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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distrihu-
tion of water, called as streams, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Reh:ej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outline 01' form of all 
slopes, an (1 to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal elm'a-
tion above mean St:'<t le\~el, the vertical iutt:'l'Ynl represented by 
t'aeh spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', ('ontours, 
and the uniform H'rtical (li"tan('e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The skcreh :J river VB Hey bptwet'n two hills. In 
tIlt:' foregrOlliul till? seH, \dth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of the v:dley is a terral'e. 
The terrllCC on the right merges into a gentle hill slope; that 
on the left is uaeked by a ascent to II cliff, or RCfll"p, whidl 
contrasts with the gradunl awny from its ncst. In the 
map each of these features jndicat.ed, direetly bel10ath its 
posiLion in the sketch, by contour lint'R, The map docs not 
include the (listant portion of the ylew. The following notcs 
may help to explain the use of contour lines: 

1. A contour line reprt:'sentR a eertain height ahow sea le\·e1. 
In this illustration the contour interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so on, ahove mean sea level. Along the contour at 250 feeL lift 
aU points of Lhe surface t.hat Ht"e 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sea \vere to rise 250 
feet; alon!!: thf' rontour at 200 feet. are all points that nrf' 200 
feet ab(we the sea; and so on. Tn the i:lpace bet,"ween any two 
contours are ul1 pointR whose elevations are aboy,=, the lower 
and below the Iligher ('on tour. Thus the rontour at 100 ft'f'L 
falls jUSL helow the edge of the tel'l'are, etnd tlmt at :l00 feet lit:'i'! 
aboye the terrace; therefore all points on tile terrace are shown 
to be more tlwn 150 but less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm:nh(1 GiO (feet aboye sea 
leyel); accordingly the ('ontoUT at (),)o fcet surrouuds it.. In 
this illust.ratiou all the ('ontom' ]ines arc nuwbered, and those 
for 260 and ,")00 feet are i.\rcentuHted by being made heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('eentnating flnd nnmhpring of certain of them-::my eyery 
fifth one-suffires and the ht'ights of the others may he l.lSeer
tained hy cOllnting up or dO\Vll from th('se. 

2. Contonr lines show or' express the forms of slopes. ~\.s 

eon tours are eontinuolls horizontal they wind SlllOOtJlly 
about smooth smfaces, rcct:'dt:' into rpentrant of 
rayinE'8, and projert. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our curn's Hnd 1:..0 of t.he 

('an be seen f!"Olll. the map and 
lines sl~ow the approximate of any sl~pe. 

The yertieal interval betwcf'n two \'(mtours the same, whethel' 
they lie along a diif or on a genLle s]ope; but. to at.tain a gi vell 
ht:'if!;ht on a gentle slope ont' must go £nther than on a steep 
slope, and therefore contOUlli are fill' aplll't on gentle slopes 
and near togethf'r on steep one8. 

A small contour int~ryal is necessary to express the relief of 
a flat oj' gently undulating countr)'; a steep or mountainolls 
country ean, as a rille, be a(lequately represented on the same 
seale by the use of a huger intenal. The smallest interya I 
used on the atlas sheets of the Geologieal Survey is 5 feet. 

This iR in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may he 250 feet and for less rugged country ('on
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lje.-\Yater~oursf's are indicated by blue lines. Fora 
percnnial stream the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvll by a 
blue linf'. Lakes, man~hes, and odler bodies of ,vater 

by conventional sigBs in blue. 
for the works of' man and all letOOr

are printed in 
,)ca"C.,.-j~l1e area of the United 8tates (exclusiye of Alaska 

and island possessions) is uLout 3,027,000 square miles. A 
mup of this area, dl1Hvn to the Ecnle of 1 mile to the inch 
would ('over 3,0:27,000 s<jlHlre incllCi::l of pnper aJul measure 
about 240 by 180 feet. Each SqWHC mile of ground Sll1-iace 
wonld be represented hy a inch of map surfllce, and a 
linear mile on the ground a line-..ar inch on the map. The 
scule mav be also a fradion, of which the numer-
ator is a" 011 the map and the denominator the eorre-
spondiIl)!; lengt.h in nature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inehes in a the scale"] mile to the 
inch" i8 by the fradion 

Thrce are used on the sheets of the Geological 

inch on t.he Illap. 
surface 

II graduated line re-pre
a similar line indieating 
a fraction. 

"U""""U"I(".·~j "cmap of the Unit.ed Stat.es 
is being Rhed~ of cOllY('l)ient size, which 
represent areHS boul1(lc,d parallel.; awl meridians. ThCBe 
~Heas are called qnadrangle8. Each sheet on t.he seale of ~"O~Oili) 
represents one s(llUl.re degree-that is, a of latitude by a 
degree of longitude; f'adl sheet on thp of reprebents 
one-fourth of a squal'e degree, and (,Hch sheet on scale ot 

one-sixteenth of a square degree. The areas of the corre
sponding quadranJ!;lcs arc about 4000, 1000, and 2;)0 square 
Uliles, though HH'Y vary with the lat.itude. 

The atl:lS sheets, heing only parts of Olle map of the United 
States, are not limited by politi('al boundary lines, such as 
those of SLates, ('ounties, an (1 tow nships. Many of t.he maps 

arell" lying in hw or m'en three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some weJl-known town 01' natural fcature within its limits, and 
at the sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nwps reprf:'6entillg the show, eolors and 
conventiowll sip;ns printed on topographic map, the 
di:3tribution of rock musses on the surface of the land and, by 
means of structure seetions, their llnderf!;round relations, so fa.r 
as known and in such detail as the scale permit.s. 

KDi'llS OF lWCKR. 

I{oeks are of Ulany kinds. On the geologie mnp they are 
diRtinguisheil w;; igneous, sedimentary, and metamorph~c. 

19n~'lms 1'oclcs.-Roeks that haw cooled and consolidated 
frolll a slate of fusion are known as igneous. Molten material 
ha" from to t.ime l)cen forced upwanl in fissures or ehan-
lIel,.; of and sizf's through rocks of all to or 
lI(;arly to the Itocks formed by the of 
mohen material, or magma, within these ehannels-that is, 
below the surfu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called u where it fills a large and irregular eonduit the 
mass is termed a 8IocA:. "\Vherc molten map;ma trayerses strat
ified rocks it be iIltruded along betiding planes; such 

or "hed.s if eomparatiyely thin, and lacco-
chambers prod ueell by the pressure 

of t.he mal!;Illa. roek molten material cool.; 
slowly, witll lhe result that rocks are generally of 
crystalline texture. vVhere the channels reaeh the surfaee 
the molten material poured out t.hrough them is called lwva, 
and lavas often build up volcanic mounli:1ins. rocks 
that. have solidified at" the sllrface are called 
LavHs generally cool mort:' rapidly than intrusive 
a:--1 a rule contain, especi:dly in their superJieial parts, more or 
lel::1H voleanie produced by rapi(1 chillillg. The outer parts 
oflanl How,:;; are UHtwlly porous, owing to the expansion of' 
the gast.,:; originally prcsent In the magma. Explosive action, 
due to these gases, often accompanies voleanic erupt.ions, 
causing cjt,etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when cOllsolidated, constitute breeelas, agglom-

and tuffs. 
l'oclcc~.~Uoeks eomposed of the transported 

fragments or partieles of older rocks that haye undf'r~one 

dii:lilltegration, of voleanic ejecta deposited in lakes and seas, or 

of materials deposit.ed 111 sueh water bodies by ehemical precipi
tation are termed sediuu:nta1-Y. 

The ehief ngent in the transportation of roek 46bris is water 
in motion, illduding rain, streams, and the water of lakes awl 
of the sea. The materials are in large part carried ns solid 
particles, and the are then saia to be mechanical. 
Buch a.re which are latm' consolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are carried in soluLion, and deposits of these are called 
or,!!anie if formed with the aid of lift.', or ('helllical if formed 
·without the aid of life. The more important rocks of chemical 
and organic origin are limestont', ehert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'leparatply formed, or the diITerent he 
intermingled in many way~, produeing a great variety 

AnotJler transporting fig-put is nil' in llIotion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristie of 
the wind-borne or eolinn deposits is loess, a fine-grained earth; 
the most charaeteristie of ghcial deposils is till, a heterogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sedimentnry rocks arc usually made up of Illypri::l. or beds 
which can be separated. Thest' arc called 8irata, 
and rocks in such layers are to be strutified. 

The snrface of the earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with reff'rence to the sea, and 
Rhore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement manne sedimelltary, ro(~ks may become part of the 
land, and most. of our land areas are in fact orcupietl by rocks 
originally deposited as sediments in the 

Rocks exposed at the surff~ce of t]le air, 
water, iee, animals, and plants, 
known as bacteria. They 
soluble parts HTC leachp(l ont, the 
left as a residual layer. \Yater washes this 

anti more 
material being 
material down 

the slopes, and it. is 
other bodies of wntt'r. 
but it is 

can~etl by riYers t.o the,oeean or 
its journey is not eontinuous, 

huilt into river bars and flood plains, 
_·Ulu \·ial ~lacial deposits 

df'p()~its belong to 
laver is commonly inelllded 

Theil' upper parts, o~cllpied by th~ roots of 
eOll:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable atlmixture of matter. 
and by various 

proeesses, rocks may in composition 
and in texture-. If the new pro-
nouneed than the old such rorks arc called In 
the of metamorphism the cOllstituents of a chcmi(,~ll 

may enter into new combinations nnd eenain substances 
may be jost or new ones added. A complete gradHtion from 
the primary to the metmnorphic form may exist within a 
single roek mass. Sueh changes transform sandstone into 
quartzite and limestone into marhle and modify other roeks 
in various ways. 

From time to time during 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raised and later exposed by erosion. In such 
rocks the original structures may h:1\ e been lost entirely and 
new onE'S substituted. A syslem of planes of division, along 
which the rock. splits most readily, may have been deyeloped. 
This structure is caned and may cross the original 

roeks rhanlt'terizcd by it 
Crvstals of miea or minerals nHly have gr~wn 

in tlle rock in "such a as to produce It laminaled or foliated 
structure known as The roelcs characterized by this 
structure are schisfl3. 

As a rule, the oldest roeks are most altered and the young,=,l" 
formations haw esraped metamorphism, hut to this mle thcre 
are many impOlinnt t.'o'lpeeially in l'egiolls of igneous 
activity fmd complex 

TOlOl.A.TlO.KS. 

For of 
above are inlo A :'!edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform eharad~r or rocks more or 1ess uniformly 
"\\il.riell in eharacter, for example, an alternation of shale Hnd 
Jimestone. \Vhere fn}m one kind of roeks t.o 
another is gradufll it. may Twces:'!ary to two contigu-
ous formations by an arbitrary line, aTHI some rases the 
disLill(~t.ion depends almost f'nt.irely on the contained fossils. 
An igneous fOl'mat-ion cont.ains one ur more bodies of one kina, 
of' similar occurrence, or of lil-:e Ol·igil1. .r\ metanH1l11hie for
mation lllay eOlwist of rock of nniform rharacter or of se\ eral 
roeks having COlllIllon eharaetel'istirs 01' origin. 

\Yhen for Reicntifi(' or e('onomie reasons it is dcsimhle to 
re('ognize and map one 01' more dew loped parts of ;J 

yaried formation, such parts arc member", or In' oom(' 
odler appropriate term, as '(!ntil.i:J. 

.\GER OF ROCKS. 

Geoloy'ic {i'llie.-The time during which rocks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 
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and still smaller ones stages. The age of a rock :is oxprC'Ssed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
gronped to,2:f'ther into a 8Yl:Jlent. The pl'illeipal divisions of a 
system are ('alled 8('}'ie8. Any aggregate of formations less 
thlul a sf'rif'); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those tlwt aro oldor, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to d(,tcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons. if prcsent, 
may indicate whieh of t.wo or moro formations oldest. 

Many stratified rocks eontain f()ssil,~, the remains or 
imprints of plants and animals which, at the time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... \ashed into 
them) or were buried in surficial deposits OIl the hlBCl. Rueh 
roeks' are ('aIled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the emth's history 
was to a extent different from that of other periods. 
Only the kinds of mm'ine life existed when the oldest 
f()ssiliferous roeks were deposited. From timl:' to time more 
complex kinds de'i'eloped) awl as the 8impler ones lived on in 
modified forms life became more yaried. But during each 
period there liypil peculiar forms, did 1I0t exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the ap;e of any bed of roek in whieh they are 
found. Other types on from period to period, and thus 
linked the forming fl. chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two :'ledimcntHry formations are rernot.e from ea('h other ami it 
is impossible to obscrYe their relative positions) the charncter-
istic fossil found in thelll may (Ietermille which 'was 
deposited Fossil remainR in the strata of different areas) 
provinc(~8, and C"ontineutR afford the 1ll08t import.ant meHn:'l for 
comhining local histories into a earth hist.ory. 

It is J]lHllY places diffieult or to dpterllliue the agc 
of an igneons irfrlllfLtion, hut rlw rdatiw age~of .:mell a fi)fm;l
t.ioll ean in generaJ be aseel'tuillca by 
associated sedimentary formation of known 
igneous maRS or is depositetl upon it. 
which metamorphic' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the T('cohlt'd on nwp i.., that of the 
masses and not. of dwir mE'tamorphit>lll. 

culon;, and pa.i/(jms.-Eneh fimnation is shown 011 
the map hy a di.st.inetive combillation of color awl pattern allii 
is'laheled hy a speciallett.er symbol. 

Patterns ('ompoAf'd of parallel 
format.ions 

lineR are mwd to 
ill tlw jnlHkes, 

tlots awl 
('irdes represent idluyial, and eolian i{ll'll1lltions. Pat
tel'l1~ of trianglf's and rhombs are u::;ed for ignf'ous fi)l'IllaLions. 
:Metamorphic rO{'k8 of unknown origill are 
Sh01i, <l~:shes placed; if the r()(·k is 
mny lw \\avy lines purHllcl to the t>truetll1"e 
Suihlble THlttel'llR an' used for met.amorphie 
tions known to he of or of igneous origiu. The 
patterns of each das.., are in vario\ls (~().IOl'S. \Vith the 
patt.erns of parallel colors are used to indieate ag{~) a 
partieular c010r Lo CHell t>ystelll. 

The s\'mbols of two or more leth:'rs. If the age 
of a fOJ'~ation is known the snnhol includet> the 
bol, whit'h is H eapital lett!'; or monogram; 
symbols a1"1:' ('01l1p08ed of smalliettel's. 

I'lym
tllC 

The n<unes of t.he systems and of Iwries that have heell given 
distinctive in (mler from to oltlest) with the 
e010r and assignc(l to 
subjoined 

Symbols and coloTl, a8.~if}ned to the l·ock systems 

SystAll 

f'TTRF.\CE l'O.l:GUI:'. 

llillfl, Ynl1!'ys, lll1d 1']] oiher slLffuee forms lmyp beeD produced 
F9r example, most the result. 

streawtl that l1(nr through 1), 
plains hOJ"(]('riug- mall)' streams were up 

hy the st-reams; \\aves eut S(,11 ()lifI;" nml, in eooperation \\ith 
e~rrcllts, "(mild up sand spits aIld ham. Topographic form" 
t.hus confltitute part of the rcC'ord of tIle of dIP ('[l,rth. 

Some ionns are insepllrllhly eOIllwcr,ed with Tlu, 
hooked sh9wll in figure 1 is an illustratiou. To thi8 dnss 

alluvial p1ain8) lava streams, drumlins (smooth 
of till)) and moraines (ridg-('8 of drift made 

at tllO Ot.her forms are produced by (,rosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clnss belong abandoned river channel'l, glacial furrows, 
and peneplains. In the making of a stream tf'ITlWe an n lluvial 
plain is first built and afttrward partly eroded awny. The 
shaping of a marine 01' lacustrine plain it> ul'lual1ya douhle 
process, hills hei~g- worn away (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee arc to the action of air, 
water, and ice) \'1"11ich slowly wenr down) and streams 
earry the WflStD mat€rial t.o the sea. As t.Ile Jf'p~'nds OB 
the £low of wHter to the sea, it can no,t ('arricd belo'w sea 
level, and the 8ea is therefore called the bas(::-.{et,el of erosion. 
LnkPs or lHrg: riYers may ddc,rmine locld hase-Ievels for certain 
regions. When a large t.ract is for a long time undisturbed hy 
uplift or suhsidence it is degraded m'al'ly to bast'-lc\'t'l, tmd tIll:' 
fairly even snrface thus produ('etl is called If the 
tract, is aft€l"w:m.1 uplifted, the ele\ated 
re('ord of the former dose·relation of the tract. to base-level. 

'1"111: V~UtlO\JS GEOLOGIC i'lHEE'l·:::;. 

lllap tlllO'wing the areas oecupied 
is called an areal geology map. On 

,vhieh is the key to tlle map. To ascer-
tain the meaning any color or pnttern and its lett-pI' 
the rfwler should look for that color) pnttern) und 
the where he will find tIle name and 

If it is desired to find 
name should be sought in the 
Botcd; thell the areas on the 
pattern may be iraeed ouL The 
ment of tile ,2:eolog-ie history. In 

neeording 
unknown 

group t.hey ure placed in the order 
so far as known, t.be youngt'st at. t.he top. 

map.-The map reprf'sent.ing the distribu-
tion of and roekl::' ,ina their relat.ions 
to the t.opogruphie fpatures and to the 
~erlIled the economic Heolog!l map. The that. appeal' 
Oll the areal geology lllnp are usually shown on t.hi:::; map by 
fainter eo10r and the areas of produdive formationH 

(~olors. .A mine symbol shows the 
or qualT,v and is accompfmied tlw 
mineral mined 01' stone If 

mining indust.ries or artetlian in the 
nmpy to show these additional cconomic featuf!:'s 
in tht' folio. 

shaftl', and otJler 
natural and artifieial cuttings the different beds to 
one allother l)e seen. Any elltting thnt exhibits those 

a sectiun) and the same term is applied to a 
renTC'S,,,>t>;ng the rebtions. The arrangf'illf'ut of'rocks 

is the enrth'c I5lrucium, and a seC"tloll exhihiting 
arrdn~,emenLiH (,ll11ed <l :;irudut'(J section. 

is llOt limited, fIOWf>Ver, to naturnl and arti
for hi" iuformnt.ion eoneerning the earth)s 

the mallller of fi)rmatioIl of rock, and 
the be(l;-:; on t.he surface, 

they Pl18S bencHth Lhe 
surflwe and ('an draw reprpf.wJ1t.ing the strurture to a 
collsi<irrable uept.h. i:"3uch a see~ioll is illust.rated iIl flgure~. 

t'IGURR 2.-Hketch ~howing a venieaJ section at the fronT and It landscape 
beyond. 

The figure represents a landscape which is cut. off sharply 
in the foreground ou a vcrtieal plane) so as to show the 
underground relations of t.hc rocks. The kinds of roek are 
indicated by appropriate patterns of lines) dots, and dashp-l:l. 
These patterns admit of mueh variation) but those shown in 
Ggurc a are used to represcnt the eommoner kinds of roek. 

':l=cj"t<>n~HalHl~'Hl' 
glolJl<"c!l.te" 

ShaJylm18st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at the kft of figure 2 prescnts toward 
the lower land an eSeal'plllent, or fi'ont, \\hich is .made up of 

sandstoncs, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt of lower land IS t.raversed hy several 
ridges, whieh are seen in the sccdon to correspond to" the oui
crops of a hed of sandstone that. rises to the surf~lee. The 
upturnea f'Clge8 of tIlis hed form the ridges) and the inter
mediate yalleys follow the outcrops of limest.one and ealcareous 
shale. 

'Yhere the edges of the strata appear at the surface their 
thiekness ean he measured and the angles at which they dip 
helm·" the snrffwe ean be obscl'\"eJ. Thus their positions 
underground can be ini"(·rred. The diredion of the intersee
tion of a bed widl a hOl~zoIltal plane is called the ,~irike. The 
iudinntion of the bed t.o the horizontal plane, mcasllred at 
right angles to the strike, is called t.he dip. 

Tn many regions the strata are bent into troughs flwl nrehes, 
sllch as are seen in 2. The arches are callt'(l anticlines 
ana the tl'ou~h;,; As the sandstones, shales, aud 
limestones were deposited beneath the sea in nearly flHt sheets, 
the fltct that dley arc now bent. and fcildf'd is proof that forcE'S 
haye from time to time caused the earth)s surface to wrinkle 
along cert.ain zones. In plaees the 8trat.a arc broken across 
and the parts haye slipppd eaC'll other. ~uch brenks are 
tel'me(ljaults. Two kind8 arc 8hown in iigure 4. 

At the rig11t of figure 2 the scction chows schists that arc 
tra "ersed by igneous rocks: The sehists nrc much contorted 
nnd their arrangement uwlerground can not llC inferred. 
HenC"e that. portion of the section delineates what is probably 
true but j~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The spdion also shows three set." of formatioIls, distinguished 
by th!:1ir underground relations. The uppermost set, ~een at 
the left) is made up of sandstOlws and HiJales, which lie ill a 
horizontal position. These ~trat9 were laid dO'wn under water 
hut are now hi,2:h above the SOll, forming a plateau, Hnd their 
ohange of ekmtion shows that u portion of the earth)s masl'l has 
beell uplifted. T!le strata of thi8 set. are parallel, a relatioil 
whieh is called cm,ero/·maolC. 

The second set ('onsists of strata thnt have be-en 
folded into an,hE's and troughs. These strata were OIlt'e eOll
tinlloUR, but t.he crests of the arches htl\Te b;'en rt'llio,'ed bv 
erosion. The beds, like those of the li.T8t set, are conformabl~. 

The horizont.al strata of the plateau rest upon the upturned, 
eroded edges of thc heds of the :::;eeoll(l set. shown Ht HIe lcft of 
the section. The overlying are, from their position, 
e,·idently younger than the deposits, and the bend-
ing awl ('roding of the older beds must havc ocC"urred betwe~n 
tIlf'ir deposition ttnd the Hccumulation of the younger bcds, 
The roeks arc to the older, and the 
suriuee ic llll ""conformity. 

