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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 to tlle observer evpry f'haracteristic feature of the I subsides the shore lines of the ocean are ('hat.~ed. 
of the Unit,ed States, which is hein~ issued in purts, COlltOHrR are continuous horizontal l1u(-'::;, tllf'y wind lanuscape. It should guide the traveler; serve As a result of the of dIe 8uriaee, marine sedi-
called folies. Eaeh folio 1m-Judes a topographie I mlOothl:{ about ::omooth snrfaces, Teecde into all the investor or owner who df'sirf's to ascertain the of the land, and 
map ami f!;l'ologic maps of It snwll arPfi of ('olIutl'Y, reentrant of ray.ine~, :lllU in pas:'<ing positioll uud lmrroundings of property; save the o('('upieJ. by such 
together with explanatory and deseripti\"e texts. about These of ('ontour engineer preliminary SUITe.vB in locating road13, rodes. 

THE 'l'OPOGHAplIlC ThBP. 
eurH'S nnd anglt'~ to forms of the landscape elIl be TUilwl1Ys, awl irrigation reservoirs and ditehes; 
traced in dIe map and sl.::el('h. provide edlH'Htionalmat.erin 1 for Bchool13 and homcs; 

3. Conto(Jrs ~h01V the approximate gTade of any alld be useful as a nw)> for local reference. 

Roeks exposed nt the sudll('e of the land arc acted 
air, water, i('e, animals, and jllants. They 

hrokf'n into and the more 
The feature" reprcsented on the slope. The altitudinal spl-we llPtm'eIl two ('ontoun'l 

arc oft.hree distinct kinds: (1) is tIle HflIlH', whether tiley lip a ditf ill' on It THE GEOLOmC MAPS. 
fa~e, called plateaus, vallp,Vs, hills, gentle slope; but to n on a gentle I 

and mountains; ealletl tdope one mUHt go on n stecp slope, and The maps repl'esenting thp geology show, by 
dIe: tiwrefore ('Oil tours are far apart on gentle slope" I eo]or", und eOllventionuI l:iig>Ils printed on the topo-

works man, called cltlfl/I'e, as i and neal' together on steep ow's. j gTllphie oase map, tIlE' distribution of rock masscs 
boundariC's, and ('itips. For a flat or g'cntly undulating; country It small' on the f'udilCe of the IBn(l, Hntl the stnlCture 

Rdi(f.-Sll are lllc:lf'ured from mean 1 contonr IHtf-'nal is usea; for a o;tpep or mountain- ' seetions show their under/:.'Tound rela.tions, as far us 
b,;it leyel. The ht'ights of many point" arc u('('u- ~ OliS (,Olll: try a large illt.f,rnll is Thc , known and in "ueh detaiIlls the )'Icale permits. 
l'lltcIy dcterrnitwd, and tllOse "hidl ure most smallef't interyal used on the atlas of the 

Kl~ns OF ROCK8. 
nrc gi VCll on th? map in figures. It is 

the plevation of all parts Rocks are of many kind'l~ On the geologic map 
the outline or form tllf'y l11'e (listinguished as igneous, sedimentary, ;tnd 

10 indicate thpil' grade or Btecp- tJlOsc Colorado, tile may he 2,)0 feet. : metalllorphie. mattcr. 
is done h;r lille,., f:'lwh of whi('h is tlrllwn For intermediate relief COlltour illtenals 01' 10, :l0, I 1'{Jc/:s.-Thesf' are roek':l whieh have I l'OcA"8.-In the rourse of time, and 

throu~h points of eguHI denition above Illf'an sea 25, ;')0, and 100 f('et are m1cd. . : and eGn.,olidated from It Rwte of fllsion. : by a variety of pl'o('essf's, rocks may become ,e:rently 
112\(·1, t.lH' ldtitwlinal interral reprel'ellted the: lire imlieatetl hy blue I Through rocks of all molten material Ij()1:i I dwnged in eompositioll lind in texture. 'Vhen 
"'p~LCe between liJ1(;,., llf:'lng tlw l:3ame I lines. a stream How" the E:'ntire ."f-'ur tlH~ line is from t.illlC to timf' f()l'ced upward in: the newly a('quired f'fwl'lwter;sties arc more pro-
eu('h wap. Thcse lin('s Hl'e ealled COJIfOUF8, thc : drawn unhroken, hnt if t.he ehannel is dry <l part. \ fisbures or ehannd" of' Yarion", .'lIHlpei::l aUtI size", nOl1Iwed dum the old Ollf:'" such TOeks are eatIed 
ullif(Jl'tll altitlldiuHl between eaeh two COI1- i of thp year the linn i" hroken or dotted. 'YlwI'e a II to or to the snrfa('e. l{.(wk., £i)l'Jllcd by: lIu:tuJJwrpl,lc. Tn tiJe of meiall~01'phjslIl_ 
tOUl'1:3 j" ealled the Illterval. Contours <Ilid I stl'C'Ulll Hiuk., and reappear" at tbe surhwe, the sup- the of' the molten mass within tllC'se I thc suh"tullees of a- rock iR eompol'led may 
clcvut;ons are prinkd ill hrmYlI. I pORed unuergronnd COlirsf' i" shown bya. hroh'n ~ dllltll1ell'1-tllat iH, hdow the l'1urf[\('e-----1Jl'e tulled I enkI' , into n~ew ('ombinationd, ('ert.ain "uh"tances 

The Illallnf:'l' ill wJlich conrOlll'." I blue lille. LakcR, marshps, and other hodi(,R of I ;ntnl.~i/'('. ,rl:wll thp ro('k a fi.%lll'c with 11l1Hy be lost, or 11ew substanee.'l may be uJdod. 
fOrill. a])(1 graJe i1:3 f:;!lUWll ill tilt' wuter are also shown ill blue, by appropriflte ('0I1- I paralld wallH mH::,l" is mllpd a: There is often a complete gradution from tIle pri-
HIld ("ol'rpsponding COlltOllr Illap (fif!,'. 1). I Vf'ntionHi I -W}l('ll filh~ a awl inegulnr cOllduit I mary to the lllctamorphie fbrm within a sillgle 
,----------------'1 works of man, sueh Hs.roflds, rail-! tJlC mflSS is tc-rnwd a ''''-hell dlt conduits for: rock mass. 8uch ('hangeR transform sandst.one into 

I roads, and tOWIlS, together with hOliUdlu'H-'s of town- : molten trawrse stl'<-l.tiiictl rocks tllCY often' qwutzitp, limestone into lllnr!)lc, and modify otlwr 
countit's, awl f;Lat.cd, Ill'(' printed in black. send ofr parullcl ht:'dding phtnes; , rod,-s in va1'ious 

oft.he UllitCil States (exduding the l'oek mHSSCR filling fi&mres are ealled I From tjme to in geolo/:,ric history igneous 
/ : Ahll'ika and islnnd Pllsst-'ssions) is nhollt :~,O~;;,OOO .~iIl8 or sheds when and Rodinlf'lltary roeks haye been deeply buriod 

I squal'e miles. ~\..lllap drHwn : lillis when oceup.Yinp; lurgt'r prot/uced by and later ha ve hef:'n l'<lised to tile sUl'fiwe. In this 

The I'lketeh 
hills. 

is from it:l top tmval'd the 
the map eaeh 1'f:'atul'C's i" imlieatf:'d, cliredJ y 
heneHth its po"itioll in the skokn, hy contours. 
The following explanation may make deal'er the 
mllllllPr in which ('on tour" tlplinoat.e elevation, 
form, Illld grnde: 

1. JL contour indieatcs a certain height ahove sea 
lew!. Tn tlliR illllRtrllt.ion tllC contou-l' intern]] is 

and lwlow tl!p hif!,'her contour. 
at.1i50 fef't fill'lsjllst below the 
\vhile that at :WO f~'pt Ii('s ubove 
fo1'o H 11 po:nis ou tIlt-' ierrll('e ure ~JlOWll to he Illore 
than };iO hut 1(',,1'4 tll!Ul ~OO ti.'et 11/)O\-e SP-ll. The 

hill iF st<ltcd to Ill' (iiO fef't 

being made lwadf'r. 
io; not to llumlJ0r all the ('olliours, and 
thvn the ae('entunting and Ilumberillg' df ('ertaln 
of' OY('J',Y lH'lh one-snJl1ce, for the 

I to the Rcale of 1 miln to the cover I the foree propelling tlw nwgmas llpwa1'il of pree:sltre, UlOVe-

o,020,000 square in('hcs of papPI', and to uecom- I roek inclosuJ'es molten lllatprial ('ool1:3 with their original structure 
modale the map the would Ilf'ed to mell"lHC II the reslllt that intl'U!"oin' rot"ln; Bre 
about 240 by 11-)0 fcf:'t. 0[' grollIllI tallinC'texture. 'Vllell the the S111'-

suriiH'e \\ould be repl'eRPnted a Kquare inch 0(' I fwe the molten mnteriul pOllJ'ed Ollt tln'ough tltem 
lIHlp f:iurtheE', and one lineal' 011 the t!,'l'onnd I is eaIled /([1)((, and la.vns ofteIl build up voleunie 
would lip rppJ'ce:entp(i a linear illch on thf' map. ',mountaills. Ip:neoHs rcwks thus formed upon the 
This relMioll hdwt'ell in nature all(l eOl'- I surface are eaIled ('.riJ'111:J1·1'« Lanls cool rapidly in 
reqwudillg' di8tanee on t.hf' Illap is e,llled tllP .w'ale : tIll' ail', awl a('quire It 01', more oihm, It par- ' lamina:' amJro'omate{Y 
oftlle III tllis case it i.-l "llllile to ~1Il inch." I tiaIly crystalline in their ouier parts,I'structure 

uw'y be pxprf-'s,.,rd also hy a fradio;l, : hut 'are more fully l!I:'ystalline in their inner poJ'- : I;Clt1'sfONily. 

of mi('a or 
with their 

thp numenlt01' if' a lengtll on the map 1 tion". The otHer parts of laYIt 110ws As It l'ule, the oldf'st ro('b Hre most altered 
Hnd tIl(: d(-mOllllnator t.lH-~ ('Ol'l'f'spoIHling ll·ngth ill J..:xplosi\ e at'iion and the younger fonnation8 hn\T escapoll llieta-

in the same ullit. Thul:3, 118 there ('1lU...,ing ~jt>dion.':l of dust., morphism, tlllt to this rule there are important 
are in('hps in a rnil6, the seale "1 mile to Thf:'se materialH, 'wlwn pxceptions. 

, un ineh" is pxprpsf'ed by consolidated, hrf'erias, Ulld rORi.\fATlO::"rS. 
Three s('"lil(*, arf' used on atlas sheetc; of the tufTl'l. Yoleallie f'jeeta may fall in of water i 

Oeologienl Rurwy; the smalle::;t is or may be carried 11;to lakes or seas amI f()rm: :For I1Japping rocks of all 
sf:'tiiulf'ntarv ro('kt'!. I the art:' di~~idC'd 

" I'ock.:!.-Thesc l'Oeks are II tiIiJl.~. A sedimentary formatioll contains 
ground to an inch on the nwp. OIl the of the or ol(ler rocko; wlti('h have it:" uppel' and lower limitH pidler ro('ks of uniform 

a squaro incJl of Inap Sllrtilce hrokf:'n lip and t.ile of 1\hieh haye heen : ('haraetf-'r or roek", morp, or lpbf:l lllliformly val'if'd in 
nhout square mile of eal'tl1 sUl'faee; on 8('ale ealTif-'d to a differeut. awl deposite(1. I chlu'adpl', as, for example, a. rapid altf'rnation of 

about 4 Hgnal't' miles; alld on the beale The ehif'i' agent of' tnm:"poriation of r()('k debris is Hhale and lilllel:itone. "Then tht:' from one 
16 miles. At the bott.om '. water in Illotion, in('luding rain. f"treaIllI'l, and tk~ kin(l of l'o('ks to another i8 f"OlneLiHlf'H 

Beale if' expn's;:;ed in three WlJ,Y.'l- : "\YHter of lake8 and of tiJt" sea. The matpl'ial" are lllf:'('I'f'H,U'Y to bnl cont.iguous fOl'Tnntlollc; hy 
line miles lwd : in part earried a" solid partiele", and the: an a11(l in some eHse" the di,'itiuetioll 

m'e t.hell l:3aiil to bp lllcehani(·Hl. 8uC'b I f:'ntil'd.v on tJw conif,ine(l f().'lsil':1. 
f:llHl(l, and ('lay, whidl arf'lHter eonsoli- : 

illto ('onglolllerute, sandl:3tonp, alld shall'. [11 \ either contuinillg tllC same kind of' igneous 
smaller portion the materlflls are earrit'd in solu- I rock 01' A 
tion, llUd the lJr() then enllf'd if : mdalll(Wpllie consist. of ro(·k 0[' t111i-
forhlCd with the of life, or ehplllieal ' f(mn dwraetCl' or of rocks hllving eOlUmOll 

without the aid of life. The more important roeks ehamdf'l'isti('s. 
of chemical and organic origin arc limel'ltone, eilert, I "~hPIl fi)l' s('iPlltiiie or economic rea SOIlS it is 

a dt-'gl'l'e~()f longitllde; eaoll gypsllm, salt, iron ore, pent, -lignite, i-md eoat. Any I dpsirablp to Bud Hl<lp onf' or wore 
contain" Olle .. fourth of It I ovo of t.he dC'posits may ho lbrllied, or : :::;f)('eilllly of It yaricd formation, 
on t.he seale eon- I t.he different mnt.er-ials IlW.V in I sudl parts fll'e ({/e,ltbw.~, or by some othel' 

degree. areas: many ways, produeing a great appropriate t€rm, as Icntil8. 
are about 4000,: ~\notber tranf'porting agellt is nil' .:iJER OF lWCKS. 

slJuarE'milE-l:i. ,wind; al1(l u third is i('e in motion, or 
The atlas shf:'dS, parts of one lllap : The lllost eharaetPriO'tie of the wilHl-horllc or eoliaIl dIe rocks 

of the t! nited Htates, politieul. houndary deposits is Ioef'O:, a [jlle-graillPtl earth; the most clwr- , Wf'rf:' blllaller 
lines, snch ad tllOl'le of Si<J.tes, eounties, amI town- ' acteristi(' of tlpposit)'l i" tin, H lwterof.!;('neolls tilllf' di'visions are called epoch.:!, and still smaller 
ships. '1'0 eneh sheet, nlld to the (pwdrnngle it. : mixture <llld pchhlf's \\·itll cl:-iy or suwL The age of ·a rock js expressed by 

the namc of Rome wf'll-known: ~e~imentarr rocks are llsually made np of b,Yf:'rs naming time inteITal ill whieh it \'"us fOl'llH,d, 
town or fl'atllrp within its limits, and at t.he I or bed:::; whi('h ean be e:lbih" H('paratpd. Tlw,'ie lan'l'h whell known~ 
sides ana comers of' end~ sheet the numf''' of atlja- : are called simla. Roek; depol:iited in layers' arc The I'ledilllentary fbrnwtiollt'! depmited during a 
cent shedd, if puhlished, are printed. I said to he dtratified. I period are grouped together into it The 

tbe topographie I TIle surface of tlle parth is not fixed, as it sep1llS I did::;ions of a systom are 

heights of may he as('ertaine(] by eounting : nwp are and'cultllre I to be; it vt:'l'y slowly 1'i"eb or sinks, with rcfcrell('{ll' 0[' iOl'matiolls less than a series is 
portray I to the sea, over -wide oxpanses; and as it rises or up 01' down from a !lumbered eontour. I of the quatlrangle represelltetl. 

f(COlltiuuedollthirdpageofoover.)' 



or st.ra.ta accumulate the I planes. Suitable conihination patternf'( are Ilsed i Strll-Ciure-8edion slied.-This I'lhcet exhibit" rile I 
that. are older, and the rela- for formatioIlt1 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 elifl\ shafts, and other natural awl 1tniIi-
1 

of 

On tile rif!;ht. of the sketch, fig. 2, tile scction is 
of sehis:s whidl JJJ'e trap:rsud by masses 
rock. Thc "ehist!:l are much contorted 

Thif< l'elatioll;:;hip hohlR , The p,ltt.erns of cuch arc printed in yariolll, <.'ial the relat,ion.'l of di.f1t>rcnt beds to one, 
of int.ense di"fUl-Lmucc; in such I colors. 'Vith the patt.ems of parallel hIltS, colon3 Illllothcr seen. Any cutting "which exllibiis i 
tlw hedB have been rcvcrsetl, and' are .used to indicate age, a parLiruhr color Ix·ing those is el111cd II ,~cdi(JlI, and t.he slime 

oft'('n diffiellit. to df'tcl'mine their relative agc'E : assigned- to eaeh The by which tt:'rm is applipd to a diagralll t.lfe rcla-I 
from their po:::;ition~~ then or the remains! formations a.re ronsiBL of two or more tions. The ,nrangelllent of ill emth is 
Ill1d imprints and indieate 'which I letters. If the age of a f()l'lnation iM known the, t.hc cartM:;; structn!'e, awl a. section exhibiting this i" b 

of two or mol'(' iR the oldest. I symhol includes the Rystem which is a .arrHl1 gement i:::; called it d//'ur:h()'e wdion. I Fig-. 4.-lLleal ~ediom of strat:t, ~h()wing (a) Normal faults 

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

imprints of plants and animall:l whieh, at the t.ime,' are cOl1lpoRed of smull letters. The names of the I nntural and lntitieiul cllttin.e;s, for his information inferred. Htnee t.lwt portiOll of the scct;on ilf'lin-
the strata, 'verc deposited, li\'(:,d in t,he sea or were I SY!:ltf'lllS and recognizt'd sprjpl:l, in (from, concerning the eart,h'l'l Mtrndnre. Knowing' the tiltCi'! whai is prohably truc hut iR not, knowll by 
\vaslwd from the land int,o hlkf's or seas, or were \IlCW t~) old), 'wit.h the eolor HlHl to I manner of formation of 1'0('k~, <lnd traced I obscrv!1iion or.well-founded inti:;rclll'C. 
hllried in '~llr1ieia.l (leposits on the land. 8uch, each system, are glYC'n in the pre(',c(ling out t,llc relation:::; HmOllg the bed:::; Oil the he ; The sedion ill :2 shows three sets of forlTla-
1'0('];;:13, tire ealled fosRilifcrous. :By studying fos:::;i[:::; i I:'UR,F~\(:E l"OJ01:-; on mfel' then' retltJ~-c aftpr they pass! tions, dil"t.,inf!,:ni;.:;llCd lmde1'gron1Ulrf-'bt~ons. 
it has heen found that the life of each pcriod of t,he I beIlc.Jth the SUltWl, ('lin dnm sedions i The of secn at tllf' left of the 
earth's hist.ory wal:l to a gJ'eat, extent different from: lElIs llm] valleys ana all other i'!llrihce forms ha.w i smlt.ing the st.ructure of the eartll to II ",,,,,idemble 
that of othcr Only t.hc simpler kinds of I been prodl\eed For examplf', dq)th. Sueh a sedion "hnt wOllld lw 

wlwn the oldest, fossiliferous most, the stJ'l'tlms in the side of a miles long awl 
ro('h; From time to time more I, t,hat flow them t,(-,l' fig. 1), tllP nllu vial Tilis ilhil:ltTUt~d in 
('olllplex dcwlope(l, and as the simple]' ones plains hordering llWTl.Y strcams Wf're built up hy 
lived on in modified furllls life became more yaried. : the strf'alTls; :-;ea cliff" arc made by' 'tIlt:' eroding 
But. tlm'ing f'ach there li\'ed peculia.r forms, I adion of wavps, and s:md .spits arc built up hy 
\vhi('h did not. in earlier timt"" and lu\\'e not wayes. form.., thui'l const.itute part, 
e~i:::;ted since; the.:;;e are (;hrll'('w[eridie and: of the of the 
tlley define the ngf' of Hny bed of ro('k whieh i 

are found. Other types pnl:l.sed Oil 
to period, ami thus linked tlU:' 

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

Fo~sil remains found in illul:lh~atioll; it Illay he (,lll'\'etl hom 
To this class helong ablll1dolled riYer 
ghi('ia I 'furrows, und 
of a stream t.errace an 
and afterwards 
iIlg of a marine or 
double hills being worn 
and being filled Hp 

.\11 p<Jrls of the hnd are 

i Oll('e eominllou:-;, but, thp ercstl:l of tite al'chps have 
lwen ,remored by degTuda.tion. The bedf<, like 
tho:-;e 0(' the firi'!t ~<~t, are coni()l'l1whle. 

The horIzontal I:ltrata of [,hc rpst upon 
the "roded edge,.., t.he hpdi'l of thc 

,..,et at the left of the sprtioll. The O\Tllying 
~t·d.iotl at thE' frall; and a df'posits are, from their eyitlent,ly 

\ than the llud the 
The figure represents a landscape which is cut and degradat.ion strata must. have 

l"O(.k. off sharply in t.he fOre?;l'Ollnd Oil a vertien1 planc, I oet'lLTred hctw'een the uf t.he oltl(~r lwds 
I:lO al:l if) show the underground relat,ioIlI:l of the and the aC(~llllll1IHti()ll 'the younger. \\~hen 

roekB. The kindl:l of roek are indieated by appTo- youngf-'r rO('kl" tIl1l!,; rest upon an prodcd I:;llrh,ee 
, priate symbols of liIle~, dots, Hnd dm~hl':::;. These I of older rocks the relation lwtWf'f-'Il til(' two L'> 
l:lytllLol~ admit of much variutioIl, but the following; I an 

a ure generally used in "sections t.o represcut the I il:l all 
commOller kindl:; of rock: ' The 

I sehil:lts and igneow~ rock:::;. A,t some of t,lt~ir 

lllH:::;S 01' ii'! df-'posited upon it.. adioll of .ail', waler, Hnd iee, which W('Hr ~111 ::::~~~:C(\he 8(:~~;~::~,:~e :ri::':::I:~h:Ob ~:'~ ':!~~ 
8imilarly, t.he time at whieh metall,orphie rocks I them down, awl i'!trp,lHH tIte \\HRle material 

,vpre formed from the original ma!,;Sf'H is SOlll('tlllles to the :::;ea. As tliP Pl'O('P:-;8 on the flow 
Shaly liH'~~(<llJ~~ I 

the strata u{' t.he H~t()lld set.. 
shown hy t.heil' relations to ndja(,f'uL 1.(ll'lnatiOl.lH of' 'water to t.he ~wa, it, ('an not eanipd belo'w!:ll'-ll Tltu:l it is i~vidcnt a COllsidpl·ablc interval 

'of known age; but thc ugc record~d on the lllap is levpl, awl the sva is therefuI>~·('nllpd the ba."i('-/evd 
tlw.t of the original masses and not of their meta-I of e.,l'OSinn. \Vlwn H large trad i:::; for a 10Jlh.~ tiIlle 

lmdisturhed by uplift or :::;l1bsidel1ce it, is (legra,(ltd 
twd paft.crn,~.-Endl format,ion 1,., shown ,n~nr1.v to base-lcycl, and the eWll 'Ruriiwe thus 

on the lIlap by' a distinctiw combination of eolor II produced is ("dIed u. penrplu-in. If tltf' tract, il:l 
fl.nd and is labeled by n spec-ial letter nft.er",·anls uplifted the peneplain at. tlw t.op is a ,I 

clap8e(1 bet.wpell the fOmHlt.':'on of the seliists and 
! the hl'ginning of deposition of tIw.st.raw of the 

w'('o11(1 During t.his int.cnul the i'K:hists su£:o 

('ak"reou~ .andst,ones 'fel"(~d IIll'tll11l0rphism; thE'Y were t.he scene of ernp-

A Brownish-red. 

record of the former relation of the t.ract to I:lea lewl. 

fil,,"sil'ean,lbelidedignoou"rocb. 

ti"e' aethit.y; 11l1d thpy wpre (1pcplyeroded. The 
I eontnd between the 8('('011(1 nud thinl sets is another 

om'ootonmt',-, it lIwl'ks a time inr,crYal het\veen 
ff)nnntion. 

Pig. 3.-Sylllbol~ n~cd in ~e('tioIl~ t.o r(,pl'e~ellt, diITerent, killd~ I 
of ruckR, 

the 
a.nd The plat~an in fig. 2 pl'csents toward the lowcr ! the 

its letter symhol t.he reader shonltl that. lnnd an es('arpmpnt, or front, which is made up seet.ioTl 
('0101', pattern, al~d symhol in .t1u; If'gen<l, wht. re he of sawlstone.s, forming the cliff's, all(l sha.les, ('Oll~ti-I gronnd along l".eciiou line,. nnd the from 
will find the mone and uelowl'iptioll of tll(, fiw- tnting the aR shown at, the ('xt,r,emc- If'ft. of the surface of any mim"ral-produeing or wnLel"-

If it is to find flUY fOTmn- I the sf'etion. hrond belt of lower la,nd is tray- I b~aring stratum which <:lppear,-l in t.he f.\pe1-ion may 
t.ion, itl:l name in the and I ersed hy se\-eral ridges, which nre I:lC'Cll in thf' see- be measured the s('~de of' t.JlC lilap. • 
its color nna p:lttern noted, t.he an;fis on the tion to cOl'rf'spontl to th~ t.ll'd of I:lHnd- sllcet ('ontains a 
map corresponding ill color and ,pattern may he stone t.hat risps to t.lw f<urfiICe. upt.urned 
traced ouL. of this bed fOl·lll tlw ridgf's, and tIle llltenl'''''''''''' 

Tlw legeml il:; also a pflrtial !:ltatement of t.lw I vlllkys follow the outcropl:l of limel:lt.one and 
gC'olo~ie history. In i.t tlw formatioBR are arranged rcous shalc. 
in columnar form, grouped jll"illlnrily , "\-\'here the edges of the strata llppenr at. the 
orig~n-se(lilllelltary, igneolls, and I:lnrface their tllickness Clln be HlcasUYed :ltld the 
of unknown ori~in-and wit,hin eaeh group at which they dip below t.he surfilCe can be diagram. 
are placed in the O1"der of agc, so lill' as k1l0wn, Thu!'! thcir underg:round can The thieknesse,,, of formations ure giVt:'1l in figures 

at the top. that t.he int,ersection of which ,"ltale the lellst. and lneaSllrcm-ents, 
1flap.-This nwp It bed "'ith a horizontal plane will t.nkc is called I and the t.hid,:,nel:ls each is" shown in the 

lllinnn.ls and showing thc idr£h:. The inelinaLion of the bed to ihe h01"i- ,('olnmll, i:,,; drawll to it :,,;eale--usually 1000 
tllCir relations t.o the topographic featurps ,mel to zontal plane, measured a.t. right angles to the strike, ' feet to 1 indt. Thf' ortler of acelllllulation of tbe 
the formations. The formation,., whieh is called t.he dip. sediment;;; i,y shown ill the columnar HT~'angelllent-
appeJlr on areal geology nmp an, UI:lually ,,,l1owI1 8t.mta m'C frequently cllrH,d ill troughs and I the oldest formation lit tlw bOt.t'(JIll, the youngest at 
on this map by f'aintpr ('olor The areal ar(,hes, such a.'l nre sl:-'pn in fig. 2. Tlw an·heR arc, t,he top. 

Patterns composed of parallel st.raight, lineR arc geology, thus printed, a subdue(l hack- ("'aHed ({nt':dinl::.~ nntl the t.roughs ,~yllulhu:s. Rut: The intenals of t.ime which io events 
used t.o represent. sedinwntary formations deposited ground upon whieh t.he areas of produdb·e forma- the. sandst.onel:l, shhlef<, and lim~s[.olle:::; wpre of uplift and Hnd intenup-
in the sea or in lakes .. Patterns of dot.s and cirelps tions may he emphal'lized by strollg colors. A mine ited benGlth the sea in nearly flat. shp('ts; tlwt iwlientf-'d graphically a.nd by 
reprcsent alluvial, and eolillll formations. symbol is print-ell at eaeh mine or qUHn'.Y, accom- a.re now bent and foltled i'l proof thai forces hayc 
Pa.tterns of triangles and are usell for igne-I panied by the name of the prineipal mineral irom time to t.ime eaui;!cd t.he earth's Burfaee to I 

ous format.ions. )'Ietalllorphie rocks ot~ unknown miu:d or stone q.u'~ITie~. Fo~ regions where t.h.ere wrinkle along ccrtain zoneM. In the stl'lltH i 

origin nn, short dashes Hregularly , are Important nllllmg mdlli'ltrleM or where miCSlall are hroken a(~ross and the parts slipped paf4

1 placed; if rock is the dHs]ws may bc I hasins e~i~t sp(;eial Jm~,ps. ,H·e prepared, t.o show ~a('h other. ~ueh breflks are termed faulLH. Two 
armngcd in wavy lines parallel to the structure these adthtlOnal eeonomle features. kinds of faults are shown in jig: 4. Revised January, 1004. 

CHARLES D, WALCOTT, 

lIirectol'. 



DESORIPTION 

INTRODUCTION. 

LOCATION i\XD PRINCIPAL TO\VNS. 

The Penobscot Ray quadrangle lies between 
mel~dians Gsa 30' and 69° west longitudo and par­
allo]s 44° and 44° 30' north latitude. It includes 
one-fourth of a square degree of the earth's surface, 
and contains 857 square miles. The quadrangle 
embraces nearly the whole of Penobscot Bay, about 
one-half its area being water. It lies about mid­
'way between the eastern and western boundaries 
of Maine, and include.."l parts of Knox, 'Valdo, and 
Hancock conn ties. Of the land, about two-thirds 
belongs to the mainland and the remainder to 
islands, which are extremely numerOllS and of 
varions sizes, the largest being North Haven, 
Vinalhaven, Deer Isle, Isle au I-Iaut, and Isles­
horo. Belfa.st, the largest town, with a population 
of about [)OOO, is the county seat of 'Yaldo County 
and the terminus of the Belfast branch of the 
Maine Central Hailroad. Stockton Springs and 
Searsport, the only other railroad towns, are the 
southern termini of the Bnngor and A_roostook 
Railroad. The Penobscot Bay region, because of 
-it;; great beaut,v, its cool_summer climate, and its 
many bays and inlets, which afford safe harbors 
and protected sailing, has come to be one of the 
most popular summer-I'e.90rt regions in America. 
III the touring season most of the business and 
resort towns are easily reached by steamer from 
Boston, Portland, or Rockland. Castine receives, 
perhaps, the largest number of summer visitors, 
but Dark Harbor (Islesboro), North Haven, Blue­
hill, and mallY smaller places are popular resorts. 

GENERAL GEOGRAPHY AND GEOLOGY OF THE 

PHOVINCE. 

The State of Maine belongs to a geographic and 
geologic province which includes the most of New 
England, together with Noya Scotia, Ne'\" Bruns­
wick, and the Eastern Townships of' Quebec. 
Topographically the prodnce is characterized 
by considerahle di \Tersity of forms, but for the 
most part it is an upland or plateau region, bor­
dered on the one side by the great Atlantic Ocean 
depression and on the other by the grent Canadian 
hi/l:hland region. The higher portions of this 
upland country are deeply incised uy the rivers 
and streams, so that they -flo-w-in deep valleys or 
canyolls. Rising above the highest parts of the 
New England plateau are the White l\fountains, 
the range of lower peaks in western ltIainf', and 
Mount Katahdin. 

As a geologic province tilC region is character­
ized by the presence of great intrusive masses of 
granitic rocks of Paleozoic age. The metamorphic 
character of the slate, quartzite, marble, and schi'lt 
in this province is due hoth to pre-Silurian dynamic 
action and to later igueous flCti vity, so that the 
younger Paleozoic rocks may be highly metamor­
phoAed, as well as the older formations. This con­
tact metamorpllism different.iates the pro\'ince from 
the greater part. of the Green ]\fountains, in whieh 
the later intrusives a.re not prominent except, in the 
extreme southwestern portion of the range. The 
Green Mountains thus form a border zone between 
this region and the main Appalaehian province. 
Af3 in the Green Mount.ains, the rocks of the New 
England province exhibit a general parallelism in 
the t.rend of the main structural features. 

It has been supposed that the highly metanlOr­
phic and nonfossiliferous rocks of the southern and 
northwestern parts of Maine are pre-Cambrian in 
age. The uetaileu geologic work within the Penob­
scot llay quadrangle and the adjacellt Rockland 
area supports the view that the metamorphosed sed­
iments are of' Cambrian or Cambro-Ordovician 
rather than of pre-Cambrian age. Reconnaissance 
work seems to extend this determination over large 
areas in the southern and '''lesterll parts of the State. 
The assignment by the Canadian geologists of a 
Cambrian and Cambro-Ordovician age t.o meht:~lor-
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phosed sedimentary rocks neal' the Quebec-Maine 
boundary, as well as to metamorphic rocks in New 
Brunswick, further confirms this age determination. 

Associated with the schists and slates, both on 
the l\faine coast and in the northern part of the 
State, arc fossiliferous sediments of Silurian and 
Devonian age, whose unmetanlClrphosed character 
shows that the principal epoch of folding oecuned 
before their deposition and probably closed the 
Ordovician. '1'0 this date, therefore, is assigned the 
dynamic metamorphism which has affected all the 
pre-t"3ilurian rocks and produced structures which 
differentiate them from the later format.ions. In 
the coastal region of' Maine granitic intrusion on 
a large scale has resulted in some contact metamor­
phism of Silurian rocks, but thitl is rf',.adily distin­
guished from the dynamic met.amorphism of cnrlier 
date. 

The igneons activity which especially character­
izes this province began with the volcanism of 
Cambrian time, volc~\.llic rocks probably of this age 
being known both on t.he Maine coast and in east­
ern Massachusetts. In the Silurian the volcanic 
activity again prevailed and was followed probably 
in Devonian time by the intrusion of granitic rocks 
already referred to. It is this abundance of vol­
canic and plutonic rocks of Paleozoic age that char­
acterizes both the area here described in detail and 
tIle ,,,hole province. It is noteworthy that these 
granites do not form a part of' an Archean protaxis, 
as formerly held, but represent relatively late 
intrusions. 

TOPOGRAPHY 

The most striking featmes of the topography of 
thiA quadrangle are the large number of islands and 
the exceedingly irregular form of the coast line, 
features that are chamcteristic to a greater or less 
degree of the whole Maine coast. This irregularity 
can not be aecounted for by the eroding action of 
the ocean, for it 18- as marked in the protected coves 
and estuaries as in the parts '",hich are exposed to 
the full violence of tlie storm waves. A glance at 
the topographic map sh(n.vs the presence of certain 
long, narrow channelA which are largely free from 
islands. The most conspicuou~ of' these is followed 
by the eaAtern boundary line of , Val do County; 
others are Bluehill Bay and Eggemoggin Heach. 
The Coast and Geodetic Survey chart of' the same 
region, on which the depths of' water are recorded, 
sho'Ns that these are deep-water channels and are 
therefore tjle principal paths of navigation. 

The largest channel, the one passing on t.he east 
side of Islesboro, is a direct continnation of the 
present Penobscot River valley. This relat.ion sug­
gests an explanation of the irregular coast line, 
namely, that a subsidence of the coast haA trans­
formed the lower portions of the old river valleys 
"into deep marine elumnels and the AmalIeI' valleys 
into tidal estuaries, thus changing a hilly land sur­
face into an ar0hipe1ago of small islands. A shore 
liue showing these clull'acteristics is termed a 
"drowned" coast. It is evident, however, that to 
produce the degree of coastal irreguiarity here 
observed the original contour of the land must 
also h3\'e been irregular. Its surface features were 
much like those found to-day on the lands border­
ing the coast. Thus, for example, if the portion 
of the mainland between Belfast Bay and Duektmp 
Harbor were sLllnnerged to a depth of 200 or 2.50 
feet, the result would be a similar archipelago of 
small, irregular, and diversified islands. This 
topography of the preAent land areas' and of tJlC 
land now submerged is the result in part of the 
normal processes of stream erosion, and in part of 
the eroding and depositing action of the glaciers 
which coyered this region in Pleistocene time. 

The region is characterized by a great variety of 
rocks distributed in a very irregular manner. Even 
within a single formation there are great variations 
in the texture and composition of the rock, differ­
ences which in some places are original and in others 

are produced in the processes of metamorphism. 
Weathering and strPllm erosion acting on these rocks 
before the advent of the glaciers sculptured them 
into a succession of hills of greatly var.ying size and 
slope and irregular form. There is a complete 
absence of plateaus, monadnocks, or any other fea­
tures indfcati '{e of cycles of erosion. 

The eroding and depositing action of the glaciers 
reduced to some extent the irregularities of the hills 
by planing off the more jagged prominences and 
filling some of' the depressions, but the resulting 
contours were still very irregular. 

The majority of the hills do not rise more than 200 
to 300 feet above sea level. Higher eleyations a.re 
usually called" mountains," though many of' them 
arc only 400 or 500 feet high, and the name is to 
some extent justified by the abruptness with which 
many of'them lise from the shore and by a certain 
magnification due to the prevalent ha.ziness of the 
atmosphere. The highest hill of' the region is Blue 
Hill, near Bluehill village, which rises to an eleva­
tion of' 940 feet. 

