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25 
25 
25 
25 
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25 
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25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

16 
1'l ! 

18 

~; I 
21 
22 
23 : 
24 ' 
25 
26 
2, . 
28 I 
29 
50 

~~ I' 

3D 
54 
55 
56 
U 
38 
39 
40 
41 
42 
45 
44 
45 
46 
4< 
48 

49
1 

50 
51 . 
52 

;~ I 
55 ' 
56 

Pikeville 
McMinnville. 
Nomini. 
Three Forks. 
Loudon. 
Pocahontas 
Morristown 
Piedmont 

Buckhannon 
Gadsden 
Pueblo 
Downieville 
Butte Special 
Truckee 
Wartburg. 
Sonora. 
Nueces. 
Bidwell Bar 
Tazewell. 
Boise. 
Richmond 
London. 
Tenmile District Special 
Roseburg 
Holyoke 
Big Trees 
Absaroka. 
Standingstone . 
Tacoma 
Fort Benton. 
Little Belt Mountains 

5? Telluride. 

~~ i ~~:~:~. 
60 La Plata. 

61 I Monterey 
62 Menominee Special. 
65 Mother Lode District 
64 Uvalde. 
65 Tintic Special. 

661 Colfax .. 
6? Danville 
68 Walsenburg 

II. 69· Huntington 

U~ 

I 

I 

I 

Virginia-West Virginia. 
California 
Tennessee-North Carolina . 
California 
California 
Ala.-Ga.-Tenn. 
Tennessee. 
"I:ennessee. 
Tennessee. 
Maryland- Virginia 
Montana, 
Tennessee ....... . 
Virginia-West Virginia 
Tennessee. 

Montana 
California 
TeTulessee. 
California 
Texas 
California 
Virgmia-West Virginia. 
Idaho 

Colorado. 
Oregon. 
Massachusetts7 Connecticut . 
California 

Washington 
Montana. 
Montana. 
Colorado 
Colorado 
Virginia-Tennessee 
Colorado 
Virginia~ West Virginia. 
Michigan. 
California 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Texas 
.• I Utah 

I Califcmia 
Illinois-Indiana 

I Colorado. 
West Virginia-Ohio. 

25 
25 
25 
50 
25 
25 

. • • •• 1· ~2i5-
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Ditney 
Oelrichs 
Ellensburg. 
Camp Clark~. 
Scotts Bluff. 
Port Orford 
Cranberry 
Hartville, 
Gaines 
Elkland-Tioga 
Brownsville-Connellsville 
Columbia. 
Olivet. 
Parker. 

I ": 

I 

South Dakota-Nebraska. 
Washington 
Nebraska 
Nebraska 
Oregon. 
North Carolina-Tennessee. 
Wyoming. 
Pennsylvania-New York. 
Pennsylvania 
Pennsylvania 
Tennessee. 
South Dakota . 
South Dakota 

~~~ I' 

Tishomingo 
Mitchell 
Alexandria. 
San Luis. 

. . . . . 1 
.... 

Tndian Territory. 
South Dakota . 
South Dakota . 

102 
105 
104 
105 
106 
107 
108 
109 
110 
111 
112 
115 
114 

~!~ 1 

117 
118 

:HI· 
122 
123 
124 
125 ! 

126 I 
12, I 
128 

Indiana. 
Nampa. 
Silver City . 
Pawka . 
Mount Stuart 
Newcastle 
Edgemont .. 
Cottonwood Falls. 
Latrobe 
Globe. 
Bisbee 
Huron 
De Smet. 
Kittanning . . 
Asheville. 
Casselton-Fargo 
Greeneville 
Fayetteville 
Silverton. 
Waynesburg .. 
Tahlequah. 
Elders Ridge 
Mount Mitchell 
Rura1 Valley 
Bradshaw Mountains. 
Sundance 
Aladdin 

129 Clifton 
150 I Rico 
151 : Needle Mountains 
152 I Muscogee 
155 Ebensburg .. 
154 Beaver. 
105 I Nepesta 
] 36 II St. Marys 
152' Dover 
158 Redding 

_L __ _ 

California 
Pennsylvania 
Idaho-Oregon 
Tdahe. . 
Indiana-Illinois 
Wasr.ington 
Wyoming-South-Dakota . 
South Dakota-Nebraska. 
Kansas. 

I Pennsylvania 
Arizona. 
Arizona. 
South Dakota. 
South Dakota. 
Pennsylvania 
North Carolina-Tennessee. 
North Dakota-Minnesota 
Tennessee-North Carolina. 
Arkansas-Missouri 
Colorado. 

I Pennsylvania 
Indian Territory-Arkansas. 
PE;nnsylvania 
North Carolina-Tennessee. 
Pennsylvania 
Arizona. 
Wyoming-South Dakota. 
Wyo.-S. Dak.-Mont. 
Arizona. 
Colorado 
Colorado 
Indian Territory 
Pennsylvania . 
Pennsylvania 
Colorado. 
M aryl and-Virginia 
Del.-Md.-N. J. 
Californi~ 

the above folios. as well as information concerning topographic maps and other publications of the Geological Survey. may be had 
D.C. 