The third set of formations ('onsisti,; of crystalline schists aud. 
igncou8 roe1o::s. At 80n1e per.iod of their history the l:lehists 
were folded or by pn-':::;sl1r.e and t.raversed by emptiolls 
of moltell But the pre8sure and intrusion of igneous 
ro{'ks have liOt affected the oYer!ying- strata of the second set.. 
Thus it is evidellt that a con8iderable int.enal elapsed between 
the formatioll of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tllis int.eryal the sehi<;lts 
were metamorphoscd, they were disturbed by eruptive 
and Lhey werc deeply eroded. The contact between thE' 
:md third sets i::; another uneonformity; it. marks a time 
intenal bet.\\een 'two periods of l'oek forrr;ation. 

The seetion and landseape in figure 2 are idf'al, but t.hey 
illush'nte aetnal relaliolls. The sections on the stl'uetUrL'
spction sheet are related to the maps as the seetion in the 
figure is relarcd to the landscape. The prolile of the surface 
in the section corresponds to t.he aetual slopes of the ground 
alonj.!; the sC{!tion line, and tile depth from the surface of any 
min~ral-producing or waier-bearing stratum that appears in 
the sretion may be measured usillg the seale of we map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumnm~ :;('ction, which eontains a condse 
tleseription of the sedimentary forlllationt-i that oecUf in the 
qU~idrangle. It. presents a summary of the filets relating to the 
eharader of the roeks) the thi(~kness of the formations, awl the 
order of aeeumulation of 1:1I1(:ce8si ve deposits. 

The rocks are briefly described, and their eharaders are 
indicated in the eolumnar diagram. The thicklle8ses of fo1'
illations are given in figures thaL 8tnte the lcast twd greatest 
meIL'lUl"ements, and the thicknesH of each formation is 
shown in the colulllTl, which drtlwn to :::;eale. The order of 
aecuIllulation of t.he sediment8 is shown in the eolumnar 
arrangement-the oldest being at the hottom, the youngcst at 
the top. 

The intervalt> of tillle that e01Tcspond to events of uplift and 
degradation and eonst,jtut.e iuterruptioll::; of deposition are 
indieated gl'aphieally and hy the word" uneonformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE EASTPORT QUADRANGLE. 

INTRODUCTION. 

POSITION AND AREA. 

The Eastport quadrangle is bounded by parallels 44° 45' 
and 45°, and its mapped portion extends eastward from merid
ian 67° 15' to the boundary between the United States and 
Canada. The area of this portion is approximately 250 square 

FIGURE 1.-Index map of eastern Maine. 
The locatIon of the Eastport quadrangle (No. 19~) 16 "hown by the darker ruling. Published 

follosdesorlbingother quadra.uglea,llldloated byllll'htar ruUng, are the foUowing: Nos. 149, 
Penobwot Bay; l~S, Rockland. 

miles, of which nearly one-half is water. It occupies the east
ern extremity of Maine and lies wholly in Washington County. 
(See fig. 1.) The principal town, from which the quadrangle 
takes its name, is Eastport, situated on Eastport or 1\1oose 
Island, in its east-central part. 

OUTLINE OF GEOGRAPHY AND GEOLOGY OF REGION. 

GEOLOGIC FEATURES OF THE APPALACHIAN PROVINCE. 

In its general geographic and geologic relations the Eastport 
quadrangle forms a part of the Appalachian province, which 
comprises a belt of country, 70 to 350 miles wide, lying nearly 
parallel to the Atlantic coast line and extending from Alabama 
to Newfoundland, that was a ZOlle of sedimentation with inter
mittent uplift throughout the Paleozoic era which culminated 
in mountain-building at its close. 

The Appalachian province as thus defined is now only in 
part mountainous. 1\1any portions that were once mountain
ous have been planed down by erosion; other portions, though 
characterized by highly folded rocks, may never have been 
mountainous; they may be called potentially mountainous, 
erosion having kept pace ·with uplift and prevented the growth 
of mountains, though the conditions were othenvise fayorable 
for monntain building. The crustal movements varied in 
kind and in intensity in different parts of the province and 
were not everywhere synchronous. In general the main struc
tural features trend northeast and south west, following the 
trend of the province as a whole, particularly in the southern 
Appalachian region, where the rocks of the. Appalachian 
Valley are compressed i~to long, symmetrical, parallel folds. 
In northern New England only the older Paleozoic rocks 
conform closely to this trend. 

The Appalachian province was not only subject to great 
crustal movements, but along its eastern border its strata were 
intruded by great masses of igneous rocks, the best examples 
being the large areas of granite, which form an important 
economic resource. In a few places the igneous rocks issued 

"The geologic field work for thi~ folio was done chiefly durin,; the 
summers of 1907 and 1908 by Edso~ S. Bastin, a@sisted by Carpel L. l:reger. 
In the summer of 1910 :rtfr. Bastin revisited the field for a few weeks to 
obtain'additional data. The paleontologIc work was done by Henry S. 
Williams, aasi@ted by Mr. Breger. Prof. Williams made a number of sbort 
tripe to the field and members of the party made short trips to St. John 
I1.nd to points along the Canadian shores of Passamaquoddy Bay to compare 
the geology on the two sides of the international boundary. The thanks of 
the authors are due to Dr. (t. F. Matthew, of St. John, and to Dr. G. A. 
Young and the late Dr. R. W. Ells, of the GeolOgical Survey of Canada, for 
courtesies extended during the trip to St. John. 

The work was done under a cooperative agreement betwllen the United 
States Geological Sur"ey and the State Survey Commission of Maine. i'he 
writers wish to express their appreciation of the aid rendered by the late 
Dr. Franklin C. Robinson. professor at Bowdoin College and State geolOgist, 
in furthering the 'Work. 

By Edson S. Bastin and Henry S. Williams.a 

on the surfuce from volcanic vents and formed extensive flows 
and deposits of tuff, especially in New England. 

XORTHERN APPALACHIAN REGION. 

Although certain features are common to the entire Appala
chian province others serve to differentiate the part of the 
province in 1\'" ew England and New Brunswick from that lying 
farther south. In the southern Appalachians the province 
comprises two great belts composed of rocks of different types, a 
southeastern belt composed 'chiefly of metamorphic and igneouA 
rocks and a north western belt composed of sedimentary rocks. 
The crystal1ine belt is the older and includes the higher parts 
of the Appalachian Mountains and the Piedmont Plateau, east 
of the mountains. The sedimentary belt includes the Appa
lachian Plateau and the group of alternating ridges and valleys 
known as the Appalachian Valley. The metamorphic rocks 
are largely Cambrian and pre-Cambrian; the sedimentary 
rocks range from the Cambrian through the Oarboniferous. 

In southern New England practically all the rocks have 
been rendered schistose, even some of the Oarboniferous rocks 
being dynamometamorphosed. As a result the division of the 
rocks of the province into a crystalline and a sedimentary belt, 
applicable farther south, is here not applicable,' the line of 
division not being well defined. 

A second distinction between the northern and the southern 
parts of the Appalachian province lies in the chara"Mer of the 
boundary of the province. South of Cape Cod and Long 
Island the province is bounded on the southeast by the uncon
solidated sediments of the Coastal Plain; north of Oape Cod 
the Coastal Plain is submerged, the ocean forming the eastern 
boundary of the province. 

Volcanic eruptions occurred in eastern Massachusetts, in 
Maine, and in New Brunswick during Paleozoic time but 
were not so numerous farther south. 

NORTHlilfiN NEW EXGLAND AND NEW BRUNSWICK. 

Even in New England, however, there were considerable 
local differences in geologic history. In southern New Eng
land rocks as late as Oarboniferous have been recrystallized 
by mountain-building forces. In northern New England, on 
the other hand, including the Eastport quadrangle, all rocks of 
Silurian or later age are unmetamorphosed. Not only are the 
younger Paleozoic rocks unmetamol'phosed but they lie in 
broad and rather irregular folds, wholly different from those in 
the southern Appalachians. Too little is known of the geology 
of northern New England and New Brunswick to warrant a 
description of the broad structural features, but from southern 
to northern and eastern Maine metamorphosed rocks, Ordovi
cian or older, give place to unmetamorphosed Silurian and 
Devonian rocks and in N e'w Brunswick Carboniferous rocks 
cover large areas. 

PHYSIOGRAPHIC .FEATURES OF THE APPALACHIAN PROVIKCE. 

The physiographic development of the Appalachian prov
ince has been complicated by great differences in structure, in 
character of rocks, in altitude, and in distance from the sea. 
For most of t.he time since the close of the Carboniferous period 
the province has been a land area and has been subjected to 
er~sion. The physiographic records of this erosion date back 
to Cretaceous time, when, during a long period of uninter
rupted erosion, much of the surface was reduced to a plain 
sloping gently seaward. Remnants of this peneplain form the 
tops of mountains and ridges throughout large areas in the 
southern Appalachians and are obscurely recognizable as far 
north as Connecticut and Massachusetts. The Cretaceous 
peneplanation probably extended over northern New England 
and New Brunswick, but all evidence of it has been destroyed 
by subsequent erosion. Since Cretaceous time the region has 
been several times uplifted, extensively dissected, and, in its 
northern part, glaciated. 

NEW ENGLAND. 

Over most of New England the erosion that destroyed nearly 
all vestiges of Cretaceous peneplanation reduced t.he surface to' 
a somewhat uniform upland or plateau, whose surface ranges 
in altitude from several hundred to two thousand feet above 
sea level. Above the western part of this upland rise irregular 
mountain groups-the ,"VhiteMountainsin New Hampshire, the 
Green )Iountains in Vermont, and other. lesser groups. Above 
it also rise isolated mountain peaks, among them Mount Katah
din, in central Maine, and Mount Monadnock, in southern New 

Hampshire. The last important physiographic event was the 
glaciation of New England in Pleistocene time. The ice sheet 
scoured the surface free of soil and subsoil in places and rede
posited the eroded material elsewhere as till, making important 
changes in the form of the land surface and shifting and modi
fying the lines of drainage. l\1ost of' the lakes that form char
acteristic features of New England are due to the obstruction 
of preglacial drainage lines by glacial deposits. In Maine such 
lakes cover 5 to 10 per cent of the larger drainage basins. 
Streams flowing from the melting glaciers produced further 
modifications of the topography by forming eskers, delta 
plains, and sand plains and furnishing the material for exten
sive deposits of marine clay near the coast. 

During at least the later part of Pleistocene time the coast 
of Maine was depressed seyeral hundred feet below its pre
glacial position, the movement being possibly a direct effect of 
the weight of the ice sheet. Coincident with the withdrawal 
of the ice sheet the movement was reversed. The uplift, 
though amounting along most of the Maine coast to over 200 
feet, did not, however, restore the land to its preglacial position, 
and the coast still presents in its profusion of islands and 
estuaries the features of drowned stream valleys. 

Since glacial time New England has been subjected to slight 
uplift and to renewed erosion. The larger streams have cut 
terraces in the glacial gravels bordering them, the marine clays 
of the coastal tract have been sn~jected to both stream and 
marine erosion, and marine erosion has produced minor modifi
cations of the coast line. 

TOPOGRAPHY OF THE QUADRANGLE. 

RELIEF. 

The Eastport quadrangle is characterized by numerons rocky 
hills and ridges that rise abo\"e more extensive flat lowlands. 
The irregular form and the steep slopes of many of these hills 
are important elements in the scenic beauty of the region. 
~fost of the hills are less than 300 feet high. The highest 
point in the quadrangle, Mount Tom, in the northwest corner, 
reaches an elevation of only about 400 feet. Many of the 
hills in the northern half of the quadrangle are elongate in a 
northwest-southeast direction, whereas those in the southern 
half of the quadrangle show a less pronounced tendency 
toward elongation in a southwest-northeast direction. 

COAST LINE AND DRAIXAGE. 

The district has an exceedingly irregular coast line, character
ized by long, narrow hays and estuaries and many islands. 
The degree of irregularity of the coast may be more fully 
appreciated 'when it is stated that the distance from Eastport to 
Lubec around the shore is 100 miles, whereas the distance "as 
the crow flies" is but 3 miles. Many of the estuaries in the 
northern half of the quadrangle trend northwest-southeast, but 
thos~ in the southern half of the quadrangle generally trend 
southwest-northeast. These directions are parallel to the direc
tions of elongation of the hills and ridges, and the geologic 
map shows that the trend of both ridges and estuaries is 
parallel to the trend of the hard rock formations. Much of 
the shore is rocky, but considerable stretches bordering the 
lowlands are formed oflow bluffs cut in clay or gravel. 

The tides are rather high, the average distance between high 
and low water at Eastport' being about 18 feet. The high tides 
increase the difficulty of navigating the shallower estualies, 
many of which are large and discharge their warer through 
relatively narrow mo'uths that become turbulent races or falls 
at half tide. One of the most picturesque narrows is Cobscook 
Falls, in the channel between Falls Island and Falls Point.; 
another is the narrows between Lubec and the Canadian shore. 

All the streams of the quadrangle are small, none being 
navigable above the head of tidewater. The largest streams 
are Pennamaquall, Dennys, and Orange rivers. Many of the 
streams have been dammed for lumbering, for power, or for 
creating reservoirs, and. the local enlargements of some of 
the streams, as along Little River above Perry and along Pen
namaquan River above Pembroke, are partly or wholly of such 
artificial origin. A number of small fresh-water lakes lie in 
the quadrangle, which includes also portions of Rocky, Penna
maguan, and Boyden lakes. Some of the streams are sluggish 
throughout long stretches and are bordered by fresh-water 
marshes. Isolated fresh-water marshes and bogs are also com
mon features of the topography. In general the courses of the 
streams and the form and distribution of the lakes and bogs are 
very irregular, and the irregularity is traceable largely to the 
influence of glaciation. 



CLIMATE AND VEGETATION. 

The climate is temperate and moderately humid, the mean 
allnual temperature at Eastport being 41.60 F. and the mean 
annual rainfall 42.4 inciles. In summer few days a.re very hot 
and the nights are invariably cool. Much of the region near 
the shores has been cleared for agriculture, but large areas west 
of Cobscook River and between Orange Lake and West Quoddy 
Head are covered with a dense gwwth of conifers and decidu
ous trees. Among the conifers spruces and IiI's predominate. 
Pines, once abundant, are now subordinate, because of the 
encroachments of lumbering. ~o large tracts of virgin forest 
remain within the quadrangle, but in its western part the spruce 
and hal'dwQod timber that was passed over in the early days 
of lumbering now Imp ports slUalllumbering industries. 

CULTURE. 

Eastport, the principal town, with a population, according to 
the census of 1910, of 4961, is the terminus of the Washington 
County branch of'the Maine Central Railroad. It may also be 
reached by- steamship from Boston or Portland and has one of 
the best harbors on the Atlantic coast. The southern gateway 
to the harbor, Lubec Narrows, is navigable only at certain tides, 
and the principal approach to the harbor is the channel between 
Cam pobello and Deer islands. Cobscook Bay and its many 
branches can in general be safely navigated only at favorable 
tides and under the pilotage of one who is thoroughly familiar 
with the region. Only vessels of light draft can pass beyond 
Cobscook Falls. 

Among the industries of the region agriculture divides 
~onors with fishing, and many of the inhabitants living near 
the shores pursue both callings. About one-half of the land 
area of the quadrangle has been cleared for agriculture. East
port and its neighbor Lubec are sardine-packing centers, and 
at both places large quantities of cod, herring, and other fish 
are salted or smoked and packed for shipment. Shipbuilding, 
which was a thriving industry in this region a generation ago, 
has passed away with the decadence of the coastwise trade. 

In the past the region supported several manufacturing 
industries. A small brickyard was worked at one time below 
'Vest Pembfoke. Small amounts of limerock were burned at 
North Lubec. At the time when shipbuilding was active at 
Pembroke a furnace there smelted iron ore, brought presum
ably from Canada. A small mill run by tide power at the 
canal crossing the southern part of Seward Neck at one time 
manufactured plaster from gypsum imported from New Bruns
wick and Nova Scotia. Like many small industries elsewhere 
in rural Ne'w England, these passed away with the develop
ment of transportation facilities and the gro,ying concentration 
of industries near the large cities. 

The Eastport region, though somewhat handicapped by 
high tides, is one of the most beautiful portions of the )Iaine 
coast, and Campobello and St. Andrews, 011 the adjacent 
Canadian shore, have a well-established patrouage of summer 
visitors. The American side has been leES frequented as a 
SUlllmer resort, but as desirable locations on the coast farther 
south are taken up there is every rem~on to believe that the 
Eastport region will also become a popular recreation ground. 

DESCRIPTIVE GEOLOGY. 

PREVIOUS STUDY OF THE REGION. 

Among those portiolls of the eastern United States 'whose 
geology has been carefully studied, the Eastport quadrangle is 
exceptional because of the complicated manner in which sedi
mentary rocks are interbedded with a great variety of volcanic 
rocks and because the fossils sho\',' much closer affinities wit.h 
those of western Europe than with those of equivalent forma
tions in other parts of the United Stat.es. The geology is 
further complicated by t.he presence of abundant intrusive 
masses and by extensive faulting. 

Owing to the situation of the region-on an extremely 
irregular coast line where marine erosion is active-tJle bed
rocks are exposed at many places along the Ehore and can be 
accurately mapped in great detail except where they are covered 
by Pleistocene deposits. Much of the sparsely settled part of 
the quadrangle that lies back from the shore is covered with a 
heavy growth of timber and contains few outcrops of the bed
rock, so that in those areas it is at present imprIWticable to map 
the complex details of the geology. As a result the geologic 
mapping of the shore and the inland exhibits considerable 
uneveuness in detail. Faults are seen here and there along the 
shore, but in general their presence inland can only be inferred 
from the distribution of the rocks. 

Much of the area is covered by till, by marine deposits of 
late pleistocene age, and by recent alluvium, all of ,,,hich add 
to the difficulty of mapping the hard rock formations. 

The Eastport region and adjacent portions of New Bruns
wick have been occasionally studied by American and Canadian 
geologists since 1836, with the results summarized belo\'1. 

The ea,rliest published reports on geologic work done in the 
region are those of Charles T. Jackson,a the first State geolo-

aJacksoll, C. T., First report on the geology of the State of Maine, 1887. 
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gist of Maine. In a short trip which he made in 1836 Jackson 
noted the occurrence of "greenstone trap" on Moose Island 
and the presence of linglllas and other fossils in the slates 9f 
Broad Cove. Northwest of Eastport he observed the PerrlY 
formation, which he termed "New Red Sandstone," and tracekl 
it northward along the shore to a point opposite St. Andrews. 
He made a circuit of South Bay, visiting the Lubec lead mines, 
which were then in operation, and finally made excursions to 
",Vest Quoddy Head and to Pembroke and Dennysville. 

The next important field observations were those of Charles 
H. Hitchcock,a made in 1861, during the progress of the second 
geologic survey of Maine. He called attention to the abun
dance of "trap rock" on Moose Island and along the road from 
Perry to the south end of Boyden Lake and defined its strati~ 
graphic position, noting that it lies between the highest Silu
rian sediments and the Perry formation, but he recognized the 
fact that not all the trap rock of the region is of the same 
age, noting that some trap cuts the Perry formation as dikes 
and that pebbles of ·Qther trap are contained in the Perry. 
Descriptions, by J. W. Dawson, of species of plants from the 
Perry formation were given in tbis report and the age of the 
formation was fixed as Devonian. The futility of prospecting 
for coal in these Devonian and Silurian rocks was pointed out. 

In the second report on the geology of Maine, published in 
1862,b several new species of plants from the Perry formation 
were described by Da wson; the progress of work at the Lubec 
lead mines was recorded, and mention was made of the open
ing of a new mine on Denbow Point. 

For over 20 years after Hitchcock's surveys no work was 
done in the 'Eastport region by American geologists, but impor
tant work was carried on by the Canadian geologists L. W. 
Bailey and G. F. Matthew. A report C by these geologists, 
published in 1.871, summarized the earlier work in this region 
and gave the results of field studies made in 1868-1870. The 
rocks of Deer and Campobello islands were described and in 
the absence of fossils were assigned mainly to the Kingston 
group, then regarded as of Huronian age. Certain rockE of the 
north and east shores of Passamaquoddy Bay and the east shore 
of St. Croix River opposite Chamcook Lake were described 
under the name of "Mascarene series." From observations 
and collections made on an excursion to Eastport and Pem
broke these geologists referred most of the rocks of Moose 
Island and those extending from that island nearly to Pembroke 
to the "Mascarene series." Fossils collected along the west 
shore of Pennamaquan (Pembroke) River were assigned by 
Billings to the "Upper Silurian," and fossils from Denbow 
Point, though not well preserved, were also classed by him 
as of "Upper Silurian" age. 

The volcanic flows of the region were not recognized as such 
by Bailey and Matthevl" in this report but were regarded as 
"reconstructed sediments." Later, however, in the report cited 
below, published in 1875, these geologists correctly interpreted 
the volcanic rocks. 

Bailey and .Matthew were the first to point out that no frag
ments of granite occur in any sediments below the Perry forma
tion, which was regarded by them as Upper Devonian or 
HLower Carhoniferous." 

In a later report by these authors,a published in 1875, a 
detailed section of the rocks on the }fasca.rene shore was given 
and the conclusion was reached that" the Mascarene series is: 
nothing more than the Upper Silurian strata under a peculiar 
aspect, resulting from the beds being deposited in shallow water 
and from the mingling of lava and volcanic ashes with the 
higher beds." 

In a report published in 1877 G. F. Matthew e recognized the 
presence of a master fault zone extending from the cetlter of 
the parish of St. David, N. R, to the vicinity of Quoddy 
Head ~nd bringing the older rocks of Campobello and Deer 
islands against the "Upper Silurian" rocks of Moose Island. He 
described the granite of adjacent parts of New Brunswick as 
distinctly intrusi ve in the "Upper Silurian" sediments with nota
ble contact-metamorphic effects. 

In the summer of 1884 N. S. Shaler f spent two months in 
the Cobscook Bay region studying the rocks and making col
lections of fossils at many localities. . He recognized the pres
ence of volcanic flows· and tuffs and also of diabase intrusions, 
and called attention to the fact that faulting rather than com
plex folding 'is the dominant structural feature of the region 
and that the prevailing trend of the faults is northeast and 
southwest. By means of the fossils collected the rocks near 
Edmunds village were referred provisionally to the "Lower 

"Hitchcock, C. H., Preliminary report upon the natural history and 
geology of the State of Maine, 1861. 

bHitchcoek, C. H., Second annual report on the natural history and 
geology of the State of Main~, 1862. 

"Bailey. L. W., and Matthew, G. F., Preliminary report on geology of 
southern New Brunswick: Canada Geol. Survey Rept. Progress for 1870-71. 

dBaHey, L. 'V., and Matthew, G. F., Summary report of geological obser· 
vation. in ~ew Brunswick: Canada Geol. Survey Rept. Progress for 
1814-7~, pp. 85-89. 