The present dminage of' the region is most 
irregular, partly as a result of the preglacial irregu­
larities in the form and distribution of the hills and 
partly as un effect of the blocking of the preglacial 
stream courses by deposits of glacia I drift. Most of 
the streams are brooks only a few miles in length, 
and their {'ourse-s are in many places irregular and 
obstructed by ponds or marshes. ",Yater power is 
available along some of them, but its importance is 
not great. All the so-called "rivers" of' the quad­
rangle are in reality tidal estuaries. Bagaduce 
River, one of the largest e-stuaries, is remarkable for 
the northwestward trend of its upper portion as con­
tr~sted with the southwestward course of the lower 
portion. Through the portion called the Narrows 
the tide runs with a force capable of generating a 
large amount of power if means can be devised for 
its conversion. A similar water power is available 
near Bluehill Falls, at the outlet of Salt Pond. 

DESClUPTIVE GEOLOGY. 

H'l'RA'l'IGHAPHY. 

INTRODUCTORY STATEMENT. 

The geological description of the Penobscot Bay 
quadrangle embraces a study of un metamorphosed 
and metamorphosed representatives of both sedi~ 
mentary and ignec)Us rocks. The unrnetamorphosed 
sediments have a very small areal distribution and 
include only the Hilurian rocks of North Haven. 
and Stimpson Island. Because of their fossiliferous 
charader, however, these roc.,ks furnish the basis of 
approximatc age determinations for most of the 
other formations of the region and thus assume an 
importance out of' all proportion to their areal 
extent. The class of unmetamorphosed igneous 
rocks includes only the gmnites and associated dio­
rite, diabase, and gabbro, and a f'ew dike rocks. 
These rocks are intrusive into all the other rocks of 
the region and thus present no difficult strati­
graphic problems. The main geological problems 
center about the metamorphosed sedimentary and 
extrusi ve volcanic rocks, and their solution presents 
many difficulties and in yol ves not only detailed and 
stratigraphic work in the field but also extensive 
microscopic studies. 

The Ellsworth schist is the oldest formation in 
the region. It is of' sedimentary origin and is pre­
sumably Cambrian or older in nge. The sediments 
next younger are the Islesboro slate and the over­
lying Coombs limestone, with which the extrusive 
volcanics of' the Castine formation and the North 
Ha~'en greenstone are about contemporaneous. 
Next above the Coombs limestone comes the Battie 
qnartzite, followed by the Penobscot slate. All the 
above-mentioned rocks are probably of Cambrian 
age and have been affected by dynamic metamor­
phism, being thus sha.rply differentiated from the 
lat.er formations, a distinction indicative of' a time 
interval of importance. The unmetamorphosed 

Silurian sediments lie unconformably upon the 
eroded surface of the North Haven greenstone, and 
are followed in apparent conformity by the Thoro­
fare andesite, ,,,hich in turn grades upward into the 
Vinalhaven rhyolite. All these rocks, from the 
oldest to the youngest, are cut by granite of prob­
able Devonian age, with associated diorite, diabase, 
and gabbro. 

SEDIMENTARY ROCKH. 

Df'jinition.-The Ellsworth schist is compoRed 
of highly metamorphic argillaeeolls sedimentary 
rocks, prevailingly greenish gray in color and 
locnlly much injected with quart7,. They nrc 
named from the city of Ellsworth, just heycmd 
the northeast corner of the quadrangle, near whieh 
locality occur abundant exposures typical of' the 
formation: 

Dulriontion.-From the village of Surry, in the 
northeast corner of' the qrmdrangle, the schists 
extend toward the west and southwest for 2 or g 
miles, until the Toddy Pond granite area is 
reaehed. The largest continuous area within the 
quadrangle has a width of about 2 miles, west of 
Toddy Pond, and from that locality extends south­
ward to Bluehill, where its width increases to 
nearly 4 miles. The same belt continues alortg 
Bluehill Neck, widening southward until it OCljU­

pies the whole width of the Brooklin peninsula. 
It is cut off by t.he granit.e just north of' the village 
of Brooklin, but on the south side of Eggemoggin 
Reach, on Deer Isle, what appears to be a contin­
uation of the schist belt is represented by two small 
schist areas, one on each side of' the serpentine stock. 
:Farther east the s(~ist reappears on the northern 
part of' Long Island and in small isolated areas 
along its western and southwestern shores. Sevm'lll 
small masses occur within the grdnite area east and 
southp.--Il·st of North Brooksville. 

Str'1.wtl1ral relalioTl,s.-The rocks of this formation 
are. nearly everywhere highly schistose and show 
but slight lithologic variations in different parts of 
the region. They have suffered much more intense 
crumpling and shearing through regional metamor­
phism than any other rocks of the quadrangle. 
Distinct indications of bedding in the sehist are 
wholly wanting within this quadrangle, but are 
found at one locality a few miles to the east. 
The general strike of the schistosity is rather 
constant, and trends north of east, N. [)[)0-600 E. 
being about the average. In some loealities the 
strike varies from due east and west to almost 
north and south, and eyen ,,,ithin a few feet 
swings through wide angles. The dips vary 
from low angles to 00°, but may hold the same 
general direct jon over wide areas. In the south­
erD portion of the main belt, on Long Island, and 
about Surry the dips a-re generally less than 30°, 
and in some areas the schist is horizont.al. The 
flat-lying character, of t.he schist f'or considerable 
distances between Surry and Ellsworth is a note­
worthy feature. 

Lithology.-Typical exposures of the scllists are 
very numerous in the vicinity of' llluehill, espe­
cially along the shore and on the summit and 
western flanks of' the 940-foot hill from whien 
this village takes its name. The rock is very fine 
grained, dark purple to dark greenish gray in 
color, and finely foliated. Fresh surfaces show 
alternate light and dark bands, the darker bands 
being rich in micaceous minerals and the lighter 
bands being composed largely of' quartz. On the 
weathered surfaces the more quartzose bands st.and 
out in relief and serve to emphasize the foliation. 
Along the shore on the point just east of Bluehill 
village, where the schists are well exposed, they 
are dark, fine grained, and much crumpled, and 
contain large amounts of quartz in lenses, veins, 
and stringers. On Blue Hill anti northwestward 
for several miles quartz is. abundant but is distrib­
uted in masses so small as to give the rock the 
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appearance' of all augen-gneiss. ,lust southeast I searcity of exposures, this relation was ohsencd at I shaly or gnal'tzitic. It ocellI'S for the most le]atiom; of these rocks are hc~t RhoWll lle:n the 
of North Bluehill, near t.he granite border, many only Olle locality. in long, na1'1'O\V bands trending somewhat of I pomt at the llOItJH'rIl eutr,uHe to PaTh,l' Oo\e, on 
of these "augen" are 1 ~ inehE's aCI'OSR, and some g I Tilt, s('hisls are m,~oeiatpd with the CaRLine I north. The most {'ontinnOllS of these cxttnds the ensiE"rtl Blde of NOlth Islesboro Here the 
iuehef:l; they an~ ill general sOlllewhat elongate pal'- YOleUllics in a variety of ways. Along the contaet : nel'OSS South Islesboro from Hewes roint to the I Coombs limestone, which is \vell exposed along 
allcl to thc foliation. To the north of ~ orth Blue- nf'-<.1r Scdgwiek and Oll the north end of Deer Tsle I yi Ilage of nark Harbor and reaches the 'western the shore, seems to be overlain by thick and rel­
hill tho "augen" disappear and the sehist is much I the voleanies, prObahly. flows a.m] breeeias, seem to shore ncar Ames Cove; for much of this distance II ativcly little., disturbed bcdR of Batt.ie qU}lrtzit.,t', 
fiuer grained, but quartz veius and Rtringers arc rest upon the schists, though the relations nre not along the shore. North of Dark Harbor which form a hroad Rynrline piif'hing at nn anglc 
ahuwltmt and in pInces are ;-{ to G incheR wide. vcry dearly shown. On the (*8t shore of llen- thi:::; width of [lOO to 800 feet, but ill many 1 of about I)()~ down to water 011 the southem;t. 
III the region west of Toddy Pond and neal' the I jamin Uin'r and on Herriman Point, a number of places it:::; width is less than 100 feet. tloutheaf'!t of The exaet contaet is here obscured by glacial 
northern border of the quadrangle the schistosity light-colored dikes of' the volcanics cut the Elh;-I' this belt and nearly parallel t.o it are two others, I' deposits, but it, is well just. to the north, 
becomeR less well defined and the weathering of the I'worth schist. On the north end of Deer 18le the and small limestone areas occur on the shore near on the east :::;ide of Point. At the latter 
rocks to a msty 01' metallic-looking smfaee denotes Castine volcanies lie just to the 'west of the schist, , PendletOll Poillt. On the western side of Islesboro 1 locality a helt of' fairly pure limestone about 80 
a great incl'C'asc in the .iron content. Locally sul- I and the rock cOlllposing eerta-in dikes ('utting the i a belt of lilllCst.one that varies grently in width feet wide, nppearing to oecupy the crcst of an 
phitles of iron, lead, and copper are so ahundant schist is seen under the microscope t.o be porphyritic' cxtends with Rlight interruption from the west eastward-pitching anticline, grades both to the 
thnt shafts have been sunk in the hope of profitable rhyolite. Similar dikes ofporphyrit.ie rhyoliteoccllr ,shore of Broad Cove to Crow Cove. Two narrow, I south :lnd to the north through shaly and qutlrtz­
development. , On L.ong Island, whe.re ex.ecll.ent I., on Long IRlaud, and Rome of' them inclose schist! Ilearly parallel beltf'! eross the point between scali' itic limestone into Battle quartzite, as is shmvn on 
exposmef'. occur along the shore, the greenish-gray fi'agment". All these dikes show schisto,':1ity, which Harbor and Sprague Coye. All of the limestone the map. On the '.vest this belt of Coombs lime­
schists are more scrieitie and freer from quartz I is better defined in some than in others, but is I belts mentioned above, aR well as some of lesR stone is bonlered by slat.es, but the eXHct eontaet is 
veins than i:::; usual on the maillland. The schist nmd18re flS perfect. as the sciJistosity of the rock, extent, are bordered by slates. nowhere exposed. There is no reaRon to believe 
of Herriman roint is similar to t.hat of Long I that they invade. I' The Coombs limestone borders the Hattie quart,z- thnt the beds at either of the localities aboye 
IRland. That occurring on the north end of Deer' Theeont.act relations hetween the Ellsworth I'whist ite area north of Sprague Co\'e both 011 the cast described have heen overbrrned, and the present 
Isle is crumpled alld much Reamed with qllartz, and tlle serpentilJe of' Deer Isle are obscured, but; and on ale west, and borders al:::;o the quartzite sw'C'ession from slates below t.hrough CoombR lime-
and rcsembles the rock:::; to the northea::3t on ! the serpentine is pl'obably intrusive in the Cnstine I area extending northward fhllll the shore of Seal stonc to Battie quartzite aboye seems to be the 
the other of Eggemoggin Heach. volcanics and hence must be related in a similar' Harbor. On Coombs Point and the ncxt point to order in 'whieh they were deposit~d. These rela-

In the Mount Desert quadrangle, which lie8 just I ,vay to the much older Ellsworth schist. I the south, along the northeast shore of'lsl€.-'lboro, tions are ,'lhown ill seetioll B-B. 
east of the Penobscot Ray quadl'Hngle, dear evi- Age.-The Ellswortll schist is believed to be older' the limest.one oC'curs immedia.t.ely Wf'st of the Rattie Furt.her evidence confirmatory of this suecession 
denee of the Redimentary origin of the Ellsworth I t.han any of' the other rocks of the quadrangle, I quartzite. Hma.ll areas also oceur on Hutdlinson isfoulld Hbout thenortheru border of the limestone 
schist is presel'\'cd at a singlc locality on the eaf'!t although proof can be adduced only in the ~ I::3land, oift.heea8tern shorl' of Korth Tslesboro; on area \vhieh lies midway hetween Sabbathda.y Har-
shore of Skillillgs River. This evidence ('onsist:::; in 1 case of three formationR ment.ioned ahove.1 Seven Hundred Acre Island; and on the neigh- bar and Sprague Cove, where the st.rikeR and dips 
the alternation of argillcJeeolls beds with beds that' The schist is regarded HS con:::;iderably older than, boring Job, Hpruce, and 'Varren islands. The seem to indicate that the limestone overlies the 
arc quartzitie aJ](1 Illore massive. 'Vithin the theCHstine fOl'mation, the Nort}l Haven greenstone, :1 srnnll island vetween .Joh and Lime islands is also slat~s. 
Penobscot Hay quadrangle the metalllorphi",m has! the Penobscot formation, and the- Isle",boro forma- , largely limestone. In certain 10l'fllities, OJ] superficitll eXfIlnination, 
everywlwre ohliteratetl all traees of bedding. tion because of the greater amount of' crumpling and 1 On the mainland, limestone hclonging to this the Coombs limestone seems to be allsent betwcen 

I shearing which it shows. Dikes of the Cast.ine , horizon OCCllI'S within the Rockland quadrangle on II t.he Rlates and the Rat-tie quartzite. This is the 
. B"llldeHd1,h1 'HlIIi~.r()seluPC Ells,\\,'ort,l,l ~{:hislt ft:om P1arke!' ,l'Oindt 'formation Wl1iell cut the sehist, appear much less Reaudw,m p Point noar Rockport, and at a. few CURe at the west~rn bonIer of the Sprah'llc Cove 
In tie I aruor s lUw~ as I ,~prIn~I(Ja Illllle!'a s quar z an I ., 
chlorite, The ~h{)ws eviuenee of l1lueh Imet.amorphosed thllll the schiRt. itsel±: \Vithin the other lo~~alities in this vicillity. It is extremcly area of RattiI.' quartzite, but. a more careful study 
rion in an Penobseot and the Islesboro formations distinct shaly and is not the limestone which is worked I of thc continuons section from sout.h t.o north 
:~c~'::~~~~I~I~~' ;:h~~:~~j::,{)W II 8mall irr('g~~~: tracf'"" of bedding' are observe(l at a number of I com~lereia.lly. along t.lle shOTe Hhows the following Succf'ssion: 
plates aggregated lIIost abundant,ly along (~ertain thin sub- loealities, .Whereas in. the E1l8\vorth the,,- hnve s. trUl.;Jllre.- '1. 'he rocks of t.h. e TSlesbo.{O for.mation ;. ' wi II h'cll th "al 'f th h·'t ~ , ~ I Bedum along northwestern shore of Islesb()ro. 
~~':~ct:r:,I,ye~Hu::\o~'iteai~ ltliI~U~:I~l~~'~~s :;~::{:~ia~e~ ~~it~ ~h: been obliterated cxcept at the single locnlity already are everywhere much folded. The general form Feet, 

as is alHo mentioned. and trend of some of the larger folds are shown on, South, youngest, 

i~h in refleeted which IIIay be tlince the Isleshoro, Castine, and Penobscot, the map by the long, narrow belts of Coombs lime- L Typical massive Battie quartzite, 

among the gT~~~/~;s:ri,~~!~:;(:~ format.ions and the North Ha\Ten greenRtone are 'I stone, whi~h is synclinally infolded with t.he slates. 2, G~~~~~~t~~~~b~~c~t:;~::!h:::~::{;~~ ~\:l~lnfr:~ 
a point liear the t,rranite bur- regarded as prohably Camhrian or Cambro-, Huperimposed upon the major folds are a great tured, and an UIl{lcr q. iIl{'hes ill diamet.er __ 

I 
Ordovician in age, t,he older Ellsworth schiHt is I number of' minor folds, in many places dosel)' 3, Buff lIJa.SRh-e qllart.zitc -- 2-3 

• 4, Even·t.ext-ured gray {lnartz{)~e Jiwe~tone, effer 
shol·e of Long THland RhoW8 pref'Hll1lahly early Camhrian 01" pre-Cambrinn. eompresscd nnd of nearly parallel treud, the result- vescing freely with dilute acid __ 7-8 

and gTe~n bio~it,e a.s its eSRent~al {~,onstitu- I:;lLRSBORO .J!'OlillATlON, ing distribut,lon of the rocks being too complicated ;o~~\:~~~~~s~~atI'H' greenish gray, hig-lily fis~ile, 
being Slllall'~~~:~)81:t!~:~~{~f~11:;~8~~~:r;:~~z~~~~~:~~~ , to - on a map of this seale. - The minor fold-

The schistosity is dlle to the preponderance of small i JJt,;/inition.-'1'he name Islesboro formation is iug shown particularly \vell along t.he shore fhHll I' The siliceous limestone (1:\0. 4 of' the section 
are llnwh less l'egUlarb!~~t~,!~i~~:~~:~ll~I:~ll'~~i~s~~~e;~;s~il~: applied to a series of f:lomewhat metamorphosed Turtle Head to l\-Iandmll Point and on tlle western, ahoYI.') resembles the quartzite dosely on the ii'f'shly 
imenfrOlll Pa.rker Point described above, )Inchgroon ehlo- I rocks, mainly of sedimentary origin, which occupy shore of tleyen Hundred Acre Island. The trend fractul'ed:::;urfaces, but reveals its caleareolls llature 

~~:':I~l:-:'pd:~;:~:~~'~h~;~~rg~~~rr~:c~:~;~s~~;~~~~:~:{~~t~:~jd~~~: ' th~ la~er, part 0;, Islesbo~·o_._~,U? the neig~borin~ ~~ ~he ~ajor fol(~s in d~e e~lltrn.l, part of t,he is1an~ i ~n the we:l.t~ered surf:l.C~s, \:hich a~'e finel)~ pitt~(l 
}1agnetitc is abnndant in t.he mieaepons layers. :Feldspar ill 1 sm,tller Islands. Ihe form,tt.lOn mdudes 1\\0 mem- \.1tles hom neatly n01th and south to dbout N. : and hro1lll1lsh yello" HI color. fhe rock m<ty 
praeticallyabsent. : hers-the slate, which forms the largel' part, flnd the 4[j° E., the t1Yerage hein/< ahout ~. 25"-:iW E., or easily he mi",takeu for pure quartzite. This narrow 
ext:;!~es::~~St;I~~~I~:~~~:)£2t~~l{~:a~;:~I;~e~~~~;~I~~~~':I:U~~; I ?verlying Coombs limeston.e. The slate member about the average tren:l of the folds throughout I cal(~fl.l·eous ban(~ seems to be t.he strat.igraphic equiv­
surface, MierOH{lOpie examination shows its es~ent.ial con- IS made np of slates, SChIsts, calcareolls shales, the Peuobscot Bay reglOn. ./\.t the north end of alent of the tlncker beds of shaly hmf'~'ltolle devel­
stitnenis to be qnartz, lllus{l{)\'itc, and hrown biotite, The impure quartzitf's, and small amounts of pyro- the iEtland, howeyer, the t.rend becomes more east- loped in other parts of' the islalld. This is not 
~I~:~\zS ~::;;~~I~;~/:):::\~~:;; ~~;~~;;~~:~i~he;l~~~~a~ha~lil~ ! elast.ics, but slate is hy far the most abundant rock. erly, as on the a(~jacent parts of' the mainland, and Iremarkahle when t~le known vllriable eharacter of 
the schi~t from Long bland, though t.here is some ('oneentJ'U- The name Coombs limestone is taken from Coombs in Home plaee:::; i:::; due east alltl west. the Coombs limestune is considered, a variahility 
~iOll along ~el'taill I1arr~)w and w~dely. ~epar.uted luycr.s, which Point on the nort.heastern shore of Islesboro. Besides the ill tense foldill<F the rocks ill many manifest even in the siliceous lime8tone hf're JIlell­
nnpart,s w the rock a feehle SChlolto~~~~ ~1;~eo;nt~I!~r~t,:~~~ , ~ear 'this point the limesLonG member iR well localities show a. well-devel~ped slaty cleavage tioned, \vhieh ,shows, at the locality of' the aboye 

. iH preselit. in slIlIill I exposed and its relations hot.h to the Hattie quartz- whieh in general is nearly parallel to the trend; section, a thickness of only 7 to 8 fef't, but which 
grain!', 'I ite nnd to the slate member aro well ~hown. of the folds. The cleavage planes are e\'t:~rywhere I appears one-half mile f~ll'ther sout.h along the shore 

Contact J'elat/:ons.-The Ellsworth schist is in Dl:stribntion.-The rocks of the Blate mcmber highly inclined and in many places intersect the: with a thicknef:ls of about 20 feet. At the eastern 
con tad with the gmuite and diorite, with sel'pen- 'I covel' about three-fourths of Islesboro ?nd the bedding planf'R, the two being locfllly almost at I border of this quartzite area. at t.he head of Sprague 
tine, and with the Castine 'i'olcanicR, all of which adjacent island:::;, awl outHide of' t.he Penobscot right angles. Cleavage is well developed on the Cove only the <]uartzite and the greenish Islesboro 
are distinctly younger. 'In general the sehist-, Bay quadrnngle are known to oeem only in one west shore of Isle8boro ahout. 1+ miles Hout.h of 'I slate outcrop, hut between these there is an interval 
granite contact is very sharp and the schist near it I RmaH nrea outcropping for a few hundred feet .Marshall Point, whcre it, cuts the bedding pla.nes of H:iO feet, which allows abundant spaee for t.he 
differs little in lllf'gascopic appearance from that along dIe eHst shore of Rockport Harbor. Degin- at variouR angles up to 40~. Tt. is also well shown- I intervening limcstone horizon, Following the east-
farther Close to the contact dikes of granit.e I ning at Turtle Head, at the north e11(l of IRleshol'o, at Turtle Head neck, where its st.rike is N. ,"50 0 E. I, ern horder of the quartzite northward 'we find t.he 
ill the are of' common OI'CUl'l'ence and may the slat.es extewl unillterruptedly southward to and its dip ahout vertical, 'while the bcdding phmes : qnartzose . limestone occurring between the slates 
ptl',111c1 or wt <teross the sclw;tOSlty The contact D,1l·k Harhor, \dll..'le then continUlty is broken by strike N. 5f)~ 'V. and (lip at ahont 25°. Hmalli a.nd the quartzite near t.he turn in tllC road one­
relations ale "ell sh(H\n S()utlledst of CloRbon Pomt, I a belt of Coombs limestone. South of tlllS belt quartz 'i'eins, few of them more than ,j.-rr inche..9 ' lullf mile norttl of l\Ieadow Pond. 
in Rluehill Harbor, and at the extreme north they reappear and extend in an interrupted man-l through, are of common occunence in the slate At the 'western bOl·der of the Rattie quartzite 
of the quarlmllgle three-fourths of a mile west ner to Pendleton Point. They occupy the whole member, though in some localities they may be area which extends nortlnvard from Hf'al Harbor 
Toddy Pond. At the latter locality dikes of gran- of Hog, Seal, aI}(l Flat islands, nearly all of tleven almost entirelyahsent. On the western Rhore the limestone horizon iH represellted by 12 feet of 
ite cut the sehists, some being parnllelto the folia- I Hundred Acre and 'Van-en isla.nds, and conslder- Seven Hundred A.ere Island these veins are llnmer- siliceous limestone exaetly Rillli.lar to that found at 
tiOIl and others breaking ael'OSR it; numerous angu- able p:lrts uf the islands t.o the south. Theil': ous and arc intensely crumpled; their general trend the border of the Sprngne CcH'e quartzite areH. 
lnr schist fragments have been caught up in t.he i sout.hernmoRt exposure is on Robinson H.,ock.1 is parallel to the h~dding planes, but tile llxes of This lies conformnbly between slates and typical 
intrusive granite. Two sehi:::;t ~pceirnens eollected The roeks mapped as the Calderwood formation the crumplings lie in the plane of the cleavage, quartzite. The f'xposures arc so good that, falllting, 
at distances of 1 foot and iW fect from the granite i, and also a small mas~ of sltaly and quartzose :::;edi-!'which in thi; case makes an angle of' about 1.5° if present, could not remain undetected. East of 
contact in the vicinity of Sedgwick differ little ments as an anticlinal arch benea.th the' with t.he bedding. t.he quartzite the limest.one is developed in mueh 
ii'om each other microscopically. Doth haye heen i Castine on the north side of Bradbury I Stratiyraphy.----.St.ratigraphieally tilC slates are greater thickness and purity and has been quarried 
'largely recrystallized and show the effects of tht, Tsland may belong to the Islesboro f()l'mation, but, known to underlie the Coombs limestone member, to some ext~nt. Limestone is ahm :f()Uwl hordcring 
granit.e intrusion in the ahundance of feld:::;par, in I condusive evidf'nee for this correlat,ion iR absent. but this conclusion is reached hy inference more this quart.zite tongue near its northern limit., but it. 
tllC devrlopmellt of irregular andalusite crystals, The Coombs limestone member is represented tllHIl by <lirect field ohsenntion, for at. none of the is neither of the siliceous yariet.y nor of the pme 
nnd in greater eoal'senf'SS of grnin than is usual in , deposits of fairly pnre limestone at three 10ral- , loc.alities where t.hese two members are in eon tact variety deYcloped at t.he old quarries, but is thin 
the normal Rchist. The contact. relations will be I wit,hill the Penobscot Ray quadrangle--at I are their mutual relations clearly shown. Field bedded and shaly. 'Ve haye here another striking 
further considered in thf' di::,;eussion of the granite. 1 Limekiln Landillg, on the nortllCast shore of observation shows, however, that the Battie quartzite example of the extreme variability of the limest.one 

Since the diorite is known t.o be praetically Islesboro; on the north shore of Seal Harbor; 1 lieR immediately above t.ll(' Coombs limestonp, 80 that. both in ehal'acter and in thickness. 
cont.emporaneous \vith the granite, it also might be 1 and on Lime Island, 1~ miles sonth\ycst of IsleS-I the slates which immediately adjoin the limestone on On the small island between .Toh and Lime 
regardcd as intrusive in the seIdst. Because of the boro. In the main, however, the limestone is its oppoHite Ride must lie below it. The structural islands, ns well flS on the soutllern pnrt of .rob 
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TslalHl, the limestone is interbedded 'with tlark-I Islan(l. At itF: south f'ud undoubted greenstones that a sandy limestone resulted; and ill a ff'w The occurrence of the Coombs limestone about 
gTeen layers ,vhich seem to h. C volcanic tuffs or I that appear to be tuffaceolls are interbedded with places, either because of' Rlightly deeper water, the b01'(1e1'8 of the Hprague Cove and Seal Harbor 
muds of' the North Hayen greenstone. 'Vithin some'\"hat qnal'tzitic slates. On the north end more mpid growth of lime-seeret,inp; areas of Battie qllarL7.i1e, between the quartzite and 
the slate lllf'mbel', also, as 'will he shown later, Lasell:::; Island there seems io be a gradual transition or unusual proteetion from land WliBh, the slates, has already been descrihed in the section 
much volcanic material of the same age and origin I from undouhted :::;edirnents to typical fragmental deposits of considerable purity were built up. on the Isleshoro formation. Thi,,, relation sho·w8 
oe~ur8. greenstones ·which show here m](l there some alter- Ag(,.-The age of the Islesboro formation is ten- thut the quartzite of these areas is infolded ·with 

The t.hieknesA of the slate member of the Isles-I nation of light and dark layers. Tn the southeastern tatively placed as Cambrian for reason8- Ret forth in the Islesboro scdiments. Field OhFlel'Vations on 
boro f()rJllation is ILnknown, the base being nowhere pnrt of Lasells Island orems another patch of rocks the scction on "Historical geology," p. 12. Cer- these arcas do not show whether this infolding is 
expm;ed. It is at least 300 to 400 feet and is prob-I whose distinct bedding indicates a FlediIIl~Iitary tain varieties of the North Haven grecnstonc are I !lntidinal or syndinal, but the relations ohRerved 
flbly considerahly more. The thiekneRs of the, origin. J\.licroseopie examination of the darker as~ociated with the sediments of the Islesboro for- on the point north of Parker Cove indicate that 
Coomhs limestone member varies from 7 or B feet I bands in this roek shows that the most abundant mation in sueh a way as to indicate that theRe two I the quartzite lies in synclines. 
at the northern border of the Sprague Cove area of' , eonstituent is green pleochroic hornblende in very formations are practically contemporaneolls. Lithology.-On the mainland (in the Roekland 
Battie quartzite to more than 100 feet at numerous I f.reBh graills elongated parallel to tJle well-defined llA'l"l'IE QUARTZI'1'E. ' quadl'l1ngle-) the most widespreall variety of the 
other placcs. Its exact thickness is determinable sehistm~ity of' the rock. 80me quartz in small crys- I Battie quartzitc is the quartzit€ conglomeratc. On 
at hut few lornlities. At t.he ahandoned limestone I tals and a Humber of large augen of plagioclasc Dejin-ih:on.-The Batti.e /luartzite consists of I Islesboro this variety is t.ypically developed only 
quarry on tlle north shore of Seal Harbor, between! feldspar occur hetweell the grains of horllblende. massive buff quartzite and of clean, bllff-colored I on the point north of Parker Cove, where abont 
North and South Islesboro, the width of t.he lime- Apparently this rock was originally of a diorit.ic or qnartzite conglomerate of very striking appearance. 50 feet of conglomerate overlie massive quartzite. 
stone bolt is considerable but is Illrgely the result of! ;liabHsic composition, but has bcen wholly l'ccrystal- It iFl named from Mount Battie, a small mountain on , The eonglornerate. here is pradieally identical wit.h 
repetition of the beds t,hrongh folding, as indicated lized. The feldspar now shows some saussuritiza- the mainland ncar Camden, almost due 'west, of t.he I that at l\fount Battit', neal" Camden; it is light gray 
by the contortion of a darker-colored band ,vithin I tion, and secondary ehlorite and epidote and mus- south end of Islesboro. This prominence is made, when fn·shly fraet.urcd and iFl composed of qllartz­
thc limestone. The true thickness here i;:;; probably covite are also present. On ::\fark Island also the up entirely of quartzite conglomerate, well exhibited I it,e pehbleR ii'om 1 to () inches in diamet.er and more 
not oYer ,30 feet. I sediments are not sharply differentiated from the in precipitons faces and broad glaeiat.ed surfaees. or less rounded, lying ill a matrix of rather fiue-

Litho[oJy.-"\Vithin the slate member there are' greenstoncs. On the sUlall island between Job and Disll'ibut£on.-Within the quadrangle thc Dattic grained gl"fly quartzite. The pebbles show little 
two principal kinds of rock. One is a fine-grained I Lime isla-ndFl, as will be discussed later, there is an quartzite is confined almost exclusively to the north- : deformation. In other plaecs the pebbles in the 
rock showing yery conspicuous and regular band- I appaJ'enL illterhedding of the greenstones antI the ern half of IFllesboro, ,vhere it occurs in Hmall eong·lomerate are ;,,;maller awl not well rounded, 
ing due to the alternation of bands of light-gray Coombs lilllcst.Qlle. isolated patches. In th. e largest area it outcrops I and the c.olor ltlay he greenish gray rather than 
quart.zose material ·wit.h greenish-gray to hlue-gray I The difficulty experiencetl in drawing a sharp along the west shore of North Tslcsbol"o for a little hnff or light grfly. On weathering the sudhce of 
hflnds. Uock of this kind is wcll developed at line between these roeks that are apparently sedi- more tJwn a mile, and from the shore exte.,nds inland 1 the conglomerate assumes a buff to reddish-brown 
Turtle Hend, at the extremc north end of Islesboro; Imentary and the tuffaeeOlls Yarietit,s of the green- in a northeasterly dircction, comltantly hecoming color. By fill' the larger part of. t.hc gn1trt7,ite of 
on the western shore of ~Ol"th Islesboro, about ' stones, their close areal association, the feldspathic narrower, until it tapers out about 1 mile southeast' Islesboro is massiye and fine grained nnd only herc 
miles Flouth of Marshall Point; on Inat. and and lLOrnhlemlic charadeI' of some of the beds in of ).Iarshnll Point. Northeast of this point several I and there shows conglomeratic band>;. The rod: 
islands; and alollg the wesiern shore of Heven the seemingly sedimentary dcposits, as well as the smalloutlicrs appear, one of which, as shown on the nlong t.he western shore of the i:::;land from Hprague 
Hundred Acre Island. The second kind is mueh prevailingly greenish tint of a large part of the slate map, outcrops in the road. A similar hut smaller I Cove norlhward lUay he taken a;;; t.he type ,of t,his 
morc massive, somewhat quartzit.ic, and light green- member, all indicate that the rocks of the Islesboro quartzite area, ,vith a maximum width of about onC'- , it is a thick-bedded buff quartzite which 
ish gray in ("olor. It. iR present through the central f(ll'1nation contain lUueh fragment'll mat.erial eightll ofa mile, extends nort.!l\vard for neHrly a mile I to a yellowish Ot~ reddish bro,Yn. On the 
part of North Islesboro, and intenuptedly through eommon agc a.nd origin wit,h the North Haven from the north shore of Scal Harhor. (~llartzite in point. north of Parker Cove uud at other pllle'cs 
South Islesboro. In a few places the rocks of the greenstone. Some yolcanic material is perhaps beautiful exposures occupieR Coombs Point and the 1 conglomeratic bands appoH.r in the mnssiYe,qnurtz­
slatc member show abundant muscovite scales and prcscnt throughout. most of the formation, and cer- next point to the Rout.h, along' the e::lstern shore of ite. Near the undcrlying Coombs limestone the 
develop a schistose eharact.er. Slightly schist.ose tain parts seem originally to have been very pure J\Torth Isleshoro. The eastern half of Hutchiuson 1 quartzite in many plaN'S becomes shaly and here 
rocks oceur on t.he narrow neek of land hetween I' volcanic nlUus, grading without break int.o tuffs. Island, in Parker Cove, is made up of quartzite, thc and there ealcarcolls. The quartzit.e of the small 
North and Sonth Islesboro, and a very perfect ::\[ost of the limestone of t.he Islesboro formation, western half being occupied by the underlying a.rea on Seven Hundred Aere Islalld is buff ('olored 
schist occurs on the north sidc of the easternmost as previously state<l, if' exceedingly impure ; il}(leed, Coombs limestone. A small area of quartzit.e orcu-I and mHssivf'. It is similar in appearance to thnt 
point of Seven Hundred .Acre Island. At t.his I a large part of the l'Ock might. be more eon-ccdy pying the point at thc en,;,,;tern elltraneeofSnbbath- at Sprague Cove, but markedly differcnt fi'om ecr­
locality the roek shows a great nbundance of m\lS- , termed a ealcareous shale. In tile metamorphism day Harbor is separated by a. fault. plane from the I tain g"J"lly to greenish qllartzitic yarieties of t.he 
covite in plates a few of which are one-fourth of I which has affected t.he rocks of the whole island, limestones which snceeed it to the nort.h. The Isleshoro formation which occur on other parts of 
an ineh in diameter. At many loealit.ies minor the limestone 11a8- been wholly reerystallizeu and the quartzite outcrops along the northern side of this I Sevell IIlIwlred Aere Island. 
el"Umpling haB been intense. shaly be(ls ha\"e in many plHees becomc sehists. harbor and also forms most of the 140-foot hill ~o Microscopic examination 

In places tllC percentage of quartz increases so Even where OUt,(,l'OPS are not found, tile presence the norttleast. The only other exposure of Bathe I quartzit.e Hp('cillWns, a or divided llluscovit,e 

that the rock becomes a greenish to bluish-gray the shaly lime8tone may usually he recognized by the quart.zite within the quadranf!:le O('CUl"S Oil Seven' lJOtwcr)]l the quartz original clayey 

massiye quartzite; this is particularly well de\'cl- reddish soil ,vhich m'lulis from its decomposition. Hundrcd Acrc Island, on the -second point north- ! ~,~~~(:~~~~a~~~u:~O\~here t.his mica~~~n;=:~:c i:~~r~~~~~: 
oped at the north end of Seven Hundred Acre The quartzof:le limeRtonf' lying next to the quartz- 'vest of Cradle Cove; it.s area is ioo sillall to map. theoriginaioutlilleSoft.hcquarb:grainshaveingeneralheen 

Island. Here and there the roek becomes a (}istinct ite areal'! of the wt'st.el'll part of the island and also On the nminhtl1(1 just wesL of t.his quadnmf!:le I well 'rhe grains in lllost are not well 

quartzi.te conglomerate which shows small pebbles on the east.ern shore of Sabbathday Harbor was quartzites similar in C'very way to the maBsiYe ami 
of quart.z in a blue-gray quartzitic matrix, Hocks originally a sandy limestone. It is thiek bedded, conglomerHtic quartzit.es of Tslesboro occupy Yery I 

of this kind OCClLr at the nort.h and south ends even textured, and finc graincd,HIld is greenish gray considerable area8 in the vicinity of Camden and 
Sevell Hundred Acre Island, all the sout.hwestern in color on fresh 8urfaces. The purer limeFltone Rockport. In view of the striking awl uIlusual l . lllagn:titc, .and pyrite a.~e alllLn­

shore of .T ob Island, on Ensi:rn Islands, and at a oecuning at .the old (IUarriel'! nort.h of Coombs I character of the (luartzit.e conU"lomernte it seems dant, ("OIl~bt,nents, and on "\:'eat.hcl"llJg ~lye t.h~ rock It.~ rusty 
" I'"l , appearance. In a few speCllllens chlorlt.e alRo HI abundant. 