'Matthew, G. F., Slate formations of the northern part of Charlotte 
County, :So B., with a snmmary of geolOgic observations in the southeast 
part of the same county: Canada Geol. Survey Rept. Progress for 1876-77, 
pp. H2l-B50. 

fSl:ia.ler, N. S., Preliminary report on the geology of the Cobseook Bay 
districf' Maine: Am. Jour. Sci., Sd ser., vol. 32, pp. 3r>-60, 1886. 

Helderberg;" those of Leighton or Schooner Cove to the 
"Clinton and Niagara;" and those of the northern pa.rt of 
}foose Island to the Devonian, all these rocks being included 
under the name "Cobscook series." Shaler recognized the 
rocks of 'Vest Quoddy Head and their continuation on Campo .. 
bello Island as older than his Cobscook l'Jeries and, failing to 
find any fossils in them, classed them provisionally as Cam~ 
brian. His collections of fossils have been reexamined by Prof. 
Williams in the preparation of the present folio. 

L. W. Bailey-a in an article published in 1889 referred the 
rocks of Campobello and Deer islands to the pre-Cambrian 
system and used the names "Cobscook" and "Mascarene" as 
practically synonymous. 

For about 20 years after Shaler's observations no important 
geologic field .... mrk appears to have been done in this region. 
In the summer of 1903 George Otis Smith and David White, 
of the United States Geological Survey, made a short reconnais~ 
sance of the region about Perry. This exploration was under .. 
taken primarily t.o determine whether minable coal occurred in 
this region, but it yielded important scientific results. It showed 
that the Perry formation near Perry possessed in general a syn~ 
clinal structure and was separated into two sedimentary and 
two volcanic members. N umerous fO!~sil plants were obtained 
from the formation and its Upper Devonian (probably Che
mung) age was reaffirmed. The report on thil'J exploration b 

also contained a review by H. S. Williams and E. M. Kindle 
of the Silurian fossils collected by Shaler in the Cobscook Bay 
region and notes by Charles Schuchert on the fossils collected 
by Smith and \Vhite from Carlow Island, the identifications 
showing that the rocks containing the fossils are older than the 
Helderbergian, and therefore assigning Shaler's Moose Island 
series to the Silurian rather than to the Devonian system. 

About 1904 field work was resumed on the Canadian side 
by R. W. Ells, whose results were published in 1907.° The 
report contains a complete summary of all previous geologic 
work on the Canadian side. Ells reviewed the data on the 
"Mascarene series" and concluded that the determination that 
they were "Upper Silurian" was not wholly satisfactory 
because of the reported presence in the rocks at Beaver Harbor 
of certain plant remains of Devonian aspect. Following David 
White and others he regarded the Perry as of Upper De\'onian 
age. Certain ancient-looking rocks of Charlotte and St. John 
counties which were formerly variously regarded as Cambrian 
or pre-Cambrian (in part Kingston group) he showed to be 
much younger rocks altered by contact metamorphism. He 
says:d 

Recent investigations in this area (1903) have shown that the rocks 
of the islands in Passamaquoddy Bay and in parts of the mainland 
adjacent to the n.orth~ as at Letite, Frye Island~ and elsewhere, con· 
sist largely of altered Silurian sediments, closely M."!ociated with 
dikes and masses of later intrusives, mostly diabasic in character, 
which have locally altered the Silurian slates and limestones, though 
the contained fossils can be seen at several points but are generally 
much dist{Jrted. 

From this summary of geologic studies previous to the 
surveys made by the present writers it is apparent that many 
of the salient features of the geology ha.d already been correctly 
interpreted, although theh·i details had not been worked ("Iut. 
Most of the rocks of the region had been recognized as of 
Silurian age, and among these the rocks now classed as the 
Quoddy shale were regarded as the oldest. The sparsely 
fossiliferous rocks of the "Mascarene series," corresponding to 
a part of the Eastport formation as defined in this folio, were 
recognized as a part of the Silurian system and believed to 
constitute its youngest member. The abundance of volcanic 
rocks of both felsic~ (acidic) and mafic (basic) varieties bad 
been noted and the granite and much of the diabase was recog
nized as intrusive in the Silurian rocks. The position of the 
Perry formation unconformably aboye the Silurian rocks was 
established and its age definitely determined as Upper Devo
nian. Faults with northeast trend were described as one of 
the major structural features. 

STRATIGRAPHY. 

GENERAL FEATURES. 

The rocks of the Eastport quadrangle include sediments and 
igneous rocks of Silurian and Devonian age and unconsolidated 
surficial deposits of Quaternary age: Granite of late Silurian 
or early Devonian age outcrops a short distance north of the 
quadrangle. 

The strata of the Silurian system consist chiefly of Ehale and 
argillite, which grade in places in~o well-stratified tuff. They 
include very little limestone. The strata. of the Devonian sys
tem are chiefly red conglo'rnerate and sandstone. Volcanic 
rocks are interbedded with the strata of every formation of 

~ Bailey, L. 'V., On some relations between the geology of eastern Maine 
and New Brunswick: Roy. Soc. Canada Trans., vol. 7, SP,C. 4, pp. 57 et seq., 
1889. 

b Smith, G. 0., and White, David, The geology of the Perry Basin, in 
southeastern Maine: U. S. Geol. Survey Prof. Paper 35, 1900. 

"EIls, R. 'V., Geology and mineral resources of New Brunswick: Cnnada 
Dept. Mines, 1907. • 

d Op. cit., p. 51. 
·J~u.r. Geology, vol. 20, p. 561, 1912. 



both systems and constitute B. greater part of the volume of 
several formations than do the detrital sediments. They include 
flows and associated tuff's of many varieties, and their associa
tion with each other and with the sedimentary rocks is 
extremely irregular. The rocks comprise also igneous intru
sives of several sorts, chiefly diabase. 

The Quaternary deposits. include till, marine glacial gravel, 
and marine clay of Pleistocene age as well REI alluvial deposits 
of Recent age. 

As the volcanic rocks are so intimately interbedded with the 
sedimentary rocks that they are essentially part of the forma
tions the fwo will be described together. The inhusive rocks 
that have been separated in the mapping will be described 
separately. 

SILURIAN SYSTEH. 

QUODDY SHALE. 

Definition.-The Quoddy .hale, the oldeet formation of the 
Eastport quadrangle, is composed chiefly of shale, some por
tions of which are slaty or even schistose,· but contains minor 
amounts of volcanic rocks. It is named from West Quodd y 
Head, the easternmOl3t point of land in the United States, where 
the rocks are well exposed. It crosses into Canada and is well 
expoeed on the i.land of Campobello. 

The thickness of the formation is not known, but its uniform 
character throughout considerable areRS indicates that it may 
be several thousand feet thick. 

DistrihutiQn.-The formation outcrops not in large, continu-' 
ous areas but in small, disconnected patches separated by bodies 
of intrusive rock. Its distribution inland can not be determined 
accurately because of the scarcity of exposures in the lowlands. 
It occurs principally in a belt several miles wide lying south
east of :a line drawn from Lubec to Whiting, where the coun
try is a succession of low hills, chiefly of diabase, separated. by 
lowlands that are generally covered by swamp deposits or by 
marine· clay and are nearly everywhere heavily forested. Some 
bodi., of Quoddy ,hale may underlie the lowland., but they do 
not outcrop and hence can not be mapped. The relations are 
probably somewhat more intricate than those shown on the map, 
the rocks comprising more sedimentary deposits and less diabase. 
Along the shore, however, expOl3ures are nearly continuous from 
Woodward Point to the southern border of the quadrangl~, 
and the map of this region shows the diabase and the sedlmen
tary rocks in true proportion. 

The formation occurs also in the extreme northwest corner 
of the quadrangle, near Ayers Junction, and is excellently 
exposed on the eastern slope of Mount Tom, especially in the 
railroad cuts near Pennamaquan Lake. 

Not much is known regarding the distribution of the Quoddy 
,hale outBide the Ea.tport quadrangle. The main belt of the 
formation has not been definitely traced south of Moose Cove, 
but to judge from the early descriptions by Jacksontl its 
altered sediments and the accompanying diabase extend south
westward to Cutler and possibly to Cro .. I.land. On the 
Canadian side its sediments and the associated diabases have 
been traced by the writer's reconnaissance over much of the 
island of Campobello, only smaij areas being occnpied by pos
sibly younger rhyolite. The shale is well exposed along the 
shore of that i.land from the mouth of Harbor de Lute to Ea.t 
Quoddy Light and .how. the same northea'terly .trike and 
steep dip that prevails on the Maine side. The formation 
probably al,o occupies part of Deer Island. 

Oharacter .. -The shale of the Quoddy formation is, as a rule, 
readily distinguished from the other sedimentary rocks of the 
region by its hordn ... and by its neerly total lack of fossils. 
It is prevailingly thick and even bedd.ed, fine grained, and 
highly quartzose. Where the quartz is very abundant the 
rock in some places becomes an argillaceous quartzite j and on 
the other hand where its clayey constituent largely predomi
nates it is softer and more like the later black: shales of the 
area. Some of its beds are slightly calcareous, but it includes no 
true limestone. It contains at some places abundant round~d 
segregations or nodules, slightly more calcareous than their 
matrix, the largest of which, found at Woodward Point, have 
a diameter of 18 inches.· Considerable portions of the shaly 
pha ... of the formation are probably compOBed of the fine 
detritus of volcanic rocks, but the material is not recognized as 
such because of its fine comminution and subsequent alteration. 

The prevailing· colors on fresh surfaces are blue-gray and 
purplish gray. The more calcareous beds are lighter gray 
and the highly argillaoeou. beds are generally dark gray 
or black. Greenish tints appear here Rnd there. Bedding, 
though ordinarily recognizable, is not as a rule very prominent 
because of the induration of the beds and their evenness in 
grain and color. Only where quartzose layers alternate with 
calcareous or highly argillaceous lensee: or layers is the bedding 
conspicuous. 

In many places the rock shows no cleavage; it breaks with 
a conchoidal fracture as 'readily in one direction 88 in another. 
In other places it has even and regular joint planes, which, 
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where closely spaced, simulate cleavage or even schistosity. 
Close jointing is generally found only where shearing has been 
most severe j as a role it is best developed in the argillaceous 
beds. In a very few plaoee, as along the .hore south of the 
inlet at South Lubec, a schistlike structure appears, but micro
scopic study shows that it is mainly the result of very closely 

. spaced fracturing and is due only in slight degree to recrys
tallization. 

The volcanic rocks include both fiows and tuffs, chiefly of 
rhyolite, with a ·little diabaee. In color the freeh rhyolite 
ranges from light gray to purplish gray; the weathered rock 
from nearly white to buft". Some phases show How structure, 
and the ma .. ive typee are in plac .. porphyritic. Three .pecl
meu. of the rhyolite of the Quoddy formation when examined 
microscopically showed no f""tur .. that eepecially differentiate 
them from some of the later rhyolites. They are commonly 
much recrystallized, the recrystallization having been accom
panied by the development of secondary quartz, calcite, and 
some chlorite. I 

A .mall patch of much..,ltered diabase, in places highly 
amygdaloidal, 'is associated with the rhyolite about half a mile 
northwest of Ayers Junction. Another mass, also Bmygda
loidal and evidently a flow, occurs at the southern edge of the 
quadrangle, about half a mile east of East Stream and is bor
dered by intrusive diabase. 

The vol~nic rocks are so closely associated with the shale as 
to leave little or DO doubt of their contemporaneous origin. 
On the eastern slope of Mount Tom rhyol~te showing How 
structure is conformable in trend with the Quoddy shale near 
by, and some of the finer phases of the tuff have the same 
purpli.h tint that characterizes the ,hale. A few bed. of the 
shale contain numerous fragments of rhyolite. On the other 
haud, many of the fresher phases of the rhyolite are indis
tinguishable from the rhyolites of some of the later formations 
and possibly some of them are intrusive or are small remnants 
of later volcanic rocks. 

Fossils.-At only a few localitiee has the formation yielded 
fossils, and even at those places they are not abundant and are 
poorly preserved. Most of them have been somewhat distorted 
by the shearing of the rocks. The localities at which foeeils 
have been found are indicated on the areal-geology map. 

The specie. named below (illustrated in PI. XVI, figs. 1-12) 
were collected at the localities indicated: 

On the north Bhore of West Quoddy Head. east of the life'&B.v1ng station, 
from qua.rtzose shale underlying "an a·inch eal.ea.reoas la.yer: 

Crinoid Items, small. 
Plectambonit61 transversalis (Wablenberg). 
Leptama. rhomboid alia (WllBkens), 
Scbuchertella subplana (Conrad). 
Cf: Da.lmanella eiegantula (Dalman). 
Pentamerus cf, oblongus Sowerby, with aize and proportions of P. 

pesovIs (Whitfield). 
Atrypa retlenlaril! (Ltnn~) cf. A. nod08triata. Hall. 
Anoploth6lla cf. barrandei (Da.vldson). 
Splrifer CrlBPUB Linn(! of. S. Btamlnea Hall. 
Spirlfer radiata, Sowerby cf. S. nympha BlIlings. 
Orthoeeras 'P, indet. 

In a shaly parting that lies a few Inches below the stra.tum mentioned 
above: 

Monograptus sp. Indet . .ct. M. cHntonenm Ha.ll. 
Along the South Lubec shore a.t Woodward Point: 

Favosltes Ip. Indet. 
At Woodward Point and fs.rther north, at Bome places, traces of

Monograptus sp. indet. 
Orthoeeras sp. Indet. 

In the northwestern part of the quadrangle, in railroad cute On the 
southeast :O.ank of Mount Tom: 

Monograptus sp.. indet. 
Orthooerassp. indet. 

Correlation and age.-All the species from the Quoddy .hale 
which have been identified are recorded from the Woolhope 
and Wenlock limestones of England and Wales, which are of 
middle· Silurian age. All but one are found in the Ordovician 
as well as in the Silurian, and two range upward into the 
Devonian. ~ The evidence as it stands indicates that the fauna 
is not later than that of the Wenlock shale, the highest zone 
at which Plectamhonite8 f,ra~flr8ali8 is recorded in the Shrop
shire section by Davidson.!l The fossils are few and imperfect 
but suggeet that the Quoddy .hale is of Silurian age and i. to 
be correlated with the lower part of the Wenlock of Greet 
Britain. 

Were the graptolitee of the formation well preijerved they 
would aid greatly in determining the stratigraphic position of 
the fbrmation. Recent studies have shown that species of 
Monograptus are precise horizon markers in Silurian faunas 
throughout .large ~reaB abroad, but unfortunately.the Mono
graptu. found in the Quoddy shale is too poorly preeerved for 
specific identification. 

Relatiom.-The formation has been invaded by masses of 
igneous rock of several sorts which are described under the -
heading "Igneous·rocks." The strata have been greatly dis
turbed and in places altered by the intrusive masses. At 
several places near contacts the shale is altered to hornstone 
and its bedding is much obscured, but it nowhere contains 
conspicuous typical contact-metamorphic minerals. The shale 
occurs in relatively small masses bordered by the igneous rocks, 

"Da.vldson, Thomas, A monograph of the British fouil Brachlopoda, 
vol. 5, Silurian and Devonian anpplem6Dt., p. 74. 1882.· 

and because of the disturbance and distortion of the strata, the 
rarity of fossils, and the absence of regular iithologic varia
tions, it was not possible to correlate the beds of neighboring 
areas. Even in a single mass of shale the beds are commonly 
sO much folded and faulted, or 80 much cleaved, that their 
sequence is very obscure. 

The main aree of the Quoddy .hale i. ..parated from the 
later Silurian formation. by the Lubec fault zone. (Bee areaI
geology map.) The .ame .tr ..... that produced' the fault
ing probably also produced much of the cloee jointing and 
schistose-like structure in the shale. The Mount Tom area 
also is separated from the later formations by a fault, the posi
tion of '.'Which can not be accurately determined because of the 
lack of outcrops. 

DENNYS FORMA'l'ION. 

Definition.-The Dennys formation comprises a succession 
of volcanic rocks of several sorts and a few small interbedded 
masses of fossiliferous strata. The name is taken from Den
nysville, near which rocks of the formation are well exposed. 
The thickness of the formation is unknown. 

Di8tribution.-The formation occupies an area extending 
nearly the whole length of the weet .ide of the quadrangle, 
from Ayers Junction to Orange Lake, and 'having a maxi
mum width east and west of about 4t miles in the latitude. of 
Edmund. village. Its extent weet of the quadrangle i. wholly 
unknown. 

Except in small areas near DennYEIVille and Edmunds the 
territory underlain by the formation is densely wooded and l 

the rock exposures are rather scattered. Detailed relations' 
that can be worked out along the shore and in cleared. areas 
are lost when the attempt is made to trace them into the 
wooded areas. The best exposures are along the road from 
Dennysville to Burnt Cove School, about the shore of Duck 
Harbor, and in Dennysville. 

Oharacter.-The principal rock of the formation is rhyolite, 
of several types, occurring as Hows and tuffs. Interbedded 
with and otherwise closely associated with the rhyolite are 
several varieties of andesite, also in frows and tuffs. Diabase 
flows and tuffs also occur but are of relatively minor impor
tance. The effusive rocks have been disturbed by the intru
sion of masses of diabase and of andesite and possibly also of 
rhyolite. 

Gray rkyolite.-The commonest rock of the formation is 
gray rhyolite. The flows are not prominent, but the associated 
tuffs form a large part of the formation and are particularly 
well exposed along the railroad from Dennysville station to 
Wilson Stream, about Dennysville village, and especially along 
the shores of Duck Harbor. Flows were observed at a num
ber of localities near Dennysville and in the woods between 
Dennysville and Roaring Lake. In color the rock of the flows 
rang .. from light gray to dark greenish gray. Some ph .... 
are aphanitic and horny-appearing throughout, and others 
have abundant phenocrysts of white feldspar, the largest an 
eighth of an inch in diameter, in an aphanitic groundmass. 
A specimen which was obtained from a point about a mile 
west of Crane Mountain and which appears fairly represent-
ative of the porphyritic type showed under the microscope s. 
microgranular groundmass composed mainly of feldspar and 
quartz, through which are scattered phenocrysts of orthoclase. 
Epidote, zoisite, and chlorite are common decomposition 
products. 

The gray rhyolitic tuff is made up largely of fragments of 
greenish-gray to blue-gray aphanitic rhyolite, in many places 
associated with fragments of purplish andesite and of pink 
rhyolite. The matrix may be composed in the main of mate
rial similar to the larger fragments, but it generally contains 
broken phenocrysts of quartz aod feldspar, most of which range 
in diameter from one-eixth to one-eighth inch. The local 
abundance of these phenocryst fragments is a noteworthy 
feature of this tuff. A typical specimen of the tuff, collected 
along the railroad about 1. miles north of Dennysville station, 
when examined under the microscope, showed numerous frag
ments of finely microgranular rhyolite and a few that are 
probably andesite. In the matrix fragments of phenocrysts 
of quartz and orthoclase are num~rous. The rock is much 
altered, chlorite in particular being abundant. 

The most abundant ph~ of the tuff are fine grained and 
include few fragments that are more than an inch in diameter, 
but coarse phases whose larger fragments are 3 feet in diameter 
occur along the south shore of Duck Harbor and a.t the north 
entrance to the next inlet south of Duck Harbor. At the former 
locality the tuff, made up of fragments of gray rhyolite, ~reenisb ... 
gray augite andesite, and pink rhyolite porphyry characteristic 
of the Dennys formation, includes a thin shale lenticle contain":" 
ing abundant fossils. ' 

Pink and brown rhyolite.-Another type of roc;k: that is very 
abundant in this formation is a' rhyolite porphyry which on 
fresh sunaces ranges in color from dark salmon to purplish 
brown and which commonly weathers salmon-pink. Most of 
the phenocry.ts a .. of pink orthoclase, though rarely some 
of quartz are present. Under the microscope representative 



specimens of these rocks show no unusual features. They are 
typical rhyolite with phenocrysts of orthoclsse and much quartz 
in the groundmaes. Even in those specimens that appear 
:fr€sheet much secondary chlorite and calcite have developed. 
In certain flow-breccia phases the fragments are of the usual 
pink type, but the matrix is dark greenish. 

This rhyolite occurs 88 flows, with associated tu:ffs, and prob
ably also as· intrusive masses. It is particularly abundant in. 
the wooded country near the eut shore of Rocky Lake and 
between Orange Lake and Western Pond and occupies a large 
continuous area from 1 to 1, miles south of Duck Harbor. 

I The area last mentioned is the most accessible for study, but 
. good exposures occur also along the shores of the inlet next 
south of Duck Harbor and along the wagon road near the 
inlet. On the 140-foot hill about three..quarters of a mile 
south of Duck Harbor there is an exposure of the contact 
between the massive pink rhyolite and a series of well-bedded 
gray rhyolite and diabase tuffs, which strike N. 400-45° W. 
and dip about 30' NE. The contact cuts aero .. the tuff bed. 
at various angles, in places as much as 600 , though its general 
trend i, N. 10' W. The rocks are completely welded along 
the contact. The pink rhyolite becomes greenish next the con
tact, shows flow brecciation, and has picked up small fragments 
of the tuffs. The inclosed tuff fragment. aro .0 ragged and 
irregular 88 to suggest that the tuff was unconsolidated when 
picked up. The croBSCutting, the welded contact, B;nd the uni
formity of the rhyolite composing this mass suggest that it is of 
intrusfve origin. If so, its intrusion must have taken place in 
Dennys time, for at the north entrance of the inlet next south 
of Duck Harbor the main mass of the rhyolite is overlain by 
coarse agglomerate containing numerous fragments of the rhyo
lite. This agglomerate i. a part of the gray rhyolite tuff series 
already described and i, plainly of Denny, age. Though 
some parts of the pink rhyolite may be intrusive other parts of 
it probably formed flows, for they bear delicate flow lines. 

Mottled pilnk and gray rhyolite.-Some of the rhyolite of 
the ·Dennys formation is more or less intermediate in character 
between the pink and the gray types already described. It i. 
exposed at mallY localities near Dennysville and is found here 
and there throughout the formation. It is commonly though 
not invariably porphyritic, with a groundmass ·ordinarily mot
tled pinkish brown and greenish gray. Flow-breccia phases 
show salmon-red or brownish-red fragments in a greenish-gray 
matrix and in the tuff there is a similar contrast between pink 
fragments ·and green matrix. In mineral character the rock "ts 
typical rhyolite and is probably closely related in origin to the 
pink rhyolite of this formation. 

Pwrple rhyolite. -Certain rhyolite porphyries occurring 
especially in the region between Orange Lake and Western 
Pond are dark bluish purple in color because of an abundance· 
of iron oxide finely disseminated through the matrix. They 
are very similar in appearance to some of the purple andesite 
of this formation but are probably related genetically to the 
pink rhyolite. 

Pyroxene andesite.-The pyroxene andesite ranges from light 
greenish gray to dark grayi,h or purpli,h green, the darker 
tones predominating. It is generally porphyritic, its common 
phenocrysts being feldspar, though at some places it contains 
phenocrysts of pyroxene and biotite. Its chief exposures are 
1 to 2 miles west and southwest of Edmunds, numerous excel
lent exposures lying along the Deunysville-Burnt Cove road 
for 2 miles north from Burnt Cove School. E.pecially good 
exposures occur just west of the road on the 140-foot hill west 
of Littles Mountain. 

The phenocrysts are considerably more abundant in some 
localities than in others. In some specimens the feldspar 
phenocrysts are less than a sixteenth of an inch across, though 
in others they reach a diameter of an eighth of an inch. They 
range in color from white or pinkish when fresh to gray or 
greenish when altered, and have the composition of andesine, 
ranging from Ab~oAn~o to Ab1OAnao ' most of them being 
nearer the latter. The more mafic (basic) varieties of the rock 
are marked also by an abundance of augite phenocrysts, the 
largest 1 millimeter in length, though most of them measure less 
than 0.5 millimeter. Augitic phases were noted and collected 
near Burnt Cove schoolhouse and on the 140-foot hill west of 
Littles Mountain. Porphyry collected at a number of other 
localitieS was probably augitic when fresh, but the augite is 
now wholly:. replaced by secondary minerals. As the matrix is 
dark t~e augite phenocrysts are not ordinarily conspicuous. 
The groundmass is aphanitic and greenish gray to dark gray~ 
ish or purplish green and is composed of laths of feldspar, 
generally without regular arrangement but having in places 
a subparallel orientation indicating flow movement during 
crystallization. Some of the lines of feldspar laths curve 
around the phenocrysts. The space between the laths is 
generally occupied by chlorite, grains or dendritic crystals of 
magnetite, and either epidote or leucoxene. In the most mafic 
types the groundmass contains small grains of augite. 

The pyroxene andesite shows, on weathering, dark-brown 
surfaces very similar to the weathered diabases. All the speci
mene when examined microscopically show notable alteration of 
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both groundmas, .nd phenocrysts. The principal secondary 
minerals &00 chlorite, epidote, and a carbonate, probably calcite. 
In a few specimens ooplace~ent. starting with phenocrysts as 
nuclei, was carried outward into parts of the eun'Ounding 
groundmass, forming rounded masses of chlorite or chlorite and 
epidote which give the hand specimen a pseudo-amygdaloidal 
appearance. 

In the field some representatives of the augite andesite series 
are with difficulty distinguished from certain diabases, and 
others resemble certain pha,es of the gray rhyolite. 

The pyroxene andesite occurs in the upper part of the 
Dennys, formation, mainly as flows, tuffs being rare. In 
many exposures the rocks appeflr to be massive, in others they 
show distinct flow lines trending a little west of north. The 
excellent expo.ures on the 140-foot hill west of Littl .. Moun
tain are in some places amygdaloidal and in others show 
beautiful flow-breccia structure, the dark grayish-green por
phyritic fr.gments lying in a light-gray felsitic matrix. Other 
pha.es of this How breccia contain purplish-gray porphyritic 
fragments in an Indian-red and aphanitic matrix. The matrix 
weathers in relief and shows flow lines. 

Purple ande.!ite.,.-,D.rk-brown to purplish andesite porphy
ries form a considerable part of the Dennye formation in the 
region between Edmunds and Dennysville. The best expo
sures may be seen in the fields a quarter of a mile south of 
Edmund. village, on the 100-foot hill ju.t ,outh of the 
entrance to Duck Harbor, and in the eastern part of Dennys
ville village. 

In general the rock is porphyritic, containing feldspar 
phenOCl'ysts less than an eighth of an inch acroas, though a 
few have a diameter of a quarter of an inch. They may be 
numerous or scattered. and in some specimens, because of altera
tion, they are inconspicuous. The gr.oundmaes is aphanitic 
and ranges in color from greenish gray and purplish gray to 
Indian red and nearly black. 

When studied under the microscope these rocks are found 
to be much altered. The ground mass shows abundant feldspar 
laths, whose subparallel arrangement indicates flowage. The 
other components of the groundmase are secondary chlorite, 
calcite, and leucoxene (?). Some phenocrysts are well enough 
preserved to he identified a8 andesine, but most of them are 
extensively replaced by epidote, calcite, and chlorite. 

Flow-breccia structure is well developed in this andesite on 
the 100-foot hill ,outh of the entrance to Duck Harbor. Most 

. of the fragments in this breccia show well-developed flow lines 
and some contain spherulites. Andesite that exhibits very 
perfect flow lines also occurs in the woods about a mile 
southwest of Edmunds village, and there can be no reason
able doubt as to the e:lfusive character of the types of andesitic 
rock described above. 

In the woods south of Dennysville village and in the eastern 
part of the village there is purplish andesite which appears to 
be entirely massive, showing little or no trace of flow lines, 
flow brecciation, or other like features. It is possible that 
some of these masses may be of intrusive origin, but in the 
absence of exposed contacts such an origin can not be defini
tivelyaffirmed. 

Diahase.-The most mafic rock of the Dennys formation is 
typical diabase, which occu'rs in isolated areas in that part of 
the formation which lies south and east of Dennysville. The 
flows and tuffs are commonly closely associated and are not 
separated on the map. 

The flows. are best exposed in the open fields half a mile 
.outhwe,t of Edmunds village. The How here is the largest 
observed and has a thickness of 400 to 500 feet. It ranges in 
color from dark green to nearly black and contains scattered 
phenocrysts of labradorite, the largest a quarter of an inch 
across. Most of the rock i. highly amygdaloidal, and th.t 
near the base of the flow shows flow-breccia structure. The 
fine flinty matrix in the flow breccia is commonly light 
greenish gray, but in pl~ it is terra-cotta colored. 

Diabase tuft', well' exposed, underlies and overlies the flow 
just described. That beneath ha, been disturbed by the How. 
Diaba .. tuff is al.o well exposed on the 140-foot hill 1 mile 
,outh of Duck Harbo~, where it i, di,tinctly bedded. 

Both tuft's and flows are much altered, the alteration having 
formed the. usua] secondary minerals. Finer pha.ses of the 
diabase tuff weather like trap. 

Sedimentary rocks.-Detrital sediments are extremely l'8.le in 
the Dennys formation. At Duck Harbor thin-bedded light 
greenish-brown fossiliferous shale forms a small lens in volcanic 
tu.ff. The fossiliferous rock outcropping at the lower end of 
Rocky Lake, at Hall's Mill, just outside the quadrangle, is a 
greenish~gray fine-grained. massive tuft' containing only a few 
fossils. Near it, though not actually in place, is a light-gray 
calcareous conglomerate containing the same species of fossils 
that are found in the tuff, with numerous fragments of cora] 
and other f0S.8ils. The corals are apparently worn and rolled 
and are ,lightly di,torted by cru,hing. 

Fossils, age, arid oorrelation.--Fossils have been found in 
,the Dennys formation at two localities described .in the preced
ing paragraph and indicated on the areal-geology map. 

The following form, have been identified and are figured in 
Plate XVI, figures 13-31: 

Beyrlohla. maocoyiana. J onee Val', 
Beyrlehta. spinulosa. Boll Val', 
Bllobltea bllobul (Linn!!). 
Bollia bloolHna. Jones, 
Oytherella. oooolnna. J onel, 
Oytherel1a oono1nna. Vltl'. ova.Ua 

Jones. 
Dalma.nites longioaudatm Mu:r· 

"""" .. 
ot. LeptlBna.llBv.lga.ta (Sowerby~ 

Of. Leptsma. mtmma. var. gra.yil 
Da.vidson. 

LlngnIa. of, oblata HalL 
Of. Orthll equivaJ.v1a Dav:ldlO1l. 
Pleotambonites tranlVeuall. 

(Wahl .. berg~ 
PterJ:nealp.tndet. 
Bkenldinm lewU.I Davidson. 
Bpirlfer mspus (Risinger). 
Of. Btreptelasma caJioula. RalL 

The only division of the Silurian ,ystem of England and 
Wales in which all the species listed above are reported. to occur 
is the Wenlock, of middle Silurtan age. The data .vailable 
show that the Dennys formation is of Silurian age and that its 
fauna should be correlated with that of the lower Wenlock of 
Great Britain. 

Relations.-The lower limit of the formation is not known. 
Its contact with the Quoddy shale in the north west corner of 
the quadrangle is not· exposed but is almost certainly a fault. 
Its upper limit has been fixed only approximately by means of 
structure and lithology rather than by means of fossils, which 
are found in the formation only at two widely separated locali
ties. In the southern part of the quadl'8.ngle the rocks of the 
formation are fairly concordant in strike with those of the 
overlying Edmunds formation and no marked break in strati
graphic succession is apparent between the rocks at Hall's Mill, 
ju,t outside the quadrangle, which contain fo.sils probably of 
Dennys age, and those at the east end of Ol'8.nge Lake, which 
contain typical Edmunds fossils. Even in that part of the 
quadrangle, however, the boundary may be an unconformity 
or a fault, 88 it is in the region between Burnt Cove School and 
Ayers Junction. The irregularity of the upper boundary is 
increased by a number of later faults which cut across and 
displace it. 

Mo.t of the Dennys formation was probably formed on a 
land .urface, a probability indicsted by the scarcity of its 
detrital sediments in comparison with those of the later forma
tions and by the unassorted character of most of its tuffs. 

Definition.-The Edmunds formation comprises a series of 
alternating beds of shale and deposits of volcanic rocks of 
several sorts. It is named from the village of Edmunds, near 
which the rocks are well exposed. The thickness of the for
mation can not be accurately measured but is estimated to be 
2500 to 3000 feet. 

Distrihution.-The formation occupies a continuous beIt 
extending from a point a.bout 4 miles north of Dennysville 
southeastward to Edmunds, thence southward. to the mouth of 
Orange River, and southwestward along the valley of that 
stream, leaving the quadrangle at its southwest corner. At its 
north end and in the southwest corner of the quadrangle the 
belt is rather less than a mile wide, but near its middle, in the 
general latitude of Straight Bay, it is about 4 miles wide. 

The rocks of the formation are exposed. almost continuously 
about the shore of Straight Bay and along the lower courses of 
Dennys and Orange rivers. Scattered exposures occur north, 
west, and southwest of Whiting, where the country is densely 
wooded and where the details of the structure can be only in 
part worked out. 

Character.-The most abundant rock of the Edmunds for
mation is rhyolite, both gray and red, which forms flows and 
associated tuWs. The next most abundant rock, found in an 
area extending from Field Point northward, is purplish-red 
andesite, also occurring as flows and tuffs. Southwest of 
Field Point andesite is rare, its place being taken by diabase 
flows and tuff. Tuff of intermediate character contains frag
ments derived from two or all of these kinds of rock. Most of 
the detrital sedimentary rock of the formation is shale. 

The frequent alternation of rocks of different kinds that 
characterizes much of the Edmunds formation is shown in 
figules 2 and 3. It is manifestly impracticable to show all 
suc.h variations on a map of the scale used in this folio. 

FIGURB S.-Geologioseotionof a part of the Edmunda t01'lll8.tion on Hallo-
wellIllflond, 

1, Au1yadaloldaJAI148111te Bow, purpUlhred to~ 
I. Dark purplllh-red &lIdeslt.e tn1b. 
8. PurpllIh·red.&IId.eillte IlowlhowlDg liow·breccla. Btructll1'e; fr&amentlllhowBowUnuaad 

Me Inolo8ed lJ1. a. dark terrlHlott& ~B.IIpery matrb:; aome tragmenta are 1% teet acroII. 
4. TufJ! made up of fraKmeD,ta Of. dark·red &lid Irl"IlY rhyolites. 
5, DJl.rk.red.rhyoUtetufJ!. 
8. Mottled yellowlah·green &lid purplillh..red rhyolite porphYl'Y Bow~ ih0W8 flow lIDe, &lid IIJ 

Iocall7a.liowbl'eccta, 
T. J'Ine..~tu« of purplillh.red.&lid yellowllh1fl"een rhyolitetra.gm.ents. 
8, Purp1bb..redrhyoUtetufJ!. • 
O. RhyoUteporphyry:ll.oW$ho"WlDir phenocrysts of both f&ldlpar &lid quartll,oolorvarl&ble, 

ra.nctnl"frOlUgreenllhgraytopurplillb.l'fld. 
10. Tu1!ot da:r'·.r.edrhl'oUte; 5omef~taarea.footln dIM1eter. 

(fray rhyolite.-The gray rhyolite of the Edmund, forma
.tion is not greatly di:fFerent eitheI'-'-in general appearance or in 
microscopic character from the rhyolites of the older or the 
younger formations. It occurs as flows and tuff, and in some 
places 88 small dikes, but so far as known it does not assume 



stocklike forms. The rock of the Hows ranges in color from 
very light gray to' nearly black but is commonly a somewhat 
greenish or brownish dark gray. Texturally it ranges from 
aphanitic rocks to porphyries containing phenocrysts of feld~ 
spar, and in places also of quartz, in an aphanitic groundmass. 
When seen under the microscope moat of the aphanitic phases 
appear to be rather coarsely microcrystalline, though some 
are so finely microgranitic as to suggest a devitrified glass. 

SE 

'-~-~"" 
FIGURE 8,-Sketch 89ctlon showing the sUCC6uion of beds of the Edmunds 

formation near the south end of Roaring Lake, 
1,l:I.hyoUteflow; S. dlaba.se flow; 8,dla'l.>a8l'ltutr; "lIhaJeII 

A flow 200 to 300 feet thick on the north .ide of Timber 
Cove, Cobscook River, affords one of the best exposures of the 
very light gray non porphyritic rhyolite. 

The nearly black nonporphyritic variety was found at only 
one locality, on the east side of the long arm of Straight Bay 
near Crowe Neck School. The more common dark-gray phase 
of the rhyolite is well exposed on Hallowell Island. In the 
cove on the east side of the island a mass of gray porphyritic 
rhyolite grades into a purplish-red but otherwise similar phase, 
both being parts of the same flow. The red phase is similar 
in every way to the abundant flows, all red, described below, 
and this gradation shows that at least some of the red and the 
gray rhyolite came from the same source. The gray rhyolite 
from Hallowell Island contains phenocrysts of feldspar and 
less abundant rounded phenocrysts of quartz, the latter show
ing embayments. These phenocrysts average 2 to 3 millimeters 
in diameter and lie in a greenish~gray aphanitic groundmass. 
The groundmass is subgranular and consists of quartz, feldspar 
(probably mainly orthocl .. e), epidote (probably a product of 
pyroxene alteration), and hematite (evidently derived from 
magnetite). 

The tuff shows considemble variety, due 1l;lainly to the vari
ous proportions in which pink and red rhyolite fragments are 
mixed with the gmy. Some flinty-looking fragments are 
plainly devitrified volcanic glass. In places there is some 
admixture of fragments of purplish-red andesite. Coarse 
phases are rare, few fragments exceeding half an inch in 
diameter. Stratification is common and its regularity indicates 
that much of the tuff was water-laid; in many places the 
bedded tuff grades into fossiliferous shale composed largely of 
fine volcanic debris. 

One type of tuff not observed in older formations is conspicu
ous on the south side of Falls Point and on the west side of 
the small island off the mouth of Talbot Cove (in Straight 
Bay). the two localities are at about the same horizon in 
the formation. This tuff is composed chiefly of small crystals 
of orthoclase, generally 2 to 3 millimeters in length, most 
of which are not rounded but have perfect crystal faces. 
Although more or less mixed with cherty rhyolite fragments, 

_ most of the feldspar crystals are neither inclosed by nor 
attached to any rhyolitic material but lie free in a dark clastic 
matrix. Quartz crystals are rare. 'rhis feldspathic tuff forms 
beds several feet across, which are so uniform and massive in 
appearance as to be easily mistaken for granite. Both at Falls 
Point and at Talbot Cove the tuff grades by increase in the 
proportion of matrix into black shale. The shale is rather 
irregularly associated with the more feldspathic part of the 
rock, as if both had been somewhat disturbed while still 
uncon.olidated. At the locality near Talbot Cove the feld
spathic tuff grades into coarser tuff containing some fragments 
of rhyolite an inch in diameter. 

The origin of this peculiar variety of tuff is difficult of 
explanation. The feldspar crystals were doubtless origi.nally 
the phenocrysts of a porphyritic rhyolite, but it is not easy to 
see how the phenocrysts were freed from their matrix and 
aggregated into thick beds. Possibly these beds may have been 
built up through weathering 011 a land surface, the soil formed 
being washed into the sea and the phenocrysts separated from 
the decomposed matrix by the action of currents and waves. 
This explanation, however, is rendered improbable by the fact 
that the feldspar crystals and the associated fragments of vol
canic tuff are fresh and angular. A more plausible explana
tion may be that actual showers of phenocrysts occurred 
during the volcanic eruptions. The porphyritic character of 
many of the flows shows that the lava in the throat of the 
volcano from which they flowed was also porphyritic. In an 
explosive eruption of a molten mass crowded with phenocrysts 
the feldspar crystals will probably be more Or less completely 
separated from their matrix, and if winnowed by the wind dur
ing their ('ourse through the air or if sorted by waves they 
may form thick beds, composed almost wholly of phenocrysts. 

Red rhyolite.-Reddi.h-gray to purplish-red rhyolite, com
monly porphyritic, is one of the most abundant rocks of the 
Edmunds formation. Some phases are so dark that they closely 
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resemble the purplish andesite and unless they contain quartz 
phenocrysts they can not readily be distinguished from that 
rock in the field. As a rule, however, they are somewhat 
lighter colored and more lustrous along fresh fractures than the 
andesite. 

The best exposures are along the shore near Edmunds, along 
the shore north of Mount Dorcas, and near the north shore 
of the inlet of Wilson Stream. Others occur along the wagon 
road about a quarter of a mile south of Edmunds and along the 
Pembroke-Dennysville road nearly due south of Eastman 
Hill. 

Typical specimens of the rock of the Hows have a cherty
looking purplish~gray to reddish~brown groundmass, through 
which are scattered abundant white 01' pink phenocrysts of 
orthoclase, which stand out'in sharp contrast with their matrix. 
Some specimens contain rounded phenocrysts of quartz, which 
are in all specimens much less abundant than phenocrysts of 
feldspar. The diameter of most of the phenocrysts ranges 
from 2 to 3 millimeters. Under the microscope the feldspar 
phenocrysts are' ~een to be orthoclase. The groundmass is 
microgranular and consists mainly of orthoclase and quartz 
but includes fine grains of hematite, which form the coloring 
pigment. The groundmass shows no trachytic texture, such 
as was observed in some of the purplish andesite. The rock 
everywhere contains secondary minerals, the commonest being 
calcite, epidote, hematite, leucoxene, and sericite. 

Certain small masses of pink rhyolite appear to be intrusive. 
On the shore north of the entrance to Ox Cove, for example, 
pink rhyolite, massive and so coarse that it is virtually a 
microgranite, contains fragments like those of the purplish tuff 
with which it is in contact. Rhyolite in similar relations was 
observed on the north shore of Youngs Cove. The inclusions 
are usually single fragments of andesite, not aggregates of 
fragments, suggesting that the tuff was not consolidated at the 
time the rhyolite was intruded. The rhyolite of Bar Island, in 
Cobscook River, is a massive microgranite and is possibly 
intrusive. 

In general the tuffs of the series, though mort': variable than 
the flows, are characterized by an abundance of feldspar crys
tals, which are attached to or associated with reddish cherty
looking fragments. At a few localities fragments of light 
salmon-colored rhyolite occur. 

Andesite.-Purplish andesite like that in the Dennys forma~ 
tion is interbedded with other rocks throughout the Edmunds 
formation, but as it can not be easily distinguished in the field 
from some of the dark-reddish rhyolite with which it is inter
bedded it has not been separately mapped. Flows of this 
andesite are finely exposed near Edmunds, on the point of land 
just west of Hallowell Island, and in the small cove three
quarters of a mile east-southeast of Mount Dorcas. Still finer 
exposures of the flows occur just south of the point where the 
Pembroke~Dennysville road joins the road that parallels the 
north shore of Wilson Stream and Cobscook River. Nearly 
all the flows observed are less than 100 feet thick. Good 
exposures of the tuff are more numerous, occurring at many 
points along the shore between Field Point on Cobscook River 
and Edmunds. The tuff is exceptionally coarse and well 
exposed at the eastern extremity of the Mount Dorcas penin
sula and is also well exposed at many points along the north 
shore of Cobscook River from Ox Cove to Falls Island, espe
cially on Wilbur Neck. 

The flows of this andesite are prevailingly dark reddish or 
purplish brown, though in places they are greenish, resembling 
diabase. In places they exhibit to perfection the stru~tures 
characteristic of surface flows. In a few localities, as on the 
point west of Hallowell Island, the rock is highly amygda
loidal. Similar outcrops on the shore three~quarters of a mile 
east-southeast of Mount Dorcas occupy nearly the same strati
graphic position in the formation. Many of the flows show 
finely preserved flow-brer..cia structures. The best exposures 
of such flow breccias occur just south of the point where the 
road to Ox Cove leaves the main Pembroke-Dennysville pike, 
where a flow about 30 feet thick strikes northwest and south
east. Plate VI i. a reproduction of a photograph of the rock 
at this point, which shows irregular fragments of purplish-gray 
andesite crowded with feldspar phenocrysts inclosed in a dark 
terra-cotta colored and very fine grained matrix. The fragments 
of the rock at this place are generally amygdaloidal and show no 
flow lhies. At other places, as on the small island just north
west of Hallowell Island, the fragments in the flow breccia are 
not amygdaloidal hut bear well-developed flow lines. Varie
ties sholYing well~developed flow lines but no brecciation are 
exposed on the shore southeast of Mount Dorcas, where there 
is an alternation of gray, purplish-red, and greenish phases, all 
apparently parts of a single flow. 