number of other localities. The prevailillf!: blue- Point and at Heal Harbor iFl blue-gray in eolor anu highly improbable that two oeeurrences so closely 
grfl)' eolor of both the line-grained and the eOll- crystalline, with usually under adjacent as those of Islesboro and the mainland can I TMdclI(;;JIl.-The thickness of tIll' I~a.tt.ic quartz-
glomeratic variet.ies of the-se /luartzite." is ill StJ"ollg of an inch in Even with the naked be of different age. They are regarded as belong- ite on IslesbOl'o CHJ1 not be determined, because its 
cont.rast with tho light-gray and huff colors of the impurities, pyrite Hnd llluscovit.e, ean Hsual1y ing to onc formation and are named from their best! upper limit is nowhere exposed. On the point 
Bnttie qUHrtzite. This eontl'ast is well brought out I seen, and under t.he Illiel'oseope some qua.rtz in and most extem;i ve exposure on Mount Battie, near ~lOrth of Parker. COYC a, thicknes~ of ahout.. 100 .feet 
on tlevcn Hundred Acre Tsland, where, at the' grains a.nd HS small veins is also recognizcd. The Camden. \ 1S exposed, awlm the Sprague Coye area Ih, tluck-
extreme north end, the blue-f!:ray quartzite and ,I limestone fi"OHl bot.h of these quarries is only SLrudw'e and straLigl'aphy.-Thc stratigraphic' ness may be considerahly greater. 011 the main-
quartzite conglomerate oecur, while Oll the second I slightly magnesian.. relations between the Battie quartzite and the lawl its thickness seems to he about 400 to ;":,00 
point northwest of Cradic Coye there is a smn U out- The limestone of Lime Island and of the small roeks of the Islesboro formation are .best exhih- I feet. 
crop of buff-colored Dattie quartzite exactly like 'I~ isla.nd between it, and Job Ishmd differR fl'om that, ited on the poillt at t.he north cntrancc to Parker PKNonSCOT FOIUltATIOX. 

that of the la.rge Rattie quartzite area at Hprngue , of Islesboro in its greater purity, in being highly I Co\"e and on Coombs Point. in ~orth Tslcsboro'l ' 
Cove. The intraformat.ional eharn.cter oftlw bille-' magnf'SillJl (it does lIot cfferyesce with dilute acid),: These localit.ies have been partially described in, ])eji1l'l·t'ioll.-The I>enobseot f~rmation is com­

gray q.uartzii.e conglomerate is wel.l sho.wll at. the!, :md in
r 
~he deYclOPll~e.~t of very co~~~pi.Cu?US band-\ tIl: section on the IsI~boro forlllatiOl~. On tl~e I pos~d Of. llletamo~phosed shaly scdimen;s which ~re 

southerll pomt. of Seven Hundred Acre Island,: mg. Ihe rock exhllnts an alternatIOn of hands of pomt north of Parker Cove the quartzite mass IS t.ypICally developed along nearly the ,,1101e length 
where it a.ppearB in a sma.ll ant.icline pit~hing :100 I nearly white limeHtone with bands whi~h are finer I broadly Rynclinal in form and pitches at an angle of the western shore of Penobscot Bay. They 
~E. Oil the limhs of this fold the conglomerate: grained and hlue-gra..y in eolor, and in places these! of about 500. On Coombs Point the quartzite occupy large areaFl west of the Penobscot Bny 
is seen t.o have :J thickness of only 10 feet, alld I are much contort-ell. Many of these hands" espe- beds seem also to form a syncline which pitches to quwlrangle, betwecn the ocean and Kennehec River. 
gn,enif:lh Fl.lates cxaetly similar to each other in I: dally the broader ones, prohably represent slight I the east. There is no reason to suppose thai the II ~i.~ll'l·butiQ~.-\Vithin ,this quadn~ngle this,fin'­
appearance o('eur both above ·and below. variations in the eharftct.er of the limestone as it ' quartzite at cither of these localities has heen ove1'- rml.tlOn oceupIes almost all of the mamland west of 

Hcycml rocks which have been lllapped as part, of' WfiS deposited, but they have been modifie{{ and turned. The rather gentle, open foldin?: observed, Penobseot .River, and occurs on the eaSL side of t.he 
the Isleshoro slat.e bear a close resemblance to SOHle I perhaps a.ccentuated in the recrystallization to here is similar in kind and degree to that ob;,,;erved I river as a strip from It to 2 miles wi(le betwecn 
forms of the North Hayen greenstone. The 80-, which this roek has been subjected. Many of elsewhere within t.he quartzite formation bot.h on \Vest Penobscot and Pierre Pond. Between Little 
foot hil.l in t.he easte~n part of Seven HnndredAerc I the minor l:lmdings Fleell1 to have originated in this the ~ainland a~d. ~n Is~eshoro. Be:ause 0[' it.s i Ri.,,:er awl l?ucktray Hur~oJ" on t.~le mainland the 
Tsland 1S made up of rocks of dark-green color and metamorpillc pl'Oeess. relatIvely great l"lgIdIty IlllIlor crumplmgs sueh as so{hmentB are ussocmt{'d WIth eOlHwlel'uhle amounts 
nne g-rain which are .feebly schistose .. For the most I' .The extreme .variahi.lity .of .the lil1les~one both i~ were d:Yelopecl so abundantly within the. ~~le~boro , of intrusiyc granite awl diorite, .,whieh hayc 'pl:0~ 
part they nrc nUU'SlVe, but a few lIghter colored, tlnclmess and 111 pllTlty IIHheates plalIlly tha.t It formatIOn were seldom produeed. It IS I11ghly 1 duced not.ahle cont.act effects. hcyowl tlle IImltf:l 
bands occur which are continuous aJl(l of even was not deposited at abysTllal depths but was laid prohable, therefore, that. the prcscnt position of the of thiB quadrangle the same sediments extewl up 

thickness for. co. nsidel:able di~t.all.ees. Along the I down a.t well within the reach.of oce.an cur- quartzite above t~le If:lle~~oro f~~>lwltion re.presents I :he Pe~ob8eot at leas~ ,as far f:S ~ue~sl~ort,~ anu 
shore of the eaf:ltern POlllt of tIllS Island the rocks, rents, III dearer than those 111 w}lldl the the true order of depOSItIon. lhese relatlOns are ,,;out.hward along the coast at leasi dS far (is Cush-
arc handcd light and dark green in color and in shnly melllber was deposited, but probably little shown in section B-B. ing. Inland they extend to Searsmont, in the 
somc places ha-ve the Hrpe~1l"anee of tuffs, tho.ugh in . an}~ dec~}cr. Throughout H~ost of the area over ., The structural and str·atigraphic relations about I southern part of 'Valdo Connty, flml probably 
other places they seem plamly to be watcr-lmu sed- whICh lImestone was formmg thc waters were Sabbathday Harbor a.re not clearly shown, but 
imenLs. Bharp different.iatioll between the two iR I occasionally muddy, so t.hat in the resuTting rock from analogy to the other oecurrenCf'B t.he qua:t.z- and. stratifjraJ!hy.-The. most typical 
impracticable. The same dlaracteristics arc shown' slwly layers alternate with layers of limestone; ire is believeu to eonstitute a rather flat synclInal exposures of tlns formatIOn occur lJl the no;rth­
Ol? the eastem and sontheastern shores of Spruce I in some pillces fine sand was being brought. in, so mass lying on top of't.he limestone. I western part of the quadrangle, het,veen BelfilFlt. 

Pf'noh~cot, Bay. 



Bay and Sandy Point. The sedimentary character 
of the rocks is shown by the presence of distinct 
bedding at many localities. Considered in its 
larger relations, the formation seems to be flat 
lying, but the rocks have been thrown into a large 
number of minor folds, so that the dips now vary 
from horizontal to vertical j in some areas the fold­
ing is isoclinal and the rocks over several square 
miles dip steeply in the same general direction. 
Between Belfust and Sandy Point the trend of the 
folds is in general N. 350 _500 E.; farther south, 
within the area of the Rockland quadrangle, the 
trend is N. 200-300 E. Slaty cleavage, such as is 
developed at many places in the Islesboro slate, is 
of rare occurrence here, but a distinct and in many 
places very perfect schistosity is commonly present. 
In general the strike of the schistosity is nearly 
parallel to the trend of the folds. 

The structural relations between the slates and 
the other sedimentary formations of the region 
are nowhere shown within this quadrangle. Evi­
dence obtained elsewhere is discussed below in the 
paragraph on age and correlation. 

Lithology.-In color the rocks of this formation 
vary from light gray through steel-gray and pur­
plish gray to black, the darker grays being pre­
dominant. The weathered surfaces are usually 
rusty. In a few places, as at Fort Point, the rock 
exhibits a very perfect slaty cleavage which is 
highly inclined to the bedding planes. In most 
109alities, however, the rock cleaves most readily 
along planes of schistosity, developed in varying 
degrees of perfection in different areas and in dif­
ferent beds. The most quartzose varieties exhibit 
little if any schistosity; less quartz08e varieties show 
highly micaceous. sudaces of easy parting, widely 
spaced; the more argillaceous varieties are highly 
micaceous tllroughout. The secondary mica devel­
oped in the process of metamorphism is as a rule 
present in very minute plates, and only in a few of 
the coarsest varieties do the plates re8.r'h megascopic 
proportions. Rarely the schist is conglomeratic, 
showing purplish quartzitic fragments between 
which there has been a large development of mica. 
"Knoten" schists are very common in nearly all 
parts of the formation, though somewhat more 
abundant in those portions which are associated 
with the intrusive granite and diorite. Certain 
bands, some of them only 6 inches or so in width, 
may be "knoten" schist, while the bordering layers 
on either side are ordinary phyllites or are quartzitic. 
The" knoten" seem to have developed in the more 
argillaceous strata, and their development tends to 
preserve or even to accentuate the original bedding. 

The bedded character of the Penobscot slate is 
well shown just east of Searsport village, where are 
found alternate bands of dark fissile slate and of 
compact impure quartzite, some of the latter being 8 
inches in thickness. In one place north of this vil­
lage the somewhat crumpled rusty slates and schists 
show a schistosity which trends N. 500 E. and a series 
of gash veins of quartz which trend N. 250 E. All 
are about vertical. 

When examined microscopically the more quartzitic varie· 
tie.!! of the rock are seen to be fine-grained quartzites which 
show an abundant development of mica or chlorite in small 
plates. These generally have a more or leS!! parallel arrange­
ment, thus giving the:rock a feeble schistosity. A purplil:!h­
gray, crinkly variety occurring near the village of West 
Penobscot is seen under the microscope to be a crumpled 
mica schist showing some ftnely divided quartz between the 
muscovite laminm, and a large amount of magnetite in irregu· 
lar DlaS8!ll'!. most of which are elongate parallel to the mica 
plates. The argillaceous varietie.!! show in some plaoos an 
abundanee of minute garnets, and rarely andalusite. 

Contact· ... metamorphic phases. - In the region 
between Little River and Ducktrap Harbor, where 
the slates are associated with intrusive granite and 
diorite, the bedding for the most part has been 
completely obscnred in the developmen't of notably 
coarser schists than are common elsewhere. In 
numerous places there has been an abundant crys­
tallization of andalusite, staurolite, garnet, and sim­
ilar secondary minerals. In many pLaces a rock of 
gneissic texture is produced by the intrusion of the 
schist by granite. As a rule the schist is so mixed 
up with gneiss of this kind, with flow gneiss, and 
with pegmatitic granite that their separation on the 
map is whoUy impracticable. The areas mapped as 
granite or diorite, in the region between Northport 
Camp Ground and Ducktrap Harbor, while gener­
ally free from other rocks, include small amo-unts 
of schist and gneiss. Outside the areas thus indi­
cated, the schists are, in many localities, full of 
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masses of intrusive granite or diorite in the form of 
dikes or irregular pegmatitic bodies too small to be 
indicated on the map. 

Under the microscope the schists of this injected 
area show the same minerals that are characteristic 
of tlle normal varieties of the formation, but the 
grain of the rocks is in many specimens. much 
coarser and andalnsite and garnet are developed in 
larger, more numerous, and usually more perfect 
crystals. Some of the garnets reach megascopic 
proportions and the andalusite prisms attain a 
length of 1 to 1 t inches and a diameter of one~ 
fourth inch. 

In the neighborhood of Swanville, in the north­
west corner of the quadrangle, some gneiss is 
associated with the granite border, and the contact 
effects on the pelites are noticeable. The granite 
contact from West Penobscot to Pierce Pond is 
sharply defined, and except that some granite dikes 
cut the slates and some slate fragments are canght 
up in the granite, the sedimentary rocks are but 
little affected so far as outward appearance goes. 
Microscopic examination, however, reveals some 
changes; thus on the southern slopes of Wallama­
togus Mountain the schist next to the contact is full 
of smaU, more or less irregular prisms of brown 
tourmaline lying in a recrystallized mass of quartz, 
muscovite, and magnetite. 

Age and correlation.-The relations between the 
Penobscot slate and rocks other than the granite 
and diorite are not shown within the limits of this 
quadrangle, but are well exhibited on the point 
east of Rockport Harbor, in the Rockland quad­
rangle. Here the Penobscot formation overlies 
directly and conformably the Battie quartzite. 

Lithologically certain varieties of the Penobscot 
formation are identical in appearance with some of 
the slates of Islesboro. This similarity and the 
fact that less than 2 miles of water separates the two 
areas suggest that they belong to the same forma­
tion, but the stratigraphic sequence as determined 
in the' Rockport area, with which the structural 
relations observed on Islesboro are in accord, makes 
it necessary to separate them. 

Definitwn.-The rocks of the Calderwood forma­
tion are metamorphosed argillaceous sediments 
similar in general appearance to the rocks of the 
Penobscot formation and of the Islesboro forma­
tion. They are named from the locality of their 
most extensive and typical development, Calder­
wood Neck, in the northern part of the island of 
Vinalhaven. 

Distribution.-The Calderwood formation occu­
pies the northern half of Calderwood Neck, with the 
exception of the narrow portion west of Carvers 
Cove. Disconnected from this larger area is a nar­
row strip of similar rocks along the western shore 
of Seal Cove, and another area occurs along the 
shore near the eastern entrance to Crockett Cove. 
Patches that are too small to be shown on the map 
occur on the extreme east end of Vinalhaven near 
Coombs Hi~l and at several places within the dia­
base area of Barley Hill .and the volcanic area on 
the western side of the island. T'he formation is 
not known to occu~ on North Haven. 

8tructure.-The Calderwood in its principal 
development shows distinctly sedilJllentary charac­
ters. Bedding can be recognized even at some dis­
tance and seems fairly constant, the suike for the 
Calderwood Neck area being in the main within a 
few degrees of north and south and the dip 3W-40° 
W. On the shores of Seal Cove, however, the dips 
'are more to the northwest. The formation has been 
folded somewhat and affected by dynamic metamor­
phism, which has given many of the more argilla­
ceons beds a decided schistosity. In general this 
secondary structure has nearly the same strike as 
the bedding. 

Litlwlogy.-The Calderwood formation consists of 
dark quartzitic slates, banded schists, quartzose but 
varying in color and grain, and rather massive 
quartzites. Felsitic rocks occurring in close prox­
imity to the granite and the volcanic rocks undoubt­
edly represent contact varieties of these sediments. 
These felsites are mottled and variegated, the gen­
eral color being a light green. In the thin section 
the lighter bands in some of these rocks are seen 
to be composed of nearly pure epidote with some 
zoisite; the darker bands are nearly pure horn­
blende. The rocks along the western shore of 

Seal Cove are somewhat more massive than those 
on Calderwood Neck j in places they are slightly 
calcareous. Epidote is somewhat prominent along 
the bedding planes and gives a banded appearance 
in many places. Near Coombs Hill the schists are 
mainly actinolitic in appearance, but where cut by 
a granite dike they are bleached, as at several 
localities in Calderwood Neck. 

Age and correlatilm.-At no point do these 
schists come into contact with the greenstones 
or the Ames E:nob sediments. East of Seal Cove 
and north of Mill River the schists are interbedded 
'with sheets of quartz porphyry which are appar­
ently intrusive. On the western shore of Seal 
Cove, south of Perry Cove, diabase sheets and 
dikes- mask the contact with the overlying volcanics. 
In their metamorphosed character and in the absence 
of all fossils these rocks are in marked contrast to 
the sediments of Niagara age, and plainly repre­
sent an earlier deposition. The contact relations 
prove that they are older than the granite and 
diorite which cut the slates and the Thorofare vol­
canics which overlie them. In general lithologic 
character and in the degree of metamorphism which 
has affected them they resemble both the Islesboro 
slate and the Penobscot slate of the mainland. 
For those fe!lSons it is probable that the rocks 
Calderwood Neck belong to one or the other 
these two formations, but it has been thought best 
to describe them as a separate formation, since their 
isolated position prevents certain correlation. 

Defin·ition.-The rocks of the Ames Knob for­
mation are limestones and red shales, which because 
of their fossiliferous character assume great impor­
tance in the age determination of the other rocks 
the quadrangle. The formation is named from 
Ames Knob, one-half mile west of the village 
North Haven, along whose northern flank good 
exposures occur. Although its fossils show it to 
be of Niagara age, the use of the name Niagara 
at this distance from the type al"ea does not seem 
warranted. 

Distrilnttion.-The area occupied by these sedi­
mentary rocks is smaller than that covered by any 
other formation in th~ Penobscot Bay quadrangle. 
The principal exposure is a wedgelike area extend­
ing eastward from the shore of Southern Harbor, 
where it is less than a quarter of a mile in width, 
across the Ames Knob peninsula, the apex of the 
wedge being east of the mud flat and near the road 
from North Haven village to Pulpit Harbor. Its 
full length is thus less than a mile, and the greatest 
width as exposed on the shore of Southern Harbor 
about one-eighth of a mile. Sediments of about 
the same age are found also in a narrow strip on 
the west end of Stimpson Island. Throughout 
both areas the surface is low and the rocks are 
mostly concealed, except on the shores. 

8tructure.-The structural features of the Am~ 
Knob formation are in striking contrast with those 
of all the other sedimentary formations of the 
region. Its beds have been tilted and in places 
gently folded, but there is a complete. absence of the 
closely compressed folds and minor crumplings SO 

characteristic of the Penobscot, Calderwood, and 
Islesboro formations, the Castine formation, and 
the North Haven greenstone. Its bedding planes 
have not been obscured by the development 
schistosity or of slaty cleavage and its fossils are 
perfectly preserved. It is apparent that it is sepa­
rated in time from the formations mentioned above 
by a period of dynamic or regional metamorphism. 

The general strike of the formation on the shore 
northward from Ames Knob varies from N. 850 E. 
near the base to N. 400 E. iif the upper beds. 
Higher beds exposed on the north slope of Ames 
Knob, however, show a strike similar to that of the 
basal members. The dip is from 500 to 60 0 S., and 
even steeper at a few points. To the east". on the 
west shore of the mud fiat, the lower beds of the 
series have much the same sequence and strike, but 
the upper portions show some slight folding and 
displacement. 

On Stimpson Island the sediments strike N. 600 
W. and dip about 3~' NE. 

StratifJTaphy.-The best section of the Ames 
Knob sediments is found on the shore of Southern 
Harbor, just northwest of Ames Knob. Here the 
basal member is in immediate contact with the 
North Haven greenstone to the north. The upper 

members are about 70 feet from the -overlying vol­
canics, but this interval is represented in part a 
short distance farther east by red shales with inter­
bedded conglomerate. The section was measured 
at low tide and is much more complete than that 
exposed above high-water mark. In descending 
order the section is as follows: 

Bectwn of Ames Knob formation on the shore of Bouthern 
Harbor. 

Sandy shale and quartzite 
Concealed _______________________________________ _ 
Gray shale ______________________ _ 
Conglomerate and shale ________ _ 
Redsbale ________________________________________ _ 
Conglomerate ___________________________ _ 
Red shal~ ___________________________________ _ 

...... 
65 
70 
49 
12 
55 
1 

10 
Gray shale_ _______________________________________ 37 
Concealed ______________ _ 17 
Gray shale and limestone _________________________ 71 
Quartz porphyry, intrusive shoot __ 
Concealed __________________________ _ 

Gray limestone, weatherillg brown, and shale 
Grit,OOJ:"alfragments _____________________ _ 
Bandy limestone ___________________ _ 
Concealed __________________________________ _ 

10 
16 

10. 
1 

• .. 
Basal conglomerate____________________________ 16 

,so 

The basal member is a conglomerate which 
includes in its lower part large, well-rounded 
masses of the subjacent North Haven greenstone, 
but in its upper part well-rounded pebbles of black 
and green slates, quartzite, and vein quartz, mate­
rials unlike the underlying rock. Such a basal 
member may be considered to have been deposited 
in a sea transgressing a land surface of more 
or less disintegrated rock which furnished the 
residual bowlders of greenstone. The limestone­
shale series shows changing conditions, which were 
more constant, however, during the deposition of 
the hundred feet of limestone with slight amonnts 
of shale, overlying the grit. This latter bed, from 
its evenness of grain, affords evidence of perfect 
sorting, and the presence of coral fragments may .. 
be considered to indicate breaker action. These 
calcareous deposits are very fossiliferous, showing 
that the conditions were favorable to lime-secreting 
organisms. Even within the shaly bands, nodules 
of limestone occur, some of which are plainly cor­
alline. 

An increase in the amount of silt contributed to 
the sea terminated the deposition of limestone, and 
the upper portions of the section are essentially 
argillaceous. In these shales the remains of the 
organisms are even better preserved than in the 
limestone. At one locality traces of ripple marks 
can be detected in the quartzite associated with the 
shalee. 

The red shales which occur as two important 
members in the shore section "and also higher up 
in the formation as exposed a short distance to the 
east deserve special mention because of their close 
resem blance to certain fine-grained tuft's within the 
Thorofare volcanic series. This similarity is pri­
marily one of color, for none of the tuffs possess 
quite the fineness of grain that characterizes these 
shales. The field relations suggest that the red 
color is due to fine ash from neighboring volcanic 
explosions. Microscopic examination also shows 
that the finer portions of the typical red tuffs of 
the Thorofare volcanICS are very similar to the 
material of the shales. If this interpretation is 
correct the red spales would present the earliest 
evidence of that volcanic activity which later 
resulted in the red and gray lavas of the Thoro­
fare andesite. 

The sediments of Ames Knob grade upward 
in apparent conformity into the Thorofare andesite. 
The wedge shape of the Ames Knob area does not 
represent an unconformity between these rocks and 
the overlying Thorofare volcanics, but apparently 
is due to the nondeposition of the sediments. The 
west side of Waterman Cove may have marked the 
position of the shore line dnring the period of 
Niagara sedimentation, or possibly volcanic depos­
its may have been forming here while sedimenta­
tion was in progress to the westward. 

On Stimpson Island a strip of limestones and 
quartzites less than 100 feet in width occurs within 
the area of the Thorofare andesite. These sedi­
ments are underlain by gray lavas and overlain by 
tuffs and breccias of the Thorofare andesite, so that 
they must be regarded as having been deposited 
during a time of cessation in the volcanic activity, 

break not recorded so fully at any other locality 
of this region. The strike and dip of these sedi-
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ments, N. 60° \V. and 30'" NE., and the thinness I 50 feet and is in gl'J\(~Tnl, much less. )'Iost of the I develops in dry ''leather and the sticky gmy mud I yokanic mwls, dust, or glassy flOW8. Schistose 
of the sed,ion pl'ewnt any exact correlation 'with I larger hills and muny of the smaller ones areprac- which forms after a heavy rain, and also by the I varieties arc particularly well developed along the 
the AmE's Knob formation in North HaYen, Imt I ti('ully bare of glacial (h'ift. The topography is ahsence of pebbles or ('ohbles. TlOrthcrn and '''estern shOff'S of Little Deer Island. 
the rocks very closely resemble the latter sediment.'l, controlled by the contour of the rock surface, and The distribution of these days with Tcspect to I Ma8Rive i~lsitic yarleties are well shown on the 
and the only fossils found, traces of brachiopod I IIlallY of the characteristic features of drift topog- the present coast line at once suggest:,; a marine IGO-foot hill in the south-central part of Little 
shells and a crinoid stem, arc also similnr in llppear- raphy, sueh as eBken; and drumlins, are wholly origin, and this eonclufiion is sustained by the D(:'er Ishmd, wherf' the rock is mottled greenish to 
ance to the more plentiful org-anie remains of the i wanting. presence here. and there 'within the clays of t.he purplish gray ill color, and on the 200-foot hill in 
other area. There are no cont.inuons belts of drift showing slu,'l1s of IllUline animals. The days reprel:lent r the east.-central part of the same island, where the 

Fanua.-The fossils contained in the Ames Knob I a distinctly JTlorainic topogruphy, so that it is not old mud flats formed at a time when the land I rock is gray to almos!, white in color. On the 
sediments have been enrefully studied by C. E'

I 
possible t.o trace sucee:::;si\'e positions of the ice bor- was eonsidernhly lower and nearer sea level than it . north end of Butter (Dirigo) Island the rock (an 

Beecher, and the following conclusions reached del'. Tn perhaps half a dozen localities, however, is at present. Their age is fixed by their l'elation I andesite) is felsitie in appearance, ,Yello'w-gray in 
(Am. Jonr. Sci., 3d ser., \"01. 43, 18D2, pp. 416- small areas of drift were found which shmv the I to the deposits made hy thc glaciers whieh coyered I color and speckled with red Oil the weat.hered SUl'-

418). succession oflow knobs and shallow kettles t.ypical . the State in the Pleistoeeue period. In several faces. Occasion:llly banded yarieties are found 
A large proportion of the spocies elea.rlv points to a of a mild terminal moraine. One such morainic I localities the clays overlie deposits of glacial howl- which are intermediate in eharHcter bet\yeen the 

correlation with ihe Niagam of New York: and to this patch oC('urs just. southeast of Ball Pond, neal' the del' day, while they in tllrn are overlain by gravels massive forms awl thobe t.hat are very markedly 
periotl they are here referred. The presence of quite a road bet.\veen Bluehill and :::lurry; besides showing deposited by streams flowing fi'om the melting icc; schistose. 
number of char:1cteri<;tie Clinton speeies is 11 disturbing knobs and kettl~, it is eharacterized by an unusual they were deposited, therefore, during the glacial Gooll exposurc:::; of the fragmental varieties of the 
element in any aUempt to oraw exact parallolisms with abundance of bo\'ddcr~ of gray granite, some occupat.ion. The streams flowing from the melt- Castine yoleanics are ycry abundant, but of many 

!!~,!~~:~!O~:es~~:~;~~~~~o~~: :~: ~~~~~=!~~:~;ic n~~: 'which are 12 to 14 feet in diameter. This morainal ing glaciers were heavily lwlen wi1h sediment; the of them it is impossible to sny whether they al'(~ 
to 1.his formation has been thought preferable to the use area is bounded on the north by the I:l\vampy depres- eoarscr portions, the gTayels and sands, were depos- flow breccia~, tuff.<;, or pyroclastics. One of the 
of the name Niagara, which Cftrries it too definitc time sion whose central portion is oceupied by Dall ited on the land surface 01' in the oeeHn close to the be~t exposUl'es is at Gooee Falll:l, about 2 miles 
signifieance.] Pond. JI1f~t I:lOuthcllst of Pieree Pond, near Penob- shore, but the finer portions were carried further south of Castine. Here the yoleanie tuff or How 

The Clinton speeies are mostly confined to the lower scot, knobs Hnd kettleR may also be Reen, with an out and deposited as these beds of marine day. breccia shows angular 01' Rubangular altered frag­
half of the series l * * * but nearly all the typieal unusual abunoance of bowl:lers. N<:'tH this point, They differ from the mud flats of to-.lay mainly in lll('nts of light-yellow color in a finer grained 
~:~~;:r ~:~~l~oa~: ::=dia·::~~~~::;::u!: a~~~~~::f and just northeast of tlll' road, n low, even-topped the greatcr rapidity ,vith which the muds werc mlltl'ix which is gray-greell in color and Romewhat 
some [Niagara] specics from the entire series. moraillal crest, trending nearly N. ('l0° E., can be deposited. I sheared. One of the frngmf'llts waR 2 feet. long and 

['rhe following is a revised list of the determincd traced for abont one-fourth of a mile. Pierce POll(l lGNEO"CH ROCKS. 'I 7 inches arross, and many are 4 to fj inches in 
spccies:] itRelfis held in hehind a dnmofmorainal mnteria1. diameter. In the Rmall cove just north of Cape 

A t.hird morainic patch occurs 1 t.o It miles north- GENERAL FEA'l't:RES. i H.osier the vokallics nre dark color<:,d and highly 

::lionob'"I'aptus elintonensiH Hall. west of Bluff Head, just enst of the road; and about Fully two-thirds of the land area of the Penoll- fragmental. Many of the fragmellts nnd parts of 
1 mile cast of South Penob8(~ot, just north scot Bay quadrangle is occupied by igneous roeks. I the mntrix are pumieeous. Frllgnwntal rocks are 

Stl'eptelasrna (·alyculum 
Hall. 

Chonophyllum niagar(,ll 
~!:'"Hall. 

li'avosite~ \"enuHtus Hall. 
Favosites lliagal'ensis 

Hall. 

Ichthycrinus Illlvis. 

EncrinnJ'US punctatus 
Wahl. 

(jalYIllelll~ nillgnrensis 
Hall. 

Homalonotus delphino­
cephulus Hr. 

Lingula lamr1losa Hall. 
Orthis f'legantula Dal. 
Orthis hybrida Sow. 
Plectambonites tran.wer· 

salis Wahl. 
Plectambollites (cf.)seri 

eoa Sow. 
Leptrena rhOlliboidalis 

Wile. 
Stropheodonta profunda 

Hall. 
Orthothetes subplanus 

Con. 
Pentalllerus oocidentalis 

Hall. 

Avicula demissa COIl. 

Favosites favosns HaH. 
Cumites ramulosus Hall. 
Halysites eatenulatus 

IAnnt!. 
Heliolites spinoporus 

lIall. 

the road, some kamelike depoRits of gravel are asso- These are of two general types-intrusire rocks well shown in the stllOolhouRe yard at ~Ol"th Cas­
eiated with an unwmal ahundance of large granite and effusive surface volcanic rocks. The effusi.ve tine, aloug- the south shore of'VadRworLh (;o\"e, 011 

howMers. rocks are represented by the Nort.h Haven green- the 120-fuot hill just north of Hatcht3 Cove, nnd 
Srmd,~ andgravds.-The mOl'1t extensive and most stone, the Castine formation, the Thorofare undeR- on the hill back of the lightllOHRe at Dice 11ea(1. 

abundant deposits of samls and gravels are on the ite, and the Vinalhaven rhyolite, the first basic n1l(1 On Little Deer Tsland the.) occur just. southeaRt of 
mainland betweell Relfal:ltalld Sandy Point and are the others aeidic in composition. The Korth the 200-fo01 hill in the east,..central part of the 
well exposed just east. of ReIhlSt., nl~ng the 'railroad Havcn greenstone and the Castine formntion island, and on the shorc opposite Bylml Point. 

RucalYptocriIllLs crelatus. just. Hortll of Stockt()n Springs, and along- the shore seem to have been deposited at about. t.he sflme I Breecins oecnr on Ule northwest shore of Pickcring 
near Sandy Point. TheRe deposits are in part well- time as the sediIllent1-l of the Islesboro formation, Island atHl on t.he north side of Eaton I~lanil; at 

Da.lmanitcs JiulUlurns 
Green. 

CeraUI'UH niagarenHis 
Hall. 

IllrenuH iOXUH Hall. 
Proetns ~tokesi Hall. 

stratifie(l sands and g:l'llYels which are in the main and, like these sediments, they have lwen much I the latter place the rock is un andesit.e porphyry. 
cross-bc(lded, but there are also present unassorted folded and altered in regional met.amorphism. i On the Rout.hwest end of Bare Island the frap;­
materinll:l showing great variations in coa.rseness. The Thorofare andesite and the Vinalhaven rhy- mentals arc finely cxposed in a. stel'}) difl' face. At 
They are probably kamelike in origin, being olite are much younger rocks and have not been I the sou1hefls1 end volcanirs of alLdcsitie composition 
deposited at the ice margin by wat.ers flowing from affected by regional metamorphism. Their rela- show numerO,lS fragments, some rounded and some 
the mf'lting glader. Throughout most of t.he quad- tion to the Ames Knob formation shows Lhem t.o ! angular, in a con-rselyamygdaloidal matrix whose 
rangl<:' gravels are present in sufficient amounts to be of Silurian age. i pore", have been fillcd with quart.z. The fragments 
provide abundnnt mnf-erifll for road improvement. The principal intrusive rocks of the quadrangle are yellowish gray in color and the matrix is blui",h 

Kucl('o~pira pisum Hall. J[arine and sands.-The lowlands are the granite and its associated diorite and dia- ! gray. SOllie of the fragments have been fractured 

Chonetes cornutus Hall. 
WhitfLeldel1a nitioJa Hall. 