The type exposure of the andesite tuff is on the shore at 
the extreme east end of the Mount Dorcas peninsula. The 
general tint of this tuff is dark purplish red, but the fragments 
are lighter than the matrix and show well-developed flow struc~ 
ture. Where exposed beneath the andesite flow on the point 
west of Hallowell Island the andesitic tuff ranges in color 
from purplish red to dark green and mottled red and green. 

It contains few fragments more than half an inch across and 
is distinctly bedded. Bedding is usually recognizable in all 
the finer phases of the tuff, and its uniformity indicates that 
most of them were water~laid. '1'he tuff is not as a rule purely 
andesitic but contains some fragments of rhyolite or diabase 
and in places grades into tuff composed largely of those rocks. 

The coarser phases of the andesite contain feldspar laths, the 
largest 3 millimeters in length, lying in a fine-grained ground
mass. The same textures are recognizable under. the micro
scope in the finer-grained phases. The feldspar laths are 
crowded together in profusion, the groundma88 forming 8 

relatively subordinate part of the rock. Though generally 
arranged very irregularly they show in places a subparallel 
orientation produced by flowage while the rock was becoming 
consolidated. The texture of specimens of this kind of rock 
resembles more closely that of diabase than that of rhyolite 
and Borne specimens are typically trachytic. The feldspars 
that were sufficiently fresh for determination show albite twin
ning, with extinction angles ranging up to 20°, thus placing the 
com'Position of the feldspar at approximately Ab 6 ~AnSG 
(andesine or oligoclase andesine). The groundmass in the 
fresnel' specimens contains augite crystals whose outlines are 
limited by the feldspars, showing that they crystallized later. 
The grains of magnetite bear a similar relation to the feldspar 
but in all specimens show much alteration to hematite, which 
is distributed in grains or in thin films along cracks in other 
minerals and colors the groundmass red. In some phases the 
groundmass is peppered with a great profusion of very minute 
grains of magnetite or hematite. 

Other phases of the andesite exhibit textures very similar to 
certain associated rhyolites, phenocrysts of feldspar being 
scattered rather sparsely through a relatively fine grained 
groundmass having a felted texture. In these types the dark 
minerals are not visible to the naked eye but occur as minute 
grains scattered through the groundmaes. 

Most of the andesites contain the secondary minerals found 
in similar rocks, including calcite, chlorite, epidote, some 
zoisite, sericite, hematite, and rarely a little serpentine formed 
from augite. These secondary minerals show no unusual 
features requiring special description. 

Diabase.-Effusive diabasic rocks, though rare in the north
ern exposures of the formation, are very abundant from 
Edmunds southwestward to Orange Lake. The flows and the 
tuffs are mapped separately. The northernmost occurrence of 
these rocks is between Dennysville and Mount Dorcas and 
their maximum development is in the hilly country west of 
Whiting. Some of the best exposures of the flows are near 
the south end of Roaring Lake, along the shore east of Little 
Mountain, and near the west shore of Burnt Cove. The tuffs 
are best exposed on the largest of the Bitch Islands, near 
Edmunds. 

The flows display the usual features of diabase, being in places 
highly amygdaloidal and exhibiting flow-breccia bolster struc
ture and other diabasic peculiarities. The flow west of Burnt 
Cove forms a low but continuous ridge for most of its length. 
Much of it shows flow brecciation, dark-green, relatively cORrse 
grained amygdaloidal fragments being cut by stringers of blue~ 
gray cherty-looking matrix, probably devitrified glass. The 
contact of the flow with overlying fossiliferous shale is well 
exposed, the diabase not being different in texture next the 
shale and the shale filling all the irregularities in the lava sur
face, which here has a bolster structure. These relations 
signify that the contact is a normal sedimentary one and sug
gest that the flow was submarine. Similar relations between 
a diabase flow and overlying rhyolite tuff were observed on the 
shore east of Littles Mountain. The upper surface of the flow 
forms irregular bulbous protrusions. 

The diabase tuff exposed on the northernmost of the Bitch 
Islands weathers to form exceedingly ragged surfaces. Most 
of the fl'agments are less than an inch in diameter, but some are 
as much as a foot across. The occurrence here and there of 
typical cross-bedding indicates that they were water-laid. 

Shale.-The detrital sedimentary rocks of the Edmunds 
formation are almost entirely shale and mudstone, which, hav
ing been easily eroded, now form or underlie lowlands. As 
the rocks of the lowlands are more obscured by glacial drift 
and marine clay than are those of the hills, exposures of the 
shale are relatively rare except along the shore, and the for
mation therefore probably includes other masses of shale besides 
those mapped, especially the part of it that lies east of Orange 
Lake. 

Greenish-gray mudstone having little or no shaly parting is 
especially abundant in the lower part of the formation. Much 
of it has a flint~ appearance and breaks with a conchoidal frac- ' 
ture almost as readily in one direction as in another. Micro
scopic examination shows that it is made up largely of volcanic, 
dust, though it contains a few fragments of phenocrysts of 
feldspar. The stratification of such masses is defined chiefly 
by differences in the color and grain of the separate beds, each 
of which may be wholly massive throughout a considerable 
thickness. Fossils are abundant in the mudstone only in some 
of .the less massive layers. 



In the sediments of the upper part of the formation shaly 
parting is better developed and the stratification is more con· 
spicuous, Some layers are calcareous, but the formation 
includes no true limestone. Tuffaceous layers are common in 
many places and grade into thick beds of stratified tuff, 

Fossils, a,qe, and c01'relation.-.Fossils 'are abundant in the 
shale of the Erlmunds formation and man \' of them are well 
preserved. Seven of the bf'st localities for ~ollecting fossils are 
shown on the areal-geology map, and all the species figured 
in Plates XVII, XVIII, and XIX came from one or another 
of these localities. The following list includes the more char
acteristic identified species: 

Brachyprion shaleri Williams. 
Chonetes cob~cooki 'Villla.ms. 
Chonetes edillundsi Williams. 
Chonetes striatclla. (Dalman) 
Chonetes cf. striatclla (Dalman). 
Leptostrophia fllosa (Sowerby). 
Meristina tllIllida (Dalulan). 
Monomerella woodwardi (SaIter). 
Paheopecten cobscooki 'Villiaml!. 
Pal&opecten da.nby! (McCoy). 

Pal&opecten t·ransversalfs \Vn 
Iiams. 

Pentamerus galeatus (Dalman). 
Pterinea (Tolmaia 1) trescotti Wil· 

Iiams. 
Tohuaia eampestris 'Williams 
,"Yhitfieldella edmundsi Williams. 
Wilsonia satl'ordi Hall. 
Wilsonia:wilsoni (Sowerby). 

All the species here specifically identified with described 
British species are found in the ""Venlock limestone of Great 
Britain; only one occurs below the Silurian, Several appear 
in the Lower Ludlow and Aymestry limestones. The paleon
tologic and structural evidence indicates that the Edmunds 
formation is later than the nennys formation. 

The following species, not yet figured, also come from the 
Edmunds formation and throw further light on the correlation: 

Rhipidornella hybrida (Sowerby). I Turbinolopsis bina Lonsdale. 
St.rophonell!l. funiclllata (UcCoy). Rhyncbonella borealis (Schlothdm). 
Rhynchotreta cuneata (Dalman). 

All these species are recorded from the Wenlock limestone 
in Etheridge's list.a Three of the species listed (ilfonornerella 
u'oodward1:, Rhynchotreta cuneata, and RhyncJwneUa borealis) 
are not recorded above the 'V f'lllock limestone in Etheridge's 
list. Thus the full evidence correlates the Edmunds fanna 
with the British Silurian faunas of the 'Venlock limestone, 
Lower Ludlow, and Aymestry, 

The presence of peculiar species and the particular association 
of species of wide range and distribution indi~ate that the 
abo\'e faunas may be correlat.ed with the British Silurian and 
that they do not show close relationship to Silurian fimnas found 
in the interior of North America, The British faunas of the 
"\Venlock and Ludlow in general are represented in the 
Niagara and later formations of Korth America, The fauna 
of ti18 Edmunds, however, shows SQme affinity with that of the 
Cobleskill "Coralline" dolomite of Kew York and the Decker 
limestone of New Jersey, as well as with tJHlt of the Niagaran 
st.rata to which the New York State Survey has given the 
name Shelby dolomite.b 

Relations. - The nature of the boundary between the 
Edmunds and Denoys formations has already been discussed 
in the description of the Dennys formation. At its upper 
limit the Edmunds formation passes conformably into the 
overlying Pembroke formation. The upper boundary of the 
Edmunds can not at all place!'! be positively fixed but is deter
mined largely by paleontologic evidence. In the region west 
of Youngs Cove it is placed behveen the dark.grflY shale that 
contains Pembroke fossils and the underlying purplish-red 
andesite and rhyolite. In the Long Coye region purplish tuff 
appears to persist upward for a short distance into the Pem
broke formation. In the region southwest of Nutter Cove the 
boundary is uncertain on account of the scarcity of fossils, the 
beds being more or less sheared, In a part of this region the 
boundary is provisionally drb.wn at a large mass of diabase 
that seems to have been intruded, in some places a.t least, a.long 
a fanlt. 

Defirrttion.-The Pem broke formation is a conformable alter
nation of rllyolitic and diabasic volcanic rocks with gray and 
dark-red shales. It is named from the village of Pembroke, 
near which its rocks are well exposed. The sedimentary rocks 
in the formation southeast of Leighton Point show no marked 
lithologic differences from those of the earlier Edmunds for· 
mation and are subordinate in amount to the volcanic rocks. 
Northwest of Leighton Point, however, the formation consists 
chiefly of two shale members, the 10'wer of which is here na.med 
the Leighton gray shale, from Leighton Neck, and the upper 
the Hersey red shale, from Hersey K eck. The t.otal thickness 
of t.he formation is about 6000 feet and that of the Hersey 
member is 2700 feet. 

Dil!tribution.-Tlle formation occupies a belt, 1 t.o 3~ miles 
'wide, lying just east of and l'ou,ghly parallel to the belt formed 
by t.he Ed~unds format.ion. It enters the north side of the 
quadrangle neal' Pennamaquan Lake and extends southeast
ward to the neighborhood of' Federal Harbor, where it turns 
southward and southwestward and extends to the south side of 
the quadrangle neal' Crosby School. 

aEthoridge, Robert., Fo~~ils of t.he British Ifllll.nds, vol. 1. 1888. 
qVilliam~, H. 8., Correlation of the Paleozoic faunas of the Eastport 

quadrangle, ~laine; Geol. Soc. America BulL, vol. 28, p. 354, 1912. 
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In the southern part of the quadrangle the shales of the 
formation are commonly some\vhat sheared and slaty and have 
yielded no fossils. The formation in that area has therefore 
been mapped solely by noting lithologic feat.ures, and as even 
those have been somewhat modified by shearing the mapping 
is somewhat uncertain. Some rocks in the region southwest of 
South Bay that have been mapped as Pembroke may belong 
to the Eastport formation, and future studies may require some 
slight shifting of the boundary between the Pembroke and the 
Edmunds formations. 

Character of the 1'ocks.-The Pembroke formation differs from 
the underlying Edmunds formation in containing no andesite 
and in including much thicker and more uniform masses of shale, 
The dark-red shale of the Hersey member is particularly char
acteristic, Sedimentary rocks are' in general more abundant 
in the part of the formation in Pembroke Township than in 
the part south of Cobscook Bay, The rhyolite of the Pem
broke is not very different,from that of the adjacent format.ions. 
Flows of diabase and associated tuffs occur throughout the 
formation but do not cover areas as large as those they occupy 
in the overlying Eastport formation, As the tuffs and flows 
are nearly everywhere intimately and irregularly associated 
they are not differentiated on the map, In places the flows 
are difficult to distinguish from fine-grained, locally amygda
loidal phases of the intrusive diabase, some of 'which probably 
solidified close to the surface, 

Rhyolite,-The flows of rhyolite of the Pembroke formation 
include gray, pink, and dark-red to nearly black varieties. 
They are abundant southeast of Leighton Point but are not 
found northwest of it. 

The gray rhyolite ranges when fresh from light yellowish 
gray to dark greenish gray and, exceptionally, nearly to black. 
Some varieties, as, for example, most of the types that show 
well.developed flow lines, are nonporphyritic; others are 
crowded with phenocrysts, The gray rhyolite is particula.rly 
well exposed on Denbow Neck west and southwest of Edge
come Point, where, near t.he north shor8, flo'i" lines, flow
breccia structlll'es, and spherulites are well developed. The 
spherulitic structure is well shown on many weathered surfaces, 
as illustrated in Plate I, but microscopic examination shows 
that, the original material of the spherulites has been entirely 
replaced by quartz and calcite 'without destroying their out
lines. The gray rhyolite is abundallt in the vicinity of Bas
sett Creek and Federal Harbor and occurs in less abundance 
as fa.r south as Yellowbirch j.fountain. 

An unusually fresh specimen found neal' Yellowbirch Moun
tain contains pale-pinkish phenocrysts of feldspar, the largest 
three-sixteenths of an inch in length, embedded in a blue-gray 
aphanitic groundmass. ::.\ficroscopic examination shows that 
most of t.he phenocrysts are orthoclase, only a few being oligo
clase, They lie in a microgranular ground mass of the quartz and 
feldspa.r. Some epidote, chlorite, and calcite have been pro· 
duced by alteration. A nearly black phase of this rhyolite 
from a point neal' the head of Federal Harbor contains scat
tered phenocrysts of orthoclase and some of' sodie plagioclase 
embedded in a groundmass formed of a felt of quartz grains 
and orthoclase laths, The dark color results from an unusual 
abundance of minute grains of magnetite. Secondary chlorite 
and calcite are abundant and have completely replaced some of 
the phenocrysts, 

Most of the dikes of gray rhyolite are darker within a few 
feet of their borders and black next to the contact, The 
microscope shows that this difference in color is due to an 
increase in the amount of magnetite and pyrrhotite. 

Other rhyolites of the formation range in color from bright 
salmon.pink to brownish red, and are indistinguishable ill 
general appearance from many of the rhyolites of the 
other formations. Flows of pinkish rhyolite containing well· 
developed spherulites are well exposed in the small cove a 
quarter of a mile west of Horan Head, some of the spherulites 
here being a quarter of an inch in diameter. 

One of the most abundant types of rhyolite tuff contains 
angular fragments of aphanitic salmon-pink rhyolite and scat· 
tered fragments of dark-red and gray rhyolite in a dark 
greenish-gray groundmass. Small outcrops of this tuff occur in 
Leighton Cove, but the main mass is on Denbow l\~eck, where 
it is conspicuously exposed on the ridge between the head of 
Bassett Creek and the head of Federal Harbor, Scattered expo
sures occur on the east shore of South Bay and extend south· 
westward nearly to "\Vhiting. At several localities this rhyolite 
tuff passes gradually into tuff composed mainly of diabase 
fragments, and in some of the coarser phases fragments of 
amygdaloidal or massive diabase are conspicuous among the 
more abundant fragments·of.rhyolite, Most of the tuff of this 
type probably contains some fragments and dust of diabase, to 
which, in part, doubtless, is due the abundant development of 
green chlorite in the fine mat.rix, The groundmass in the 
specimens examined microscopically consists almost wholly of 
secondary quartz, chlorite, and calcite, only a few fragments of 
feldspar crystals being still preserved. 

Gray rhyolite tuff is found in nearly every part of the 
formation, especially on Denbow Neck, but it is commonly sub-

ordinate to other types. In general the rhyolite tuff presents 
no features requiring special description. Some of the finer 
phases, though extensively altered, IiItill show under the micro
scope the characteristic structure of volcanic dust, being made 
up of fragments showing the concave outlines produced by 
conchoidal fracturing of glassy materiaL 

Reddish and brownish rhyolite tuff occurs in all parts of. the 
formation. Dark-red tuff outcrops in small areas on Denbow 
Point and about Leighton Cove. J.-iuch of the reddish tuff 
east and northeast of 'Vhiting is of lighter color, 

Tuff containing abundant feldspar phenocrysts derived from 
the porphyritic rhyolite, although occurring in the overlying 
and underlying formations, is particularly abundant in the 
Pembroke. Tuff of this character forms nearly all the rhyolite 
in that part of the formation lying north west of Leighton 
Point and also outcrops in scattered places farther south, the 
exposures extending southward as far as ·Whiting. Excellent 
exposures occur between Pembroke and West Pembroke, espe~ 
ciaIly along the river, and in this area one of the tuff beds 
forms the boundary bet.ween the Leighton gray shale member 
and the fl:rst red shale of the Hersey member. A number of 
excellent exposures occur on both shores of Pennamaquan 
Ri yer below 'Vest Pembroke, Tuff of this type is chamcteris
tically greenish gray and contains abundant phenocrysts or 
fragments of phenocrysts of ,,,hite or pink feldspar, the largest 
an eighth of an inch across, embedded in a fine greenish 
groundmass. 

The rock in places contains fragments of gray or reddish 
rhyolite, and in certain small blotchlike areas the phenocrysts 
lie in a nearly black matrix of secondary chlorite, which has 
completely replaced the original matrix. Phenocrysts of quartz, 
most of them having a, rounded outline, are less abundant than 
those of feldspar. In a few localities, as near Pembroke, below 
the Hersey red shale, the tuff has a dark-red color. On the 
shore about 1t miles west of Kelly Point, on Pennamaquan 
Ri vel', the feldspathic tuff contains irregular masses and lenses 
of dark-gray shale at its base and grades downward into beds 
of dark-gray shale. At one of these exposures on the north 
side of the river, about Ii miles below West Pembroke, tuff in 
'i ... hich feldspar phenocrysts are abundantly and rather evenly 
distributed grades upward into phases in which phenocrysts 
and fragments of phenocrysts are scattered in irregular aggre
gates through a fine-grained greenish-gray groundmass, \vhich 
under the microscope shows the typical structure of volcanic 
dust. :'\1iCl'oscopic examination shows that the phenocrysts 
and fragments of phenocrysts in this tuff 'are mostly orthoclase 
but include a few crystals of sodic plagioclase, Fragments 
of quartz phenocrysts also occur and show the embayments 
eharacteristic of quartz phenocrysts in rhyolite porphyry, The 
ground mass in ordinary light appears crowded with fragments 
having the typical concave outlines resulting from the con
choidal fracturing of a volcanic glass. Under polarized light 
these fragments, being singly refracting, are not consricllous. 

A more typical specimen from the south shore of Pennama
quan River about 3 miles below West Pem broke contains fmg
ments of feldspar and quartz and a few of aphanitic rhyolite, 
thickly and evenly distributed through a greenish-gray matrix. 

Under the microscope the fragments of crystals appear to be 
unusually fresh, Orthoclase and quartz with embayments pre
dominate, but there is here and there a crystal of sodic plagio
clase, Small fragments showing the typical form of particles 
of volcanic dust are abundant in the groundmass, but under 
polarized light it is seen that their original glassy substance 
has been replaced by quartz, In some places the matrix is 
wholly replaced by chlorite, Here and there is a fragment of 
diabase carrying much secondary chlorite and calcite, 

The color of certain dark·red phases of this tuff that lie 
just below t.he Hersey red shale member of' the formation from 
Pembroke northwestward appears on microscopic examination 
to be due to the secondary development of minute grains of 
hematite in the groundmass, the iron being derived probably 
from the overlying red shale, J\Tear Pennamaquan Lake the 
red feldspathic tuff cont.ains lenses of red shale and passes 
upward conformably into the main body of Hersey red shale. 

Diabase,-Diabase flows and tuff are confined principally to 
that part of the Pembroke formation which lies northwest of 
the head of South Bay. .Exposures at·e particularly abundant 
and instructive on Long Island and along the shore near Edge
come Point.. The rocks are generally aphanitic and dark green 
to reddish brown and have aU the structures that are corn-

FrGUREl 4.-Geologic Bection of Pembroke formation across the two small 
poiuts west of Edgecolle Point, South Bay. 

1,Sh!lles; 2,illtrusivedlaba'e; 8. dlabasetlows; 4,dlabasetutl'a. 

monly found in dia basic flows. Descriptions of some of the 
strnctures observed neal' Edgecome Point in rocks that form 
purt of the sequence shown in' figure 4 will sene as illustrations, 
Most of the diabase flows there exposed have more or less 
pillow 'or bolster shaped portions, which are highly amygda. 



10idal at the center but become less so outward and are sur
rounded by fine diabase without amygdules but with faintly 
defined flo\v lines curving somewhat about the amygdaloidal 
bolsters, though parallel in general to the trend of the flm". as 
a whole. The common mineral of the amygdules is calcite, but 
they may contain also SOUle quartz and chlorite. Flow-breccia 
structures in which angular fragments of normal coarseness and 
color lie in a matrix of lighter-colored cherty-looking diabase 
OCCUl' in -places. Where the lower contact of' one of' these 
flo'ws that lies on diabase tuff is exposed the flow is less amyg
daloidal within 2 or 3 feet of the contact and then becomes 
blacker and highly amygdaloidal within 2 inches of the tuff, 
many of the amygdules being arranged in bands parallel to 
the contact. The upper surface of a similar diabase flow neal' 
by shows conclusively that the tuff was deposited after the 
flow solidified. As shown diagrammatically in figure 5, the 

FIGURE 5.-Sketch section showing well-bedded horizontal diabase tuffs 
deposited on the irregular surfaoe of an amygdaloidhl diabase, all in the 
Pembroke formation. Edgecome Point, South Ray. 

amygdules of the flow bear no regular relations to the tuff 
contact, \".hereas the bedding planes show that the tuff 'when 
deposited filled all the minor irregularities in the surface of the 
flo\".. This contact is between the beds marked A af\d B ill 
figure 4. These details of the structure show conclusively that 
the amygdaloidal diabases are flows and not intrusi ve ~asses. 
Keady all the flows are most highly amygdaloidal in their 
upper portions, where the imprisoned gases could expand most 
freely. 

The tuff interbedded with the dia.base flows of the Edgecome 
Point region ranges in color from dark green to reddish bro-wn 
and contains few fragments that are more than an inch in 
diameter. (See PI. II.) The ripple marks on the surface of 
some of the tuff and its interstl'atification ,yith shale sho'ws that 
some if not all of it was water-laid. At the end of Leighton 
Point brachiopods are embedded in a fe"" narrow layers, 1 to 2 
inches thick, of' tuff composed mainly of fragments of' diabase, 
some of them 3 inches in diameter. 

Most of the diabase tuft' is rather fine grained, but coarse 
phases are well exposed at several points. At the north eud 
of Long Island most. of the fragments are less than 4 01' 5 
inches in diameter, though some arE' 2 to :-3 feet across. 80me 
of the amygdulE'S there are It inches in diameter. Tuft' in the 
cove just southwest of Black Head, Federal Harbor, contains 
fragments both of rhyolite and of diabase, the largest a foot 
across. Similar coarse tuff is exposed along Finnegan Brook 
a short distance east of the Lubec-'Vhiting road. Finer tuff 
that underlies a large diabase flow near this point has been 
baked for 2 to 3 feet from thE contact, and the flow has picked 
up fragments of the tuff. 

An unusually fresh specimen of amygdaloidal diabase from 
the shore southeast of Edgecome Point shows under the micro
scope a typical ophitic texture, the laths of feldspar being 
embedded in considerably larger crystals of augite of more 01' 
less rounded outline. The abundant amygdules are composed 
predominantly of calcite but include some chlorite. The few 
determinable feldspars show an index of refraction not far 
from that of balsam. They are probably in part at least albite 
or oligoclase, formed secondarily at the expense of original 
feldspar of more calcic composition, an alteration common in 
the diabases of' thIS region. (See description of intrusive 
diabases.) 

The diabase tuff of this formation is commonly completely 
altered to an association of secondary minerals, although vesic
ular and diabasic textures are still recognizable in the frag
ments. The feldspars are rarely determinable. 

Leighton gmy shale membe1·. -The Leighton gray shale 
member consists principall}~ of bluish-gray shale distinctly 
stratified_ It is thin bedded, in many places forming flag
stones, and only here and there does it contain calcareous 
layers. Although there is no unconformity between t.he 
Edmund<il formation and the Leighton member of the Pem
broke formation, the character of the rocks as a whole indicates 
more continuous and mOl'e uniform sedimentation than that in 
Edmunds time. In many places the gray shale splits not only 
along bedding planes but also along a plane of incipient cleav
age extending northeast-southwest, breaking into splinter-like 
fragments. Some of' the beds are composed largely of' fine 
volcanic dlibris, as is shoym by their gradual passage into 
distinctly tuffaceous beds. In Leighton Cove layers of' tuff 
containing fragments measuring half an inch in diameter are 
fossiliferous. 

Hersey red shale mmnber.-The Hersey red shale member, 
though including some gray shale like that of the Leighton 
mem bel', consists chiefly of' purplish-red shale of very uniform 
character for considerable thicknesses. This shale contains 
some of the fossils that a.re characteristic of the Leighton mem
ber, but the fauna is ordinarily restricted to species of the 
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genera Leperditia, Platyschisma, and Grammysia, and a few 
species of' ostracodes. Like the shale of the Leighton member 
it has in places a secondary cleavage with a northeast-southwest 
trend and a steep dip. The line between the two members is 
drawu at a layer of rhyolite tuff below \".hich there is prac~ 
tically no red shale. 

Fossils, age, and correlation.-The shales of the Pembroke 
formation are abundantly fossiliferous at many localities. 
Seven of these that are particularly fa.yorable for study are 
indicated on the areal-geology map and all the fossils figured 
in Plates XX, XXI, and XXII came from one or another of 
those localities. 

The following is . a list of the more characteristic species 
,yhich have been specifically identified: 

AC!lste downingire (Murchison). 
Actinopteria bella Williams. 
Actinupteria dispar 'ViUiams. 
Actinopwria fornicata Williams. 
Bellerophon (Patellostium) expan-

sus Sowerby. 
Bellerophon (Plectonotus) triloba

tUB Sowerby. 
Bellerophon (Tropidodisclls) cari· 

natus Sowerby. 
Calymene blumenbachi (Brong· 

niart). 
Calilarotmchia leigh toni Wil

liaills. 
Chonetes bastlni Williams. 
Cornlllitee ~erpularius var. belli

striatusHali. 
Dflolmanella lunata (Sowerby). 
EurYlllyella shaleri va·r. nlinor 

Williams. 

Grammysia pembrokensis Wil· 
liams. 

Grammysia cf. pembrokensis 'ViI-
Iiams. 

Grammysia triangulata (Salter). 
Leiopteria sp. lndet. 
Lingula minima var. americana 

Williams. 
Lingula scobina Williams. 
Modiolopsis leightoni Williams. 
Modiolopsis leightoni var. qnad-

rata Williams. 
KucuUtes corrugata Williams. 
Ol'bicnloidea cf. morris! (Davidson). 
Orbiculoidea ruga.ta (Sowerby). 
Orthoceras cf. imbricatum Sow-

erby. 
Pa\reopecten danbyi (McCoy). 
Pholidops implicata (Sowerby). 
Platyechisma helicites (Sowerby). 

The faunal differences between the Hersey and Leighton 
members have already been mentioned. All the species here 
identified with British species (except Orbiculoidea morrisi) are 
recorded in the Upper Ludlow of Great Britain. The Orbicu
loidea is of a type that ranges still higher and its identification 
is not certain. Only two of the species go higher. The evi
dence therefore points to correlation with the fauna of the 
Upper Ludlow of the Silurian of Great Britain. 

Relaf'ions.-The relations between the Pembroke and the 
underlying and overlying formations in the northwest part of 
the quadrangle are those of complete conformity. The bound
ary between the Edmunds and Pembroke formations from 
Eastman Hill to Youngs Cove is drawn at the contact between 
dark-purplish andesite tuff characteristic of the Edmunds 
formation and gray shale bearing Pembroke fossils_ Farther 
southeast, to Morong Cove, the boundary is drawn on paleon
tologic evidence_ 

The upper boundary of the formation in the region between 
Pennamaquan Lake and Sipp Bay is placed at the contact 
between dark-red shale containing Pembroke fossils and the 
overlying diabase tuft's and flows. A little higher stratigraph~ 
ically the diabase is interbedded with shale containing Eastport 
fossils. On the north shore of Bipp Bay the red shale of the 
Hersey member passes upward with perfect conformity into 
diabasic tuff which is mapped as part of the Eastport forma
tlon. The transition takes place within a space of 3 feet, in 
which there is a serieB of alternate layers of tuff and red shale. 
Small lenses of p\l1'ple shale lie a little above the base of the 
diabase series and one of them, 2 to 3 feet thick, was deposited 
upon the pillow-like SUlface of a diabase flow. 

On the west shore of Seward Keck the upper boundary of 
the formation is drawn between small patches of shale contain
ing Pembroke fossils and an overlying rhyolite that is closely 
associated with the limestone of Cooper Island which contains 
Eastport fossils. Rhyolite of that type is nowhere, so far as 
known, interbedded with sediments of the Pembroke formation. 

Defin-ition.-The Eastport formation comprises the latest 
Silurian rocks of the quadrangle and like the older formations 
includes several kinds of sedimentary and volcanic rocks. It is 
named from the city of Eastport, on Moose Island, where it is 
,yell exposed. Its thickness can not be exactly determined but 
is probably about 8000 feet. 

Disf1·ibution.-The formation occupies a belt, from 2 to 4 
miles wide, that ext.ends from the north side of the quadrangle 
between Pennamaquan and Boyden lakes southeastward to 
Carlm't, Moose, and Treat islands and Seward Neck. Some 
small masses of th~ formation, inclosed by diabase, Jie along 
the west shore of Johnson Bay and others probably extend 
southward along the east side of South Bay nearly to West 
IJubec. 

The sedimentary rocks are particularly well displayed on 
the north shore of Moose Island and on Carlow Island. 

General character.-'rhe volcanic rocks of the formation 
comprise both rhyolitic and diabasic varieties, occurring as 
flows and associat.ed tuft's. Some rhyolite that is probably 
intrusive is mapped as a part of the formation because it 
can not everywhere be distinguished· from extrusive rhyolite. 
In bulk t.he volcanic rocks greatly exce~d the detrital sedi
ments, an"JOng whi.ch are limestone, shales of several sorts, and 
very small amounts of conglomerate. 'Vith few exceptions 

the masses of sediments are small and represent thin beds inter
calated between the volcanic rocks that. make up the ·bulk of 
the formation. 

Red rhyolite.-The red and brown rhyolites of the Eastport 
formation include flows, tuffs, and numerous sills and dikes. 
The flows, which locally show well-developed flow lines, are 
well exposed on :Moose Island on the hill back of the pumping 
station, on Pleasant Point, along the southwest shore of Sew
ard Neck, and at many other places. On the point at the north 
entrance of Sipp Bay rhyolite showing well-developed flow 
lines contains in its basal portion numerous fi'agments of 
amygdaloidal diabase picked up from the surface of the diabase 
over which it flowed. Flow lines are particularly well de"'el
oped in some of the red rhyolite at places half a mile to a mile 
southwest of Perry, and the upper parts of these flov,.-s show in 
places very perfect flow-breccia structure. 

Red flow rhyolite occupies most of Seward Neck and t.he 
east shore of South Bay as far south as Red Point. Though 
showing great range in color, in places being very dark, even 
black, this rhyolite is characteristically dark red. At many 
places these lavas show well the typical structural features of 
volcanic flows. Flow structure is exhibited at many points on 
the east shore of South Bay, and on slightly weathered surfaces 
it is in places brought out in minute perfection of detaiL Even 
in the microscopic sections flow struct.ure is strikingly preserved, 
although the spherulites may have been entirely replaced by 
quartz and other secondary miuerals, which are abundantly 
developed. Plates IV and V show the microscopic appearance 
of this rhyolite; Plate IV shows flow lines and spherulites, 
and Plate V shows flow-breccia structure. 

Light-red phases of the rhyolite occur mainly on Moose 
Island and the adjacent mainland. They are commonly por..: 
phyritic, but in some specimens the phenocrysts are inconspic
uous because they are partly decomposed 01' because their dark 
color resembles that of the groundmass; though in others they 
are lighter colored and stand out in sharp contrast to the 
~roundmass. 'Vhen examined under the microscope the com
moner types show phenocrysts of orthoclase, the largest an 
eighth of an inch in length, embedded in a microgranular 
groundmass of quartz and feldspar. The red color is caused 
by finely disseminated hematite. 

The red rhyolite and its related types commonly show con
siderable alteration ,'then studiE.'Q under the microscope. In 
many of' the specimens the feldspars are considerably altered 
and secondary chlorite, epidote, and calcite are abundant. 
Groundmass quartz has in some specimens recrystallized, 130 
that it shows the same optical orientation in considerable 
patches, though inclosing remnants of feldspar and other min
erals. Secondary pyrite is abundant in some specimens. 

One of the IUost striking exposures of' tuff occurs along the 
shore of the mainland about a mile north of the ~foose Island 
toll bridge. The finer-grained phases are greenish gray to 
purplish red and are not stratified. They grade into tuff com
posed of angular fragments of many kinds and sizes, the largest 
a foot in diameter. 'fo the west the tuff passes conformably 
upward into shale and is therefore probably water-laid. The 
fragments of the tuff were derived from both the red and gray 
rhyolites and are in general highly altered. 
~ ear the road cornel' half a mile northeast of the head 

of Lincoln Cove is some chocolate-brown tuff, which when 
studied under the microscope is seen to consist mainly of frag
ments of rhyolite, though it contains also fragments of dia
base, some of t.hem vesicular. Rhyolite tuff is especially well 
exposed at the head of Deep Cove, west of Shackford Head, 
where the most abundant fragments are chocolat.e-brown rhyo
lite porphyry containing conspicuous light-colored phenocrysts 
of feldspar. Some of the fragments are 4 feet across. 

Tuff containing abundant fragments of reddish-brown rhyo
lite and phenoerysts of feldspar is interbedded with the red 
shale of t.he Eastport formation southwest of Perry. Other 
tuff crowded with fragments of feldspar phenocrysts occurs on 
Redington Island, at Birch Point~ and near t.he head of Broad 
Cove." At Birch Point it forms a sharply defined bed about 
5 feet thick. On the shore of Seward Keck, south of Cooper 
Island, feldspat.hic tuff, which at first sight resembles granite, is 
interbedded with and grades into limestone. At Broad Cove 
it forms a bed 2t feet thick, bounded on one side by a sill of 
red rhyolite and on the other side grading conformably into 
shale. 

Gray rhyolite.-l\fassive gray rhyolite is not abundant in 
the Eastport formation. On the southeast shore of the cove 
between Moose and Carlow islands, there is a small mass, 
which is probably part of a flow. It lies close to tuff contain
ing fragments similar to it in composition. In texture it 
ranges from microgranular to subtrachytic, and in places its 
t~xture appears to be almost spherulitic. Quartz and ortho
clase are its dominant constituents, and it contains abundant 
secondary chlorite and grains of pyrite. Gray massive rhyolite 
is also exposed on the east shore of Seward Neck at several 
points near North Lubec Landing. Under the microscope the 
rock is found to be much altered but apparently rhyolitic in 
original composition. It shows traces of flow lines. 



Gray rhyolite tuff is not abundant in the formation, though. 
several ~ood exposures occur on the west end of Moose Island 
(See PI. VII.) One of the best exposures is on the southeast 
shore of the large cove between Moose and Curlow islands, 
where the rock is well exposed for 200 feet. The tuff is "Com
posed of angular fragments, the largest 2 feet in diameter, 
which for the most part are unassorted. It grades upward, 
however, into shale similar to that of OHlow Island and the 
neighhoring parts of :J.f oose Island. Most of the fragments in 
the tuft' are gray rhyolite, whieh shows a microgranular texture 
'when examined microscopically, but the rock contains also a 
few fragments of pink rhyolite. 

The tuff on Kendall Head is more heterogeneous t.han most 
of the tuft' of the formation and in general is finer grained and 
more altered, The coarser phases exposed near the summit of 
the hill contain gmy to purplish frHgments, ,,,hich are mostly 
altered rhyolite, though a few may be much-altered diabase. 
'Vith these are associated some fragments of pink rhyolite, 
aphanitic rhyolite of a bright salmon-pink color being espe
c~ally conspicuous. The finer phases of the tuff at Kendall 
Head are commonly so much weathered that the original char
acter of the fragments can not be determined, In the rock at 
many localities veins of secondury pink or white caleite and 
epidote between the fi'agments form a characteristic network. 
The finest phases show bedding planes and grade into the 
typical gray shale of the formation. 

D'iabase.-Effusive diabase forms an important part of the 
Eastport formation. It occupies most of the south half of 
Moose Island and on the mainland forms two nearly parallel 
belts, of northwest-southeast trend, extending from the coast 
past Boyden Lake and Ironworks Mountain to and beyond the 
north horder of the quadrangle. On the mainland these dia
basic flo,YS and tuft's alternate irregularly, the flows generally 
predominating, although between Birch Point and East Bay 
the tuft' predominates. On the south half of' 1\1oose Island 
practically no tuff is associated with the flows. The diabase is 
particuliuly well exposed on Moose Island along the east side 
of Broad Cove and at Estes and Buckman heads, 

As t.he rock is typical diabase it requires no special description 
beyond the statement that it is in most places so much decom
posed that the ferromagnesian silicates have been entirely 
replaced by chlorite. Secondary ea1cit.e appears in all the sec
tions studied and in some is Sl) abnndant that the rock is light 
gray. Some phases, such as that at Estes Head, are massire 
and locally porphyritic and display imperfect coluIllnar joint
ing. 'rhey presumably represent the central part of the flow 
and appeal' to grade into rocks that are amygdaloidal or that 
display flow-breccia struetl1l'e iu remarkable perfection. In the 
exposure at Buckma.n Head, which is exceptiona.lly fiue, the 
massive portions of the diabase form nearly o\'al masses, t.he 
largest 6 or 7 feet long. Between these ure portions that are 
highlyamygdnloidfll or that slww flow brecciation and that 
disintegrate more rapidly in weathering. The flow breccia con
tains angular fragments of diabase, all of similar character, 
embedderl in a flinty matrix that. is probably devitrified glass, 

The diabase is also well exposed on Ironworks Mounta.in 
bet.ween Boyden Lake and Pennamaquan River, where, ou the 
summit of the hill, there are l11ussi ve, amygdaloidal, and flow
breccia types. The matrix of the breccia is Indian red, The 
more massive parts, when examined microscopically, are found 
to be unusually fresh, The rock shows ophitic texture and 
contains much unaltered augite and some olivine. 

Certaiu rocks of the formation which in the field appear t.o 
be true diabase were found when examined microscopically to 
contain orthoclase and oligoclase as dominant feldspars, These 
tocks are dark purplish to black and commonly have amygda
loidal and flow-breccia structures. They are closely associated 
with the undou bted diabase and are well exposed on the south
east shore of Carryingplace Coye and in t.he extreme western 
part of 1\1oose Island, especially along the shore opposite l\"'ipps 
Island, At Carryingplace Cove the fock ranges in color from 
dark purplish red to dflrk green. Much of it is a flow breccia 
in which' t.he spaces between the fragments range from mere 
cracks to bands several inches wide, filled with purplish amyg
daloidal material or with still finer flow breccia, Under the 
microscope the texture of the rock is seen to be subophitic, 
and most of the feldspar laths are orthoclase, though a few that 
are striated flnd below balsam in refractive index are probably 
oligoclase. In t.he greener phases the spaces bet'ween the laths 
are filled with chlorite and many scattered grains' of .magnetite. 
The alt.eration of the magnetite to hematite imparts to some 
specimens a purplish tint. 

Dark-purplish Java from a point about half a mile west of 
Porcupine Mountain is in plares porphyritic and amygdaloidal. 
Under t.he microscope it is seen to contain phenocrysts of 
orthoclase and a few of oligodflse, lying in a gl'oundmass of 
trachytic texture composed of laths of orthoclase with abun
dant iron oxides, secondary chlorite, aud epidote. 

Flow structures are well deyeloped in la va. of this type on 
the southwest shore of Moose Island, In the vesicular phases, 
;'yhich are of terra-cotta color, the vesicles are filled with dark
green chlorite. The rock is of finely trachytic texture and 
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is made up of a felt of orthoclase laths between which lie grains 
of chlorite, epidote, and hematite. The more massive portions 
of this flow, which contain some amygdules, are black, Under 
the microscope they show a felt of orthoclase laths in typical 
trachytic texture, chlori.te, calcite, and iron oxides appearing in 
the interspaces. 

'1'he only ferruginous minerals now found in this rock, except 
some magnetite, are of secondary origin, but it undoubtedly 
once contained abundant iron-bearing minerals, as is indicated 
by its coarsely amygdaloidal and generally diabasic habit. It 
is believed that the rock was originally a true dia base bnt that 
the feldspars have been altered to the alkalic varieties through 
the action of circulating solutions, the process having been 
similar to that described for the intrusive diabases, 

An amygdaloidal diabasic flow near Leach Point showed in 
one place a vesicle 5 inohes long and .from three-quarters of an 
inch to an inch \yide. 

Diabasic tuff of the Eastport -formation is well exposed at 
several places, Perhaps the best exposure is along the shore 
about half a mile west of Birch Point, The rock there is an 
assemblage of irregular fragments, the largest 18 inches across. 
Some are massive, but many are highly amygdaloidaI. The 
finer phases are bedded, but the coarser ones are unassorted, 
At the mouth of the small arm of Sipp Bay that lies nearly 
north of Rodgers Point the basic tuff is also well exposed, 
conformably overlying the red shale of the Pembroke forma
tion. The appearance of the tuff is similar to that near Birch 
Point, and some of the fragments are 18 inches across. 

The finer-grained phases of the diabase tuff when examined 
under the microscope are nsually found to be so highly altered 
that the original character of the feldspar r~n not be deter
mined. In places they are gray from extensive development 
of secondary calcite, Some of the large, massive fragments in 
the tuff are fresher than any specimens collected from the 
flo'ws, Two such fragments, one from Sipp Bay and one 
from Birch Point, showed under the microscope a typical 
ophitic or diabasic texture. Original augite is abundant in one 
specimen, Magnetite grains are abundant and show some 
alteration to hematite, The feldspar is orthoclase and oligo
clase, possibly secondary after calcic plagioclase. 

Limestone.-The oldest fossiliferous rock of the Eastport 
formation is a dark-gray, thin-bedded, and somewhat siliceous 
limestone, which outcrops a short dishmce northwest of North 
Lubec Landing and on Cooper Island. There is also a small 
area on the west I:lide of Johnson Bay near its head. The rock 
,",,'as formerly burned for lime at both localities. Except where 
it is in contact with intrusive diabase the limestone rests on the 
red rhyolite that occupies the larger part. of Seward Neck. 

Some of the beds bear what appear to be casts of mud cracks 
and of rain prints, Others are oolitic and cross-bedded, At 
one place an arkosic bed full of feldspar phenocrysts is inter
bedded ,,,,ith the limestone. Fossils are fairly abundant but 
include only algtB and ostracodes. The physical character of 
the limestone, the small size of the areas in which it occurs, 
and the character of its fossils indicate that it was formed in 
lagoons. 

Shale.-Anothel' detrital rock of the Eastport formation 
consists predominatingly of dark blue-gray shale, ,,,,hich appears 
nearly black when wet. It is well exposed near the small lime
stone mass on the shor~ of Johnson Bay and outcrops at sev
eral places on the east side of Seward Neck, as well as about 
Shackford Head, Broad Cove, and Prince Co\'~e, and it fringes 
parts of R.odgers, Dudley, and Treat islands. It includes thin 
calcareous layers from half an inch to 8 inches thick, especially 
in t.he passage beds above the limestone. At most of the locali
ties mentioned the shale is abundantly fossiliferous. These 
beds are believed to have been formed in shallow water, under 
conditions that were mnch more favorable to the growth of 
marine organisms than t.hose under which the sediments next 
to be described were deposited. 

After an interval, during which the volcanic rocks that make 
up nearly all the formation were erupted, rapid sedimentation 
was resumed under notably different conditions and a thick 
series of red, and green shales, flags, and like rocks was depos
ited. (See PI. III.) These rocks are exposed at the north end 
of Moose Island, on Carlow Island, on Pleasant Point, and 
southwest of Perry. The best section, showing the character
istic appearance of these sediments, is on the extreme north 
shore of Moose Island jnst west of the rhyolite prominence 
kno'wn as Kendall Head. The section there exposed was 
measured in detail and is given below, 

lJetailed section of rocks oj the Eastport fOl·mation measu1'ed fl'om east to 
west along north shore of Moose Island. 

[The typogra.phic a.rrangement represents the natural order of the beds, 1 belD.g at the top, 
2 next beloW, and "0 on downWBrd.] 