~l~~;;~~~~:~~~~~:.JIall. which border eoast Maine ure covered bv a basc. These rocks cover a greater area than any I and are penet.rated by veills of the matrix; a few 
Spirifer sulcatus Hjs. nearly horizont.al mantI., of day of marine origin. ot.her formation of the region. They are intrusive I show highly curved fonm1, assumed lluring their 
~~~~~~:;)~~~~:~~~:'~all. Areally the c1nys are JTlost extenRive and reaeh into the Silurian rocks and all Ule older formations I ~jeetion from the YOlemlO or aR the ref'Hllt of move-
Atrypa reticulariH LillUt!. farthest inland along the riverR and the tidal estu- antl are probably of early Deyonian age. The Illlent of the inelosing lava before the fi'agments 10f3t 
Atrypa nodostriata Hall. aries; :llong steeper parts of the coast they may be only other intrusive rocks of importance are basil' their plasticity. Some of t.he fragments at t.his 
R~Ia~~honena ncgi-eeta entirely absent. Along Penobseot River they are Jikes which cut the granite and all the other rocks I locality arc n to 7 inches in kngth and lllany of 
Rhynchonclla obtusipli· well developed as far inland as Bangor. of the region. They are believed to be probahly I them only half an inch thick; there is little uni-

eataHalL Vertieally th<:' bulk of the clay deposits is con- of Triassic age, I formity in orientation. The yokanics are amyg-

Platyostoma niagal'('use 
Hall. 

finctl to the belt between sea level and Ule 125-foot I daloidal at a number of other localities. 
contour, and thongh not all thc land within this CAs'rINE FORMA'l'ION. I At the extreme west. end of Little Decr Island 
belt is occupied by these deposits it is probably safe Definition.-The Castine formation is made up the Castine volcanics are cut by innumerable minute 
to say that, on the mainland, they cover fully of light-eoloretl altered laY3S nlld pyroclastics, I veins of quartz inh·rseeting at. eyery conreivable 
of it.. Ahoye the 125-foot level marine clay:::; arc including rhyolites, dacites, and andesites. These I angle, and the roek has undergone a great amount. 

or~~~~erall annulatnm o~:~l~cras virgulatulll prcscnt here Hnd there, the sell ha'ving Btood for a rocks are ty~ically develop<:'d on the CHs~ine ~enin-I ?f r~rYRtallization. In a few place", thc content. of 
Orthoceras snheancella. Cytoceras subeancella. time aR rnueh ai; 240 feet above iis present level. sula, SOHle of the beRt exposures OCCUlTIng 1ll tIfe Iron III thes(, rocks beeomes great cnough t.o p;we 

tum Hall. tum Hall. These higher deposits are small in quantity and vicinity of' the town of that name. I them it distinctly red color on either fresh or 
Xearly all the corals are confined to the lower beds, scattered in distriblition. .Kone were found within Dish·1:bu!1:on.-'Vith the exception of the eastern I weathered surfaccs. On the ",outh e-':ld of Carney 

[being fouml in] a conglomerate of {'oral fragments the Penobscot R'q quadrangle. Their tlliekness part of 'Val'dwell Point, the Cast.ine volcanics lshmd (betwccn Decr T:::;le alld Little Deer IslalHl) 
together with pebbles of ttnartz am'] hydromica schist, varies much; it. is in general greatest on the low- occupy the whole of the peninsula lying between! the rock weathers to a ydlow, red, or ewn black 
[and in] a limestone. The gl'eate~t lllllllbel' of species lands and least on the adjacent hill slopes. Depths Penobscot and Bagaduee rivers. Houthem:;t of this I met.allic-Iooking surfacc. On t.he I:louthwest. point 
is found near the middle of the series [on the shore I of I.e; 10 35 feet. are wry common, and some well area they cover the region between 'Vest and South' of Little Deer Island, at the north and "onth ends 

;~r:~::~~tO!f:~:V7d!~~;); i;i~~s~~:,tl:n~~:~::~l ~:~~(; , records show a depth of' 50. to 75 feet. Tn eolor Brooksville and occupy almost the whole of the I of ilir(,h TMland, and in the coye on the west side 
unidentified species are probably new to science. the rIlly:::> rang-e from yellOWIsh gray to hlue gray, Cape Hosier peninsub. From South Brooksville 1 of Hog Island the schistose yoleanies are HO full of 

the former being by fhr the HI ore common. For they extend in a nHnow band along the north finely aivided hematite that on weat.hering they 
Age.-The f03si18 found in these beds indicate t.he most part they are exceedinp;ly fine gl'llined, and shore of Eggemoggin Reaeh to Benjamin River. I berome dark pltrplish red in color. 

that the strata are of early Niagara age. They except in a few loc.fllities are very free from sand or Houth of the Reach, on Little Deer Island, the! A small piltC'h of volcanic rocks on the west shore 
are shown to be younger than the North Hawn pebbles, the material being so uniform that only uorthwestern part of Deer Isle, and the group of I of Islesboro, about] mile south of 1\Imnhall Point., 
greenstone, not only by the les:::>el' amount of' dt'for- here and there can distinct heds be recognized. islands lying betwcen t.hese and North Ha.ven, . is probably to he eorrelate(l with t.he Cnstine vol­
Illation whieh they have suffered, but also by super- The clays are reaaily recognized where they have they are assoeiated in ynrying proportions with·1 eanie8. It is infol(]<:'d with and pl'Obahlyoverlies 
position and the presence of fi'agmellts of the heen exposed by the waves or st.reams and where the North Haven greenstone. Theil' southel'll- I the.Tslesboro slate, though conc1lls1Ye proof of this 
greenstones in the conglolllerat(:' at the base of the they have been umo\el'edm exc.lyatlOllS. Excel- most. obsened occurrence is on Bllt'nt. IslarHl, just. I re1a.t.ion if'( lacking. These dark-greenish to pur­
Ames Knob sediments. [lent natural exposures occm at many pomtR along off the northeast point of' Norih H:lven. plil:lh and<:'Hitic rocks extend for about 200 feet. 

I t.he shore, and ariifieial exposures mav be seen in ViIPieh·es and mode of OC('/U1'uU't.-The rockl:l of I along the shore, but 11mi'o\vand disappear within 
. . SURFICIAL DEPOSITS. thc cuts and ditches of wap;on roads. "Even \vhere I the Castine fonnat-ion are an surface yo]el1nies and a short Ilistauee inll-md. They \veather 10 a ra~getl 

Glacwltdl.-All the land areas of the quadrangle I sections can not he found, the presence or absence, include the familial' types of flows, hl'eceias, eon- surfaee which f3hoWH in p1aees 11 distinctly f'rag­
are more or less eo\'er<:'(l by glaci:ll deposit'3, \ ... hich I of the days mny usually be recognized frolll the I p;lomerates, tuiIs, and dike rocks. All belong to ment.al charadf'r. 
eompr~",e till, sands, ~ra\:els, ~nd ~~aYR. On a:eount I appeamnce. of t.he ~and surfae:. Extensive fiats 01' the g.roup of a('idic r.oeks, thoug-h. ranging f't'om Stml1:gmph !f'-: The reh~tions of the volcanic 
of t.heIr seattered dIst.nbutlOIl, It was eonsuiered, gently sloplllg plalllS oecllpymg 1he lowlands and rhyolItes through dacltes to ande:::;ltes. III color roeks of tile Cn"tme format.lOn to the ~orth Haven 
inadvisable to map t.hem. The till .leposi.ts are for 1 free from surface bowlders are nearly always found they vary from light gray through yellowish and greenstone are surh as to indicate that the hvo for-
the mOHt part thin anu oecur in very interrupted I to be hui1t of these 'Vhen roads tm versing greenish ~ray to green and herc ann there to purple. mations are nearly contemporaneous. On the shore 
and irregular areas. They arc thickest in the yal- I these Hats have not graded with materials The gTeat hulk of these rocks hre more or less schist- ! of Deer Tl:lle just north of Dunham Point, she-ared 
leys and depressionR hetween the hills, but even brought in from ot.her localities, the clayey eharac- ose; some that are perfectly so mus1 originally have I da('ite porphyry seems to be interbedded with 
here their depth in few placf's exceedR 40 or! tel' is revealed by the fine light~gray dust which been very fine and even text.ured and were probably I alt€l·etl greenstones. On the third of the Daned 

PeIlob~cot Bay. 



IRlonds, reckoned f'rom the south (bet.ween Spruce! lcngth of it mill" but are mostly smaller. In cert-a,in purts of 

Head and Butter islands), th~ gree~lstones are in I !~~r~~~e~~~.et'i~~a;te~~;~~~o~~~h~~: ~~~~~~;~~~~ ~.~: Ill~:~~~ 
cont.aet on the northwest pomt WIth a coarsely fla-kt'Rofst'c{)nuarYJllllscoviteand small euhesand octahodra 

fragment~ll variety of the Cast.ine volcanicR. The ~~!);~i(:~'t 2 ~:i~::~~:~~~:ft:~;~8~~~:~ ~o~:~e ~~::~~~. ~~~::~ 
layers of the greenstone next to the contact eontain from that at ~ol'th (ja~tine in being amygdaloidal and in the 
many angular, fresh-appearing fragments of' the development of numerous feldspar laths in the groundmass. 

aeidic rock; presumably these were caught up by ~~e~ :~:~I~I~~:~e~:l~~~I~i~\·~~~i~UJ~:~~r;r~~I;(;l;:;:s~:~l~~l~; 
the bot.t.om layers of' a basic lava mass as it flowed minuto grains of seeondary chlol'ite. epidote, (m.ldte. amI 

oyer a surfhee covered with fresh, un1'ounded fmg­
ments of the Cllstine volcanics. On the west. side 

llluseovite. 
'I'he features ohserved in these selected ~peeimeIlH of rhyo 

lite, daeite, and andeHite are charact()ri8tic of the bulk of the 

6 

The albite-pyroxene syenite differs in general i (4) Columnar structure: This strncture is deyel-
fl'OIll t.he (liahases and trachyles mainly: oped in basic volcanic rocks awl cOllsists in the 

grealer eoarseness, the feldspar areas being' diyision of the mass inio approximately ranlnel 
readily distinguished by the naked eye from the prisms during the contnlC'tio(l and consolidat.ion of 
basic eOllstitllcnts; the rocks thu::3 present a SOHlC- the lava uuder essentially surface conditions. The 
·what moUled Hppeal'ance. The syenite also differs contraction takes place chiefly in two directions and 
from the (liahases ana traehytes in its mode the hexagonal prism is the norIllal form, thOll~h 
Ol'ClLrrenCf'j strueturCi::> iudieflting a slLrf~lce volcanic the number of' "i(1es of the prism varit'~ frolll tbr~e 
eham,del' al'e usually absent and the typienl forms t.o nine. Its bel"lt developllH:~tJt il::l in the diabHse of 
are tlikel:3, sills, and stocks. OIICof tllC lcnstaltered t.he northwestenl shore of' the il::lland of Korth 

of Compass Island, also, diabase showing "bolster" 
structure and proba.hly a surfhce flow rests upon 
acidic breccia, the greenstones becoming finer 
grained next to the e~nta.ct. Dikes of the albite­
pyroxene-syenite variety of' the greenstones cut 
the Cast.ine volcanics on Little Deer Island, on 
Deer Isle, and at. many other places. 

formation, though pal·tially deHtroyedinmost cases by weath- as ,yell HS one of the coarsest Yal'ieties of this rock lIa yen, about midway hetwcell North and Bartlett 

eri~l~b.:hr::I~~~fO~h~O!~~all area of volcanics on the westel'n is f'ound ncar the hend of SoutllCrn Ha.rbor, on the harbors. Here some of the columns show very 
island of N orlh Haven; here feldspar phenocrysts ~hnrp angular outlines, but t.he majority seem to 
one-half inch :in lengt.h llre locally <leyeloped. have heen modified by dynamic action, 1::10 that only 
Other loclllit.ies from which filirly fresh spccimens cylindrieal cores of' massive roek remain, embedded 
of' HIC s'lenite were collected arc Htmlhead Island in a sehii:itose matrix of similar composition. On 
and the ;out.h end of' Hpruee Head Island; on Little some of the weathered surfaces these masl:li ve cvlin­
Deer Islan(l it. is espceially well developed in t.he dt'fs project so as to remind one of' the st.umps of 
fortH of' dikes aud sills in the Castine acidic 1'01- small trees. 

The eontaet relations betwecn the Castine vol-
CHIlies and the sediments of t.he Islesboro forlllation 
are nowhere very dearly shown. The small area 
of' basic andesites on t.he western shore of North 
Islesboro is infolded with and presumably overlies 
the slates unconformably, hut the relations are not. 
clear and t.he correlation of these andesites 'with the 
Castine volcanics is more 01' less uncertain. Shaly 
sediment.,; on Bradbury Island rising as an Hl1t.i­
dinal fold frotH beneat.h Cnstine volcanicR have 
already been descl'ihetl, but they can not certainly 
be cOlTelated with the slates of Islel::lbo1'o. The 
same is true of' 100 ff.et of shaly sediments infolded 
with the yoleanicR of' tilt' Uastine formation on 
Naut.iluI::I Island, soulh of' Castine. The North 
Ha veu greenfltone, however, has been shown in 
t.he section on t.he Islesboro formatioll to be about 
contemporaneous both ·wit.h the Castine volcanics 
awl with t.he Islesboro formation; some portions of 
the two latter formntioTlI::I lIIust therefore be con-
t.emporaneous. 

The contact between the Penobscot slate nnd the 
Cast.ine volca-nies is everywhere eovered by drift.. 
The eruption of aeidie volennic material which was 
ill progress during the deposition of the Islesboro 
formation mayor may not have continued into the 
period of dep~."lition df the Penobseot. f'ormation. 

The granite is plainly intrusive in the volcanics, 
and the l'elations are well shown in many places_ 
Due east of Grays roint., near Rucks Harbor, the 
grallite bOlLndary cuts directly across the strike 
t.he volcanics. On the north shore of Eggemoggill 
Ueach, onL-half mile \vest of HelTicks, the volcan­
ics are eut by a large numher of' fiat-lying, forking, 
and illterseeting granite dikes 8 inches to 2 feet in 
widtlI. In general the conulCt-metamorphie effeets 
of the granite are not noticeable to tIle eye. 

shore of North Islesboro are found on microscopic study 
to be basic andesites in which the original ferromagnesian 
mineral~ are largely J'eplaced by chlorite, calcite, and magnet 
ite. Certain fragll\entll.l varieties show several kinds of 
pumiceous andeRite. which may be very fresh or lI\uch wea.th· 
ered; some are light colored and some arc almost black from 
the abundanoe of finely divided lllll.gnet.it.e. 

On the eastern side of Crow IRland, a slllall iBland about 4 
llliles northwest of the village of Deor Isle. the rock is greenisiJ 
gruy and aphanitie, breaks IIp into sharp. angular fraglllentH, 
and is similar in megaseopie appearance to the more masHive 
t.ype~of the Castine voleanics. Mior(Jscopically. however. it iH 
seen to be an exceedingly fine-grained granite showing quactz. 
orthoclase, and microcline and large amounts of secondary 
(l.;'l.lcite and chlorit.e. The qual·tz shows a tendency to form a 
poikilitic mat.rix for the feldspars. Magnetite ha.s altered to 
If'uco:\:ene. This rock presumably repreHents a llolocrystalline 
prQ(hlCt of the ~ame ma.gma. which elsewhere crystaUhed as a 
rhyolit(l. 

The principal H9CondaJ'Y min('rals developed have already 
been ment.[oned. In one sheared rhyolite (lorilierite iH an 
abundant. secondary const.ituent. In theschi~t08e porphyrieH 
the feldspar anti quartz phenocrysts ba ve as 11 rule been bent. 
fractured, or gr'alluiated, and many of the fragments have 
been dragged apart. 'l'he schistosity is mainly the result of 
the deyelopment of finely divided chlorite, muscovite, 01' bio· 
tite, one or all. in more 01' less irregular. subparallel layers. 
In lllany places the roeks are cut by a network of minute 
veulR of ~ecolldary quarb; 

Microscopic study of the Castine yoleanicH near the granite 
border ~hows in many places notable (lontact-illetamorphic 
elfeet.s. A specimen of the vokanics taken 10 feet or 80 from 
the cont-act about east of Urays Point. (in the vicinity of Bueks 
Harbor) shows complete recrystallization, which has wholly 
obliterated the original t-extureH and hasresulted in theabun­
dant de,oiopmentof biotite in small plates and of pale·brown 
hornblende in brushlike and sheaflike aggregates. At the 
exact. eontaet the hornblende is massive and ooours in large 
erysta.ls, and the quartzes and feldspars also are much larger 
t.han is usual. The b"l'anito next to tbc eontact is extremely 
fine grained, aplitic, llJld highly garnet.iferons. At the head of 
Bud,s Harbor the r.onta{~tgranite is beautifullymicrographic. 

Agc.-The nge of the Castine formation is tenta.­
tiyely plaeed as Cambrian, for reasons seL forth in 
the seetion on "Historical geology," p. 12. It hns 
been shown to he contemporaneous in a general 
way with t.he Islesboro ~)rmation ami t.he ~orth 
Haven greenstone. 

canlcs, and the SO-fooi. hill east of t.he steamboat Stmt'igmphy.-The relations between the ~orth 
wharf a.t E?,'gemoggin is a stock of somewhat ser- Haven greenstone and the Castine volc--llnics have 
pent,inized albit.e-pyroxene syenite. The western nlreHdy been mentione(l in the discussion of' the 
part of' Crow J:::;land is ol'l'upied by a variety of the hltter formation. 
syenite which to the naked t:'ye t;}lOWS Humerous The Korth Hayen greenstont:' lies unconformably 
brown mottlingR. Under the mieroseopc these are below the Ames Knob formation, the contad being 
SL'CII to be caul:led by an unusnal development well exposed on the shore north of Ames Knob. 
small hrowll hiotit,e pIntes in irregular aggregates. At this place amygdaloida.l diabase underlies the 

The greenstoncs have hepn involved in the conglomerate, whieh dips to the south at an angle 
general metamorplJism 'which h:18 nffected many of of' about 60~. The extrclllely disintegrated char­
t.he rocks of this reg:ion, and somewhat schistose acter of thiR diahase and the appa.rent. iuelosillg of' 
formfl are of' ('otHmon OCCUlTence; mORt of' them large lenses of' this roek by claRtie materinl indicate 
have also snfii-m:,(l stwerply from weathering. superfieial disintegration of the lava. before deposi-

The diab:m's nllu h'achytcR in part.icular, but here tion of' the sediments; uneollformity is also indi­
and there the syeniles, Rhow eerbl.in structureR cated by the fllct that the J\~ort.h Ha~'en g-reenstone 
peculiar to 8ILrf~\~e volcanics; these will he briefly has been affected by ,regional met.amorphism, though 
considered. the Ames Knoh formation has not. 

(1) Amygdaloids: These are lavas containing This uneonfol'mity is of' the utmost Importanee 
Ht.eam pores which lmve been wholly or partially in determining the age of' several of the formations 
lmed with secondary minerals. Amygdaloidal dia- of the quadrangle. It indicates that the Korth 
bases o('cIl1' flbHndantly among the greenstones Haven greenstone and itR contemporaries, the Cas­
the islalld of Korth Haven, just north of' the tine formation, the Islesboro f'ormation, and the 
narrow strip of' Silurinn rocks. They are grayish- Penobscot format.ion, are not only pre-Niagara in 
green rocks which arc pitted 011 the wmthered sl1r- age but are probably considerably older than the 
face, 'whereas it freRh fracture is spot.kd with shining Niagara rocks, since the time intel'\'al represented 
calcite grains which represent. dlC pore fillings. An by this unconformity indudeR an epoch marked 
amygdaloidal form of tllC nlbite-pyroxene sycnite hy severe regional metamorphism and extensive 
occurs at t.he southwest end of Bnre Island, neal' erosion. 
the contact of the greenRtones with the Castine for- The relation between the greenstones and HIe 
mation. Here lhe poreR have been filled with rocks of' the Islesboro formation is shown OIl t.he 
chlorite, all(l OIl t.he f'rt:'~hly fractnred surface appear islands neal' Islesboro. In many Ioealities the 
as nearly black shiny spots one-sixtecnth to one- gret'Tlstone forms dikes and sills in t.he sediments. 

Defin-ition.-The Korth Haven greenstone is fourth inch in diameter. On the small iRland betwcclI Lime and Job island" 
made up of' altered hasic igneouf:! rocks 'whieh are (2) Fragmenlal varif'tif'f:!: Distinctly tuffaceous wlmt seems to he a fine fragmental variety of' the 
typicaUyand extensively developed on the islanu greenstolles are (leve]oped on t.he island of' Korth greenstone is interbedded with limestone of the 
of North Haven. The rocks are prevailingly uark Haven lIear the head of Southern Harbor, and also Islesboro formation, which mHkes up most of' the 

ar:;::.g:)~p~L:;;~~~~c::u~;~!~gi~~I~~: ~~;~~;e~~~r:::~:. gTeen in color and inch~~l_e diabllses, basie trachytes, at Crabtree Point and :J1ong t.he southwestern shore island. On Seven Hundred Aere, 'Varren, and 
andande~ites, which megascopicallyare usuallyindistinguish- a.nd albite-a.ugite syenite. rhe different varieties of' t.he island. Among the islands to the north and Spruce islands and on the southern part of Isles­
able from one another. These three varieties ure found in are in many places indistinguishable from one enst fragmental varieLif's are pl'('sent in seant amount, bOrD fine greenstone fl'agmentals, tuffs, and volcanic 
:~~~~!r~:; !;I::t:t ~~e:~l::;~~~n:~.d ~~ee ~~;~:~::(~:d~~IJ:Se another in the field and are associated in the most. but the ~reenstoneR of' the isll\nds south of' Islesboro muds seem in a number of places to be interbed~ed 
ites seem to be about equally abundll.nt; the dacites are very int.imate and irregular manner. For these reasons seem t.o lw predominallt.ly voleanic ash and dust with the shaly sediments of the Isleshoro forma­

SUb~:I~i~:t\ehe freshest occurrences of rhyolite is on the shore and because the several kinds are believed to he prac- deposi.ts, which in placrs, as at. t.he south point of tion. The' prevailingly green e010r of this series 
just north of Cape Hosier village. The rock there is finely tieany contemporaneous, thcy ha\'e been grouped Spruce Island, plainly reve!Jl their fragmertnl on Islesboro and the neighboring islands is thought 
porphyritie, containing scattered phenocrysts and aggregates under the comprehensive title of' greenstones. character on the weathered Rurfaee.<;. to be due largely to an admixture of line yolcanie 
:~of:~~m:~~i;~~~jnt; ~u%::.\~~~\~a~t~r::e;~la;h:rS:i~: ~:~ Di~dl'ibution.-The largest. eontinuolls area (3) "Pillow" 01''' bolst.er" Rtructurt:': This strue- material of' the greenstone serie.s with t.he ordinary 
small laths of albite, many of which exhibit a slight parallel greenst.ones is on the island of' North HaYen, whcll'e ture is produced by t.he parting of the rock before; dastie materials. 'rhere can be no doubt that t.heHe 

~:r~~~~:t~~~_:!~~i~~~;-:i~~i~~~;:g~'icr!;etl:~::~!~e;:~r~:[~~ t.hey occupy all but t.he extreme southern pOltion final solidification into mol'(' or less irregularly I two ftwmations Hre essentially eontemporaneons. 
probably represents an originally glaHsy base. Scattered of the island. ~ol'thwest.ward from North Haven ellipsoidal bolster- or pillow-shaped blocks varying 
through the gl'Oundmass are small amounts of secondary they are found on l\Iark, Saddle, Lasells, and Joh from a f'ev·,' ineheR to a vanl or RO in diameter.! Pr:t1·ography.-(1) 1'hese rocks are for.the most 

~~~scO\'ite and chlorite, and many minute crystals of magnot islands and Islesboro; tmvard the northeast they This strueture seems to b~ confined to surface flows I ;~~:.o~(~~~:~~:~c ::=:g~ ~~e main ;1~r~:~i~i~(~eX~~~~~:I:~~ 
Another rhyolite, occurring about 1 lllile northern:;t of occupy a eonsi(lerahle part. of' Eagle and neigl!l)or- of' rather bllblC composition. In some places the laths of p1agioda~e yarying fWill andesine to labradorite in 

:~;:, ~~O~~:":tl!~, ~~:~~~~~I~~::Se Xi~~~~c;;:~ ;~::l~;l~~~ ing islands and reaeh Deer Isle; t.o the nort.h they roeks a.re amygdaloidal. One of the best localities ~~;~~l~s~~~~~:~~.g i~~~S~dv~~:~:at~;x f~~~~lel~~~~:l~!i~O ::~ 
preceding specimen in beingfinergrainedalld of microfelsitic arc found 011 Spruce Head, .Ma.rk, 'Vestern, awl a for the Rtudy of' this strueture is the point just shows extinction angles up to 45°. Here and there somewhat 

textnre throughont. It contaius abuudant minute muscovite number of other islands, and reach the mainland west of. Bud~s Hal'b~r, where the greenst.ones ~~:~~~e~~~dis;::~ul:~~~t~~c:I~I:li;'~~~e~:f~':~g::;I;~~i~~UI~~ 
~~~es~e:;:;:~~s~V~~re~h:~~~~~!:s~ds~~~lCI:;hi~:~tef;~~rrt~; neal' Sout.h Brooksville. They are thus distribut.ed the basIC t.rachyte variety are wen exposed on the most localities th{lSO rocks a.re ~o exten~ively weathered that 

extreme northernpal'tof l .. ittleDeerIsland. arenonporphy· o\'e1' an area of' about 2tiO square miles, their con- shOl·e. Another excellent exposure occurs on Lhe no pyroxene remainH. The alternations are similar to those 

~~~~t:r~~;h~~i~:~~~ g~~;r~~l~!~~~ ~~~~I~,~i~~~~~::.;;~~tt~:: tinuity being interrupted by large areas of water. nort.hernmost of the Barretl Islands, which lie ~~~c1c~~~p~~lO;; ~~;e t~~a~~~~t,e£:~~;x~~~i~::~~!~':' ;n~~:~t~~);! 
ondary chlorite, calcite. and leucoxenc Il.re abundant in Varieties and nwde of flCf~ur-rence.-The diabases bet.ween Butter and Spruce Head islallds. The readily than tho albite of the syenite~. 
minute plat.es or grains. of' this fbrmation in most of their oeCUlTenees are l'oeks are t.here seen in cross section and resemble (2) Trachyto; Specimons showing' the charader of tho 

sho~en~fo~a~~~~~:s~~~,~~fl:~i~e:c~t~)~t.~:::~~);'t~~~!h~a:~~: fine-grained, compaet rocks of dark-green color. a lot. of' pillows of \'al'ying flizes piled one on top ~~:~h:::t ~~e~u~:t~:;~(::.OlI~~~!~ t~~~e ~~:~:~;et.~ei:~~~~ 
it is a finely porphyritic l'ock in which none of the pheno· Some of the freshef,it specimens were obtained on of the other find then cut through. Other fayor- to consist of a felt work of minut.e feldspar microlites. which 
crysts exceed 1 mill. in diamet.er; most. of.them are orthoclase, the iRland of North IIaven neaT the he,..ad of able loelliities arc t.he hf'ad of Southern IIarhor are in rtl?ny pJaC€s aJ'ranged in flo,~ Stl'llCtUl~ ; ~,hey seem to 
though a few of the smaller ones are albite, '1'he groundmass I ' ho unstrmted and are below balsam III rofractlve mdex, hence 
is finely Illiorofel~itic, .hut eontaulH a few recognizabl.e quartz I SO\lt1~ern Harbor, on COlllpa~ Island, and on Deer North Haven, Serag IRland (Ronthwest of' Spruce are probitbly orthoclase. Between t.ho feldspars a mineral 

erystals. The r()(~k 18 somewhat weathered and is feebly, [sic lH the cove between Northwest Hnrbor and Head IRland), and COtllpas~ IRlan(l. Oil the latter ~~!~e;:~~gm~:~~e~~~i~~a:~:::~:~bl!~i~\;;:~~tl~~a~I):IC~::a~l~~ 
~~~:tl~~:Ost~~~te~r!'::)I;a~;~l~~ ~~ ~~~~~~~~t:I;~fu:P~~~~s: ~:~ Dunlmm Point. Dist.inctively surface volcanic the ellipRoidal greenstone is a true diabase and is ooours. Feldsparpbenoerystsare8pl1.)·jnglyseattered tlJrough 
chlorite, much of the latter showing vermimIiar forms. Ot.her structures are of common occurJ'ence. foull(l in contaet with volcllnics of' the Castine fo1'- tho rock, but are extensively altered to a.n aggregate of (~al· 

ha~~cc:~!,"~g~~~~~~YOfo~~:~:s~~;;~~!~ya !~:!~~~:~Id~~:~:t;~f The trachytes a.re indiRtinguishable in the field matioll. The greenstones here become finer grained eit.~3)m~~~7t:i.~;,.;~:~:~b~~e~?lte; ThiH rock in most. placefl, 

varying witlth and purity gives tho rock a certain amount of fi'om the diabast:'s and from cert.ain varieties of thc next t.o the othel' volcanics; the eont~\et plane i" though not everywhere, ShOWR a poildlitic texh1re. In ~OIlJe 
schi~to~ity. In gen(lral the dacites differ but little in micro· H Ibit.e-pyroxene syenit.e. The h€8t exposure of now almost vertical, but the fllct that. the lon~t:'st. sections this is rcndered obscnre by the great variations in the 

sco~:a~t~:l~l~~ f;:~~~t.~::!~~~~e:f andesite were collected at trachyte is on dlC point at t.he wel:lt. entrance to axes of the ellipsoidal g-reenSLOIlf' tlla!:lSeR parallel ~~~~~2~~.!~I~;)~~!ng!~~;~~~:I~~1:~1~:1~~~:;:~~:sS~:l~:~~~~:(:;r~~ 
~orth Castille. Here muchof the )"ock i8 fragmental, hilt the Bueks llarbor, where t.he roek is exceedingly fine this contact that Uw acidie volcanics may weatllering. The feldspan; are stl·ia.ted and as a rule form 

~:;iv~l;:;~~~~,i;VI;~~~~~~~:d:~~~~t:jr:~e~~rt:!:~I;:t~~' grained, is light green 111 color, and showR the, represent the upou whieh t.he lm~ic flow wa~s ~~t~~::I~~~t~~i:~~~;t~:~~~:;::::~:~~;~:;;b~~~tt~:~g!~ 
shaped phenocrysts of fresh albite whioh in places attain a I "bolster" strueture described in another pa11lgraph. I laid dowll. I shown t.o be albite by their low extinction angles and by their 
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!~I~~:~~~I~~:~~~n~1:'I~ic.:h~~p~~~~~rr:~:O:';1~~I~t~)~~:~:8p~;~Z col,o~, on<,~ot~l ~he weathCl:p~ ~Il~fare all(~ fr~8h frac: I ;;;;~s :~:~~~ ::U(~~ :;I;~~~~r~~:~:eess~/~lt~~:t~!;~Or~~~i~~l~~! Se~u~n('e al~0 occul'l'enc~.-j: uniform snc('cs~ion, 
liUe matrix for the feldspar laths. The fMt that the extinc- ! tUle~. 1 cld~Pdr phCnOCl)Mb; <Ire flS ,1 lule It:'Rs , ~par phenocrysts exhibit the albite !amellation, have the I comparable wIth that of sechmentary rocks 1ll a 
Hon all~lesappro~ch ~\lt.nowhereexceed 4.~o in the.half-no7.rn I numerous than in the andesites just described :lud I ex!incti~n angles of lahr.adorite, and Me beautifully zonal, small area, is hardly to be cxpcctpd in a volcanic 

~~~eSI~~~~::'~~I~~! ~~~~:~:'~~~ t'~l:~I~~'iieY~~x:~: I~J:~~:):))~~~~ I are bwlly altere?, in many plaees bein~ tinged with i ~J?}::ft'tl~ll~!l!~Ya:~~~e~~~~col~;::w~~~;,\t;':~J:;~;~~~ i~~):~)~;l:~~ serieR, but, thoui?h showing numerous ~oc~l dit:· 
original constituent whillhplayo; an important, r6le; it, O(\llUr!! red. One speCJmen of the red andesIt.e, however, showing that the dear out('rzoneiHol-iglnaL The light·green ,ference8, (l, certaIn general s('quence ,nthlTl the 
~n irregularly angul~r gr~ins, SOllJO of which assurne skeleton I from the slopeR of Ames Knob, shows large andf's- I pyr?;t:cne phenocry.sts h.ave th~ h.igh .c;t:tinction ~ngle of! Thorofhrc volcanics ii::l obselTable. The varying 

~(~~~:r::~:;':~i~~r;~a~~~~l:~~~~f'~~~~~::~ ~~;:~:s~u!~'~~:!~:': ine phenocrysts which are quite unaltereo. 'Vithin! :::::~e:::r~~~~~n~c~~~a~a~:l:r~J:~:/s '1;~~a:l~i~:e~~Un;:~{ proportion of lavas and pyroclastics prevents -any 
show, when examined micI·oscopically, evidence8 of dynamic i the ~orlh Haven flrf'a there also occurs a very little is altered to pennine. Both feldspar and augite phCIlOC1'YstS I rcliable estimate being given of the thickness of this 

;:l:~~~a~,n l~t!:~ct~::~i~:;:~ ~~\~l~:~~S: ~:~~:~;s o~r:m(:;~l!~~ I rhyolii~ POl'p~J~ry, the qlliirtz p~le1l0crysts 0: which ~:t:: ~f :~;~~a~~~~~r:~ni~I~~fl~~;u:i~~l~s.sh~,~~n;r:~~~I~I~~S~ I sm:i;s. . 
nU of which s~ow a co.n!'~derable amount 0: alteration. are plamly y~sl.ble to the umnded .eye .. Som: of i" leHsand~sit.ic in cb~racterthau~hatof.therock 1he lowest members of the Sf'nes, the dark-gmy 

~~tt~~:J"~~;:e~c~~:~~~~e~~;~~~~~:~::Cft~~ro~:~:,g:~~::~1~;~:t~t;~: I ~hE:'.~e more l:e:dlC rocks are dead? mimSIH' dl~es ~i':r:r:~: ~~ I;~!s~f a~~::;e ~~~~~:~;:u~;l~~siehlspar crystals, pyro::ene andC'Site and andesite porphyry, are most 
someonlychloriteremaillS.Mo8t ofthefeldsparretainsrat'her lIn the andesltlc Tocks, and there lS some questIOn but eLsewbere faint micropoikilUic areas ar(' (lOllllllOn in the I prOlmnently exposed on Ames Knob, fmd to the 
a freRh appearance eve~ where the ferroma~('siun minerals I whether any of them are really part of thf' Thoro- groundmass. . , sout.h of this hill the seqnence ean be tmeed wiih-

~~;eaal~~iJ~;d a~a~~l~~It:he ~~~::;t~~ !~~~~:~;~:~~~lit~; fare formation. . . . r mi~~:, ~;!g~~l~~::~i:~~:f l~er~~L~dr~JL~~ o~~~;~:t:~t:~j~r lout difficllity. Above th: andesitie ]ayus, whic.h 
cOlllplete rotation, so that their 10ugera;t:is1i('s in the plane lOne of the most strIkIng roek8 III l\orth IIaven Thio; groundmasR now ~hows IL micropoikilitic texture, hut are loeally very amygdaloHlal, oecurs the volcanIC 
of schistosity. The latter twophcnoiliena contribute to the is an amygdaloid ,,,hich OCt.:urs 011 the shore of doubtless was originally very gla~sy. The feJdsparpheno·, conglomerate H well-defined deposit. ,\ith a (yeneral 

~::e~~~::l~y ~~ :~: d~~~;~~~~~o~t~~c:;~:;.i;:~~c~~u:o~:;:~i:' the Th01'~fare, and mneh of which on ,,'eathered ,I ~)~V;l~ 1~~~e~:~:, n~~~e;;:: ~~:1 :L~Il~~~n~tl~~r ~~~i~:it~Hr:~~~t: I sh·ike of N.' G5" E. and n southern dip~ The 
bands, to SOllle pnralldiflm alllong the shreds of iibrous horn· I Sl1rf~lCes appear~; \'ery vl'liieular. The groundmass ! rather Im,sic chamcter may be inferrcd. A few phenocrysts I inclutled fragments of the dark-gray pyroxene 

:1;:::teaDa~~o i~~:g~~!~i~~~~:g=~::{~~~~~~ ~~i~~t: ~~::(~: ~~ I of the. rocks is i;Vayand the elongated al~~'gdules 1 ~~~~~~~~;i~ti!~~/~:l~!rna:. a~r~:~: ;~~o::~~:~)~~V;~~lht have tilc ' andesite and porpl~Yl'JT which constit.ute thc ~Te~ier 
chlorite. Here and there some muscovite is d{'vcloped and of wlute Hnll pmk quartz art' very plenhful. A their dark border of iron oxide, their irregular part of t.he vol('nnlC conglomerate nffurd proof of 
helps to defiuc the schistose structure. Tibtuiferous magnet· I few phenocrysts of' feldApar have ('hnntcteristie I crackR, aud their badly corroded prismaticolltlineH constitut.e tllP relaliYe [lrr(' of these two members of the sel~es. 
~~n~~a!l~~~~~:~ :1~:;I~~~o~~~e~~o~~ ;~!~~~:d :rh(~::cf:~e~~ I eryst.al outlines but are largely , ;~~~~:~ttsh~fo~e;~u:~~:~~~s, I~luf~:;a~Zte:e;!g~~:!(:::,~~'t~ !~~~ Toward the s~uih and weRt the ('onf!:IOlllemtc gmdt:'s 
schis.tosevarieties are eharacteristicof allthe aJbite·pyroxc?e. I Pumiceous varieties occur with the gray sist offihr~\Is serpentine, with fibers normal to the. tr~tngvcrse into brcccias, which Rhow both tnifal'(,ous and flow 

~~:n~;=::~; ~:~~ ~t :~~:h~~;;~~e:~~~es~~:~~I!::{;l~n~:~::~ o~ Ames ~noh, but their eharader is deteeted only ;::~~:'o;~:~~rt:.r~la~~~:::n~~ry~l':cc~a~~:hi~x~~:. Small eharacterR. The red b:lsaltic and:sites ovcrlie the 
but some JOlly be origiual. Micaceous plates whieh are prob. 1 WIth the mlCroilcope. tine mass. Large hexagonal prisms of I conglomerate and brt:'eclH and are 1Jl tm'n followed 
ably paragonite are developed abundantly in tile albite errs· 1 A8soeiated with the lavn:::; are the volcanic frag- much maguetite, form the oldest constituent the bv the more aeidie liornble]1(le anJesite. At this 

!:~~~ m~~;~;;le~l:l:~:~~~;;;i:~~:~~~:cc~~~:~;':i~~i:;~ ::~a:i~::::~~ mental rocks, made up of tlle explosive fragnlf'nts ~~i:I~o~~e,~,~:~:;rn;;~;::~~; ~~ ~~~~;;:~l~~:i~~~ ;:~~is:~~fu~;:! I p~int. in thf' series the la Ya" beeome less prOmillf'llt 
fouud. Rarely serpentine has been abundautIy developed. I from volcanic eruptions. Although igneous in North Haven volcanics. Tho olivine phenocrysts, howenll'. I awl on the shores of the Thol'Ofare the tllfi'acl'ou,,; 

. .. . I o.rigin, these roeks arc in gel:el"al m~re o~' leRs dis- :i:~lJ~;:"l:~irv::~:~~~~I~~r~~~r~/~~:a.:~~e!~t:.egar(l thi., as I roeks al'e exp08eo, aeidie and basic tuff" l:ein~ inter-
Agr.-1'he Rlratlgrapll1e relatlOns already (hs- tmctl'y hedded. 'Yhere t.hlli beddlll?: ]I::) due to Another specimen of the red andesite, collected on the be(l(led. The bf'"t bedded of the8e st1'lkf' N. 85° 

cu~sed show that the North Haven greenstone! depol'lition uTHIcr water, the rocks are intermediHte slope of Ames Knob, shows largo feldspar phenocrysts which I \V. and dip about GOO H. .\. short dil'ltnncc to the 

is much older than the Silurian sediments and is I in l'hl-JnlCter between the lavas and ordinary Hedi- ~::i~:~~e~t:e~te';:~:e~~o~:~~~~~::I~S~i~:t~~~~~o:o:~~~::~! east the amygdaloioal flows, with amygdull'<; giving 
about contemporaneons with the Islesboro and the I ments and are known as pyroeiasties. Betwt'en en~eptaRwell·deflnedprismatieareaH, noweomposedofcblorite I a strike of K. 80~ 'V., oecllr above the hornhlelHle 
Castine formations. For reasons hrought forth in the lavas and the pvroclastil'1'l on the one hand, and llal(·it.e. There ismueh ll1aguetitoand someilmeuite, a.nd andesite and are in many plnces interbedded with 

t.he st:'etion on "IIiRtorlf'al geology," its age is ten-I and between the sediments )md the pyroclasticB :;~~!~:r!S~~o:~~~e~S~;~~gt~~i~:~~~ti:l~ea;r:l~~~~:.in~~: the tuff's. ~ 
tatively placed as Cambrian. I on the other, it is oft{'n difficult and sometimf's crystal of titanite or sphene was observed, altere-d at the .Tust west of North Haven village oeeur the 1ll0Te 

THOROFARE ANDESITE j im?,oSRible to :listinguish. . ~~~;~iiI~:~e~~~~!~ ~~t.~l:~~~:~~;~:o;~:~:(!;:e p;:~~~:~~~~,:~s~ acidic memheTs, tlw rhyolite-porphyry tuffs and 
1he most Important of the PYl'odastH's repre- rule simple, but here and there twinued, aud in places irregu. small amounts of the mnRsive rhyolite porphyry, 

Defiuit£on.-The ?horofare .andesi~e. consists ~f I senteel on Korth Haven is the~ volean!~ eonglomer- ~:et::-i:~~~~I'llT('~~:..ar;ha~s~::,e:~~:c!1tl~~Hj:n~~e~t~!~,~il~ and Oil the shores of the Thorofare at the yillage 
lavas and pyroclHstlC rocks of )ltldC'Rlhc composl- ate on the slopes of Allies Knob. 1he more or oped near the pheuocrystR, but elRewhere the pnrallelism of the yellow porphyry is prominently exposed. This 
tion, and is extensively developed on both sidf's of! If'RS rounded fragments of the different andesitf's the elements of the groundiliass is less apparent. Rctweeu more acidic la\'a is not so widely di:4ributed as tlle 

the Fox Island Thol'ofare, which lies betwf'f'n North I range in size from that of a bmylder sf'yeral feet in ::~~~111~~:,I~:t ~ii:r:~e~~i~~i~I:~\~:t~s;::n~=r~:~:'~S~:I~~ andesitic killds. 
Haven and Vinalhaven. The lavas include mHSS- diameter to that of eoarse sand. The cementing zation. . In the f'astern part of the main art:'fl of the vol-
ive porphyritie andesite and amvgdaloid; the pvro- material is snwll in amount and its character diffi- Anothcr of the dark·gray andesites is of much coarseI' canics, on the sllOres of W·aterman Cove, much the 
1 . . fi . ~ - texture, with lnrger phenocrysts of yellowish-whits feldspar.. .. 

e ashcs lllclude tuff, ow breecw, and eonglomerate. cult of determination, but under the In the thin section theRe feldspars are ~een to hayc suffered I same sueceSSlOn of red and gTay andeSItes, andeRlte 
Distribution.-On the island of ~Ol't.h Ha\Ten thi::; lllatrix is seen to' be clasiie. t~\~ USUM alterayou to epidote and zoisite, and thcporphy., porphyry, and breceia is fOllud, with some quartz 

this formation extends from Amf's Point, at the augular crystal fragments and particles of opaque ~I~~~ll~:::S~~;t:~~u~~:~e::~lll~~h::e~~;'e~~;~~~bl:~~:~~:~! porphyry, 'which here is proba.bly intrusive. 011 
eastern entrance of Southern Harbor, through the material similar to that forming the ground mass either hornblendc 01' mica; sOllie cross scctiOTIR approximatc 1 Tron Point porLions of the series are exposesl which 
village of North Haven to "Taterman Cove. Far- I eert.ain of the lavas. Slight traees of flOW)lge seem the ~Ilgles of hornblende. Maguetite is very abundant and would overlie the rocks of the Amel'l Knob district. 
ther east it appears again on the peninRula ending i to ilHlieate that the cemcnting material was of the ~;aes~~: ~:~:,j:Ol~~:;, ~~til~~l~~~~::t~~r::ill\~~eg~:~~~; ! These ~re ,veIl-bedded tuffs, striking N. HO~ E. and 
in Indian Point and on Burnt, Stimpson, Calder- charadeI' of voleanic mild when it filled the I'lpaces magnetite. Microlitic laths of feldspar constitute a thin felt, I dippin~ abollt ()O~ 8. 'Vith these tuffs oecUl";:; a 

wood, and Babbidge islands. On Vinalhaven it i ill t.his maSR of eoar~er ejectam~nta. The large frag- :~ts ~r~~~~:~~: ~~~s~~:;~s~!~~~ti:~~C!~:r~~ll:~~:da~~~!: i mediUl~I-grained conglomerate with well-rounded 
oceupies the northwestern part of Calderwood Neek iments Rho,," anoesitie stl'uclure in ~l marked df'b>Tee. ito. rather more acidic than many of the other lM'as here, pebblf's. It is to be noted that tln'oughout the 
and occurs as a narrow strip along the western I ,\. volcanic conglolllerate sOllle,yhnt finer grained deseribed. I principal area on North Haven the bedding of the 
shore of the island from Browns Head north,val'd tlum that just deseribed oceurs on Iron IJoint, and rco;~m~~~t'h~: i~:~:;s~~:t~:d with the ~~~~ca~::a~~~;~~ I pyroclasties is fairly constant. 
for about a mile. the fine dark-red Cf'ment of this roek again sug- awl microscopie, but apj:lJ'oaches rather a diabase ill i Across the Thorofare, on the extreme nort.hern 

StYlwtU1'C.-The Thorofare \'oleanies show eyi- gesls an original yoleanie mud. BoLh of these !:~;tew~~~y:~~:~zt~:~'th!~~i~:~~:;st~i~e~fo~~~:~~~li%: i portion of' Calderwood Neck, the same sequence is 
dence of' open folding and of'some flmlting. They volcanic conglomerates graoe inhl bret.:cia, which pyroxene are- very freRb, Rome chlorite being prescut as a found, the breccias being overlHin by tuff's a.nd the 
have not been affected by the regional metamor- has in the main tllt:' eharader of a lava. including product of the partial alteration. The pyroxene crystalR are I conglomerate and the serieE strikinu- N. 40° 'V. and 

phism \vhich haf; altered the Islesboro and Calder- blocks of older layns. Sueh a breccia is u flow ~:~~!~ :fOl~~~is:e.jn'1~~: ~~~~~~!~: ~~l~O~:C~:~~I~~!~~C~~O~ I dipping rlbo~t 80° S. At this lOL~lity the section 
wood formations and t.he North IIaven f.-.'Teenstone, breccia. In othcr pla{'es, however, the brf'ccia very fine grained alld approaches the ophitic Rtr-llcture of dia· I is l'ontinued even higher than on Tron Puint, for 
but in the degTee of' their (listurbance ar~ eompara- seemS to differ from the volcanic eongloillerate base. The rock .iR therefore .all ande~te ap~r()a~hing diabasc. breccias overlie theRe bedded rocks and at the 

ble to the sediments of the Amf's Knob formation. only in the degree of rounding of the fragments, Wit~:\!~ea:~~~~!:set~~~:~r:r~::::isf~~~;:~~~e:l:l:::l~~I~:~~~et~ I entrHnce of Seal Coye ,"vell-heddt:'d il1ff~ oceUl" above 

The stl~ke varies greatly in different localitirs. The and therefore be termed a tuff breC'cia. ~:;~~:;;l~' ~~et~~a~~e~)n!~:~::;:~~~s~iPl;~:!~S :~:~!~~:~.~ I the.breceias witI: [~p~roxim:tely t.ht' s~me st.rike,and 
dips locally become as steep al:l 80°, but in most A of fragmental voleanie rocks of much this elIect of magmatic corro~ion has beon in part remedied 1 a dIp of about DO S. ThlS clillnge 111 strIke from 
pIaees are under 600. On the Rhore of Carvers finer grain ihan the breccias and eonglomerates are by the subsequent addition of quartz, which seellls to be of I that found toward the northwest on Iron Point 

Cove two parallel vertical faults can he st:'t:'ll in the the eompact. pink tnffs on Ames Point. The tuff.. ~~l~:;:e :~~~o~r~fs:~r}~~~~ization to t:l~h~;~~~~~na::~.o~~!~ must be acwunted for b.v folding, with possibly 
shore cliff, wit.h a strike of N. 45° ,"V. The dis- ! aeeous eharnder i8 plainly revealed on the weath- and secondary muscovite a.lso the interlocking grains Eomc faulting. '1'0 the east, nn the shore of Car­
placf'ment,. whidl is relatively downward on t~le I eretl8uriaees. of the groundrnnss. InafpwcasesthespgrainsRreoitwinned vel'S COYf', the lower of ihe betIded tuff." and the 

southern sHle, amounts to somewhnt more than DO ' pettuU1"uphy.-Thegrayand('AiteofAmesKnoh.wheuexam. ~:~!.~~;r~~!~::~)~~~t~~:~I~':~~l;t~~~\~~~:;r~~~~:.rt~~!~~~ ('onglomemte are found, striking~. 5°_25° E. and 
feet in one of the fhults; the amount of throw in ineu microsC{lpieally, bhows phenocrysts and groulldlllass intergrowtl.1SConstitutcaUlark.edf~,atnroofan~ltherporphYJ"Y, dipping ahout 35° W'". Herc also folding and 

the o:her cal~ not be ~easured, i'lince the lavas and :~!~e:~~c:~::l~t~·te ~:;r!~~~~~~r a~~;::i~:: ::t~a.:)~l~~~C~~~ !~:r,y~~:a~~c~~~:~~~i~~ :~:~: ~sn~::i~o:ertt;~n~u::::c~h~:: faulting are necessary to explain ihe distribution of 
hrecews, whleh overhe the bedded tuffs, afford no of good si1.(), with alhite twinning and ronal stJ'neture erysts and ~Lre in cryHblUine continuity with theIll, forming t.he beds. 
datum plane. The aetual observation of displace- Nearly a1l8ho·w eousiderablc alteration, aggregates of epidote Wi{~i~~)~~~~;i:~;:~:~t~~~cl~:r~~~t~: ~~r:! t~:;~;(~:~~idS On the westel'll side of' VilUdhayen Island the 
Illeut at this point strengthens the probability that and wit~h:ome fe~l:lil~~' (~~'i~~:~d~~::i~~;P:~, that the amygdules comtitllte one.fourth of t.he Tonk upper part of the series is again exposed, consist.ing 
ullexposed flHllts exist toward the north. 'l'heferromagnesiMlrollstiluentsha\"ebeeu 'l'heir structure is concentl'i(l, quartz and of an(iesitie lavas, with tuffs and breccias. Thc 

Lithology.-Andesiieisy:ryprominentlyexpos;d light al:~~~~l~~~)~~~:e~~~g~~p:~l~:e~Ol~~~~:~ ~~;~:~~e~~;:;g:;a~~~~::~r~~~;t~~~~'~r~hiCh well-bedded hdfs in this part of the area sirike~. 
on AmeR Knob, the bold 11111 nort.hwest of the nl- of and calcite. '1'he outlines of these phenoerysts is filled with calcite or qnart1., the lattcr, I 180 _25° E. and dip 65e BE. At Browns He:.HI t.he 
la~e of Nort.h Hayen. The roek is of It dark-gray suggest both hornblende and pyroxene, and tlJeir projection in rou.ghly 8pherulitie pIUlll<,"S. The rock iH nn I upper part of the serit:'8 il'l in eonbwt with the 

colo)', much of' it. with a 8light purple tinge. In I ~:~~r!l~i~e;~~~~~:;o t~~:~e~~~p;~(~;::s,~h~~:~ :~~~ln~n~~~si~ aW~~~~~SCOPicstUdY of thefinertuifs from Ames Point ~hows I \~illalhavell neidic vokmics, whieh arc diseussl'd in 
striking contrast with the almost hl[l{'k gl'ound- 1 composed of .feltlHpar lath!!, with a noticeahle felted tc;t:ture, aR t.hem to consist of a mass of minutc, and almost col· ! the next sl"t.:tion. 

mass ~re the. we~l-denned phenoery.sts of ):t:'llo~y to , ~:~:l~ l~;l~t~~~~:~~ ~r:s:nfse:;;:~~~:a~l ~l~:e~~!~e !~~~~:~~~~ ~:~.:S: P:::!:s, :;~~~e fef;a~:'~::B seem to re~~;s~:~~s ;~~:! i In the area of similar volcanics toward the cast, 
greemsh-wlnte feldspar about one-eIghth of an lTleh I wbere included between scyeral f.,ldspar crysta.ls. Magnetite sherdR. with cOl1eavetriallgula.routline~ for the mOHt part, hut along the Rhores of the Little Thorofare, the most 

in d.iameter. Typically it ~s .compact., but amyg-j ::~~s/~I~:~!~~(:~tt;;;:~~n;~~I;::;{~~~~~!!:~:IlI~}l:~~cl:;:t~ :::';~O~~h~~~r~~:~~;~~~r:!c~~~~st;!::~.~ll:h~:st~.~~~~ede~~~ prominent rOl'k type is a flow hl'eeeia, with whit'll 
dalOldal ~nd ev~;n drui::l): varlCtlPS also occur. C~n-I In addition hI the alter('d crY8tals of feldspar, there are "asehen'Rtructur"' and considered t,o be charact,eJ'istic for occur tuffaceolls rocks of YHrying eharaeler. Thf're 
trasted Wltll thIS rock lS a compact dark-purplish roughly spherulitic areas 01 epinote with "OlUe zoisite aud deposit.s of the most finely COIlllllinut0d glass fI'om a. volcanic is llothing in the bequence, however, to wannlli 

andesite on the southern slopes of the hill just I areas of Ch~~rite. The~~n Whic~it~~: !;t:~~i:t~ ~i~~l~)~f~:id~h!~r:S~~t:!::I~~u;e<,"~:~I~~:~l~:t~I~~~~~~~~(~,t=: i~l~~e more than a coneiation in geneI'll 1 eharader with 
north of ~ol'th Ila\'en. Thi8 shows here and there 1 This porphyritic preseut case, by the fant that the the rocks of the prineipal area. 
reflections from slllall lalh-shaped feldspars in the the espeeiany in the from the matrix eveu in polariL.cd 'fhe Iragmpnts, I Age.-The age of the Thorofare andesite can 1)(' 

grouudrnass and eontains a few small dark-green I te;t:tureOfitHi~:o~:~~:~~\ntfTOOlanalOgYWjthO~h~~l:~~!~~ :~~~i~~lg~X:r~ft~n:~~n:IIL~~~d~;:g~oe:t~/:~~~7~!~:~~e~Ll~~: I determined only by its relation 1.0 the Ames Knob 
phenoeryshl of' pyroxene. I otl.ler part~ of the region it was probably a. pyroxene phenocrYRt, associated with thiR typical ash structure. Thesc I formatioll. In the Ames Knob locality the volcanie 

Other andesites are found which have a dark-red I an~I~~tedark_purpliRh audesite cxposed on the hill north of !:;o~:Slaa;: therefore to be considered as derived from a I rocks overlie the upper members of the Ames Knob 

Penobscot Bay, 
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formation with about the same strike and dip. The! ditions determining this kind of crystallization are I l'uUmlc,l. Illany of wl~ich show. (lmhayments, al~o I the taxi tie lavas the lamination has approximately 
lat'k of any n,lHl'kcJ unconformit.)~ must he consid- ! not cle~l~ly undcrst~od. The arran~e~Hellt o~ th,8 ~::::~l~~a;nliMany fe;(;~car~e~~1~:,r8si;~~:()~nf;::1:~~n~I:~ ~l~ the same strilu:and ~jpas the u~del'Jying tuffs. Tht: 
ereel !IS sh.owmg .t~lU.t Hte YOlca~1C ~utbrea~s £.0]-1 spheruhtIc growths III these old rl~YOhtl(, lavas lnd~- places of a dragging aparl of th~l ~I"agr~enh;. ltf,JparenUy as a hn:gcr S~)l.leruhtf's fi1~st appear III the upper ~)a.rt of 
lowed the deposItIon of the SlluMan sedIments enteR that, whate\'er agent dcterllnned the eryst:.llh- I ~o~u1t of flow before<'olnp.lete sohdlllc~tl.on took pla.re. "Evon thlS t:.lXltlC aporhyohte, where they are ~onfJlled to 
before the tilting of thoRe sediments to their pres- zation, its aetion was in many plares confined to I ;~:!~s~o Wh:::gI~~~~: ~~:tl~~:e fl:;~ !~ne~~ :~~~ I the lighter colored layers, 
ent position, The red shales of Ames Knob yery . definite planes, find that in some loealit.ies the con- They are small, llighly stmined quartr.es of very On Isle au Raut the voleHnics are either mao:.Riyc, 

l~robably represent old mud~ which rf'{'eived c?n-I (~itious fh~'ori~g the proe:ss ,;'ere ~lOt li,mited to a I :~~U!~;:,~~\:!~~O'oithe~o;:~l~'~;~ :~~ys~~:~ ~;inb~' ~~~c~~~ I with .little megmw~pie eVi:lenr.e of t1?W struC'turp, or 
~llderable amounts of yoleame dust., thus marklllg I smgle perlOd III the eonsohdatlOn of the lavn. The, from the underlying surface or to haTe fallen int,o the 110w n,s else IlTegltlar tufi deposlt8, m whH'h no genel'Hl 
the heo-inning of the intel1nittent volcanie activ- spherulites seem to have erystallized yerY Dlpidlv I volellnie dust or ash. I structural relatiolls are apparent, Like thm;e on 
it)'. ()u Stimpson Island, hO'wever, there is gf'O- ' in a glassy lava 'whieh had eome to rest, an:l becom~e alh~::e b:~~;~~.~~~~~:{~t~:~, :~~:,~:~dl~I~~":~:~~:~;~ Yinalhaven, they apparently lie in nearly their 
logic evidenec which bears more directly on the age I nearly solid; superheflted water and steam 'were ar;ang~rr;ent ~f tri~hitesallu cr~stallite~ than that obse~ved in original position, though I':olllewhat disturbed by 

?roLlem, Th~ fossiliferous ~imestones an(~ quartz- 'I probably important fad~I"s. . ~~:l~~~~t~~~~;::owt~~~);~~;;t~llt~~e:~~:~i:;;;~;r~~~;~~:~;; the granite. '1:he l,atter is. de.arly intrusive, .as 
Ites there are mtel'bedded WIth the YOlcalilC rocks, Many of the aporhyohtes p1'f'sf'nt tracE'S of brec{'l-I in outv.ard form, thc sectiollsbeillgcircles, segllient~of cireles, shown by gralllte d.lkes wInch ('ut the VOlefnllCS 
so that it. is apparent that the yolcanie acti vitv ation. In some areas fra~mf'nts of' the Thorofitre and phun('s. Many of these, especially the Rllialler ones, are I here and there, and by the filet that the o-ranite 
begnn in ~iagara time. • andesite arc assoeiated ,~ith those of the more ~~~~~~~~;c~~~;~~~~a;I~(llifi~:sll~o~h;;~:h7t,:h;~~~~=e~:;~~;~ , bcx.'oHles finer h'Tll.ined ~nd shows in rnanyhplaet's 

af'idic rock, the matrix being rhyolitic and Rhow-I the sphcrulitE'~ without interruption, Ot,her ~pheruliteH may I miel'ographie strueture next to the contact.. This 
YIXALHAVEN' RHYOJ,ITE. ~ng fl.ow structure., :Most of, theRe bree('i~~s ean be' :)i{()l~e:~:(iY ;~:: ~~c~:~i:~l~:e~~ :{::{'e~~!~iCo~~~,nS~~~;~l\~~ l:(~;~: ' in.rrease in fineness of th.e gra~itE', togetl~er with a 

Dcfi1rition.-The name Vinalhaven rhyolite is IdcntIfied only wlth the !ud of the IIll:ro.scope. m~y be ~light,ly !li~erent in ('olor, the finet,); divided pigment I' shg-ht CO~ltact metamorphISlll of the yole~~l('t;, r~sultR 
given to altered snrfacc yoleanie roeks of rhyolitic They appear to be developC'd locnlly wlthlll the being of a brown tmt rather than bl:tck. lhe smaller ~pher· locally 111 an apparent gradual tmnSltIon of olle 
composition whieh are extensively developed and cent~al area of spherulitic aporhyolltes. Tn part Ulitf'H are in tb~/~:.!e~l~~~sc:l~eb~';~~i;~: series'into the other, a feHilll'C:' whieh is well Rhown 
we-ll exposed in the northwestern part of the iRland thf'y probahly originated as lava flows induding opti('al Chal'11ctel' of whieh could not be determined owing to along the shore just north of Duck Harbor. 
of Y'inalhayen and which oc,cU1' also in a number I fragments of older lavas, like tllf' breeda so promi- the ra::c~~~~. se;~r;~~:r~~~:U:~~:~~~l:~P~;i;:~~;e~~:I:e:;~C:~ On the southernmost of the Hay Islands pll1'h; of 
of other localities, , nently deyeloped in the Thorofare volcanics. In thcw radiating tiber& are seen to be the rhyolitic voleanics are distinctly bedded, the 

DiEtribl1iion.-'l'he Yinalhaven area of these, other places the brE'cciation seems to have been in relatively large interlocking grains, and the hawls b('in~ green, purple, and huff in color and 
rhyolites may be deseribed as a roug-h circle about! confined to the lava itself, eertain I'trains within the ~~~~:\~t~ll::~~~t ~~e!~~lf~b:r~~~~lc:;:~~e~~1;~~~I:;:u ~i:r~; fine grained, Other parts nre coarser and appeal' 
2 miles in diameter, fitting into the west.ern part of eooling mass haying heen sufficient to hreak up between the fibers and the grainH. 'rheHe grains appear w be di~till('tly fragmental on theweat.hered suriaee. ..\,,11 
the area of Thorofare andel:lite. Extremely good 1 thOf~e parts which had consolidated. Thil'l proeess in p.'tI't, at lca&t U1~ia1(ial, and mOHt probably:u-c qlHlrtl, w~i1e are pvroclaRtic in origin. On the northernmost of 
sections are afforded by Perry and Crockett coves, seems to hnve been of a different eharaeter from ;LI:ma~~o:~ecr:~e:~~:it~;es:r~~~~~:~"a~:u~~ l:~l:~~~~)~:~~ ~h: the Roberts Islands similar pyroclastics oeCllr, hut 
which extend. well toward the eenter of the area. I' the breaking up of lentieules of flow, which would ?ri~ina.~ form in th~se larg.el. spherulites. 'l'herear(', h.owever, I thcy are associated with massi "e rhyolite porphyry 
The next htrgest area is in the northwestern part of give an ataxitie or rhyolitic Rtrueture, sinee here ~~~~;:~::~~:le t~:~~s~:rs~~;,~~a:l~~ :~::t~~~~!Ha~~:~~:: ~:: that weathers to a pure white. Roth nre cut hy 
Isle au Haut nnd extf'IHls as a hanel ahoat three- the breecintion took plaC'e when the cooling gla~~ IlliiCrOpei-.'J.llatitic strnctllrC to a purely granulaJ." mosaic, I dikes of g-raniie. 
fourtlls of a mile wide from ::\IoOl'e Head and Trial was sllfficicntly stiff to break into extremely angu- :1 ~~~~:~~~l~,hf~~: t~:sei~~~~a~o~~:~l~~:'o~ht~:I~~:r~~t8:;~.iden- Age nnll .c01'n1ation.-The struetu~al l'C'lations 
Point to the village of Isle au Haut. Rimjlar roeks lar fragments. This brecciation also followed the Differellt generations of the ~phel"\llitic cry&tallization are already outlllled show that thc extrUSIOn of these 
cover an area of somewhat more than 1 square sphel11litie crystallization and affords the best proof, indicat-ed in ~ome of the ,eurions examined. 'l'he spherulitie acidie lavas and tuft's immetliately succeeded that of 
mile in the l:lollthwest cornel' of the island, where of' the original nature of these spherulites, as well ~~~I:r';;;i~~~,er:r~h~T ~C~~l~~~l~oe~~~~lt~:~d w:~~::1~~0~eP~~~:~~ the Thorofare voleanirs. Indf'f'cl, it set'llls probaLle 
they forlll a llumberof steep, l'llgged hills and high, as of their development at a very early Rtage in the being lo~tlly incloscd in the later spherulitic growth, or that the fjection of' the more acidic laya Le~lll bf'fore 

precipitous sea cliff~. Raddlehaek Leclge, at tht' cooling of the lav~l.. . . :!;:~:~rni~ll;n~hes~~~~::r~l[o:~\~e~e;;:~le:Sa:!I!~:e::~~~~~ that of~ the a.n~esite closed. 'Yithin t.he Tho,"ofare 
entrance to Il'lle au lIaut Day, and the Hay and The tutL" of thIS senes arf', 1ll the mam, llluch grown in the saIne (lirection, parallel with the flow, and also voleamcs aCIdIC members are found overlalll hy 
Rohel'ts islands, southeast of Vinalhaven, are eom- ! more compact than those of the Thorofare voleanics, : to hayc determined sharp oddylike curves in the flow lines of I more hnsie varieties of lavas and pyrodastit,s, and 
posed of l'oekt:l of similar tf'xtllre and composition. but, like them, yary in color from dark purple or I :~;~~,~t~:~s ~:n~();~e~b~)y~~~ a~~~~~fs~l'~!d~~;S~U~po~e:ui~~c ,again in the uppcr t.uffaceous heds Hssigned to the 

U(!1If'1'al ('lwl'aria and o(;cU'rl'enct'.-The vokanic greenish to light pink or huff. In grain t.hey. plume into three quadrant~ of a cuete, a~ seen in cross HCctiO!~ Thorofare yoleanies there is more or less mixture of 
rocks of this formation t'xhibit leRs Yal'ietv than the present the same variation from a eoarse assemblao-e I 'l'he matrix in whi.ch these Iarg('r Hphenllites oecnr isgen- rhyolitic and amlf'sit.ic materia1. Thus at llrowns 
Thorofare andesite, hut sl1ch kinds as do~ occur are of angular fl'ngmE'ntR to a roek composed of the :~:~~~~?~~~;~~':~(~I~:~~:~~~~~~~l~~e~~i:~et~:~:ss::~:):~~~: He2d a ('oarse tuff brercia eomposed of large f'l"dg­
of speeial petrographic interf'st. They rank among finest partieles and showing the ash stl'lleture. some flowage. These area~ may represent vesicles in the ments of andt'sites was found to contain a few 
the- most beautiful of volcanic rocks and ean not "\Vithin the Vinalhayen area the lal'?~r fragmentR ~i~~;,:;-:~:e~t~~~!~t:l~~~,o ~~~:~~ t~~~e:~ ~:: l:~~~~~e~p:~~y angul~r picees of the tuxitic and sphernliti: apo­
fail to attract attention as exposed in the weathered are mostly of the handE'd and spheruhtlc laYas, hut eOlltinuons 'with the tihers of smail sphcrnlites. That, the rhyolItes. On the other hand, the lower tuffaceous 

IE'tIg-es and sea clift's. Among them both lavas and in some places andesite fmgments. are Ye:y plenti.- ~~:k ~:::!~~~;~; ;~~~~ i~;)r:::.~ ~~ ~~: ~~~~~~:.ra~~~e::h~~ beclR assigned ~o the Yillalhaven volC'a~i,es were 
pyrodastie:o; are rf'prf'sented, and four kinds of rock ful. Crystal fl'agmentc all:lo oreur III the finer tuffs. outlined as lighter lines in the light.brown grollndlliass, and found to C01l.ta.lJl fragments of the nndeslhe lavas, 
will he deseribed-the taxitie and the spherulitie l;'ragmental varieties of the volcanics oecur at se\'- in pOlaJ."ize? light are SOf'n to ha\'O been ~lled wi~h ?narlz. In I The tuffs of the upper portion of the Vinalha Yen 

aporhyolites, the flow breccias, and the tuffs. eml pointR along the eastern shore of Isle au Haul:. ;~~~a::!);~'~~~= ~!e~h:ff:~~:d ~;t~:~~~:~~~t:n~l~:~~~:~fi~~~~ ',seem, however, to he wholly rhyolitic. It seems 
The acidic lavas, 'whieh constitute the greater pnrt Thorofure, where they form an agglomerate of the glass, I probable that the two kinds of l:wa were erupied 

of the formation as exposed on Vinalhaven, are ano-ular fmgments in a matrix of nearly the same The flow breccias are megaS{lOpi{~ally ~imnar to many of from Reparatf' though neighhorin .... vent~ the rhvo-
very glassy in appearance and. are characterized by e01~lpositioll. They are also partieularly well ~~~:~~~~~~~~~e:~;: b~~ ::~c;~~{~:;)~~=~~::~~~~~~:~eo~~:~ litic eruptionl:l beginning while ~he an~lE'sitit' ,,:ere 
flow strueture. This texture is in many pl~es developed at "\Yestern Head, Isle au Haut, where ande~itic la.vas are ineluded with those of tho acidk glass, hut I in their later stages. The Vinalhayen volcanics, 
beautifully exhibited on the weathered surfaces, the the fragments range IIp to 3 iuehcs in Bize. Among !~: ::~i~ :O":e~r!~(l~~v"'o~c;~~, ~~~~~:~{~:o:~et!: ~:~~~~~ " therefore, like the Thorofare andesite, an~ of pOl:lt­
flowage lines being extremcly delicate. Most the islands between Isle au Hant and Vinalhayen, the breccia i,s seen to be c~aracterize,d. by a i10w ~trueture, I Niagara age----:prohably late Silurian-and are older 

these taxitic apol'hyolites are t'omposed of light they oeeur on the southernmost of ~h~ Hay Islands ~~~~~~~:~~~,~esgJ:~;a~~~:~ll~x:~I~p~~::l~I:~~;~~~~l:!:S~ee~~~ than the gralllte. 
flf'sh-f'olored and dark-gray or purple layers and on the Roberts I~lands as dlstmctly bedded obsidian~, ribbons and filallients of the trichitic gauze being 
varying width, some of whieh are extremely irreg- deposits showing an alternation of green, purple, tWiste,d int? complex patt~r:ls. '.rraces of perlitic cracking 
nlar in form. "\Vhere the .banding is regular the and buff bands. als;~ev;r~~~~:~:~~a~l:r~r~f~~:t~~:Yi:~~!:~~t~:::r~~ias Dejim:tion.-The name serpentine is applied to 
rork may show a parallel parting. No phenocrysts Petrography.-The lavas of the Vinalhaven formation are a rulo appeal' to have been breceiaie(1 in place. Spherulitic rocks in which the mineral serpentine oecurs as the 
other than small magnetite and zirron crystals fO~llld on microscopic e1(arninat,ioll to hc cryptOllrystaliine in ~~~r~;~l:;~l~:i~k~~'~~~~::~~nt~(';::,:,:~~:g~~~e~li;Sl~~:\~::. domimmt. constituent. This mineral il::) a II nlrolll::) 
appear ill any of the specimens examined from the ;n~:~ l~~t ~:.:n~~~~::~t:~h;)~itd:V~~;isfi:t~:~SY ~~~l;~~\r:~~~)~: elation. Other fragments a How RtructUrtl sharply silicate of iron, mag-nesium, and aluminum, ·;J.nd is 
iBland of Vinalhaven, but on Isle au Haut and on Me rhyolitic and ""were originally ~olnewhat glassy, they have ~~~~:;~e~ JI:~I~~e~:~~~;ing without, l'U~~I::~.a:J~~e~~i~r~:c:~:: usually formed tIITough the deeomposition of the 
the Roberts Islands finely porphyritic varieties are been termed aporhyolitcs. In those varieties in which the has made these rOC],R holocrystalline, but in the rock minerals uliviIlf', pyroxene, .or amphibole. The 
"pry common. Outcrops I'lhowing flow structure ~~: ~~~~t:l~:~~~~~I:S::C~?;!c~h~u~~~l~i~~cli;;l~.i:::':I~l~~Il~~ with the structures thc deYitrHlcatioJI ha~ serpentines of the Penohseot Bay qundrangle have 
occur ahundantly along the shores of Perry and ites, tl'iehit('s, and minute crystallites, all of which probably e'\:amincd there has been ~ome resulted from the alteration of roek~ composed 
Crockett ('oves. Oil Tsle flU Huut the flow strue- :{:I:e!~('~l :'~~~;i~t:~~tO!r:;~~~~t~t~~tU~~:er:~. I~~~~~' :~~l:i~: lllinera.1S-lIluHeovit.e, hiotite, ehlo largely of olivinc and pyroxene or of olivine a.nd 
ture is commonly not reeognizaLle on the weathered of flow structut'() outlined by the art'angelllDnt of these amphibole .. 
roek surfaces, but can he seen mICIoscopi{'.ally m , t.tlhtes IS much lllore delicate than that seen was obsenecL onh III the tnffs contanullg andeSltlC frtg D~·dril)/Jtion.-The largest serpentine area in this 
many of the I'lpetimens. 1 ~lo::1~~e~~ecob:t:~~ ~~I:~iC~ ~~~ll\~~:~~~:r:;)l~YeS 1~hl:~ea~~ ments region orcurs on the llorth~rn part of Deer Isle, 

The spheruhbc aporhyolites are closely relatt'd descJlued ,nth the other s heruhtes JIl another tra'rll h I An analYSIS of one of the most t1PICdl and seemmgly lea~t where it forms a single bnnd extending nearly eW'lt 
to the taxlt.it' and t,'Tadahons are found between tlle I More eomnlonly, hov;e1er, t~tlSC bands are Char.t?t~rlzf'~ b~ ,t ' allteredt~f !1~~SPherku~tlCt~arJE'tH ~o~,t~e V~na~ha~eulY~l~a~~( B allel west from E(wremoggin lteach io Deer Isle llav. 
. ' " 1 peculiar WDblike intorgrowth of fine fibers of what ~eem to he I' s lOWS a e l'OC as 1e cOlllpo~ltlon 0 a ypJCa r ~o -e. bh. .-. 

t~YO k~ncls, The spherulItes yary m ahundance a~d quartz and felJ~pal', alt.hough the con,stituents are t-oo minute . Its eastern part. hilS a WIdth of about a nlll~, bu~ It 
SIZC; m some places only a few small ones, the Slze to he certainly dt'termined. In the hghter bands and lemes ' Strueturc (llld sequencc.-The stl11eture on vmal-l nanows on the west to less than one-fourth of a mIle. 
of a pin head or of' a pea are disseminated through 1 the crystallizat,io~l .is .cear~er and less definite in stl'lIctUl':, I' haven is eomparatively sir!Wle t.he lavas anel tufts This oeeurrence has resulted from the alteration of 
. ' although spheruhtlC Hi part. Some area.s of quartz and epl' . . . ' , , , .. . . 