1. Shale and flag, greenish gray; some mMsive beds, 
the thickest measuring 10 inches; ripple marks; 
lower part includes a bed, 18 inches thick, of calca
reous conglomerate eomposed of fragments of gray 
and pink rhyolite embedded in a calcareous Illatrix_ 81) 

2. Tuff, gl'eenish gray, containing gray rhyolite frag
ments, the largest 2 inches across 

8. Shale, greenish gray, and thin flag; ripple marks; 
fish spine found in calcareous nodule; fossils abun-
dant 2/S 

4. Shale and flag, red and green. alternated; a few layers, 
2 to 4 inches thick. of calcareous conglomerate. made 
up of small rhyolite pebbles in a calcareous matrix: 
ripple marks; fossils__ _ _ _____________ 10 

5. Shale, dark red, obscurely laminated; calcareous nod 
ules in upper part and bed, 2 to 8 inches thick, of 
pebbles in calcareous matrix; some lamellibranchs 4 

Fault; displacement about 6 feet. 
6. Shale, greenish gray___ _ ________ _ 
7. Shale, dark gray, and thin flag; some calcareous 

nodules __ ~______ _ ______________________________ 18 

8. Shale. greenish gray, with Borne massive beds, the 
thickest measuring 6 inches; ripple marks; lingulas 
and modiolopsoid lamellibrancbs _______________ 28 

9. Shale, dark gray, flssile__ 70 
10. Conglomerate of gray rhyolite pebbles, slightly 

rounded, mostly under It inches __ 
11. Shale, dark gray, fissile, with a few moremasBive beds, 

the thickest measuring 8 inches; calcareous layers 
and lenticles, the largest 8 inches thick in places; lin-
gulas and fucoids; sun cracks and ripple marks _____ 75 

12. Flagstone, thick with scattered fragments of gray 
rhyolite, the largest 2 inches acrose___ 1 6 

18. Tuff, fine, greenish gray, containing concretionary 
masses and pebbles, the largest 2 inches in diameter; 
some of amygdaloidal diabase __ 

H. Flags, thick bedded, and shales, in alternation; 
ripple marks; the thickest bed measures 8 inehes____ 18 

15. Flags, greenish gray, reddish in places. alternating 
with greenish·gray to reddish-brown shale in thin 
layers; Tipple marks common; the shale contains 
three layers of rhyolite tuff, the thiekest measuring 
8 inches___ ___ ___ _______ 16 

16. Thin flags and shales, greenish gray ____ B 
Fault, probably of small displacement. 

17. Flags, gray, alternat.ing with reddish shaly layers __ 
18. Flags, the thickest beds measuring 5 inches, lingulas 

and impressions of Bea weed 
19. Volcanic ash, greenish gray, with fragments of gray 

rhyolite, the largest 2 inches across; no fossils______ (5 6 
Zone of minor faulting, 6 to 7 feet wide. 

20. Shale, greenish gray, and thin flag with some mas-
sive beds, the thickest. measuring 1 foot __ 25 

21. Shale, reddish, and thin flags____ 8 
22. Flag and shale, greenish gray. Exposures oovered by 

till for a few feet but sequence probably continuous 45 
Dike of red rhyolite, 80 feet wide. intruding the shales. 

23. Shale, dark reddish brown; rapid alternation of fissile 
shaly beds half an inch to a foot thick with more 
qumotzose and resistant layers from 1 to 6 inches 
thick; ripple marks common: rare lingulas in more 
quartzose layers 40 

24. Shale, greenish gray, mostly thin bedded but not very 
fissile ________ . _________ .. _______ _ ______________ • 16 

25. Volcanic ash, green to purpU"h, with fragments of 
gray rhyolite, the largest 2 inches across __ 

luten-al of 10 feet in which there has been some minor 
folding and possibly some faulting. 

26. Shale, mostly thick bedded and dark greenish gray, 
but containing some reddish-brown fissile layers; 
a few more quartzose b('ds aJ'e a foot thick, but most 
are under 4 inches; fossils__ _ 70 

Covered interval of a few feet, beyond which is similar 
shale with same strike and dip and probably in con
tinuous sequence. 

27. Shale. dark gray, some beds containing gray calcare· 
ou~ nodules; alternation of thin·bedded shale layers 
and lUore massive quartzose layers, 6 to 8 feet 
tbick; ripple marks common; lingulas____ 63 

Fault. 
28. Shale. light groenish gray, thick bedded, with rare 

lingulas __ 
29. Shale, reddish brown, slightly sandy, with a few hard 

Jayers of fine micaceous sandstone the thickest 
measuring 3 feet; no fos~iJs____ 7 

EO. Shale. thin bedded, gret'nish____ 4 6 
31. Shale, thick bedded, most.1y greenish gray but grad-

ing int.o )'eddish parts parallel to the bedding, and 
containing Buthotrephis and rare Planolites trails 
and a very few laillellibranchs 28 

82. Shale, chocolate· red, thin bedded, sparsely fossilifer-
ous _____ _ 

88. Shale, greenish gray. with a few more quartzose beds 
8 to 5 feet thick; fossils mostly lingulas_______ 18 

84. Shale, reddish brown, with alternate fissile layers, the 
thick('st measuring 3 or 4 inches, and more massive 
layers, the largest measuring 6 inches; sparsely 
fossiliferous, lllastly lingulas, a few lamellibranchs_ 17 6 

Fault. 
35. Shale, red, apparently barren of fossils__ 15 

Fault. 
86. Shale, greenish gray. mostly flssile; a few beds slightly 

sandy; some lingulae throughout__ 24 
Fault. 

87. Conglomerat.e, the basal portion containing bowlders, 
some as much as 18 inches across and only slightly 
rounded; some are of pink rhyolite, but most are 
gray rhyolite; the upper layers finer_. ___ .. _ 

88. Agglomerate, greenish gray, containing nodular peb· 
bles, the largest 5 or 6 inches across_ 

89. Shale. purplish red, not laminated, but beacroing a few 
lingula impressions __ 

40. Shale. greenish gray, not laminated, but containing a 
few concretion·like nodules .. __ ~___ ________________ 1 6 

41. Shale, greenish, imperfectly bedded. containing a 
layer of fine tu:lf 1 foot thick; fosslls___ 11 

Fault. 

The shale of Carlow Island, of Pleasant Point, and of the 
shore nort.h of Pigeon Hill is in general similar in lithologic 
character as well as in fossils to tha.t of the type section on 
Moose Island above described. Ripple marks are very com
mon on the shale of Carlow Island and irregular patches on 
some of the ripple-marked I:lurfaces are calcareous, indicating 
the deposition of lime in very shallow water, The shale con
tains many lingulas, On the shore north of Pigeon Hill the 
shale alternates in its upper part with dark-colored flo'ws of 
rhyolite porphyry. 

At most places the sediments of the upper part of the 
Ea.stport formation are gray or greenish gray, but at some 
loca.lities their predominant color is red. R.ed shale of slight 
thickness has already been descrihed in the section on l\Ioose 



Island given above, but the strip of shale about a mile sout~
west of PelTY is predominantly red. This shale lies conforma
bly upon the surface of a diabase How and is nndoubtedly 
made up largely of the fine detritus of the red rhyolite 
porphyry. Certain layers, eapecially tho,e near the b ... of the 
shale, are crowded with fragments of feldspar phenocrysts similar 
to those in the associated red rhyolite. In many places the 
shale is remarkably even textured, free from traces of lamina
tion, and fractures R8 readily in one direction as in another. 
In these respects it is similar to certain shales of the Perry for
mation. In other places, however, lamination is well developed, 
though the shales are nowhere fissile. In bedded phases well 
exposed q,t the reservoir dam above Perry about 15 feet of hard 
dark-red shale containing some greenish-gray beds is overlain 
by a few feet of obscurely bedded red shale which weathers to 
angular gravel. Tbe bedded portions are sparsely fossiliferous. 

Red shale that is probably nearly contemporaneous with 
that described above outcrops on the north shore of the small 
inlet about a mile south-southeast of Perry. It is dark red, 
shows no very pronounced lamination, and is overlain by 
coarse beds made up largely of fragments of the red rhyolite. 

Oonglomerale.-At a few places the Eastport formation con
tains beds of conglomerate. On Moose Island, on the west 
shore of the small cove three-quarters of a mile west of Dog 
Island, there is a dark reddish-brown conglomerate containing 
fragments, some of them 18 inches long, of many varieties of 
the red rhyolite. .Some are angular and others are rounded, 
and the rounding did not occur in place, for the deposit as a 
whole is unassorted. Some of the well-rounded pebbles when 
broken show a pink center inside a leacbed gray crust half 
an inch or so thick. The leaching is probably due to 
weathering that occurred before the conglomerate was formed. 
for most of the fmgments bave no such leached crust. The 
matrix of this conglomerate is similar in composition to the 
fragments. No fossils were found in either the matrix or the 
pebbles of the conglomerate, but it is probably contemporane
ous with the similar appearing fossiliferous conglomerate that 
is well exposed at several places near the head of the cove 
west of 8hackford Head. At ODe place where this fossiliferous 
conglomerate lies on an amygdaloidal diabase its commonest 
fragments are purplish-red rhyolite porphyry containing con
spicuous phenocrysts of gray orthoclase, some of them arranged 
in flow structure. A few of the fragments are 4 feet in diame
ter. In places the conglomerate contains pebbles of greenish~ 
gray and dark-red shale, the largest seen being a foot long 
and 4 inches thick. The matrix is dark purplish red and is 
apparently composed largely of detritus of the red rhyolite. 
At one place the conglomerate is cut by a dike of red rhyolite. 
Shale pebbles in this conglomerate contain fossils that are 
characteristic of the lower part of the formation. Conglomerate 
also occurs on the west slope of Kendall Head, the pebbles 
being mainly highly altered diabase (commonly amygdaloidal) 
and gray rhyolite, some of which is much silicified. 

The conglomerates appear to form an intimate part of the 
Eastport fonnation and do not at all resemble the conglomerates 
of the Perr:y formation. 

F08sil8.-Fossils are abundantin the Eastport formation and 
are found at so many places that only the localities that are of 
special significance in determining the boundaries of the forma
tion are indicated on the map. Four of tlle localities most 
fa vorable for collecting fossils are so indicated and all the spe
ciE'S figured in Plate xxm came from one or another of those 
localities. Most of the fossils are WE'll preserved. The follow
ing list includes the more characteristic· species identified: 

Enrymyella. angnlarls Williams. 
EnrymyeUa. plana. Williams. 
EurymyeUa reeta Williams. 
EurymyelJa shalerl Williams. 
Eurymyella shaleri var. brevi!! 

Williams. 
Eurymyella shaleri var. longa. 

Willia.ms. 

Lingula. cornea BowerbY. 
Streptotroebus earina.tus Will1a.ms. 
StreptotrochuB ione WilHams. 
Streptotroehus regnlarls WOUams. 
Btreptotroohus sulcatus Williams. 

Oorrelation and age.-The only species from the Eastport 
formation positively identified with a reported British species 
is Lingula cornea, which, according to Etheridge, ranges from. 
the Aymestry limestone upward into the Devonian. It is. listed 
by Elles and Slater in the Ludlow district as beginning in the 
Temeside (which is above the Upper Ludlow) in beds above 
those containing Lingula minima. The same sequence is shown 
in the lingulas of the Eastport section, Lingula minima being 
(Q.und in the Pembroke formation and Lingula cornea in the 
Eastport formation. 

The most Chal'3.cteristic fOBBils of the formation are the species 
of Eurymyella which Williams has described 8S both generically 
and specifically new,a. although he regards them as representing 
and probably including some of the forms called Anodontopsu 
a"'1JustifronB McCoy/) characteristic of the uppermost Silurian 
formation of Great Britain, namely, the Downtonian or Teme
side formation. r:r'he Eastport formation is therefore regarded 
as of late Silurian age and as equivalent in general to the 
Ledbury, Downton, and Tilestone formations of the Silurian 
system in England. 

°Williams, H. B., U. B. Nat. Mus. Proe., vol . .0, p. 88IS, PL 49, 1912 .• 
&MeCoy, Frederick, British Paleozoie tossilll, p. 271, Pl. I k, fiS.16, 185f;, 
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.RelationB.-The formation is conformable at its base with 
the underlying Pembroke formation, the exact contact being 
well exposed on the north shore of Sipp Bay near its con
fluence with East Bay. The transition from the Hersey red 
shale member of the Pembroke formation to the tuff of the East
port formation extends at one place through a distance of 3 
feet, characterized by an alternation of beds of red shale and of 
greenish tuff. Some irregular beds Rnd lenses of red shale. 
too small to be mapped, occurring in the volcanic rocks in 
this vicinity, also express this conformable transition. 

Conformable relations also exist between the shale patches 
on the west shore of Seward Neck, which contain Pembroke 
fossils, and the overlying rhyolitic lavas, which are mapped 88 

part of the Eastport formation. In both places the boundary 
between the two formations is rather arbitrarily dl'3.Wn at the 
first important lithologic change above the highest recognized 
Pembroke fossils. The rocks next above the Eastport forma
tion Rre Devonian. The contact is everywhere an unconformity 
and is described under the heading "Devonian system." 

COBRBLA.TION OF TUB SILURJ..A.N FAUNAS "WITH THOSB OF GREAT BRITAIN. 

A preliminary announcement of the correlation of the Silu
rian faunas of the Eastport quadrangle was made in December, 
1911,0. and the studies that followed have not materially altered 
the correlations then announced. The fossils have been 
minutely examined and it has seemed desirable to subdivide 
some of the species named in British literature to which the 
Amelican forms show a general likeness and to assign new 
specific names to Borne of the forms in order to indicate local 
Or temporary phases in the evolution of the species or genus 
represented in the EllBtport quadrangle. Precise cOlTelation 
of faunllB requires actual specific identifica.tion, hence the 
presence of a large number of species identical with species 
of the Silurian formations of Great Britain establishes close 
relationship between these transatlantic formations. The table 
below lists the species thus identified spc.cifically .with British 
described species, figures of which are given in the accom
panying plates. The formations in which they are reported 
by Etheridge b are indicated. An arrow at the left shows that 
they occur also above the Silurian of the British section and an 
arrow at the right that they occur below that system. 

DUtribution of specie8 in the Sill/.t,rian formations in the Eastport quad· 
rangZe and in t1w8e of (heat B,'itain. 

.' . I . 
H~~~L] 
§ ,.. 1 ,.. ,III ~ r:>o ,.. 

n~!jdl 
---------1-1----------
A.caBtedcwniugle(lIIurchlBon) ____________________ _ 
Bellerophon expAllBUII SOWl.'rby ____________________ _ 

Bellel"(\phontrllobatusSowerby _____ _ , 
Bellerophonca.rloatusSowerby __ _ . -
Ca.lymeneblumenbachi(BrotIIPltart) __________ _ 
Ck>rnuilteaHl'pulariuB8chlotbelm _______ _ 
OorlluiltellaexpularJUB VAr. belliBtnatua BalL ______________ _ 
DalmanellalUIlata(SOwerby)_r _____ • ______________ _ 

Gratnmysla trJaogulata (Salter) ________ . 
Orblculoldell. morrllli (D.vidlOn) _____ _ 
Orbieuloldeu.rugata(SOwerby) ______________________________ _ 
Qrtboceras 1mbrlca.tum SOwerby _____________________ _ 

Pa1£aGpootendanbyt(Mc(loy) _______ _ 
Pholldop~ lmplicat. (Sowerby) ________ " __________________ _ 
PlatyaohlsmaheUaltes(Sowerhy) __________ _ 

Chonetes strIateUa (DalmBn) _______ . ____ _ 
Leptostrophla ftlollll. (SOwerby) _______________________ _ 
Merlatlna tumidtL (Dalman) _______ _ ______________________ _ 
!![ouomerella. WOGdwe.rdl (Salter) _________________________ _ 
Palllu)peetencianby1(MeCloy) ______________________________ _ 
Pentamerus galeatUJI (Dalman) ______________________ _ 
Wilsonia Hatrordl Hall ________________ _ 
Wilsonla wn.Gnl (SOwerby) ________ _ 

Beyrichi& cf. maoooyi&Da. J(lD.BL __________________ _ 
Beyrichia spluuloilaBollWf __________________________________ _ 

BUoblte8 bllobuB (LlllD~) __ ___ __ • • • * .--+ 
Bollia d. blcolUD& J(lD.eL_____ _ _____________ ---- ___ _ 
Oytherella. eoucimla JOIleII_______________________ _ ______________________ _ 
CythereU" cOUGhma var. ovalls JOUBa-_____________________________________________________ _ 
DaimanlteBlon'Jcaud&tusMurchlsou ____________________________________ • * • 
LeptlllD&hevlgata(SOwBrby} ___________________________________________ _ 

Leptwna minima VAr. &Tayl! Davtdeou __ 
LlllIrIllll. oblat& Hall ____ _ 
OrthllleqnlvalviliDavidson ___________ _ 

l'lectambonitestransve1'B8.lls(Wahlenb8Tg) _____ _ 
8kentdium.iewlM;oavldson ______________________________________________ • ____ f ______ _ 
Spll'ltererlBpu/l (Bl8I:nger) ____ ~ _______________ _ 
Streptel&stn&c&lIculaHall __________________________________________________________ • _____ _ 

QUODDY.iUUII. 

.A.noplothecaban-andel(D .... ldson) ______________________ _ 
Atrypa reticUlarlB Lhm6 ______ • ____ . ___________________ ...... ____ •• 
DaimaneUa elegautula (Dalmau)__ __________________ ____ ____ • 
Lept..teuQ.rhombold&llB(WUclreus} ___________________ ..... _ 

8chuchertel!aBubp!an.(OOUrad} _______ _ 

PentIllll&J'llBct.obiOlljiuaSowerby ____ _ 
l'lect&mbonitell t:ra.nne~UB (Wa.hlenberg) ____________________ _ 
Splrlfer radlatuliSowerby _____________________________ ____ ____ ___ _ _ • • _ _ 

Spirlfercrl/lpua(UIs1ng8T)____________________________________ •• * • 

The fauna of the Quoddy formation is entirely different from 
the fauna of the Oswego sandstone and is not Ordovician j hence 
it is placed at the bottom of the Silurian. It is evidently lower 
Wenlockian and bears affinities with the New York Niagaran. 
The Edmunds fauna represents the faunas of Great Britain 

° WilHams, H. S., Correlation of the Paleozoic faunas of the Eastport 
quaa.ra.ngle. Maine: Geol. Soc. Am. Bull., vol. 28, pp. 849:-866, 1912. 

6' Etheridge, Robert, FOBlUs of the British Islands, vol. 1, paJeozole, 1888. 

from the Wenlock shale to the Aymestry inclusive but shows 
closest affinities with tbat of the Wenlock limestone and shale. 
It is apparently not represented in the New York section, but 
its affinities there ~re almost as close with the Cobleskill dolo
mite 88 with the Rochester. The Pembroke formation is prob
ably not older than the Rondout limestone of New York, but 
the fauna is not represented definitely in the New York section. 
The Eastport fauna is certainly distinct from anything reported 
in either the Silurian or the Devonian of New York. (See 
correlatioll table on p. 10.) 

The more common and characteristic species of fossils found 
in the several formations, including 19 species lately deecribed,a 
have been figured in Plates XVI to XXIII. 

DEVONIAN SYSTEM. 

General character and thickne88.-The Perry formation is 
composed chiefly of red sandstone and conglomerate but 
includes some red shale and interbedded flows of diabaae. It 
was named by Hitchcock b from the town of Perry, in which 
it is well exposed. Its thicknl?B8 can not be definitively given. 

Distrihution.-The largest area occupied by the formation in 
the quadrangle lies north and northwest of Perry. Smaller 
areas He along the shore of the mainland west of Moose Island, 
on the west shore of East Bay nearly opposite Leach Point, on 
Hersey Neck, and near the head of Soutb Bay. 

In areas north of the quadrangle the formation occurs along 
the American shore of the St. Croix to Mill Cove. and an out
lier is found farther north, near Hilchins Point. On the coast 
southwest of the quadrangle, at Point of Maine and on Lake
man and Great islands, Hitchcock found conglomerate and 
sandstone that may belong to the PelTY formation. 

General lithologic feature8.-The smaller bodies of the Perry 
formation are composed entirely of sedimentary rocks, but in 
the type area northeast of Perry diabase flows are interbedded 
with the sediments. On the shore near Pen'Y two series of 
flows, separated by conglomerate and also inclosing thin be;ds 
of conglomerate, are recognizable. 

The sedimentary rocks of the formation in this region are 
characterized by their red color, which ranges from bright 
brick-red to chocolate-brown. Their red color is due primarily . 
to the fact that they are composed largely of fragments of red
dish Silurian rhyolites and of red granite, but it has been 
intensified somewhat by secondary deposition of iron oxide 
on and between the fragments. Although the red color is 
characteristic of the Perry formation in the Eastport region it 
can not be regarded as a safe criterion for the recognition of 
the formation elsewhere. In certain localities near St. John 
strata equivalent in age to the Perry are buff. 

Breccia.-A charfl;Cteristic feature of the base of the forma
tion where it rests upon red rhyolite is a breccia composed 
mainly of angular fragments of the rhyolite of all sizes. The 
breccia is well exposed on the shore at the south end of Gleason 
Cove, in the small cove north of Garnet Point, on the west 
shore of East Bay, and on the south side of Hersey Neck. 
The fact that the rock is water-laid is shown near the south 
end of Gleason Cove by the occurrence in it of a few thin beds 
of red or greenish shale, and in most of the other localities by 
its gradation upward into typical conglomerate. 

The fragments in the breccia are at most places less than a 
foot in diameter, but at a few places, as on the shore of Hersey 
Neck near the narrows of Sipp Bay, they are larger. The 
rock at that locality is composed of angular or only slightly 
rounded fragments of dark-red rhyolite, many of them 2 to 3 
feet across and a few having a diameter of 5 feet. The frag
ments of rhyolite differ in character and color, some being por
phyritic and others not and some being light red and others dark 
red. The matrix, which forms a very small part of the rock, 
is made up of small fragments of the same rhyolites and a few 
fragments of greenish shale. The whole deposit is unassorted. 

Oonglomerale.-At other places even the basal layers of the 
formation are composed of well-rounded pebbles. Such depo~its 
were probably formed along portions of the Devonian shore 
that were exposed to more severe wave action. The matrix 
of much of the basal conglomerate and basal breccia is pink 
cherty silica. . 