the varIegated purple or dark-gray roek, but else- dote oecur, and at'e probably of secondary origin. oceupymg a basmlIke depressIOll and overlYlIlg, a stock of baSIC 19-neous rock mtruded mto the bol'-
where ther are in Ul'eat ahundanee in many plates' On Isle nil Haut., mOHt of the ma.sHive rhyolites are fin(·ly : the tilte(l Thorofare yoleanies. "\Vhel'e their struc-I derino' Ellswort.h sehist and Castine. formation, 
cornpletf'I)T eo,'erin; the t'xposed su~'faees and attain-j ~~rr:~~~~~e, (~:::I~:('21\~~~~:ecr~~~:e:~~:e:~~~~::=~~~t~t~~ I tnre ean he determined the rhyolitic volcanics dip In MU!e east-l'entra 1 part of Little Deer Island a 
ing a diameter of several inch0"i, Such a ro('k is so in part isotropie. bnt ill Illost of the rock it is completely at angles of 45° or more townrd the center of the! single prominent hill rising 12;') fe-et aboye sea lewl 

ulll~sual in appearance that it would readily. be 'I ~;i;:~1~n1'~1~:e~~;'!~til?;: t~;;:~~~~so~I;;:!o;''t~:t~~~I:e~ :~rea, except in the southwestern ptll't, ,,:here the <.lip I and sUl'ro~lllded hy acidie. YolcH,I;ie. roeks ~:;; eom­
notteed by ev~n a casual ohs.eJ'v:r. Th~.sphel'ul.lt.es coarsene~s froll,' point t~) P?int, b?-t in either ease the Ilry~tal l1:l. mol't' to the sOllthem;t. ()n the ~orth'\ :st{'rn Side posed entIrely of serpentll~e. 1 h~s, ~ocahty has 
ynry greatly III form, HOTtle bt'lllg perfeet spherc'S, boundarl:sareln th~m:~m mdefimte, When rotated betw('en of the area the lower members of thc Vmalhaven I long been known to geologists. 1 1111S mass also 
others ellipsoids, while in places scyeral arc unit.ed ~~~s:.~n ~::~~Rti~;;!'~;~ 1:~~~g~~~~1):~::Sti~e,t~cp'f:e~~~:~~~8~ series are found ill eon tact with the Thorofare andes-l seems to be an intrusive Rtnck cuttin,£{ the Castine 
to form inegulal' nodules. They are n:;; a rule e0111-1 which probably iudlcates more or les~ parallel grow~h among ite, and the beds are seell to be wholly conformable, volcanic,,). Small serpentine dikes were found at 

l~act nn(! felsitic; more Tarely they are holl?'" Hud !~~a~\~~~~:~~t;!~~~~l~:h~l::~h:r::e ::~: ~es:u:~~r!~~~: TIl~s eonstitt~te the basal meml~ers ,of the series, ~nd South Brooksville on. the gron~ds ba~k of Gray'H 
lllled wlth quartz, probably as a result of subse- curved forms ~tt'Ongly sug'gestiveof origilJal pel'liticcl'aCkillg'l thmr separatIOn from the tuffs ot the llnderlymg I Inn, and at several pomts on Ltttle Deer Ishmd. 
quent solut.ion and deposition. Rpherulitic apo- In some of the rhyolites of the Vinalhaven area such cracking andesitie sCJ~es is in many places very difficult. Descripfio11.-In general appearance the rock 
rhyolites are cOidined, so fur as observed, to the ~~n::?~~e::;~fl~~~~~!~o;nii~~~_,:~e:~~~~~;o~nt~~~~r:~e~~~:~; Ahove the~ tutf~ the gencl"<l1 st~qucnc~ is, taxitie I yaries hut little in the different loealities; thaLf'rolll 
Vinalhaven area, and arc 'well dc,yeloped 011 the they are seell to have been filled with quartz. The pheno- npol'hyulitf's, followed by spherulitic Ilporhyolit€s 1- -- --- ---
shores of Perry and Croekett eoves and pspccially eryRtH i.n the rhyolitcs o~ Isle. au !laut are of all sizes np to i awl flow breccias ,,,ith other tuftaeeous beds as the 'Jackson: C. ~" Second Rept. ~n Gcolog?, of Maine, 183.8, 

along the shor~ south of Browns Head. The co~- !:~~:~;;~~;n~~~Sh~f *~e;{·~~~r~::I:::l:,dsn~=n::j~:u~; I highest member' of the serif'S represented. Tn: i:e:;lJij:,~~~~~:rM~i~~;la:~~~d~~I~~~~~~~~;~el~~,e~.I~l:i.1Il 



the old quarry on the northeast shore of Deer Isle 
is exeeedingly fine grained, dimly mottlcd in dark 
green and black, and is cro8sed hy irregular blaek 
bawls of the mineral serpentine and by numerous 
minute veins of (~alcii.e. The rock from the Little 

9 

striation appearing in Aome of the nearly isot.ropic arf'aR of angular fragments of schist have been caught' small amount of muscovite, hut that of the 'Yalla-

ent to the eye, and even the micrm;eope f;1ils to togus and IHontgomery mountains is mostly of 
A,q(:.-The seTlwlltine is knO\vn io be intrnsiye Rhow extensive recrystallization of t.hc Rchist or medium grain, though showing some orthoclase 

~~~~:;~;tfee~~;::,gr~~~= ::~~~t.l~:~~e~f'o~~t~~:~'l~~t:r~{;;~~:~~ up in the granite. Along this whole contact the matogus Mountain area is rich in muscovite and 
the picrite variety, I granite has produced no change in the schist appar-I contains little biotite. Thc granite of 'Yallama­

Decr Island sto(~k is somewhat more massive in into the folded an (I metamorphoRed EllRworth schist ahundant. development of ne'" minerals. ' laths three-fourths of an inch long, all similarly 
and into the Castine fOl'm:ltion, of probable Carn- , Long l~land a1·ca.-The central part of Long I oriented. In places mU1:\coyite is the only mica 
brian age, but in itself it shows 110 eyidenee of I Island, in Bluehill Bay, is a boss of granite of developed. The rock in the yicinity of 'Vest 
dynamic metamorphism other than the local shear- : nearly circular outline. Its northern and north-I Penobscot is a finc-,6rraincd gray muscovite granite 
in~ commonly found in serpent.ine. Its intrusion i eastern contacts are well defined, but the southeast- whose ,yeat.hered surfaces, unlike most of the gran­
took place, therefore, subsequent t.o the periou of I ern contact. is masked by surface deposits. The ite, support an abundant lichenous growth. All of 
general dynamic metamorphism which aft'eded t.his we8tern boundary about parallels the ..,vestern shore, I thc muscovite granite weathers rapidly. The con­

appearance, conser, and dark grayiRh green in 
eolor; it weathers on the immediate sllrfa('e to a 
reddiBh or greenish browll, and brcnkR up into 
rou~h ly quadrangular blocks of all sizes up to l:'ev­
eml}ef't ill diamet.er. 

in t~~~c~~~~I~~~I(';:~~i~~1'i~~~r~~~~;V:ot~:~1~~~!t(~1~'l~~:o~~~~~;::~~ region. Its contact. with the granite is nowhere I as is shown by the small patches of schist. found' tact bet.ween the granite and the Pcnobscot slnt.e is 
of the mineral serpentine, in part, deep green and of very low exposed, hut t.he granite near the contact is some- " here and there along the shore and on some of the I mainly coyered by glr«->ial deposits, but is well 

a~d il\:~rt lig~tg;e;ln wit.hk~~(lhfhighe~ [what porphYritic, indicating that. the serpent.ine is I. small off-lying ledges. _ In general texture and ex. posed on the ROut.hern slopes of 'YallamatoguR 
net.\:~o;~ am pa.r '\~e ;)~:g~I~~1 pr:se~:~ ~:f probably tl;e older roek. For these reasons an , composition the granite of Long Island is similar Mountain. There the contact. effcct of the granite 

uone of t.his relllaillH. Seq)entine is Or~lovieian age iB p:rhap8 the most. reaRonable to I to tha.t ~~ the southern and eastern parts of the on the slate is shown on the weathered snrfaces by 
brush-shaped or slHx.tlike aggl'e- I aRslgn to the serpcntlIle. " BluehIll-loddy Pond area. the more rusty appearance of the slate for a foot 

i Sedgwick-South Broolc,~v£lle area.-Throughout or so from the granit.e contact. l\Iieroscopie study 
I the rudely eircular gl"dnite a.rea extending from shows that the slate 'Nithin this narrow zone has 

of t.he ro('k; it IIIay it~elf be after i DiRtribut£on.-The outlines of the areas occupied Bluehill Falls to Sedgwick, Sargentville, and South undergone much recrystallization, in many plaees 
At one side of t,h,e slide. I by granit.e tlre yery irregular because of the general [' Brooksville, and thence nort.hward to Bear Head, with t.he ahundant dcvelopment. of sTllall crystals of' 

ha~ been hlled With ;1::~:)~~~~~ eomplexity of the eoast lille and beeause of the the rock shows remarkable uniformity in texturc, brown tourmaline. 
~ext to .the ~ormalrockis a homogew;ous la}:er.of light,-green I' manner in which the granite intrudes the surround- color, and mineral composition. Exposures are Dem' Isle and Isle au Haul ai'err.~,-The granite of 
~~fse~!;~:, In a.~::~l~~ ::~~. ~~~~'l,t.lIlg s~:~~;~l;~~ : ing rock8. The belt crossing the nort.heastern part abundant., not. only along t.he contacts with the! Flyc Point, Deer Isle, and tile isla lids between Deer 
materia.l index of refrad.ion is· . as I of the Pe~lObseot Bay gll:1drangle extends for o.nly sUl'roumling schists a.nd vo~canics, but also throu~h- Isle. and Is~e au Raut. is, .f?r the most part, of' 

~roba.bl~ IS ser- a short. dIst.aJl('e efist of the qnadrangle, hut Just out. the central portlOn of t.he area. The gralllte I medlUll1 gram, nOllporphyTlt.H', and free from the 
w finely as to bchave opbcally hke an beyond the northern boundar) It (Onnects ''It.h the is of medium grain and almost identical in appear- associat.ion of diOl'ite, diabasE', flow gneiRR, etc., 

I Sedgwick-Penohscot area and extcnds nOlthedst- anee with that of the east.ern and southern parts I \vhieh characterizes mallY of the other areas. Pink 
'Ih" first IS a somewhat ..,\ald to ~'illlhclst and Aurora There the helt i>: ~f the Bluehill-Toddy Pond area. The rock, granite is of eommon o('eurrent'e, t.he amount of 

olnme both I only 2 to 3 nnlcs "Ide, but. Ii wuleno; dgRlll beyolHl from the South Brooksyille qua.rries may be I pink orthoclase being much greater than ill yw 
and extt-mos south",lrd to 811111\ all and Chell) field taken as the type, and is described in the section other areas within the quadrangle. On Flye Point 

The shows The \vhole area ihus has somewhat tll(-~ form of an on pctrot,'Taphy. I the rock is a coarse pink gTanite with porphyritic 

mineral is nearly 
prism tf'rmina.t.ions, an 

the lOIJgit'ldinal cleavage 
eolol's nowhere exceeding y('!lnw of 

ThiH mineral is in tho main fairly fresh, but 
show~ 80IllO decomposition to l'{'rpentine, mOHt:ly of the fibrolls 
variety. Olivine is l-'resent inlarg-e grains and is nmeh more 
~tlrpent.inized than t.he A micaceous of 
chlorite iH abundant 

immense horseshoe. A RBwll isolat.ed area oecupies The contact. phenomena between the granite and crystals of pink orthodaRe which show zonall:lt.l'Uc­
t.he sout.hern part of' Long Island, in Bluehill Bay. the Ellsworth schist are well shmvn along the cast- hue. Scattered "knots" or segregations are m11ch 
The granite areas of Deer Isle, IRle au Hant, and ern and northern borders of this area. In genera.l finer grained and richer in fel'l'omagnesian constit­
Vinalhaven form parts of <l much int.errupted belt the contaet is sharp nnd the schist has suffere(l no ucnts. On Stinson Neck the rock i", similar t.o 
whose general trend is about parallel with that changes t.hat are megascopicallyapparent. Dikes that on Flye Point, but shows a well-defilled hori­
the coast. This belt includes the granite of Swan and inegular apophyses of granite pcnetrate t.he 7.Onta.l sheeting. On Saddlehack Island, 4 llliles 
Island, }Iount Desert., awl 'Vinter'-- Harhor to the schist, but are not. ablLndant, and the granite near east of Stoningt.on, and on some of the nei~hbor­
east, and that of Spl'Ucehead and Clark Islalld to the contact is of the sa.me t~xture as in the central iug islands t.he granite is eoame grained and Rhows 
the west. of this quadnmgle. The small granite part of the area. The microscopic changes observed porphyritic crysta.ls of orthoclase, many of which 
area in the northwest corner of the quadrangle in the schist near the granite contact are discussed are 1 inch in length. The eOfll'SPIlt'SS and the 

along rat.her r forms part of a large area -whieh ext.ends ca8t.ward more funy in the section on the lithology of the abunda:t;we of basic segregat.ions render it. unfit for 
! just beyond the northern boundary to the village Ellsworth schist. ornamental purpoRes. The pink, coarse-grained 

Deer Island has very fully (Merrill, op.r of Sandy Point, and nort.hward up Penobscot River The contact relat.ions bet.ween the granit.e and tJ-lC granite from the quarry of Hagnn &. '\Vilcox in the 
cit., p. 191) in an article which embodies ill(' first. pUblished to North 'Vint.erRpol't" ,,·here it ineludes the impor- Castine volcanics are best shovm between Billings northeastern part of' the village of Stonington is 
~~~l~~~8il~!~~~ (~~'~~I? ~~~;~ill~~l:~~ :xll~~~~e;~:n:a!~oPi~~t~~~,::' pr~~:i~ ! tnnt quarries of Mount "\Valdo. Seyeral small :lIld Cove and South Brooksville. The contact is sharp t.ypical of the granite on the south pnd of Deer Isle 
oll8ly ()b~erved, but 8how in [l,ddition tIle pre8ence of secondary I ineglliar areas occur on the mainland in the tOWJl in most places, and neither the schist nor the gran- and on the neighboring islands. TIl general it iR 
hornblende. The sing-ly l'cfl'acting 8ubst,a.nce which occupies, of Korthport, ite shows to the naked eye any very marked changes of even texture awl fairly frf'e from segregations 

bet.ween SOUle of the olivine and pyroxene I General grcat maSR of the as t.he contact is approached. Dikes of granite are ("knots"); it is described in detail in tile section Oll 

properties I granite is gTay io pinkish grfly in color, nOllpor- of rather eGmmon occnrrence in the voleanics. In petrography. Tlle' spacing of the joints varies 
~:lCa~r~~~:r~I~~:r:~:):;~~~'~;ne~~c!:~:r:~; :~o:{~ll~~~)~dant of phydtic, and of' medium graill, the feldspars avel'- It few places the granite ,,,ithin a short. distance of I greatly in diffcrent localities, but over considernble 
froUl 0.6 t.o 1.5 JIlIn. in diameter, about, rulll. aging one-fourth to one-half inel,I in diameter and the contact is garnetiferous, nnd in other places it is areas they nre so far apart that. large blocks may be 

the augite and tllis Sllh:>tancc wore yery ~harp led 
Merrill (op. eit., p. 194) to mmdude that the latter rcpre;<eutcd 
an original glasHY basco It is to be noted, however, that just 
as sha.rp houndarie~ elist between the a.ugite and undouhted 

. serpentine. Tt seems improbable t,hat gla.ssy base should occur 
so abundantly in It rock in which so Dlany of the mincl'als are 
fleveloped in large and perfeet crystals, fInd it also sooms doubt­
ful whether a glassybaso would remain so largely nnalteredin 
a rock whieh otherwise is much decompo!!ed. The isotropic 
Sl1hst:mcc not only scemA to grade into augito and tlndoubted 
serpentine, but, al~o inclo~es serpentine, magnetite, and shreds 
of Rlcondary amphibole. 'l'his, together with its local aniso­
tropic, properties and its inde.:.. of l'efractioll, which seems to 
be eL':wtly the ~ame ~IS that of the t.ypical consti· 
tutes the rf'nSUD for aggregate so 

amorphOUH Hub· 
same ill clmracter as 

the other constituents OCCUlTing l~hiel1y in smaller exceedingly fine grained and shows micrographic I qual'l~cd. S01l1e of the most importHnt qnarries 
grains, There are, however, so many minor varia- structure. The microscopic charnct.ers of the con- ' in l\Iaine are in this vicinity. 
tions in t.exture, mineral compositiorr, and color tact phases of the ?:Tanite and of the Castine vol- i The granite of Isle an Raut and Kimball IRiand 
that it will be necessary to describe separat~ly each canics are described in the se,ctions on petrography is mainly pink Hnd rather coarse grained, but neal' 
of the an'flB mentioned lliJovP. under these two formations. I Moore Harbor it becomes finer grained and gray 

Bluehi11-Tuddy Pond a1'ea.-Because of the scar- I.%nth Penobw!ut al'ea.-The granite area extend- in color, so that on its weathered sllrfaces it is 
city of exposurps the northeastern boundary of t.he ing from Nort.h Brooksville to Penobscot differs in, with difficulty dist.inguished from the neighboring 
Bluehill-Toddy rond granite helt. can he drawn many respects from that just (leseribed, its principal i, rhyoliteR. 
only with approximate accunwy. Exposures are peculiarity being the possession of a horder zone Vinalltat'en a1'ea.-The northern houndary of the 
yery scarce also in the northem and eeHtral parts which is a complex of gTanite and diorite with ~ Vinalhaven gTanite are,a is a line running from a 
of the belt, but in the eastern and southern parts smaller amounts of gabbro awl flow gneiss. The point. abOllt midway on the eastern shore of Calder­
anu along the wcst-ern bounda.ry t.hey are very centml mass is rat.her pure gTanite, but ~ere is no I wood Neck nea.rly due ,,,est to Seal Coye and thence 
abundant.. sharp divL"Jion line between the granite and t.he southwest to the north point of Leadbetter Island. 

Over the northenstern, eastcrn, and sOlltllern basic zone, and in t.he latter somc granite oc(~rs I South of t.his eontact of the granite with t.he 
parts of the an:a the granite is moderately coarse even at the outer border. The charactPl'S of the I quartzitie schists Hnd acidic volcanics, Vinalhaven 
and nonporphyritic. The feldspars avcmge ahout hasic belt are more fuJIy dis('uAsed in HIe section on is composed wholly of granite, wit.h tile exception 
one-fourth of an inch in length. The rock from diorite, diabase, ana gabbro. It iA nenrly contcm-I of two large areas of darker rock, the "black 
the quarries at Bluehill, descrilwd in debJiJ in the poraneous with t.he cent.rol granite mass and pl'Oh- I granite" of' the quarrymen, ,,,hich is described 
section on petrography, may he blkell as the type ably represE'nts a differentiat.ion from the salHe I farther on. The principal type of the Vina.Jhavell 
of this medium-grained variety. The granite near magnm. The roughly circula.r area of' granite Routh granite is of a light-gray eolor, with a slight pink 
Rall Pond and in thc enslern part of the area is of South Penohscot is made up mainly of gray I tint, nnd is comparatively free from the Bep;regation 
similar to it both in texture tlll(l in mineral eom- biotite granite which is slightly coarser than tlwt patches of dark eonstituenis, t.hough cut by numer­
position. A coarscly porphyritic Yal'iety, some quarried at Bluehill or at South Brooksville, some ous aplite dikes. The rock quulTied at. Vinalhaven 
whieh shows feldspar phenocrysts 2t inches long, of the feldsp!Ll'S being three-fourths of an incl) to I and on Hurricanc Island may be Laken as typical 
occnpies the whole west.ern part of the area from an inch and a half' in length. It is probahly some- for the Vinalhaven area and is described in the 
Bluebill to the Ilort.hern c(lge of the quadrangle. what. inferior for building purpose."J and has not [ section on petrography. 

The contact between the granite and the Ells- been much qunrried. Kear Sout.h P:~lOhscot and to dike.-On t.he northea~tel'n spur of Spl'llee 

worth schist is well exp08ed one-fourth of a the north toward Penobscot and " ... 19ht Pond the near Isle~boro, ooours a single granite dil,e 10 feet 

mile northeast of Closson Point and on the shore granite becomes finer grained and more variahle in wide, whic.h t.r('nd~p~ra~lel.t.ot.h,e bedding of the R~alylime-

one-half mile west. of 'Yoods Point.. At the latter textnre a.nd mineral composition, and small amounts :~~~~~ iIt: 1~f'~~:~~~~nl{It ~~Jllls;:::~i~:~r();:; ~:h;:~I~~~I~;~ =~:; 
locality there is considerable intrusion of granite of hasic granite, gunrtz diorit.e, and tliorite are asso- ellt.irclyof a coarse {~rystallization of orthocla8e tUld mtlSCD· 

parallel to the fol-iation of the schists. The granite eiat.ed with t.hc true grani~,e. . ::~c~~~~: ~;~::: a~~ ~~:r~t~~~' ~'~~~~e~t ~~1~~~~:1 ~~71~:' t.r~Il:~ 
near the contact is closely jointed. Contact phe- lVaLlamato,qns JJIonntam area.-The gramte of the dike, so noS to give the rock a coarsoly schistose struc-

nomel~a are also well shown due e:ls~ of ~ orth , the \Vallamatogus Mountain area is sep~rate~ from ! ~~'~lll~{~ t:I~~V~::~~~r('~\~~I~~~o~~~~~ ~~~~l i:~~~~~~)!;h~~:~a;~~ 

!!par. 

Bluehlll and near the nort.hern edge of the quad- ! that of South Penobscot by t.he belt of baSIC rock n~ighboring sediIllt'nh, thell the dike must antedate the 

rangle, one-half mile west. of Toddy POlld. At. the I referred to above and is also distinctly different in period of dynamic actioIl. but more probably the schistose 

latter locality dikes of granite parallel the foliation [ mineral composition. In the South Penobscot area. ~truct:rre iB pri~a.ry a.nd the result of differential flow dut!ng 

re{)ognizable, but SOIlW faint of the schist find also break across it, and a number. the rock is a biotite granitc which shows only a I ~~t::l~:~~:~~: belllgof the sameoge as the ot.her grallltes 

Penobscot Bay. 



Pe{1'ograplty.-The granite from t.he quanies near 
Bluehill may be taken as t.ypical for the whole 
sout.hern and eastern parts of the Bluehill-Toddy 
Pond granite belt. It is light gray on fresh sur­
faces, but becomes a pale pink on weathering. Tlw 
largf'st crystals are the 'white feldepars, which aYer­
age about one-fourth of an ineh in lcn.~th nlld a 
fe-w of which ohow Carlsbad twinning'. Gray 
quartz is almost equally abundant., but oeeUl'S in 
smaller grains. Dark-brown biot.ite is the only 
recognizahle femie mineral and is subordinate to 
both feldspnr and quartz. Here and there rounded 
segregfltions occur which are finer grained and 
slightly more bm,ic than the normnl granite hut 
contain the same minerals. A few of these «knots," 
as tile), are called by tJIe quarrymen, arc 10 inches 
across. In some plares in the eastern part, of this 
area, tlle granite is a little coarser, and some of the 
feldspars reach a lellgth of tllree-fourths of an 
inch. 

}liCI"oscopic Htudy of the rock frolll the BluchilJ qua.rrics 
shows that the feldslJar is orthoclase awl microclino with sub­
ordinate amounts of albitc. The alhit.e occurs in part aA Hep­
arate grains and in part in pert.iJitic intprgrowth with 111(' 
pot.a~h feldHpars. The biotite i~ dark brown aw.l highly IJleo 
chroi{~; it iH a;; a rillc very fr('Rh but S\WWA ~ome de{'oIJlPu~i­
tion to nhloritc through whinh are scattered slllall gmin~ 
of hematite, In some slide~ the mieroscopic t,C'):ture locally 
booomes uueyen, some portions being much more tlnel~c gran· 
itic than ~therEl and even becull1ing mkl·ographic. 

Granit.e from the roadside JURt. soutlleHst of Ball 
Pond is Rilllilar in eVE:'ry \\'ay to that f1'om the 
Bluehill quarries. The coarsely porphyritic' variety 
eharacteristic of t.he ,,"estern border of t.he belt is 
well exposed at many places along the road north­
west. of Blue Hill. The minera.ls are t.he same as in 
the medium-grained gmnite. .1 IlRt. southeast of 
Nort.h Bluehill this granite shows some feldRpar 
phenocrysts 2b- inches long and three-fourths of nn 
inch wide in a matrix which has IIbout the COlll"Se­
ness of the normal granite, the quartzes seldom 
exceeding a quart.er of an inch and t.he hiotite 
plates an eighth of Hn inch in uiameter. Home 
parts of the granit.e arc made up larg-e1y of fe1dHpar. 

The granite from the quarries at SOlltll Brooks­
ville nmy be taken a:o; a type for the southern part 
of the Sedgwick-South RrookHville an,a.. It is very 
similar to that quarried at Bluehil1, being light 
gray in color when fresh, but becoming pale pink 
on weat.hered surfiweR. The constituent.s visible 
megaseopically ar,", ,vhite feldspar, light-gray quartz, 
and dark-brown biotite. The feltlspars average 
one-fourth to one-half an inch in lellgth; the quartz 
occurs in small grains whieh are mostly nggregated 
in irregular masses few of which arc more than one­
fourth to one-half inch across; t.he.biotite masses as 
It rule do not exceed one-eighth of an inch in 
diameter. 

The granit.eft"OTI1 the quarry of Hagan & vVilcox, 
in the northenst.ern part. of t.he village of Stoning­
ton, is typicJlI of much of the granite of the south 
end of Deer Isle and vicinity. It differs princi­
pally frolll the granite of Billehill and Sout.h 
Brooksville in t.he much greater nmount of pink 
feldspar. This is the mORt abundant anu coarsely 
eryst.allized mineral and gives t.he rock a general 
pinkich hue. Some of the erYRlals are au inch 
across. \Vhite feldspar is also present, Lut few of 
its crystals exceed half an inch ill diameter. Here 
and tlwre it forIlls It partial or complete envelope 
)thout a crystal of pink fel(l~par. Gray quart.z in 
grains not exeecding one -fourth of an inch in 
diameter and mainly under one-eight.h of nn inch is 
about intermediat~ bet.ween the pink and white 
feldspar in ahuwlan('e. Drown biotite, the only 
abundant fernie mineral, occurs in plat~s which are 
ma.inly under one-eighth of an inch in size. The 
coarseness of the pink feldspars produc;c's a texture 
that approaches the porphyritic. 

\Vhen the g-ranito from Stonillgt.on i~ examined lImIer the 
lilieroseopo the pink fcldsJlaJ" is Reell to he orthoda~ea:nd miero 
din~ and thc white feldspar to be albite. Most of the albit.e 
shows a distinct zonal ~tructure, the inner portions having 11 
highcr im.lex of refraetiol) than the outet·; in many places the 
outer horder shows a microgm phic st t'uetu re due to intergrowth 
with orthoclase. Microperthitic intergl'owths of albite with 
hoth orthocla~e [llld llIiero('!ine alRO occur. 
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mente of Niagara nge; the granite is therefore at 
lcast as young as Silurian. 

~Iore definite relations have, however, been 
ohserved in the Perry basin, in the extreme eastern 
part of die Stat.e, the granite there being an east.­
ward eontillUation of tlwt fOllIld Oll Deer Isle and 
Viualha.\'en. In the Silurian rocks of the Pcrry 
region no granite pebble.'l are found, hut they occll~r 
abuJl(I<-llltly in the l'onglomerate at the base ot t.he 
Perry formation, which is of late De\Tonian age 
(probably Catskill-Chemung). The gmnite intru­
sious of the l\faine eoust. area therefore probably 
occurred in latE:' Hilul'ian or early Devonian time. 

form four distinct areas. OneoftheseaJ'easinc1udes granite varies in texture from an aphanitic roek, 
the southern extremities of the main island as well such HS that of the Brimstone Islands southeast of 
ati Lane Island and a part of Green Island. A Vinalhaven, to rocks in which the hornblende 
second and larger area is on the eastern side crystals have a diameter of one-fourth to one-half 
Vinalhayen and may be called the Barley Hill in~h. The most abundant V:lrieLy is an' even­
area, from the most prominent hill within its limits. textured rock ill which the feldspars alld Ilom­
A t.hird area extends as a broan dikelike mass from Llondcs a verage one-sixth to one-eighth of an inch 
a point neur the south end of' Seal Co\'e to PelTY in diameter. The coarser yarieties t,",nd to be 
Cove and thE:'uce westward along the shore of the une\'en jll text.u!'e. The eolor ranges from greenish 
Thorofare. A fOElrth and mueh smaller area black in the finer grained specimells to mottled 
extends southeastward from the eastern shore of white and dark green in the coarser varieties. 

DIORITE. DIAiJASE, AND (l-ABIHW. 

Crockett Cove. 
The rock of the southernmost area is mainly an 

oli vine diabase which in plaees becomes coarse aBd 
~abLrolike. In the Barley Hill area the most com-

GerU'ral dC8Cr1'prlon.-Ollc of the most. mon rock h~lS a slightly different charader and 
features in conncction with tllC granite areas shows a transition in texture and in mineral COlll-

Maine is the great eontrasl in the sharpness of the position from a diabase to a diorite, both kinds of 
g-r:mite border in different parts of the region and rock being present. Igneous or flow gneisses are 
ill thc amount of hHSic roek and flow gneiss asso- developed here mneh more extensively and more 
cia ted with the hordeI'. In some areas, such ns that beaut.ifully than in any other part of the quudran­
on Long TRlant! and that hetween Dluehill Falls gle. Along t.he shore north of The Reach the rock 
awl Hout.h Brooksville, the granite is of even t.ex- consists of alternate aeidie and Lasie bands of yarv­
ture till'onghout and eharnl'tel'ized hy very slHtl'P ing width, so irregulnrly associated that the mixtu'~e 
eontaets. Very few dikes or npophyses penetrate has much the appearance of "marble cuke." This 
the neighboring rocks, whieh as n rule show no gneiss is evidently the result of differentiation, 
Illegascopie evidenceH of metamorphism, cven the within the cooling magma, of aeidie from basic eon­
microscopic evidenecs being confined to a narrow stituents while a differcntial flow WHS in progress. 
zone. Other grallite arE:'J1S, on the eOlltrary, are The diabuse in this vicinity iR also cut by sheets 
characterized by vcry inuennite bounda.ries and by and dikes of granite in such nnmbers that the darker 
a more or less ('ontinuolls bord~r of diorite, diabase, rock almost loses its cont.inuity in the labyrinth. 
gabbro, find flow gneil:ls. Some of the larger dikes of granite can be traced 

The ignpous rocks associated with the graniteR for a considerllblc distllllee into t.he dbbasc area, the 
Ynry in composition from a quartz diorite, only granite at the contact heing porphyritic hut becOlll­
slight.ly different from t.he grnnit.e itsclf, to a much ing more granular a. .'lhort. distance away. Igneous 
more bnsi(' roek. TheRe widely different kinds, gneiss is also well exposed on the point south of 
however, constitllte fl.. group ofi~trusi\'e roch wit.h Ca]derwoou Point. At the head of Arey Cove the 
appal·entIy the sallie relations to the granite, nnd cont.act. between the granite and diorite is well 
therefore the (liorite, diabase, and gabLro arc exposed. On Arey Neck t.he seamed diabase 
groupetJ togethE:'r aR a single cart.ograpllic unit. wenthl'rs to a pitted surfilCe and is also somewhat. 
Their scparation would be diffieult in yiew schistose in places. The granite is plainly intru­
thcir close geologie assoejation. Together they are sive, dikes and veins penctrat.ing and inclosing 
believed to constitute the earlier differentiate masses of the darker rock. The fine-grained diorite 
the magma from which later came the extensive of the Brimst.one Islands also probably belongs 
intrul:lions of granite. Reeuuse of t.he greater among the granite border roeks. The area of basic 
cxtent of the gran ito in thiH area., tlHlt roek has rocks extending from a point near the south end of 
been deseribed first, although it. is for t.he IIIOSt pmt Sell 1 Cove to Perry Cove and thence westwurd along 
younger than the diorite, diabase, and gabbro. the shore of the Thorofare, is mainly diabase, 

Oecurrence.-The Sout.h Penobscot granite area though loclllly a quartz (liorite. It is plainly 
furnishes the best example of the basic border adjoin- intrusive in the neighboring sediments all{I volcan­
ing the granite. In the central part of this area tllE:' ics. The a.rea southeast of Crockett. Cove is mainly 
granite js very nearly pure, containillg only in a diabase and diorit.e with some igneous gneiss. 
few widely sepa.rated places small admixturE'S The whole eastern side of Isle 811 lIaut and all 
more basic rock. The zone bordering the granite of York, Spoon, and Fog islandR is composed of 
represents the area within which diorite, gabbro, diorite, diabase, and gabbro. These roeks grade 
flow gneiss, ete., are associated with the granite in inh) each other Hnd in genoml arc intrusive in the 
varying quantity. Near t.he inne!' margins of this grnnite, a relation only rarely observed in other 
zone the amount of basic rock is in most plaees parts of the quadrangle. Dikes of the basic roeks 
relati\'ely small, but near the outer margins it dOlll- cutting thc granite may be seen in lllany places on 
inates greatly over the graniw. In the region the north shore of Isle au Hant. On the west 
northeast of \Vest Brooksville several outliers shore of l\.farshall Island the pink fine-grained 
this peripheral basic zone cut the Castine formation grnnite js ('ut hy several diorite dikeR, one of which 
in the form of broad dikcs, which hecll-nse of t.heir is 40 feet across. On the south shore of Kimball 
superior reRistance to erosion' rise as low ridges 
aboye the bordering acidic volcanics. 

The basic roeks are diorites and ga bhros, for the 
most part much nlt.ered and of rusty,appeamllee 
on the weathered surfiwes. They vary from fine­
grainetI rocks to those which show hornblende and 
pyt'oxelle crystals three-fourths of an i,Hch across. 
\Vit!Jin the main bnsic belt fine-grained diorite, 
locally quart.z benring, i8 the most abundant. basie 
rock and is well in many localities. The 
gabbros are muoh abundant and occur in small 
patches which in general rise as low hills aboye 
the surrolluding less rcsistant rocks. The best 
expOSllI'E:'S occur on Grindle Point and south 
Pieree Pond. The diorites are in many places 
yery fresh appoamllco but the gabhros are jn gen­
eral mueh n Ikrerl nnd yery rust.y on the weath~red 
surfnces. One-half mile cast of Pierce Pond typi­
cal diorite of medium ,L,'Tain is fonnd grading into 
a C03l'sel' rod: w11i('h is a true gabbro; similar tI~l.n­
Rit.iOllfl. may be obHer\"ed in the northern part 
\-Vardw(,l1 Point. On t.he shore of Bagaduce River 
opposite I'umpkin Island the diorite and gabbro 

Island a dike of typic.al diorite 10 feet wide euts 
the granite. On Green Ledge, Letween Isle au 
Haut and l'Iarshall Island, it is found, on the other 
hand, that the coarse gabbro which eonstitutes most 
of the leflge is cut by a broad belt of fine-grained 
gray granite which is plainly intrllsiYe and gives off 
a number of branehes. These apparently discord­
ant relations are discussed further in the section 
on age. 

Under the microscope the t-exture is rOt· the mo;;t part typ· 
ical1y dioritic, but borc and there. in the courser varieties. 
horders on the ophitic, large hornblendes inclosing a numhcr 
of fC'hl~pnr lat·hs. Nearly aU of the feldspar is andesiIlC and it 
is as a rule very fresh. The hornblpmlo is lIlostly dark gr('en 
in color, though in a few places pale grcen amI morfl rarely 
still pale brown. In most 8pedlllen~ iti~ ycry fresh but locally 
shows some chloritization. In t!H'1ine·grltined and mediulli­
grained rock the hornblende aud feld~par grains are appruxi­
lIlately equal.iu ~ize; in the coarsest varietie~ the hornblendes 
are in general much larger than the feldspars, which in many 
places they inclose. Dark-brown biotite is ('ommonly pre~ent 
only in small amounts. though hero and the)'e equa.ling the 
hornblende in abundance. Quartz is wholly abs('nt from 
lIlany of the~e rocks hut in Homc. hoth of the fine grained and 
the ('uar8e grained. it is abundant, thongh in t.ile main ~llbor 
dinat.e to feldHpar. Ma6'"lletite. titanite. and apatite :u:-e pres­
ent as a{)cessory mineral~ and epidote. ehlorite, and eaJdt.e as 
decomposition products. A model'ately coarse diorite from 
the northea!\tern shore of I~le au Haut is peculiar in the dom· 
inance of brown hiotite over hornblende and in the fact that 
the .feldspars are much more coarsely crystallir.ed than the 
femic constituents. The titaniferons lllagfletij:.(l in thi;; ro{)k 
is eharacterb.ed by brO:ld aJteration borders of titanite. 

Some diorites ocem which in megascopic appear­
ance are intermediate betwecn the norlllal diorite 
and the normal granite. l\fieroseopically most of 
these rocks are found to contain quart.z, andesine, 
and biotite as their chief constituents, hornblende 
being almost entirely absent. 

Most of t.he gabbros are coarse-gr:l.ined rocks 
showing refleetions of hornblende and pyroxene 
cryst.als up to one-fourth or even one-half inch in 
diameter. They arc as a rule mottled dark green 
and white on fresh surfaces and very rusty on 
weathered surfaces. In general theso roeks are so 
highly decomposed that no pyroxene remains, and 
the rocks arc classed as gabbros only from their 
general resemblance in tcxture and mode of oecur­
renee to a few modemtely fresh gabbros. They 
occur nssoeiat.ed with the Lortlers of the p,"l'anite 
areas of Isle au Haut., Vinalhm'en, and South 
Penobscot.. In the Sout.h Penobscot area they are 
especially common. 

One of the 1"re~hest specimens of gabbro occurs on the 
shore of Bagaduce River just east. of PUIllpkin Island. It 
shows under the mieroscope a granitie texture, with en~tatite 
and pale·grcell t.o IJrown hornblende a~ its most abundant 
and eoarsely erystalli:r.cd cOlliltit·uents. Pule-brown biotite is 
also ablllldant and some oli\Cine occurs in widely scattered, 
irregular grains, in general partially or completely inclosed 
by enHtatite. Magnetite is distributed in irregular grains and 
ag-gregates through the olivine and the decomposed portions 
of the enstatjte and hornblende grains. '.rhe foldspar is lab­
radorite and in amOllnt is very subordinate to the femie con 
stituents. In most of the gabbro occurrence~ thc rock is;;o 
alterod that the feldspar areas assume a greenish tint and are 
not sharply Heparated from the areas of femic mineral'!. The 
pyroxene ill as a rule wholly replaced by hornblem.le, which in 
turn iH in many pllWe~ bleached and partially (]e<lulliposed, 
with the development uf {lhlol'ite. Serpentini7,ation haH aJHO 
oeCilrred in some 10caliticH. 

The diabases of this group are best developed on 
Vinalhaven. The typical rock in the southern 
part of Vinalhaven iR an olivine diabase, which in 
a fcw localities hecomes co~rse and almost gabbro­
like, the pIntcs of purple augite being equally 
prominent with the fcldRpars. For the most part, 
hmveyer, the diabase .is fine grained, gray 'when 
fractured, but black on a. polished surface. Laths 
of feldspar eall be distinguish cd, though nlther 
8malL 

Micruscopically thc rock iH seen to have the characteribtic 
diabase texture, though in some portions t,he lath-sllaped 
feldspars !Dako np so large a per{\entage of the rock that the 
pyroxene is confinc>d to rather small and interrupted inter~t.i­
tial spaces. The pyroxene is a neal'ly colorlesH diopside whieh 
in some specimeIl8 is much a1t.ered to hornblende but in 
many other is almost perfectly fresh. Olivine is 

rounded grains. only slightly altered, 
essentia.l constitucnts. Magnetite 

ocenl'S in irrognlar growth form~ and aggregat<os of grains. 
Hillall amount.~ of biotite are foun{i associated with the mag­
netite and olivine. 'I'he lath·shaped fehlElpa.rs, which show 
Carlsbad, ~llbite. and periclinc twinning, arechieliy basic lab­
radorite or anorthitc 

Age.-Contllct relations SIIOW that the grnnite arc int.erbanded and grade into each other. The 
and its associat.ed basic ro{'ks and flow gneisses are granite here is the later intrusivc and is interealated 
younger thall any of the other rockR in the qllad- between the diorit.e on its peripheral side and the 
nlllgle, with the single exception of some dikes of Castine yolcanics. 

On the mainland, Letween Little River and 
Duektrap Harbor, the relations are different from 
any that have been described above. Before the 
intrusion of the granite this area was occllpied 
wholly by sedimentary rocks, similar . .in alll'espectR 
t.o those now found between Belfast Bay and Bandy 
Point. At the time of the granite intrusion the 
rocks of this tl"dct, together wit.h a much larger area 
t.o the westaud southwest., were thoroughly it~ected 
with gTanite, diorite, gabbro, and How gneisR, wbile 
the sedimentary rocks suffered much recrystalliza­
tion, in many place.8 with the deyelopment of anda­
lusite, staurolite, garnet, and tourmaline, and here 
anu there with the formatiou of injection gneisses. 
The a.reas here mapped as granite or as diorjte are 
areas within whidl tllCse are the dominant though 
not the only rock, and granite and diorite also occur 
in hUllureds of places outside of thcse areas, but ill 
amounts too small to map. 

In the Barley Hill Ilrca of the eastern Ride of Vinulbaven 
thc rock shows It tra.n~it.ion in textnrc and minoralogical com­
pusition frolll a diabase to a diorite. A variety which in the 
hand specimen resembles very clo~ely the olivine di<1.haRo 
described above ~hows the diabaRe texture microscopically, 
but. earriesno olivine and has brown hornblcnde amI hiotite in 
equal abundance with the pyroxene. The hornblende and 
augite oc{\ur together in complex int.ergrowths and al~o in 
separate plat.es They evidently crystallized together. Mag 
netite is morc abundant t.han in the olivine diabase. Other 
rocks of thiH area are more feldspathic and thus lighter in 
color. while the texture is more granulru.- than diabasie. '1'lle 

(liabase and analcite basalt.. The youngest of the Rasie rocks are associated \vith tlle granite of the 
roeks cut by the granitc a.re younger than the sedi- I Vinalhaven nrea in a very irrregular manner and Petrography.-The diorite associated with thc 



feldspar is more than in t.he diabasic types and the 
pyroxene has become abundant. Biotite is the llJost 
import.ant of t.he fenlic constituents and lllllCh of it occurs in 
idiolllorphic plates. Hornblende occurs in both massive and 
fibrous forms. Both hornblende and biotite al'e somewhat 
altered to chlorite. The tot.aL amount of quartz is small. 
although it is eoncentrated in large, irrcgubt.r areas; it was 
the la~t mineral to erystallize. Apatite iH plentiful in long. 
slendcrneedles which in many places penet.rate scvel'~ll differ 
cnt eonstitucnts. Titanite is found associated with biotit.e. 

Age.-The diorites, diabases, and gabbros are in 
general somewhat older than t.he t-,rranite. In the 
South Penobscot area (likes of granite, many of' 
t.hem more or less aplitic, are abundant in the dio­
rite and on the north end of' \Vl1rdwell Point oecm 
in the gabbro. In this part of the quadrangle 
dikes of diorite or gabbro cutting t.he granite were 
nowhere observed. Iu a number of loealities the 
granite becomes finer grained next to the diorite 
contact, but no similar changes in the dim'ite were 
noticed. The presence here and there within t.he 
peripheral zone of' small bodies of igneous or flow 
gneiss, composed of alternate bands of dioritic and 
granitie composition and gmding on the one hand 
into granite and on the other hand into diorite, 
shows, however, that in some localities the granite 
and diorite are contemporaneous. On Vinalhaven 
the relations are similar to t.hose in t.he South 
Penobscot area. On Isle au Haut and the neigh­
boring islands, howevcr, hasic rocks occur which 
arc for the most. part intl'llsi ve in the granite, 
although on Green Ledge, between Isle au Haut 
and ~Iarshall Island, a broad dike of granite Cllts 
coarse gabbro. In tlle adjoining Rockland quad­
rangle diontt's are found to grade through less basic 
forms int.o the main hody of l'Tallite. 

These relat.ions sho~; th~t tlll' basic rocks, 
although in the main slightly older than t.he gran­
ite amI in a ft.:w places younger or exactly eontem­
poraneous, belong to the same general period of 
igneous int.rllsion. As suggested by the general 
form of the basic zone in the South Penobscot area 
the basic rocks there may represent in part a 
peripheral differentiation from the same magma 
f(,om which CHme the intrusion of the ccntrlll gran­
ite mass. Like the granite, which immediately fol­
lowed, the tliorite, diabase, and gahbro are therefore 
of late Hilurian or l'arly Devonian age. 

Genetal df8{N"iption.-One of the most st.riking 
features of the Penobscot Bay region is the la.rge 
numher of dikes, dark green tD nearly black in 
color, which cut. cvel'V forml1tion of the district. 
They Hppear in genel'~l to be about equally Hbun­
dant in all parts of the region, though most numer­
ously exposed along the shol'es. No system conld 
be recognized in their arrangement, hut tlw strike 
is commonly betwccn northeast and northwest. 
TheRe rocks Hre in the main massive and aphanitic, 
though here and there plmneroerystalline, and eyen 
porphyritic; some are amygdaloidl1l. Diabase is 
the rock type generally represented. Although 
averaging only about 2 to :1 feet in width, the dikes 
in places reach 20 feet or more, as on the north 
shore of Little Deer I~land, just east of Eggemog­
gin, \yhere a verti0-11 dike has a width of 30 feet. 

In spite of their prevailing lithologic similarity, 
their relations to the other rocks of the region show 
that they are not. all of the samc age. In many 
localities there are diabase dikes which have been 
deformed in the regioual metamorphism and, in 
some plaees, have been Tendered schistose. The 
most. striking cxamples of deformed dikes are found 
a short distance west of the Penohscot. Ray quad­
rangle, in the limestone quarries near Rockbnd, 
where dikes of diabase have been fractured and in 
some places "piJ1(~hed out" in the close folding of 
t.he limestone. Some of the diabase dikes arc closely 
associated with t.he diorite.<=; and ga.bbros of the 
granite border, and, like them, seem to be a product 
of' differentiation from the granite magma. Diabflse 
of' this ot'igin was observed only on Vinalhaven. 
Dikes of similar character occur in the southern 
part of ~ orth lIa yen, but here are much narrower, 
the brolldest being only 20 feet in width. Some 
tlark-eolored dikes, not all of which are of diabasic 
composition, eut the granite, and in some pla.ces 
similar dikes are themselves cut hy aplit.ic granite. 
Other dikes are plainly much younger than tlw 
granite and may represent. Mesozoic int.rusions. 

Petro{fTol'hy.- 'What appears to be one of the oldest hasic 
dikes of ihe region cuts the Ellsworth schist along the enst 
shore of Flye Point. This is a light greenish-gray rock show· 
ing a schiHtosit.~, which parallels that of the Ellsworth schi.!;t, 
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but is lcss pronouncct1. Under the mirro!ICope this rock is 
found to be a fine-gra,ined hornblcndeschist. Green, strongly 
pleochroic hornblende makes up over two-thirds of the rock, 
thc grains Rhowing strong dilllen~ional arrangcment and some 
tendency t.oward crystallogra.phic parallelism. The horn· 
blende graiIls, which vary grcatly in Hi~e. are developed along 
eet·tain bands to the exclusion of ahndst all other minerals. 
but bet.ween theRe llOrublende band~ ~oJUe quartz and plagio' 
clase occur. l\fagnetite occurs in small irregulm' grains 
arranged in rows parallel to the schistosity. 

At the sarne locality occurs what i~ probably one of the 
youngest rocks of the regiou. It i~ bl1wk and aphanitic and 
occnrs as a verticlli dikc about 1 foot in width, which cnts 
the Ellsworth schist. the f,{~histo!!e dike descri bed above, and 
the granite. On microscopic examination, its most. abundant 
constituent is seen to be basalt.ic augite, in pri ... ms of various 
sizes and showing in many places zonal and hOUl'glass struc· 
tnre. Tho color of the augite is light reddish to purplish 
brown. the pnrplish t.jut ~uggesting n small titanium conteut. 
Brown hornblende occurs in irregular or elongate crystals; 
biotite shreds are COIllIllOU; apa.tite occurs in prism~ many 
of which are extremely elongat.e; and magnetite III rather 
evenly distributed iu ~llla.1l grains. AU the~() eonstitnents 
lic in an isotropic groundmass whose index of refraction is 
loss than thllt of CI.nada balsam. In view of the moderat.ely 
coarse crystallizat.ion of so many minera.ls in the roCk. it is 
improbable that the groundlllas~ represents a glassy base. 
It is more probahly analcite, thollgh proof of this must J'est 
on chemi(~al analysis, materia.l for which was Dot available. 
The rock is pl'obably an olivine·frfle analeite baS:11t (fourch­
ite). Tho only otllcr rock found whi(~h at all resemblcs it 
OC{)Ul'S n.s a dikc 2 feet wide cutting the sedimont.ary Hchist.H 
of the nOl'thern shore of Roekland Harbor. The principal 
mineral here iH basaltie augite. as ill t.he Frye Point rock, but 
olivine is a.lso prescnt.. Hornblende and biotite are not deyel­
oped and the amount of isotropic base is much ~mal1er than 
in the older rock. It seems to be :~ true analcite basalt 
(monchiquite). 

By far the larger pl'oportion of the ba.sic dikes of the 
Penobscot Bay region aIrpear to be diabase.~, which even in 
the much-altered specimens show typical diabase texture 
1'ho lath·shaped feldspars are labmdorite. whieh in the 
fre.shest specimen~ lie in a polkHit.ic matrix of aug-ite aud sec­
ondary hornblende. Most of the pyroxene has E'ntirely 
decomposed to hornblende and chloritE'. and some of it to 
chlorite alone. Decomposition of tho feldsp:w~ has cau~ed 
the development of muscovite with cpidoto or calcite. and 
lencoxene and titanite result from the decomposition of mag­
netite. 

Diabase from the southornmost of the lIllY Islands and 
from a few other localit·ies is distinctly phancroerystalline. 
showing labradorite laths up to one-eighth of an inch iu 
length. The Rockland Harbor dike of analcite basalt 
del!llribed above and a (like of altered diaha!!e ou the northern 
shore of Little Deel' Island. both cnntain arnygdaloidal eavi· 
ties that are filled with ealcite. Diabase occurring betwcen 
Dunham Point. and Korthwest Harbor on Deer Isle contaulH 
f .. ldspal' phenocrysts one· fourth uwh in diameter. and a simi­
lar dike near Owlshead in the Rockland quadrangle shows 
phenocrysts up to one·half inch in length. In both places 
exten~ive weathering has rnade it impossible to recognize the 
character of the feldspars. 

Age.-l\fost of those dikes which have been 
deformed in the regional metamorphism are nenrIy 
vertical in position and trend about parallel to t.he 
axes of the folds, a relation which suggest.s that 
they were intruded subsequent to a part of the 
moyement but previous to the final folding. It is 
possihle, and indeed probable, that. this folding was 
accomplished in several distinct stage8 which were 
not. widely sepa.rated. The dnte of t.he folding is 
fixed tentati vel'y as Ordovicia.n or early Silurian or 
bot.h. Those dikes ,,,hieh Rre associated with the 
granite border are, like the granite, of probable 
Devonian age, while the dikes \vhich eut the granite 
are Devonian or later. The frcshness of the anal­
eite rocks would suggest t.hat they may be Mesozoic, 
and, with some of the diabase, they might with 
considerable probability be correlatl,d with the Tri­
assic eruptions of ~OVIL Scotia and southwestern 
New England. 

HTRl:CTURE. 

amorphism is evident between the pre-Silurian' ments serve as indices in the determination of the 
rocks and the Hilurian nIHl post-...qilurian rocks. structure. 
The older rocks haye suffered structural and tex- A study of the Isleshoro rocks shows that among 
tural changeR which conceal to a large extent the sediments tlwre de\Teloped the Islesboro slate is 
the original characters. Thc Ellsworth schist as the oldest and is oYerlain by the Coombs limestone 
exposed within this quadrangle is crumpled, its member and this by the Battie quartzite. The 
constituent minerals are thoroughly recrystallized, relation of the whole Islesboro succession to the 
and quartz bands and lenses have been developed Penobt'lcot slate of the mainland is shown on the 
within the rock mass, with the result t.hat there eastern shore of Rockport Harhor, within the mea 
remain in most places no Slll'e traces of the O1'ig- of t.he Rockland quadrangle, where the conformable 
inal char~tcr of the rock. In the Cast.ine and. Islesboro slate and limestone and Battie quartz­
Nort.h Haven volcanic series bot.h laYa.s and pyrO-j ite arc found to b,e, overlain. conforn~ably by ~~e 
clashes have been rendered sclllstose III part, and Penobscot slate. Ihe maSSIve Bathc qnart,zlh;~, 

in the schists thus developed few of the original although affected by the major foldings, has resistcd 
constituents have escaped complete alteration. The minor folding to a much greater degree than the 
sedimentary rocks included in the Calderwood, other formations, and only in its more shaly por­
Islesboro, Battie, and Penobscot format.ions all tions is schistosity developed. 
show to some extent the results of metamor- On southern Islesboro a.nd the islands south of 
phism. Although the dynamic action has rarely Islesboro the North Haven greenstone is found to 
been suffieient to obliterate the traL'eS of' the sedi- be interbedded with and intruded into the Islesboro 
mentary character of these rocks, yet in many 
places it is difficult to distinguish between true 
stratiiication and sc~istosity. In all t.hese rocks 
there has heen a lar~e a.mount of recrystallization, 
whereby the shale and sandstone haye been con­
verted into slate or schist and quartzite, and the 
limesto:tle has become thoroughly crystalline. 

In the Ames Knob shale and limest.one the rela­
ti ve ahsence of metamorphism is at once not.ed. 
The fossils are well preserved and nowhere is the 
stratificat.ion ohscured. The overlying lavas like­
,vise show the absence of auy dynamic ~tion such 
as has wffected the older rocks. Quartz pheno­
crysts exhibit not the Ip,ust tr~e of peripheral 
granulat.ion or even undulatory extinction, proving 
conclusively that these lavas haye not suffered the 
same dynamic metamorphism as the North Ha\Ten 
greenstone. The mineralog1c,ul changes in t.hese 
rocks and in the later int.rusives, mentioned in 
the petrographie descriptions, are largely those of 
weathering. These eklllges arc nowhere so com­
plete as to conceal thc original composition of the 
rock and even the serpentine contains abundant 
remnants of oli vine and the other original minerals. 

This contrast in hoth structure and metamor­
phism between the older and younger rocks of the 
region is important in fixing t.he da.te of the greater 
part of the dynamic movements as pre-Niagara.. 
In the ahsence of' contacts between many of the for­
mat.ions the relative degree of' metamorphism and of 
complexity of structure are the more important data 
on which correlations may be based. It is largely 
011 such evidence that the Ellsworth schist is con­
sidered the oldest rock wit.hin this Rrea. Howeyer, 
the relat.ions deduced from these structural and met­
amorphic charaders in nowise conflict with what 
c,un be proved in places where the formations are 
in actual contact. 

slate. The greenstone is therefore about contem­
poraneous with the sediments of the Islesboro 
series and must. havc been in vol \red with them in the 
general regional metamorphism. Althollgh here 
and there developing fairly perfed schistosity the 
greenstones show but little cddcl\ee of foldin,g. 
This is due mainly to the massive character of most 
of the rocks, whi~h has enabled them to resist the 
folding movements better t.lwn other rocks of the 
region, but also to the fact that them is difficulty in 
recognizing folds in rocks which do not show a 
regular sequence of beds. Schistosity is hest de\'el­
oped iu the tuffaeeous varieties but to some ext.ent 
also in the dikes, sills, and flows. 

The field relations indicate that. the Castine 
volcanics were erupted about contemporaneously 
with the North Ha.ven greenstone. Tn lllaIlY pla{'1.!8 
these Castine rocks were so maSSlYe that they were 
little affected by the dynamic movclllents, hut the 
abundallt pyroclast.ic heds have in most 10('Ulities 
developed a very perfect schistosity. As in the 
greenstones the folding has been much less regular 
and. the folds are less easily traced t.han in the sed­
imentary series. Both the basic and l1cidic volcanics 
are in a broad way flat lying, though they show 
many minor irregularities due to folding. 

The Ames Knoh sediments rest upon tlit:' erodef1 
surface of the North Haven gl'eenstonc and have 
not. shared at all in the regional metamorphism 
which has affected all of the older rocks, a fact 
highly important in that it fixes the age of the 
period of the most marked folding and metamor­
phism as pre-Niagam. They have, however, been 
tilted so as t.o show on the island of ~ol'th Haven 
southerly dips of 50°, 6W, or even steeper, and on 
Stimpson Isla.nd 30°. In the latter Ioeality they 
are interbedded with the Thorofare a.ndesite, but on 
North Haven the andesit.es overlie the Ames Knob 

In the structure sections the structures and sediments in apparent confonuity. 
relations observed on the mainland have been COll- Like the .Ames Knob rocks, the Thoroflll'e antles­
tinned aomas the intel'venillf!: water~overed spaces. 'I ite shows evidence of only broad tilting,· the beds 
At best these sections must be somewhat diagram- dipping at angles of 50' to 80" tmvard the area occu­
matie, and it is helieved that the portions of the pied by tlle Vinalhaven rhyolite. The relations arc 
sedions repreJlenting wholly concealed areas should also complicated by minor faulting, lllllch of which 
show structures similar to those inferred from the may date back to the time of the volcanic eruptiollS 
results of the geological study ill the adj~ent areas. of these lavas. The andesitic hlYas seem to have 

Geologic study does not reveal in this region any A noteworthy structural feature of the Ellsworth giy{'Xl plaee gradually to those of rhyolItic cmnpo-
well-defined structural features of the larger kind, schist is its flat-lying chart«.'ter a.nd eommon direc'- sition, so that. the two formations are wholly eOll­
such as anticlinoria, syndinoria, large monoclinal tion of dip over considerable areas, especially in the formable. Tn the Vinalhaven l'hyolite opm folding 
folds, falllted blocks, etc., hut the very consideruble northeast corner of'the quadrangle. Here the for~ and faulting have also occurred and dips of 45° or 
areal extent of many of the sedimentary and mation must lie in nearly its original attitude, more toward the center of the area are eommon. 
effusive volcanic formations '""hose thieknesses are which is an unexpL'Ctcd relation in view of the The dips within hoth of these acidie volca.nic fol'­
moderate indieates that in a broad wav these fol'- extreme metamorphism sho·wn by this rock. I mations are such as to suggest a broad, irregular 
mations are flat lying or ouly slightiy inclined. The undoubtedly sedimentaryfonllUtionsofIsles-1 sonthward-pitehing syncline with axis trending 
Minor st.ructural feature~'l, anticlines and synclines, boro and the mainland tmvard the west and north I' about northCl.lstand southwest and passing through 
can be observcd in the variol1s bedded Toc-ks, and show structural features which are similar thl'ough- the central portion of' t.he area occupied by the 
the eliaract.er of tlwse struct.ures differs somewhat out and are the result of the same series of dynamic l' Vinalhaven rhyolite. These Silurian lavas rest 
with the Rind and Tclativ(' age of the formation. movements. Thesc rocks ha,ye been thrown into a upon bot.h the Calderwood slate and t.he. ~Olth 
In the' pre-Silurian sediments the minor folds are in succession of folds whose general trend is about N. Hayen greenstone with relations that show the extent 
general dosely compressed and often oyerturned, so 300 E. in the southern part of Islesboro but in of the erosion unconformity between thc Silurian 
that anticlines and synclines are distinguished only northern Islesboro and near Sealliport and Stockton I and earlicr rocks. This, together with the marked 
..,,,ith difficulty. Tn the Ames Knob sediments and Spriuf.,'1l swings to about N. 45° E. Superimposed difference in degreeofmctamorphisHl of the Silurian 
the o\Terlyini yolcanic rocks the structure is mon- upon these m:~ior folds are a large number of minor I and pro-Silurian rocks, indicates a considerable time 
oclinal \vith gentle warping and small local faults. folds in the main of similar trend but locally oblique I intelTal bet.ween the deposition of the ren.obseot 
At no place in the qnadrangle haye important to the major folds. sediments and that of the Ames Knob formation. 
faults bcen detected, though faults of limited extent The prevailing uniformity of materia.ls within )Iost of these formations are cut by the f:.,'l'anitic 
and small di13pla,ct:'Illent ean be seen in the shore the sedimentary series on the mainlan(l and the roch. In a few localities, as near Flye Point and 
cliffs. Undoubtcdly many of these extend inland schistosity which has been deyeloped in most places and on t.he west side of Long Island, the bedding of 
but can not there be detected owing to insufficient make it difficult to trace the individual folds and the older rocks appcars to haye determined to some 
exposure.'J. quite impracticable to work Ollt the structural extent. the trend of the intrusive contact, but more 

Rock Illf'tamorphif!m hl connected with these details, but on Islesboro the limestone and guartz- generally the gra.nite cuts across the sedilllenhny 
structuml features. A difference in degree of met- ite beds which are associareu with t.he shaly sedi- and volcanic rocks irrespective of structure. 



HISTORICAL GEOLOGY. 

INT1WDUCTORY STATEMENT. 

The geologic history of this area is recorded in 
the harder rocks, the surficial deposita, and the 
forms of the land and is interpreted through the 
study of their characters. In the descriptive por­
tions of this text the various types of rocks, as well 
as the structures developed in them, have been 
described. So far as the rocks are concerned, the 
geologic record is one of sedimentation, volcanism, 
and igneous intrusion. These processes of rock 
formation were supplemented by dynamic activity 
which affected the rocks both by metamorphism of 
their physical characters and by changes in their 
attitude. The later chapters of the history are 
more easily read and the record can be more faith­
fully interpreted, since the glacial and alluvial 
deposits with their characteristic topograpby remain 
relatively unmodified. 

PALEOZOIC lIISTORY. 

SEDIlIENTATIOE; •. 

The oldest rock of the Penobscot Bay region is 
the Ellswort.h schist, which represents sediments 
probably of Cambl'ian or even pre-Cambrian age. 
The deposition of these arenaceous sediments was 
followed by dynamic action sufficient at least to 
inaugurate the changes. of impure sand into a 
crystalline schist. This metamorphism is believed 
to have begun before the deposition of the next 
younger formation, inasmuch as the Ellsworth 
schist exhibits a much greater degree of alteration 
than any other rock in the quadrangle. 

The next epoch probably began in Cambrian 
time. with the deposition upon the ocean bottom of 
muds and impure sands that are now represented 
by the Islesboro slate, with which the Calderwood 
slate is possibly to be correlated. This deposition 
presumably took place in moderately shallow water 
and not far from shore, but the position of the 
land masses which furnished the sediments is wholly 
conjectural. Gradually conditions became favor­
able for the deposition of the beds now represented 
by the Coombs limestone. Such deposits are prob­
ably indicative of clearer waters, in which lime­
secreting animals could exist in abundance, and 
may have resulted in several ways-through a 
slight deepening of the water by subsidence of the 
sea bottom, through a decrease in the amount of 
erosion on the neighboring land areas, through 
drainage changes on the land which carried the 
bulk of the argillaceou.s sediments to some other 
part of the coast, or through a combination of one 
or more of these processes. The considerable 
amount of argillaceous material associated with the 
limestone, 8S well 8S the great variations in the 
purity of the limestone from place to place, may be 
taken as indicating shallow water and somewhat 
shifting currents. 

The changes which closed the period of limestone 
deposition were more rapid and of greater magni­
tude than those at its beginning, and resulted in 
the deposition above the limestone of sands and 
gravels of considerable purity which are now con­
solidated to form the Hattie quartzite. The con­
glomerate beds of this quartzite show a somewhat 
impure quartzitic matrix in which are embedded 
pebbles of very pure quartzite. The ·fact that most 
of these pebbles are well rounded indicates that the 
rock from which they were derived was itself a 
well-indurated sandstone or possibly a quartzite. 
The massive quartzites have a composition about 
like that of the matrix in the conglomerates. Pre­
sumably these rocks represent shallow water 01' 

beach deposits which were subject to the sort­
ing action of waves and currents. No quartzite 
beds whi(',b could have served as the source for 
such deposits are known in this part of. the State, 
though they may occur buried beneath later 
formations. 

The parent formation need not have been wholly 
or even largely of quartzite, fol' the assorting and 
disintegrating action of waves and currents would 
suffice to separate more resistant quartzitic portions 
from less resistant shalyor calcareous materials. 
Certain beds, however, must have been very pure 
quartzite in order to furnish the clean, pure peb':' 
bles characteristic of the conglomerate. 

After the deposition of the Battie sands and 
gravels conditions for the deposition of muds were 
again restored and very extensive deposits were laid 
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down, which are now represented by the PeIlobscot 
slate, the most widely outcropping and the thickest 
formation of the region. The change is probably 
indicative of slight but long-continued subsidence. 
Within the adjoining Rockland quadrangle these 
muds were succeeded conformably by thick deposits 
of limestone, which is now thoroughly crystalline 
and of great economic importance in the production 
of lime. The presence of beds of limestone 'cpn­
glomerate at various horizons within this limestone 
formation indicates a shallow-water origin. 

While the sedimentary formations mentioned in 
the foregoing paragraphs were being laid down, vol­
canic activity was also in progress and gave rise to 
the Castine volcanics and the North Haven green­
stone. Erosion early destroyed, however, all traces 
of the volcanic craters from which the flows, tuffs, 
and dust of these deposits came: They may have 
formed small islands lying some djstance off the 
coast or may have been features of a larger land 
area lying to the east of a bay or sound in which 
the above-described sedimentary deposits were laid 
down. The volcanoes from which the North Haven 
greenstone was erupted were 'active during the 
time when the Islesboro slate was being deposited. 
Volcanic dust and ash from these craters falling 
into the sea or washed down by streams became 
intermingled and interstratified with the muds 
derived from the neighboring lands. The erup­
tions seem to have ceased before the end of the 
deposition of the Coombs limestone, for the over­
lying quartzites and slates contain no traces of 
volcanic material. 

While this extrusion of basic volcanic material 
was going on in the neighborhood of North Haven, 
rhyolitic and andesitic material was being erupted 
from centers lying farther to the north, probably 
in the vicinity of Castine, Cape Rosier peninsula, 
and Little Deer Island. Here also erosion has 
destroyed all traces @f the original craters, but they 
were probably within or near the area where these 
rocks now outcrop. 

, D"YNAMIC ACTION. 

RENEWKD VOLCANIC ACTIVITY. 

An increase in the amounts of silt contributed to 
the sea terminated the deposition of the Ames Knob 
limestone, and at the same time was initiated the 
series of volcanic eruptions that are recorded by the 
flows, tuffs, and breccias termed the Thorofare 
andesite. 

In any attempt to picture the nature of the 
volcanism that characterized this area in Niagara 
time, the position of the ,"oleanie center should be 
determined. It would be of interest to know the 
vent through which the lavas were poured forth 
and the fragmental material ejected. However, it 
is probable tbat the area of Thorofare volcanics 
described above is not more than a fragment of the 
original area, and that through the processes of 
erosion, many times repeated, the greater part of 
the volcano has been cut away. In the study of 
this small area no definite comparisons of the rela­
tive thicknesses of the volcanic series can be made, 
such as would point to the position of the volcanic 
center. The breccias so prominent among the 
Thorofare rocks are somewhat agglomeratic in 
character, but their distribution is too general to 
indicate accumulation within a crater. Topograph­
ically Ames Knob is suggestive of an old volcanic 
plug, but the relations of the rocks there do not 
justify such a view. Thus the evidence obtained 
in the study of these old volcanics does not war­
rant even conjectures as to the site of the vent. 

The rock characters of these volcanics give some 
indication of the conditions under which they had 
their origin. The character of the crystallization in 
the andesites is expressive of consolidation at the 
surface and the flow structure shows that these 
lavas consolidated while in motion. The amygda­
loidal character of several of the lava flows resulted 
from the expansion of escaping gases in the molten 
mass, while the intercalation of beds of tuffs with the 
amygdaloids shows that, at times, these gases became 
explosive and the eruption of lavas was interrupted 
by the ejection of lapilli and volcanic dust, which 
were deposited upon the flanks of the volcano. 
The flow breccias that have been described may be 
considered as having their origin in the mingling 
of two lava streams of different eruptions. In these 

sediments show that this volcanic region was near 
sea level and oscillated more or less during the 
period of eruption. 

The andesitic eruptions grew gradually less and 
less frequent, while at the same time, probably from 
neighboring vents, the rhyolitic lavas and pyro­
clastics of Vinalhaven and Isle au Haut began to 
be erupted. No one who is at all familiar with 
modern volcanic phenomena could fail to recognize, 
from general appearances alone, the volcanic origin 
of these deposits. The landscape at the time of 
this igneous activity was probably much like that 
of coastal regions in which volcanism of a mild 
type is to-day in progress. 

GRAN1TIO INTRUSIONS. 

It is probable that the volcanic activity ceased 
before the close of the Silurian, and perhaps it did 
not outlast Niagara time. After its close gentle 
folding and some faulting occurred which brought 
the 'Sihirian sediments and volcanics into about 
their present attitudes. Then followed the great 
intrusions of diorite and granite. The transfer of 
these masses of molten rock from deeper portions 
of the earth's crust into these essentially surface 
formations was an event of great geologic impor­
tance. Not only were the intruded rocks metamor­
phosed somewhat by the hot vapors given off by 
the intrusive magma, but adjacent portions of the 
sedimentary strata or voleanic sheets were 80 widely 
displaced by the masses of igneous rock thus intro­
duced that their subsequent position can not be 
determined. The amount of contact metamor­
phism, however, is less than might be expected. 

The age of this intrusion is not known from 
phenomena observed within the Penobscot Bay 
quadrangle, but granites that are in all probability 
contemporaneous, in the Perry basin of eastern 
Maine and in New Brunswick, have been proved 
to be of Siluro-Devonian or early Devonian age. 
Together, the extensive granite intrusions constitute 
the most important geologic event in this region in 
Paleozoic time. 

After these volcanic eruptions and the deposition flow breccias the included blocks and the matrix 
of the Penobscot slate and the thick beds of lime- may be quite different in character, lllasses of the 
stone which occur 011 the mainland near Rockland' gray andesite being commonly embedded in the red 
and Rockport the whole region was affected by andesite which in many places shows flowage around 
severe dynamic metamorphism. The trend of the and between these included blocks. In other places 
folds indicates that the thrust which produced them the lava blocks have been cemented by tuff mate­
was directed nearly at right angles to the trend of rial or by volcanic mud. The volcanic conglomer­

The scattered dikes of analcite and analcite 
basalt and some of the diabase dikes represent later 
intrusions than that of the granite. Locally some 
faulting has occun'ed which involves these later 
dikes; thus on the west shore of Bagaduce River 
opposite J ohn80n Point a basic dike in the granite 
is offset a dozen times by a series of small transverse 
faul",. 

QUATERNARY HISTORY. 

the present coast line; presumably it came from the ate is composed ofless angular fragments, and more The geologic record furnishes little clue to the 
southeast. varieties of lava are represented within a given mass events which took place in this region during the 

How long an interval elapsed between the close of the conglomerate than in the breccia. These dif- whole of- Mesozoic and Tertiary time, but by the 
of the sedimentary deposition here recorded and ferences may result from the transportation of the' beginning of the Quaternary period the familiar 
the beginning of the period of metamorphism is fragments by running water for limited distances processes of subaerial erosion had reduced the land 
unknown. It was probably long enough, however, down the slopes of the volcano. surfaCe to about its present topographic form. The 
to allow the sediments to become very well consoli- The absence of metamorphism in these volcanic record begins again with the effects produced by 
dated, for it seems probable, from the relatively rocks, other than a partial alteration of some rnin- the great ice sheet which radiated in Pleistocene 
small amount of deformation which the rocks of eral, not only permits fuller interpretation of the time from the region east of Hudson Bay. The 
the Battie formation suffered, that they were conditions of this formation than is possible in the evidences of its presence are found in the depoiiits 
already well-indurated quartzites before the folding case of the Castine and North Haven volcanic rocks, of glacial till and gravel and in the polished and 
began. The pelites seem to lfuve been shales rather but it shows in a striking way the difference in age. striated surfaces, which are abundant even in the 
than clays at the time of the folding, and the lime- Just as the tuffs furnish ind~bitable criteria for outermost islands. The general trend of the strire 
stones behaved as moderately rigid bodies within establishing the volcanic nature of the' series, so is about S. 20° E., though their direction may vary 
this area. Farther east the folding appears to have they also afford the best evidence with regard to the as much as 20° on eithel"side of this average. The 
been more intense. The duration of the period of topographic features of this part, at least, of the great ice sheet advanced slowly from the north 
dynamic metamorphism is equally a matter of volcano. Many of the tuffs seem to have originated until, it covered the whole of the State; then, after 
uncertainty. It may have been a single continu- simply as subaerial deposits upon the gentle slopes an interval of unknown duration, it began a slow 
ous period of crustal movement or a succes- of older lava flows, but others may have been retreat. It can not be positively asserted that there 
sion of shorter periods separated by inte'rvals of deposited in a body of water. In some the sorting was only one invasion of this region by the gla­
quiescence. of the different-sized grains and the banding of ciers, but there is no evidence, either from divergent 

The period of metamorphism was followed, at 
least in the vicinity of North Haven, by an erosion 
interval of unknown duration, at the close of which 
the land sank and the beds of limestone bearing a 
rich Niagara fauna were laid down upon the eroded 
surface of the North Ha ven greenstone. These 
fossiliferous beds furnish almost the only basis for 
determining the age of the rocks of the Penobscot 
Bay quadrangle. The Penobscot slate, the sedi­
ments of Islesboro, the North Haven greenstone, 
and the Castine volcanics are all separated from the 
Ames Knob sedi~ents by an erosion interval and a 
period of dynamic metamorphism of' unknown dura­
tion. It follows, therefore,· that these pre-Niagara 
rocks are at least as old as Ordovician and are 
probably still older. 

successive beds is as perfect as in any thin-bedded sets of strire or from dissimilar drift sheets, to lead 
shale or sandstone. However, the fragments of to the opposite conclusion. 
minerals and lavas are as angular as in the sub- The height of the land at the time when the 
aerial deposits, showing the absence of long~on- region was completely covered by the ice is not 
tinued wave action. On Iron Point, where the certainly known, but during the retreat of the ice 
bedding of the tuffs is best exhibited, the beds the land stood for a brief period about 240 to 250 
of finer tuffs are in many places eroded on their feet below its pl'esent level. This is shown by the 
upper surfaces, the succeeding beds showing slight occurrence on Isle au Haut (Stone, G. H., Mon. 
local unconformities. Such erosion breaks ill the U. S. Geol. Survey, vol. 34, 1899, p. 48) of beach 
beds are only a few feet in extent and have resulted gravels up to a height of about 225 feet, while between 
probably from wave action along the tide flats. An 250 feet and the highest point on the island (550 feet) 
overlying conglomerate has well-rounded pebbles not one water-washed stone was found. No cliffs 
and is thus an ordinary sediment, marking an of erosion were observed on Isle au Haut above the 
interlude in volcanic activity. The conditions present beach, but on the projecting angles of the 
here, however, do not seem to have been favorable hills (which would be capes when the sea stood at 
for marine life, as was the case when the sediments high levels) the till was extensively denuded. 
occurring within the volcanic rooks on Stimpson Similar phenomena have been observed in other 
Island were deposited. The pyroclastics and other exposed localities on the coast. 
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From this submorged position the land rose to I· .paving blocks; the remainder was for monumental 
nearly its present elevation, some stages of the purposes, curbillg, "random" stone, "riprap," etc. 
uplift heing recorded in the marine terraces which The guadrflngle produced over half of the rough 
are a characteristic feature of the coast. The lenyer building stone quarried in the State, over one-third 
tenaees are well developed at nearly all parts of' of the paving, nnd over one-fourth of the dressed 
tlle coast, hilt the upper ones are developed, withill building stone. 
this quadrangle, only at the souih clld of Sears The I)l'ineipal markets for the Penobscot Bay 
Tsland. At this loeality terraces OCCLlr at elevations gran itt:' arc Boston, N cw York, Philadelphia, and 
of approximately 80, 'GO, 30, and 12 feet above 'YaAhington. Each of the larger quarrics lws fur­
present metln tide. The upper two arc very nar- n-ished the dreRRe(l granite for many large and ""ell­
row, the 30-foot level ht·oa.der, ['Ind the 12-foot level known buildings in these citie.9, a11(1 a. few buildings 
the broadest. of all. On Cape .Tellison, one-half havc hecn erected of this granite in Chicago, 1\"£il­
mile north of Squaw Point., the lowest terrace waukce, St. Louis, and other WeAtern cities. Con­
forms a sea cliff rising 13 to 15 feet above meal I tracts that are now being worked on include the 
tide, and from this level slopes inland at an inc1i- Kew York bridges, the custom-house in New 
nation of 2° t.o 3° for 200 yards, to a point where a York, alld the Naval Academy at Annapolis. 
steepel' slope begins. The material is till, the upper The value of this industry to the community is 
portions being somewhat assortell by wave action. not fully expressed by the mere statement of annual 

Certain features of Ames Knob, at the west end production. It 1R neces~mry t.o add that labor 
of' the island of Korth Haven, are noteworthv recejves over 80 pel' cent of the yalue of the prod­
(\Yillis, B., Bull. Geol. Soc. America, vol. 14, Hi03, uct of these quarril's. 
pp. 201-20G). These include a wave-Luilt bar The general distribution of the granite :is dis­
Rtanding ahout G5 feet above the present sea leyel cussed in the section on deRcripti VB geology. The 
and composed of small pebbles Rome of which are most. important belt., eeol1omieally, exh:,nds from 
thoroughly watcl'worn, while ot.hers preserve gla- the southern pfllt of Brooklin soutlnvestward across 
cial strite and thUR prove the bal' to have been of Deer Isle to Vinalhayen and includes the Stoning­
post.glacial origin. tOll, Crotch Island, Vinalhavt:'n, and Hurrieane 

Throughout t.he Penobscot Bay region the best Island quarries. Deep-water channels suitable for 
defined and most widely developed terrace has an the lar~est coasting vessels extend to the very edge 
elevation of 20 to 213 feet aboye the present sea of the qua.rries, so that the largest blocks of granite 
level. III genernl the t{'rrfll'es are built terraceR, can bc loaded directly upon the vessels which are 
whoce materials nre marine clays and sands; only to take 'them t{J the large cities of the Atlantic 
in a few of the more expoRed posit.iolls have wave- coast. Thus the cost of trallsportatioll is reduced 
cut tm'races been developed. to a minimum. 

The history recorded by the facts outlined above Descr£ption.-The eharaeter of the granite -in 
may be summarized as follows: (1) On the "with- different. parts of the region has already been 
drawal of the icc from the immediat.e "vicin-ity of the deseri.bed. The gl"llin ranges from fine to coal'fle, 
const the sea, for a short period, st.ood as much as although most of the rock quarried might. he 
240 to 250 feet ahove -it~ present level; (2) during termed lllrdium grained, the feldspars averaging 
the time when the icc was still not far removed from one-eighth t.o one-fourth of an inch in (liam­
from the coast, and was contrihuting to the sea etrr. 'It. is worthy of men60n, as showing the 
large amounts of sandR and clays, rather a rapid uniformity of t.he granitc in both color and grain, 
uplift was in progress; (3) thiR uplift was not regular t.hat often vwrk on the same contract is donc at 
but was interrupted by short periods of quiescence quarrieR several miles apart. The dark segrega­
during which waVl'-cut and wave-built terraces were tions 01' "knots" and the aplite dikes which are 
developed; (4) the better development of the lower present in the granite at some localities· are as a 
terraces, indicateR that. in the later stages t.he uplift rule not common cnough t.o affect the amount of 
was t;lower than in t.1lC earlier; (fi) t.he lowest ter- clear stone availahle in the quarries. The basic 
races were probably dcyeloped aft.er the icc had "knots" seem to be most abundant. in those val'i­
eompletdy withdrawn from the ref,rion; (6) nplift etieB of the granite which are somewhat too coarse 
may still be in progress. grained for commercial usc. The granite is 

From the considcra6ons outlined above, it is remarkably free from pyrite and other mineral 
apparent that the land has not stood at its present constituents which C~lll produre stains on exposure, 
elevation for a vcry long time, although the present as is shovm by t.he slight amount of disroloration 
period of relative quiescence seems to have been in the weathered surf3.ees. The amount of weath­
much longer than any of the ha.lts recorded by the ered rock on the surface is very slight, RO that very 
marine terraces or relat.ed phenomena. Rock-cut little work is necessary to open a quarry, even the 
dills, barrier beaches, spits, bars, and hooks are surface blocks being used :1t many places. 
almost wholly absent at the higher levels but are MORt important features affecting tile granite 
common featmes of t.he present Rhore line. The industry are the dist.ribution of joints in the rock 
net result of the development of such shore features mass and the direetion of the rift or plane along 
is to straighten and simplify the coast line, but as which the granite splits most readily. In the 
yet. the results of the proeess arc insignificant. vicinity of Stonington the direction of the rift. 

On the land, post-Pleistocene erosion haf'\ been at varies through nearly every point of the compass, 
work in removing the drift obstructions which gave but. the principal joints range from N. 50° 'V. to 
rise to the multitude of lakes and marshes. Filling east. and west.. The Hbottom" or nearlv horizon­
hy sediment'ltion Ilnd by the growth of' peat has tal joint.s arc conspicuous features in m:ny of t.he 
conspired with a cutting dmvn of out.1ets to conyert. quarries. The Rpacing of these parting planes in 
thc lakes into swamps, and similar have the roek determineR t.he kind of work for which 
tended to (:OO\'crt· t.he swamps iuto land. The eaeh quarry is especially adapted. In a few qual'':' 
a.bundance of lakes and swamp8 at the present. time ries in the Penobseot liny district the joints are so 
Rhows t.hat tlwsc agents haye as yet accomplished close together that only material for curbing and 
little. paying blocks can be quarried, while in" many 

ECONlnnC GEOLOGY. 

GRANl'1'E. 

Output.-Accol'ding to the statistics for 190() 
compiled by the Unitt:'d StateR Geological Survey, 
l\laine ranks third in the list of gramte-producing 
Staks, :vlassaehusettR being first and Vermont 
second. The output of the State, \'Hlued at 
$2,.5GO,021 ill 1DOG, iR about one-ninth of the 
total granite production of the Unit.ed States. 
Of the t.otHl :vIaine output nearly one-third is 
produced by the quurries of the Penobscot Bay 
quadrangle, so that the granite industry of this 
area is of ('onsi(lerable importance. 

Of the product-ion of this quadrangle for 1905 a 
little oyer one-half waR in the form of dressed gran­
ite for building, about. one-third was rough build­
ing st.one, and about one-cight.h was in the form of 

Penobscot Bay. 

other quarries exceptionally large blocks suitable 
for monoliths can easily be taken out. Examples 
of these are 6ri yen in a later paragraph. 

Eqnipmcnt of qnal'ries.-The largest of' the gran­
ite quarries of the Penohscot Bay district are those 
in the vicinity of St.onington and Vinalhaven, 
including the Crotch Island and IIurrieanc Island 
quarries. Several of these quarries doubtless rank 
as the largest in the United States, the more exhm­
sive quarry openings including areas of 5 to 8 aeres 
with an average depth of nearly 30 feet. The six 
largest qnarrieB at Stoningt.on and Vinalhayen have 
an aggregate area. of more than 30 aeres, with 
available stone coyering many times that area. 

These larger quarries are well equipped for a 
large output of both rough blocks and dressed gran­
ite. The plant of the Bodwell Granite Company 
at Sand COYC, on Vinalhaven, has an equip­
ment comprising t.ra.veling cranes, lathes, pneu-

matic hand tools and plug drills, in addition to the 
uSllal number of derricks, hoisting engines, steam 
drill, and surfacers lli...'Cessary for a large quarry. 
At this eompany's Palmer quarry, at the mouth of 
Long Cove on the same isla.nd, there is a giant lathe 
which will turn a monolithic column 70 feet in 
length and 7 feet in diameter. The eolumns for 
the Cathcdral of St. John the Diyine in New York 
City were turned in this lathe. The rough blocks 
for these eolumns measured 60 by 6 hy G feet, 
and weighed aLout 185 tons. One of these huge 
blocks was successfully turned in the giunt lathe, 
but split after heing finished and removed from the 
lathe. On this account the columns were turned 
in two sections. 

The Rodgers quarry on the cast shore of 'Vebb 
Cove, -in St{Jnington, is also equipped with both 
steam and pneumatic drills, pneumatic surfacers, 9 
hoisting engines, 10 derricks, a 10-ton crane, and a 
railway a.nd locomotive. On Crotch Island the 
Ryan-Parker Construction Company opel".1tes a 
large quarry with extensive dressing sheds, full 
st~mn and pneumatic equipment, and a railway 
running to the t.wo docks and through the entire 
length of the qnarry. John S. Goss has a well­
f'quipped quarry adjoining the Ryan-Parker quarry, 
and also one on Moose Island, on the opposite side 
of Deer Island Thorofare. 

The topographic features of' the granite coast of 
this region are such as to facilitate quarrying oper­
ations. Most of the quarrieB are opened on the 
slopes of hills rising directly from the shore, so 
that, although the older quarries have been oper­
ated for twenty-fi yC to fifty years, the present con­
ditions favor continued production without increase 
in expense. The larger part of the equipment of 
thesc quarries, therefore, is devoted to the finishing 
of the product rather than to the quat:rying of the 
granite blocks. 

For a more extended account" of the granite 
resources of this quadrangle see Bulletin' No. 313, 
U. S. Geo1. Survey, by T. Nelson Dale. 

J,TMESTONE. 

Limestone belonging to the Islesboro formation 
is not at present utilized, but in the pa$t it has been 
qUHrried and burned for lime at two points on 
North Islesboro. At Limekiln Landing, on the 
northeastern shore of the island, an area about 100 
feet in diameter has been exeavated to a depth of 
about 30 feet. Much of the rock shows shaly 
bands and even the best rock obtainable contains 
some quartz, »pyrite, and mica. The quantity of 
limestone is small, and the rock maybe expectcd 
to decrease rather than to inerease in purity with 
depth. No.1 in the table below is a partial anal­
ysis of the best limestone obtainable at this quarry. 

The second localit.y at which the limestone was 
formerly worked is on the northern shore of Seal 
Harbor. Here there is a hillside excavation about 
40 feet in ma.ximum depth and about 200 feet 
across. The limestone is practically the same as 
that at Limekiln Landing and in many places is 
shaly. Its total thickness does not appear to be 
much more than 50 feet, the mther considerable 
width of outcrop being the result of repetition 
through folding. As at. the other quarry, the rock 
is a calcium limeRtone effervescing freely with dilute 
acid; its analysis is No.2 of the table below. At 
neither of th~ese two localitios nor at nIly other 
place on Islesboro does there appear to be any war­
rant for further development of the limestones. 

Partial analyses of limestone from Islesb01'o, Me. 

Calcium oxide __ _ 
Magnesium o:xide __ 
Silica __ 

, I ' I - -----
-- _ --- 51 30 43 07 I 

---- --- - - ~~: I !~: I 
1 03 1 18 

_'_' __ 0:) __ 1 

1. Best quality of limestone from" quarry of Limekiln 
Lauding, Islesboro. 'V. T. Schaller, analyst, U. S. Geologi<,.al 
Survey lahoratory. 

2. Best qualit.y of limestone from quarry at Seal Harbor, 
Islesboro. W. T. Schaller, analyst, U. S. Geological Survey 
laborn-tory. 

Lime Island, about 2 miles southwest of Isles­
boro, is made up largely of limestone. This is 
purer than any which occurs on Islesboro but is so 
highly magnesian that it does not effervesce at all 
with dilute acid. At present rock of' this composi­
tion finds a market only for pulp-making purposes. 
Considerable amounts of' greenstones are associated 

with the limestone here and would be a serious 
hindrance in quarrying. These facts and the 
absence of' any protected harbor make it very doubt­
ful whether the rock can he profitably worked. 

SEHPEN'£INE. 

A considerable amount of serpentine has been 
obtained in the past from a quarry on the nort.h­
eastern shore of Deer Isle, Lut for almost twenty 
years this quarry has remained unworked. The 
rock here is fine grained, massive, and dark green 
to almost black in color; in places it is cut by a 
multitude of minute veins of calcite. Its lithologic 
characters and mode of occnrrence have already 
been deseribed in the section on descriptive geology, 
The serpentine was sawed into sIaLs for window­
sills, doorp{Jsts, doorsills, etc., but the work was 
soon abandoned hecause of the liability of these 
blocks t.o split along joint. planes while in t.heshops 
or even after they were placed in position in a 
building. The color is too somber for ornamental 
uses, but the rock seem" durablc and well adapted 
for certain general building purposes in which large 
pieces are not required (Merrill, G. P., Stones for 
Building and Decora60n, p. 60). In view, how­
ever, of the abundancc of granite in the re6rion it 
is doubtful whether the ro('k will ever he utilized 
in this way. 

COrrEl!. ORE. 

Twenty-five or thirty years ago copper mines 
were operated in Bluehill and Brooksville. Tho 
ore extraeted fit that time appears to have been 
largely chalcopyrite, which OCCUlli in association 
with quartz, muscovite, and pyrite, as well as galena 
and sphalcrite. These mines "were all abandoned 
later, but the ruins of shaft houses, mills, and 
smclters which remain mark the SitC"B of this activ­
ity a.nd indicate the Rca.le on which the mining 
work was conducted. ~he shafts were all filled 
with water at t.he time the geologie: field work was 
done, so that. the present knowledge of the ore 
deposits of this area was obtained from observa­
tions on the material in the mine dumps and on 
roek exposures in the vicinity. 

The Twin Lead, Bluehill, Bisbee, Pho::mix, and 
Douglas mines are some of t.he old properties situ­
ated nearly 2 miles southwest of Bluehill village. 
The country rock is thc crumpled Ellsworth sehist, 
with the usual strike somewhat enst of northeast 
and steep southerly dip. The sulphides occur in 
stringers and Renms of quartz which parallel for the 
most part the Rchistosity of the inclosing rock. The 
proportion (Jf quartz stringers at some points is such 
as to gi ye thc schist a gneissic appearance. At 
otller places the sulphides impregnate the schist, 
and this materia.l appears to have been mined at the 
Bluehill mine. The charactm' of these depositB and 
their geologic relations suggest that tlleir origin was 
eonnected with the intrusion of the granitic mate­
rial, granite dikes occurring in the immediat.e vicin­
ity and the cont'lct wit.h the large granite area being 
about a mile distant. At thc Twin Lead mine the 
workillgs included a three-compartment incline; on 
the Blucilill propert.y there arc several abandoned 
shafts; and at the Douglas minc ore was mined in 
both shafts and open cut. H.ecent reports are to the 
efl'eet that t.he underground ,vorkings of these mines 
will be pumped out and the attempt made to work 
these ores under modern metallurgieal processes. 
Until such explorations and tests are made, no esti­
mate as i() the value of theRe deposits is justified. 

At Brooksville work has recently been done on 
somewhat similar deposits fron1 which it is reported 
shipments were made t\venty-five years ago. The 
country rock here is the CaRtine formation, the 
deposits being neal' one of' the dikes or intrusive 
masses of dioritic rock whieh arc common in this 
vicinity. 

:Many other mining prof'lpects were opened within 
the area of this quadrangle at the time the interest 
was at. its height. Most. of t.hese were located in thc 
towns of llluehill, PenoLscot, Brooksville, and Cas­
tine, and were usually described as showing copper 
ores. The Eggemoggin lllille on Byard Point in 
Sedgwick and the Deer Isle mine on Dunham Point 
were reported as producing silver ore. 

CI.AY. 

The only clays of commercial importance in this 
region arc the marine clays, whose geneml appear­
ance and mode of occurrence have already been 
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described. vVithin the area of the Penobscot Bay 1 ture, although much of it furnis1lC's excellent pas- structure. lIo\vever, that artesian 'va.t.er exists in I SlIre, as indicated by the fact that a 110ck once 
quadrallgle t11~y are at present utilized in themaIl- 1 tul.fIgc.Themo.yt. fertile arf'...<lS are .prObahlY those t.hi:::; area is proyed by the flowing wen at Sahbath- rcmoycd from betw.ccn two granite walls can not, 
ufacturc of common brick at South Penobscot, I con;rcd by glaeinl t.ill, but the ahundance of bowl- day Harbor and by other deep ·wells whieh do not after the lapse of a. short t.ime, he replaced, the 
Penobscot, and 'Vest Penobscot, though in the past: del'S in m:my plaecs makes the original dearing flow but in which the wHter encountered is undcr wallR of the opening- ha ving in the meantime dra ... vn 
they have been worked at a number of other local- these areas a difficult t.ask. The lowlan{}s covered 13t11tic pressure, as evidenced by the rise within the doser together. Such lateral pressure 'would tend 
ities on the mainland. At the works in South by marine elays are in general much less fertile, ",,'ell. EflSentially, then, the water supply of tllese : to close highly inclincd joints and thus 1·('8tri('t the 
Penobscot, which are the largest in the quadruugle, although they are extensively C'ultivated. Theil' deep wells is of the artesian type----that is, the I itow of water along tile'm, ,vhile at the same time 
the clays a.re gray in color and about 20 feet thick. surfaces arc frf..'e from bowlders and the labor of I wnter rises withiu t.he drill hole for 20 feet or more I' reliedng to some extent the pressure due to the 
The t.otal output of common brick for the quatlran- dearing the laud is much less than on the tiU- above the level at which the drill tapped its flow. weight of tIle rock and making eireulatjoll along 
gle in 190G was valued at. $11,902. At all three co\'el'ed areas. The lesser fertility seems to be lcss II In rocks so IllaflSivc as the granites and diorit.es ' flat-lying fractures easier. How great an influence 
of these yards the clay is worked by the soft-mud a matter of ehemical composition than of texture, of this quadrang-Ie and so thoroughly cemented as I this has on the underground circulation is unknown, 
process and burned in old-fashioned scove kilns, the for in wet seasons the crops on t.he clay areas are t.he sedimentary and volcanic rocks, the circulation but it is probably not very g-reat. It is to be 
product being a bright-red brick of good quality freqllently much delayed because of tile slowness 'I' of the ground water must take place largely along expected t,~lat except at very eleYat.t,d points within 
and appearance. Shipments are made ma.inly to with which the ground absorbs the oxcess of, fraeture planes rather than through pore spaces. the granit.e-diorite areas a sufficient water supply 
Boston and vicinity, though a. part of dIe product moistme. ' The fractures may follow joint planes and planes for domestic purposes may be obt.ained at depths of 
goes t.o other coast towns. 'YATER! of bedding and of schistosity, but in the granitic 100 to l;":iO feet. The water is aR a rule soft and of 

Se\'oral smaH works for the manufacture of . . , rocks the joints are practically the only openings. : excellent purity. 
common hrick are located along the west. shore of The prel'lent water supply of the Penobscot Bay 1 The development of artesian pressure in such rocks I On North Haven and Vinalhaven (~.fl'. Bailey 
Pcnobscot Uiver just north of this quadrangle, and region is derivetl almost exclusively fi'om under-I must he dependent on the distribution of the frac- Willis has furnished much information in regard 
farther down the coast at. ThomaRton, Damariscotta ground sources, the surfiwe waters from lakes and ture planes find on differences in the readiness of I to the wells of thiR locality), and proba.bly in 
Hi\'er, and other points. In the abscnce of analy- Rtreams being little used except for stock-watering wat€t circulation along different sets of fractures. 'many other parts of tile quadrangle, inclined 
ses of clays from the Penobscot Bay quadrangle, purposes. The larger part of the supply, especially, It involves (1) greater ease of circulation at con- fracture zones seem to be of considerable impor­
the following from the adjacent Uockland qllad- for domestic nse on the farms, is ohtained from I siderahle depths than near the surface, and (2) t.he I tance, many successful wells being locat.ed oJlne .. arly 
rangle are inserted: ground water in t.he surficial deposits. 'VellA of: exist.ence of ('ertain ehUlll1els for the transfer of vertic--<1.1 fmcture zones or hipping aL some depth a 

Anuly8cs ofvlaY8Jrom Rockland quadrangle, Jiaim. this kind are eommonly ve.ry slmllow and lllany of water from higher zones to the deeper circulat.ion, fradure ZOlle which deseends at a rather steep angle 
them arc locatcd on low ground. The quality of dms producing a "head." from the surface. Some unsuecessful attempts to 

1 --;-I'-~-JI the 'water obtained varies from excellent to very One of the simplest ways in which the aboye- find water appeal' to have resulted from failure to 
,"".)_________ 62 8,°7

1 

62 '7"' ~ poor, such wells heing liable to contamination from named conditions may be fulfille(1 is w}lere an I st.rike such an inclined fracture zone, a failure which 
,_ barnya.rd and odIer sourees. TllOse located wholly inclined fmetnre zone in the roek serves both as the could in many instances have been avoided by a 

1736 17 70 1910 within deposits of glaeial till usually yield a mod- deep-seated zone of easier circulation and as the I preJiminary study of the positi01l of the fracture 
440 519 753 erat.e supply, but. are in dang-er of fhiling during- a channel for the transfer of water from higher to , planes at the surface and the inclination at which 

'2.00 '1.72 lory summer. The RaHle danger from drought is lower horizons. The fmeture zone becomes filled I they descend inio t.he earth. In the case of small 
.88 ~:: experienced in wells loeat.ed wholly in deposits with ground water,and is tapped by a well that has cracks, howe\'er, it is not safe to depend much on 

of marine clay. The best supply is in general passed through a considerable thickness ofrelat.ively I t.heir persistence in dept.h. Broad zoncs of frac­
obtaiued from the gravels or sands which may impervious rock; the water then rises in the well I turing, which arc inuicnted at Illany localities hy 

I 
overlie the marine clays, the t.ill, or solid rock, the nearly t{) the le\Tel at which it stands in the fracture low belts between higher ledges, are more reliable. 
principal flow nsuaHy being found near t.he bottom zone. i The depth of the drillcd wells varies from 100 to 
of the deposit. In a few localities gravels underlie A rclat.i\'ely impervious co\'er may result in at. 300 feet, the principal flow being obtained at depths 

. marine clays, and a good water supply is obtained least two other ways-(l) by more complete cement- ranging from 60 t.o 140 feet. The water rises 
---- I by penetrating t.he days to t.he gravel. SOflle wells ing of the fracture planes in the upper horizons within 10 to 35 feet of the surface and supplies 

ace~~:: o7~~~~~~~~:~~:;~ff~:~Oa~~i~r~:t~;;. questionablo on.' of this kind overflow whell. first dug. than in the lower, and (2) by b'Teater ease of eircll- of 4 to 20 ga.llons pel' minute are ohtnined by 
1. Clay froIIl brickyard~ at Tholllaston. Me. W. T. Sellal- 1 Springs are rather abundant in this quadrangle lation along nearly horizontal fractures than along pumping. 

ler, analyst, U. S. Gcological Survey laboratory. and are most numerous on hill slopes, especially at t.hose which are highly inclined. Either of these On Islesboro the rocks aTe folded slates, schists, 
w.2T.c~:r!~I~~: !:I;~sCt~ J.o~~tG~~:gi~~~~u;v~;~:~~r~t:;;: the cout.net beiwEe'en gravel or sandy till and un;]er- conditions, if supplemented by the existenee of a and limestones. The depth of the drilled wells 

3. Clay on t.he property of the Rockland·Rockport Lime lying clay or solid rock. ~Iost. of them are subject few inclined ehannels for the paflSage of water from varies from l50 to 265 feet, the pri.neipal flow being 
Company, near Rockland, Me. to milch seasonal varintion, and only a few survive higher to lower levels, may result in art€sian concli- obtained at depths of 30 to 260 feet. In most wells 

Although these three samples were taken at a se\~ere drought. One of the finest spring-s is tions of wate'· confined under" head." The study the water rises within 15 feet of the surface and 
localities several miles distant from each other, locnted near North llluehill and is owned by the of ore deposits has shown t.hat the filling of frac- supplies of 1 to 20 gaUol1R pel' minute are obtained 
their analyses are closely similar, a fact whieh BluehIll1Imerai 'Vater Company. An dnalysis of I hues hy cementation or the deposition of minerals by pumping. The ilo"ing "ell at Sabbathday 
suggests that throughout this region the clays this ",tter by W P. Mason is given below. The frolll wntel solutions goes on more rllpidly in the I Harbor has ahead} been mentioned. Because of 
possess a ratller uniform eomposition. It is prob- flow averages about 6 gallons pel nllnute. upper part of the. glOund-watel zone than in t.he presence of lImestone the "'tater from many of 
able, therefore, that the clays of the Penobscot Analysi8 of 8prtng water from North Blur-lull, Mr- the Im'<er part Cementauon of this kmd is known I these wells is hard. 
Bay quadrangle correspond very closely to these P!i.rtsper to lJaH' taken place III the sethmentary and volcanic The 'illage of Castine is furnished ... nth water 
analyses. From the chemical analyses, and also! CalCIUm carbonate __ ~~h7~' I lOcks of this quadrang-Ie anu may be an important for domestic and tire purposes hy tlnee dlilled 
from a microscopic examination it. is seen that. MllgneSl1l111 carbonate 609 factor 1ll the productton of :ntestan pressure wells, situated ,It an clmation of 130 feet In 

:~~e~i~r:~:o::~~~~te~~l~~l~(~ ~sal!:~:~~:~~d:o"o~~~~':~ !,' ::r:;:~::;b~~~~~en~te -- 65'.=,;, \ ~;~::I~~:se~~~no:l~lilrg(~::~~~Y~~~l~~lr:e~~~bl~'~~~~~~:~ I ~:r~:~,tI:~ew:~:~a~:t,ISo:.t~~: f:~t a~~;~h 1~~~2t:.l~~ 
" Calcium sulplut.te_____ " • '" u 

the necessit.y of' adding any in mixing for Lriek-I Sodilllllsulphate 5.33 has not been proved for any of the rocks Oftllis' water mark. It rises natmally within 2/5 feet of 
making. In a comparison of several hundred: ~~~~:~rt~::~~~-------- 5:~ i region but Inay be an important factor, especially I the surface and is pumped hya \vindmill. These 
analyses of brick clays (Hics, Heinrieh, Final I Potassium chloride 9.90 I in the granite, where Hat-lying joints are very' wells yield 40,000 gallons daily. A fourth well, 
Rept. State Geologist of New Jersey, vol. 6, 1004, ' 2~::: numerous. The weight of the rocks themselves 1575 feet deep, not now used, is 10cHh:~d at. an eleva-
p. ,1)5) t.he silica has heen found to range from 341 would t.end t.oclose the.flat-Iyingopeningl', but. t.his i tion of 217 feet. Water was struck at It depth of 
to nearly n1 per cent, widl an average of about 59 , 87.02 effect may be ofli:3et by lateral pressure, as is i 1320 feet. TIw water lcvel in this well is only 27 
pel' cent. The I)enobscot Day speeirnens are only Tllere is a gTo,ying tendency in this region to explained in the next paragraph. feet below the surfaec'----that is, it. is l!JO feet. above 
slightly a.hove this average. utilize the grounu water stored in the solid rock, The water conditions throughout the brranit€-I sea .level and 85 feet higher than the water level 

The percentage of' iron is Dtidy constant and is and a large number of wellA hm'e heen drilled to diorite areas are typified by those encountered in t.he , in the three wells previously mentioned. 
sufficient t.o giye t{) the burned bricks a bright-red variouR depths down to 6'i5 leet. These are vicinit.y ofSt.oningt{)n, where in dr,Uled wells 5 to 6 In general the distrihution of 11'actures in the 
color. The average for briek days i:::; about 5 per mostly located at elevations of less than :100 feet inches in diamet.ersuuk Lo tlepths of 50 to 150 feet! rocks in this tlundrangle is such that. a few nlil­
cent.. The ahsence of calcium carbonate, shown anti their yield varies greatly; Borne are yery suc- the water ris08 wit.hill 10 to 20 feet of the surface, ures am011f?," deep wells may he expected, since the 
by the absence of CO 2 in analyses 1 and 2, is a cessful and a few are fa.ilurcs. From most of them or even higher, Hnd a steady supply of 1 to :3 gal- 'water circulation is contim'd mainly to cmtain 
desirable feature, as 1s also the rather high percent- the supply ean he obtained only by pumping, Ions per minute can be pTocured by pumping. In! trunk channels rather than equally dist,ributed 
age of alkalies. The latter a.re the most important thoug-h the wat.er usua.lly rises in the well above the well of t.he Pine Hoek Water Company, sunk throughout the water-bearing zone, but. the per­
fluxing constituents of the clay and on burning the level at which it is fi,"St struck. A Bingle well to a depth of 18g feet, a flow of 28 gallons per centage of failures Rhould be yery small if some 
serve t.o bind the constituent grains together. If~ aR :1 at Sahbathday Harbor is free flowing. l\bny per minute is reported. The depth at which the judgment is used in t.ho selection of the location 
in t.his CHse, ti18ir quantity is large, the brick may the islantlR occupied by summer residents arc nearly principal flow is obtained varies from 12 to 180 for drilling. In most places an abundant. flow 
be hurned at a lower tompernture than otherwise. : free from lakeR and streams and from surficial feet.. The fact that in almost. all \vells drilled in ma.y be expect.ed at a. depth of less than 100 feet, 

The clays, in common with the granite of this 'I' deposits, and in such localities the ground water granite the wa.ter is under a pressure whidl causes it but in some localities the drill lIlay reach a depth 
quadra.ngle, posses:::: the commercial ad\'antag·e of in the rocks is practically the only source avail- to rise in the well hole when struck proves that of' gOO to 400 feet before water is encountered in 
proximity to tile coast, where tIle manufactured I able. It becomes of vital importance, therefore, to t.hat there are masses of the granite which are pmc- good quantity. In general, t.he flow of ground 
Pl'o({uct can be easily and cheaply shipped by, know something of' the conditions controlling this tieallyimpel"vioustotbeflow. Theya.resUI'rounded water is fronl the land toward the sea, but \vells 
water. Thcir quality, their abundance, and their 1\ supply. by fissures, more or less inclined, which are full located dose to the seashore, eRpecially in a highly 
favorable situation seem to justify a more extensive I The prevailing rocks over much of the quadran- water; and when the drill, having passed t.hrough fractlll'ed region, nre liable to some inflow of salt 
commerci:d de\"elopment. ' gle are mnssive granites and tliorites, and the rocks the impervious block, strikes a Hssure, the water water in case the volume of fresh water flowing 

I of the rest of t.he quadrangle are much folded and rises to it:j own levcl in the drill hole. If the le\'el out fi'om the roch under head is not sutIicient to 
SOIL. , metamorphosed sediments and volcnnics whieh are be ahove the top of· the drill hole, the well becomes fill the fissures and keep the salt water out. In 

The soils of the PenohRcot Bay quadrangle are 'I compact and well cemented. TIle physical char- free flowing; if below, the water must be pumped. such wells act.ive pumping i~likely to increase the 
mainly of glacial origin, modified to some extent act.er of thpRe l:ocks and their structures are plainly The fact tlmt in some wells the drill drops several brackishness, for dIe fresh-water arLesian pressure 
by postglacial accumulat.ions of humus. O\'er I quit.e different from those observed in typical arte- inches on reaching t.he water-bearing level shows is thereby reduced, while the ba~k pressure from 
much of the rc'gioll the coating of surface materials I sian basins; in no strid sense can it he said that that these clwnnels are locally of considerable the ocean waters remains pmdic.ally unaffected. 
is very thin. This is especially true on t.he islands, there is present a porous stratum between imper- ,vidth. In many of the granite quarries the rock 
where yery little of the land is suitable for agricul- vious strata, neither is there any approach to basin is found to be under very considerable lateral pres- April, 1907. 
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II No.1 Namo of folio 

1 Livingston, 
_~_ 2 Ringgold. 
t 5 Placerville. 
~ 4· Kingston. 

1:6 
t7 

Sacramento 

8 Sewanee. 
t 9 Anthracitc~Crested Butte . 

t 1 0 Harpers Ferry 
11 Jackson 
12 Estillville 
13 Predericksburg 
14 Staunton,. 
15 Lassen Peak 
16 Knoxville 
H 
18 
i 9 
20 
21 Pikeville. 
22 McMinnville. 
25 Nomini. 
24 Three F o(ks . 
25 Loudon. 
2.6 Pocahontas 
27 Morristown 
28 Piedmont 
29 Nevada City Special . 
50' Yellowstone National Park. 
Zi1 Pyramid Peak. 
32 Franklin 
33 Briceville 
54 Buckhannon 
35 Gadsden 
136 Pueblo 
57 Downieville 
58 I Butte Special . 
39' Trut;kee 
40 Wartburg-
41 Sonora. 
42 Nueces . 
43 Bidwell Bar. 
44 Tazewell. 
45 Boise.' 
46 Richmond 
42' London. 
48 Tenmile District Special 
49 Roseburg 
50 
51 
52 
55 Standingstone. 
54 Tacoma 
55 Fort Benton. 
56 Little Belt Mountains 
57 Telluride 
58 Elmora. 
59 Bristol. 
60 La Plata. 
61 Monterey 
62 
65 
64 
65 Tintic Special . 
66 Colfax 
67 Danville 
68 Walsenburg 
69 Huntington 
70 
?l 
72 
,5 
'04 
15 , 

PUBLISHED GEOLOGIC FOLIOS 
State. 

Montana. 

Tennessee. 
California 
Tennessee 
C·oloTado .. 
Tennessee. 
Colorado. 
Va.-Md.-W.Va. 
California 

Tennessee-North Carolina .. 
California 
Ca..lifornia 
Ala.-Ga.-Tenn. 
Tennessee. 
Tennessee. 
Tennessee. 

West Vi~ginia-Virginia. 
Tennessee. 
West Virginia. 
Alabama. 
Colorado. 
California 
Montoma, . 
C8.lifornia 
Tennessee. 
Caiifornia 
Texas 
California. 
Virginia-West Virginia. 
Idaho. 
Kentucky 
Kentucky 
Colomdo . 
Orego," . 
:Massachusetts-Connecticut . 
California 

Washington 
Montana. 
Montana. 
Colorado. 
Colorado. 
Virginia-Tennessee. 
Colorado. . . . . . .. . 
Virg·inia-West V/rginia . 
Michigan. 
California 
Texas 
Utah. 
California 
Illinois-I l'ldia:na 
Colorado. 
\Vest Virginia-Ohio. 
D. C.-Va.-Md 

Price.t 

Gems. 
25 
25 
25 
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 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
23 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 

II No" 

76 
n ,8 
,9 
80 
81 
82 
83 
84 
85 
86 
8e 
88 
89 
90 
91 
92 
93 
94 
95 
96 
9, 
98 
99 

100 
101 
102 
100 
104 
105 
106 
10, 
108 
109 
Ita 
111 
112 
115 
114 
115 
116 
117 
118 
119 
120 
121 
122 
125 
t24 
125 
126 
122" 
128 
129 
150 
151 
132 
135 
134 
155 
156 
13c 
138 
]69 
140 
141 
142 
145 
144 
145 
146 
147 

Name of folio 

Austin 
Raleigh. 
Rome. 
Atoka. 
Norfolk. 
Chicago 
Masontown-Uniontown 
New York City 

Ellensburg. 
Camp Clarke. 
Scotts Bluff . 
Port Orford 
Cranberry 
Hartville. 
Gaines 
Elkland-Tioga 
Brownsville-Connellsville . 
Columbia. 
Olivet. 
Parker. 
Tishomingo 
Mitchell 

Patoka. 
Mount Stuart . 
Newcastle. 
Edgemont. 
Cottonwood Falls 
Latrobe 
Globe. 
Bisbee 
Huron 
De Smet . 
Kittanning. 
Asheville. 
Casselton-Fargo 

Lancaster-Mineral Point 
Rogersville 
Pisgah. 

148 Joplin District 
149 Penobscot Bay. 

1--------­
State. 

Texas 
West 

'I Pci"~·-" 
Gents. 

. 25 

Indian 

Pecmsylva"ia-l"ew York. . i 

Washington 
Wyoming-South-Dakota . 
South Dakota-Nebraska. 
Kansas. 
Pennsylvania 
Arizona. 
Arizona. 
South Dakota . 
South Dakota 

I 

..••.••.• I 

Missouri-Kansas 
Maine 

... i 

I 

25 
25 
25 
25 
50 
25 
50 
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 
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 
50 
25 

the aboye folios, as well as information concerning topographic maps and other publicati.)ns of the Geological Survey, may be had 
c. 