A particularly instructive exposure occurs on the south shore 
of the inlet next south of Little River, where a series of beds 
about 100 feet thick, composed mainly of very coarse conglom~ 
erate with bowlders as large as 2! feet across, is intel'stratified 
with a few thin beds of sandstone and fine conglomerate. The 
pebbles and bowlders of the conglomerate are well rounded but 
are not well assorted, many pebbles 3 to 4 inches across and 
even large bowlders being embedded in a matrix of coarse sand. 
Most of the bowlders are of gl'8nite, and that rock forms much 
of the finer material, which, however, includes also some frag
me:nts of dark-red rhyolite, diabase, quartz, and shale. A 
nmarkable feature is the slicing and recementation of many 
of the granite bowlders, shown in Plate VIII. Such slicing, 

"Williams, H. B., U. B. Nat. Mus. Proc., vol. 42, p. 881, 1912, and voL 415, 
p.819,1918. 

&Hltcheock, C. H.,· Preliminary report upon the natural history and 
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the result of \val'ping and minor faulting of the beds, was 
observed on a smaller scale in many parts of the formation. 
The beds show p.yery characteristic of a beach deposit, closely 
resem bling some of the present beach deposits along the shore 
farther southwest in l\~aine at places where granite ledges are 
exposed to the full sweep of the 'waves from the open ocean. 

The conglomerate just described is faulted against a rhyolite 
flow, and the bedrock on ,vhich it ,>vas deposited is concealed, 
but the fact that it is dominantly granitic and the unusual size 
of the bowldE'r8 render it almost certain that the shore upon 
which it was laid down was granite,. or at least that gnll1ite 
formed" the shore neal' by. The nearest present exposures of 
granite are at South Robbinston, about 7 miles distant, and the 
amount of gnmite in the Perry formation between the hvo 
localities is relatively small. It therefore seems probable that 
granite underlies the exposures just described at no great depth 
or else occurs near by beneath the water. 

In general the conglomerate and sandstone of the Perry 
formation, though consisting chiefly of fragments of red rhyo
lite and granite, contain also fragments of gray and nearly 
black rhyolite. Frogments of diabase and shale are notably 
scarce, probably because those rocks are more ropialy wern 
to fine detritus. A few fragments of shale and some of argil
laceous limestone containing microscopic remains of orgrll1isms 
were recognized. Another characteristic of the conglomerate 
is the presence in it of well-rounded pebbles of white quartz, 
apparently \'ein quartz. Quartz veins are very rare in any of 
the older roeks exposed in the quadrangle, and this constituent 
of the conglomerate was therefore probably, derived from some 
other area. Quartz veins are abundant in some of' t.he rocks 
of Campobello that are believed to belong to the Quoddy shale. 

Shale.-The rea shale of the Perry formation is particularly 
... vell exposed along South Bay, where it forms part of the 
promontory known as Red Point, and on Hersey Keck, where 
it constitutes the dominant material of the formation. :\10st of 
this rock has no shaly parting and may be more correctly 
termed an argillite or mudstone. For considerable distances 
along the shore of Hersey ~eck ;t is so uniform in character 
that its strike and dip can not be determined, but here and 
there the uniformity is broken by a thin bed of sandstone or 
conglomerate. Its fracture is commonly haekly and irregular 
and it breaks up on the shore into irregular angular fragments. 
The rock is more arenaceous and its color is generally a 
brighter red tha.n that of the t;ilmian red shales. Evidence of 
erosion that was contemporaneolts with the deposition of the 
shale was noted in the small cove north of Garnet Point, 
where, at one place, conglomerate that generally lies in con
formity with the beds of red sha.le cuts sharply across those 
beds. Some of ,the red argillite shows indications of worm 
burrows, but a careful search failed to diecover any fossils. 

Di(J.base.-The flows of diabase are amygdaloidal in their 
low('r and capeeially in their upper part, but their central part 
is massive and has imperfect columnar structure. Flow struc
ture is common and is especially well shown on weathered sur
faces. When examined microscopically the coarser phases of 
the diabase are found to consist of calcic plagioclase in fine laths 
and augite in large ophitic plates. The rock contains abundant 
yellowish serpentine, mainly a replacement of augite. In the 
finer-grained rock the feldspar laths are crowded more dosely 
and the augite occurs in small grains between them instead of 
in large ophitic crystals embedding them. The amygdules are 
mostly less than a quarter of an inch in greatest dimension, but 
a few are 1 to 1~ inches across. The filling is mainly white 
calcite (PI. IX), but in a few places fractures and vesieles are 
coated with a brick-red mixture of iron and copper oxides. 

The contact between the sedimentary rocks of the Perry 
formation and the diabase membE'l's is not well exposed in the 
Eastport quadrangle, but along the shore north of the quad
rangle, a mile south of LHwis Cove, the bottom of the hwer 
diabase member is well shown. Sandstone and shale of the 
Perry formation dip at a gentle angle beneath the diabase, 
which within 12 to 18 inches of the contact is highly amygda
loida.l bnt fart.her up is massive. At a number of places the 
amygdules are smaller near the cont.act and are elongate parallel 
to it. Else\vhcre only a chilled zone of fine massive diabase 
one-sixteenth to one-fourth inch thick lies next to the shale, 
which is commonly baked for 1 to 3 inches from the diabase. 

The contact. between the diabase and an interbedded mass of 
red shale, in places 4 feet in ma.ximum thickness, is ,well 
exposed in a small cove a mile southeast of Lewis Cove. The 
diahase under the shale is highly amygdaloidal for the whole 
5 feet exposed, and its upper surface is crumpled or pillow-like. 
The lamination of the shale is everywherE' nearly horizontal 
and bears no relation to the irregular laya surface. Tongues 
a.nd irregular masses of shale projeet into the diabase or cut 
under its upper portion for several feet. The diabase above 
the shale, unlike that beneath, is amygdaloidal only within 12 
to 18 inches of the contact and has a chilled zone a fraction of an 
inch thick next the shale, and bands of amygdules just above 
this are elongated pllrallel to the contact. In general the eYi
dence is filirly clear that the diabases are flows contemporaneous 
with the sedimentary rocks and probably submarine. 
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Fossils'.-The Perry formation has yielded fossils at a few 
localities in the qua.drangle. The locality first discovered is 
on the south bank of Little Ri vel' about half a mile belo\,' the 
bridge at Perry, where the fossils occur in a thin bed of shale. 
Collections were made there by J. VV. Dawson in 1862 and 
later by Da.vid 'Vhite. Another locality, recorded by -White, 
is on the Robbinston road about half a mile north of Perry, 
where fossils occur in sandy shale and sandstone just below 
the contact with the lower diabase. In a shale lens, about 
15 inches thick, on the south bank of Little River just below 
the sawmill dam at Perry a few poorly preserved plant remains 
were found by Mr. Breger. A few fragmentary plant remains 
were seen by Mr. Bastin in shale on the north bank of Little 
River about ha1fa mile above the reservoir dam at Perry. 

Age and con·elation. - The Upper Devonian age of the 
formation is well established, and as the evidence of this cor
relation has been fully presented in the paper by Smith and 
'Vhite a 011 the Perry B,asin it need not be repeated here. 

The age of the formation was determined solely by means of' 
its plant remains. Most of the fossils are broken and water
worn steme., so fragmentary that they can not be identified 
specifically, but at a few localities better preserved and identi
fiable material was found. Some of the species are-

Platyphyllulll brownianUill Dn. 
Archffiopteris jacksoni Dn. 
Archreopteris rogersi Dn. 
Archffiopteris hitchoocki (Dn.) 

D.W. 
Otidophyton hymenopbylloides 

D.W. 
Barrandeina pel'riana(Dn.) D. 'v. 

Dimeripteris recurva (Do.) D. W. 
Sphenopteris filicula (Dn.) D. W. 
? Psilophyton cf. princeps Dn. 
Psilopbyton? alcicorne D. W. 
Barinophyton richardsoni (Dn.) 

D.W. 
Leptophlceulll rhombicum Dn. 
Lepidoc),st.is sUiqua (Dn.) D. W. 

Relations.-The Perry formation rests unconformably upon 
the underlying rocks, 'which in the Eastport quadrangle are of 
Silurian age. At the immediate contact the conglomera.te a.nd 
breccia of the Perry ordinarily consist almost exclusively of 
fragments of the rocks beneath. An instructive exposure on 
the shore a short distance east of the mouth of Lincoln Cove 
shows the contact of the Perry on red Silurian rhyolite. The 
strata dip '15c E. and the detailed section is as follows: 

1. On the W()~t, red rhyolite forming a flow. 
2. Breccia. 7 feet, made up of angular fragments of rhyolite. some 2 feet 

in diameter and many 8 inches to 1 foot, embedded in a brick·red, fine
grained, fragmental matrix. 

3. Conglomerate. 12 feet, similar in general to the breccia bllt showing 
SOllie rounding of the fraglllent~ of rhyolite, a larger proportion of smaller 
particles, and in the upper part SOUHl admh:ture of foreign material, maiuly 
rhyolite tuff. 

4. Typical conglomerate with well·rouuded pebbles and a large admix· 
ture of material derived from a distance. 

The section demonstrates that the conglomerate overlies 
unconformably the red Silurian rhyolite, the breccia represent
ing the beginning of scdiment'ltiol1 on the laya sllrface. 

In the Ea8tport quadrangle the Perry formation is nowhere in 
contact with later formations, except the Quaternary deposits. 

The strata of the Perry formation are at several places cut 
by diabase dikes, which lHay be of Devonian age and approxi
mately contemporaneous with the interbedded flows or may be 
of later age. On the west shore ·of Sout.h Bay a diabase dike 
10 feet thick cuts red shale, and another dike 2~- to 3 feet thick 
was intruded along a fault between shale of the Perry forma
tion and older shale. A vertical diabase dike cuts conglom
erate of the Perry formation on the St. Andrews shore and a 
numher of others have been noted by Canadian geologists. 

The Paleozoic formations of the Eastport quadrangle are 
correlated with those of Kew York a.nd Great Britain below: 

I 
:~::::c. or 
Arenig. 

~-----~.~-~--~----'-----'-

Canadian. 

"Smit.h. G. 0., anu Whit.e, David, Ueologyof the Perry Basin: U. S. Geol. 
Survey Prof. Paper 85, 1905. 

QUATERNARY SYSTEM. 

PI .. EI'S'.l'OOENE SEIUES. 

General conditions.-During at least a part of the Pleisto
cene epoch, the last or Wisconsin stage of glaciation, the 
Eastport region was covered by a continental ice' sheet, which 
traversed the region from north\vest to southeast. This ice 
sheet and the 'waters flowing from it deposited large quantities 
of till, gravel, and sand. At the time the ice covered the 
region and soon after its retreat the land stood at a much lower 
level than at present, and by the extended sea of that period 
widespread deposits of clay were laid down, glacial gravel and 
sand were more or less rearranged, and in places the shore was 
eroded. The thickness of the Pleistocene deposits in few places 
exceeds 100 feet and is generally much less. 

Glacial till.-The till is an unassorted mixture of bowlders 
and cobbles of various sizes and kinds in a sandy or clayey 
matrix. :Most of the pebbles and bowlders are of the same 
kinds as the bedrocks of the quadrangle and have probably 
not been transported far. SOIne of them, notably the large 
erratic or isolated bowlders, which lie free on the surface, are 
granite or diorite and may have been transported many miles, 
for, rocks resembling them have not been found in the quad
rangle. The erratic bowlders, it is believed, were either carried 
on the surface of the ice sheet or within its upper part and 
dropped on the ground when the ice melted. Typical erratic 
bowlders, some of them 5 feet in diameter, are found on the 
summit. of Kendall Head, on :Moose Island. Bowlders of gray 
granite and diorite, commonly well rounded, are pa.rticularly 
abundant on the southeast flank of Pigeon Hill, 2 miles south
east of Perry, where the largest are 8 feet in diameter. 

Deposits of till are in general not so conspicuous and good 
exposures of till are not so abundant in the Eastport quad
rangle as in parts of Maine farther inland. Their absence 
is due partly to the severity of the glacial erosion, which 
exposed bedrock at many places, but principally to the fact 
that much of the till is buried beneath deposits of sand, gravel, 
and clay. Nowhere in the quadrangle are deposits of glacial 
till thick enough to produce any of the characteristic forms of 
morainal topography that are so common in the northern 
interior of the United States, a.nd it is therefore not possible 
to trace the successive positions of the ice border in this region. 
Most of the larger and many of the smaller hills are practically 
bare of drift and the topography is in general controlled not 
by the drift but by the rock surface, though modified some
what by deposits of till and gra vel. 

J.}Iarine-glacial sand and gravel.-Deposits of sand and 
gravel, though abundant in the Eastport region, are generally 
small and of irregular form, as shown on the surficial-geology 
map. They lie at. altitudes ranging from sea level to 180 feet 
above 13ea level. The higher deposits generally begin near the 
upper limit of the marine clay (commonly 80 to 100 feet), but 
the lower deposits are essentially contemporaneous with some 
of the clay, for sand and gravel were deposited at the more 
exposed parts of the shore while clay was being deposited in 
more protected situations. 

The constituents of the gravel deposits are commonly well 
rounded and, although including some rock of local origin, 
consist predominantly of material derived from places outside 
the region. A description of a few good exposures will illus
trate their chara~ter. 

The surface of the gravel near 'Vest Lubec forms a series of 
small knolls, few of them more than 10 feet high, the tops of 
which stand at altitudes of 80 to 100 feet. As exposed in a 
pit the material ranges from coarse sand to bowlders 18 inches 
in diameter, though most of it is composed of pebbles less than 
3 inches across. Stratification is poorly developed even in the 
sandy parts of these deposits. Many of the pebbles are rather 
well rounded and most of the larger ones are granite, diorite, 
or diabase. 

Gravel exposed in a large cut at Dennysville station is com
posed offair]y well rounded fragments from one-sixteenth to 10 
inches across, the ayerage diameter being one-half inch. The 
relative abuudance of the several kinds of pebbles was esti
mated as follows: Granite and diorite, 25 per cent; rhyolite, 25 
per cent; diabase, 25 pel' cent; shale and other rocks, 25 per 
cent. The exposed thickness of the deposit is 40 feet. Cross
bedding is recognizable in places~ but in general the deposit 
shows little evidence of stratifiGation. It contains a few pockets 
of sand and some bow lders, 2 to 6 feet in diameter. 

A pit on Lubec Neck exposes 4 feet of gravel, which consists 
chiefly of rounded pebbles less than lt inches in diameter, 
though it contains a few cobbles measuring 6 to 7 inches across. 
The assortment is imperfect, and the recognizable stratifica.tion 
planes are slightly inclined. The pebbles are mostly granite 
and diabase but include a few fragments of rhyolite and shale. 

In a gravel pit at the crossroada a mile north of Burnt Cove 
School the different types of pebbles occur in the following pro
portio~s: Diorite, 40per Gent; diabase, 25 per cent; rhyolite, 25 
per cent; granite and other rocks, 10 per cent. .Fully half the 
material has been derived from points outside the quadrangle. 



Unusually good exposures of gravel occur along the coast 
in the southeastern part of the quadrangle. At the head of 
,Julia's Coye several feet of gravel overlies somewhat pebbly 
marine clay. rfhe deposit includes many angular pebbles and 
some bowlders a foot across a.nd might be mistaken for till 
'were it not for the presence of a fmy distinct beds composed 
wholly of pebbles less than 2 inches in diameter and the fact 
that most of the elongate pebbles Jie with their greater dimen
sions nearly horizontal. The principal varieties of rock are 
granite, diorite, and rhyolite, the diabase and Quoddy shale 
that form the bedrock along that part of the coast being only 
sparsely represented. Just north of' Boot Cove gravel of the 
same kind lies directly upon a striated surface of diabase. 
Similar grayel at the head of Boot Coye contains granite and 
diorite as the most abundant matel'iHl, fragmp.nts of the bed
rock of the vicinity bE'ing practically absent. Borne of the 
granite and diorite cobbles are yery rotten and readily crumble 
to sand. In general the small proportion of fine matrix in the 
gravel and the fact that the elongate pebbles are not hetero
geneouslyoriented but lie with their greatest dimensions nearly 
horizontal strongly suggest the reworking of the deposit by 
waves. Such reworking v\'Quid seem inevitable on account of 
its exposed situation. 

A gravel deposit of particular interest forms an almost con
tinuous belt from Hersey Neck to Pennamaquan Lake, in 
many places making a conspicuous though irregular ridge. 
The gravel of this deposit, though in some places showing no 
stratification, is in others well stratified, the beds being here 
and there horizontal but elsewhere differing in the angle and 
direction of dip, even in a single gravel pit. Some beds at 
Pembroke dip 40° E. The elongate form of this deposit and 
the fact that t.he region south of Pennamaquan Lake is more 
heavily drift covered than any other part of the quadrangle, 
the bedrock being entirely concealed, indicate that it marks 
one of the main paths of glacial retreat and of drainage from 
the receding ice. 

Other gravel deposits are described under the next heading 
in a discussion of their significance as indicating submergence 
of the coast. 

Raised beach depos£ts.-A number of deposits of sand and 
gravel show by their structure or topographic form that they 
were laid down ou an old coast line, which stood much above 
the present sea leyel. One of the best examples is a gravel 
deposit on Moo~e Island, on the south side of Johnson Cove, 
on the farm of John JIcCoy. This deposit, which is shown in 
Plates X and XI, abuts on the south against a hill of red 
rhyolite and slopes gently and evenly to the north from a 
maximum altitude of about 120 feet next to the hill do\"n 
toward the water. The flats that are shown in the foreground of 
Plate X are composed of marine clay, which is also exposed in 
the railroad cut, where it rises in places to a height of about 
80 feet aboye sea leve1. This clay shows horizontal blue-gray, 
dark-red, and buff bands and grades upward into sa.nd and 
gravel, which in a cut a short distance back from the railroad 
have the structure shown in Plate XI. The inclined or "fore
set" beds here exposed are 2{) to 30 feet thick, dip 30° to 35° 
toward the open bay, and are overlain by nearly horizontal beds 
of gravel, and their dip and even succession are believed to 
indicate their deposition in a body of standing water, which, 
as the location of the deposit shows; must manifestly have been 
t.he ocean. The smaller and less worn pebbles in this gravel 
are red rhyolite, shale, and other rock common in the region, 
but the larger cobbles are mostly granite and diorite derived 
from some other locality. The deposit is believed to represent 
material discharged int.o the ocean from a lobe of glacial ice 
standing probably in Carryingplace Cove. 

The hill on Moose Island nort.hwest of of ohnson Cove is flanked 
on the southeast by another gravel deposit, \"hose form is spitlike. 
The deposit extends to an altitude of 110 or 120 feet above sea 
level and is backed by a rock slope whose profile suggests wave 
cutting. The locality is shown in Plate XII. A shallow pit 
just below the base of this "cliff" exposes a deposit of pebbles 
which, though angular or only slightly rounded, are eyidently 
water deposited and washed free of fine material. About two
thirds of this material is derived from the rocky hill back of 
the deposit, but the deposit includes also some foreign material. 
Another pit in the lower part of the same gravel deposit, about 
300 feet north of the railroad, shows" foreset" beds of gra vel 
dipping about 35° BE. Here the proportion of material 
derived from the rock slopes at the north is about one-third 
and the foreign ma.terial constitutes about two-thirds. 

Gravel deposits showing "foreset" beds, commonly dipping 
southeastward, were noted in other parts of the quadrangle and 
are listed below. 

In a gravel pit three-quarters of a mile northeast of Crosby 
School, in the town of Whiting, the beds dip about 25° SE. 
Elevation, 110 feet.. 

About a mile south of No.9 Hill, in the town of rfrescott, 
stratified gravels dip about 35° SE. Elevatioll, 140 feet. 

Ncar the road corners a mile southeast of Weir Cove, in the 
town of Trescott, gravel beds dip 15°..,.40° SE. Elevation, 100 
feet. 

11 

Wave action is indicated not only by deposits showing beach 
structure but also in a few places by forms attribut.able to wave 
erosion. A low cliff near Eastport, possibly formed by wave 
erosion, is shown in Plate XIII. Another example was 
observed along 'the east side of Lubec Neck about half a mile 
southwest of the town of Lubec. The phenomena there shown 
can be understood by comparing Plate XIV and Plate XV. 
The seaward side of the ridge here is strewn with more or 
less ronnded bowlders, mostly of granite and diorite, the 
largest 5 feet in diameter. TO"fard the sea the bowlders 
become smaller and less abundant. ~ ear the ridge they lie on 
or are somewhat embedded in a gravel matrix, which passes 
seaward into sand and along the shore into clay that has been 
dug for brick making. Plates XIV and XV show the simi
larity in appearance between this sLlrface and the adjoining 
tide fiat.. As erratic bowlders are rare in this region their 
extreme abundance in this place is the more remarkable. This 
bowlder-strewn plain is believed to be the result of marine ero
sion on a drift-covered shore, the finer constituents having been 
washed out and redeposited seaward and the coarse bowlders left 
nearly in place. Floe ice was probably instrumental in trans
porting some of these bowlders. 

A similar howlder deposit lies at an altitude of about. 160 
feet above sea. level on the southeast slope of the hill three
fourths of a mile southwest of the head of Bassett Creek. If 
the sea stood at this elevation this hillside would be open to 
the full sweep of the wayes. The bowlders form a belt 25 
to 30 feet wide at the foot of a rock slope and coYer fully 
half the surface. They are mostly of diorite'and granite of 
foreign origin, are well rounded, and the largest are 3 feet in 
diameter. 

Evidences of beach action at higher altitudes are less numer
ous and less clearly defined. On the south side of the 220M foot 
hill three-quarte~ of a mile northwest of Lincoln Cove a 
deposit of grayel that shows little evidence of assortment 
extends to an altitude of about 200 feet. Some of the pebbles 
are well rounded, but most of them are angular. The deposit, 
which has a narrow, sloping crest, bas the form of an elevated 
bar connecting the main hill with a smaHer knob farther south, 
across the road. The stratification planes recognized slope 
gently away from the crest of the gra.vel ridge. On the south
west side of No.9 Hill in Trescott, at an altitude of 200 feet, a 
pit has been opened in gravel which consists mostly of pebbles 
over an inch in diameter but includes a few cobhles measuring 
6 inches. This material is mainly red rhyolite of local deriva
tion, but some of the more rounded pebbles are of foreign 
origin. The significant feat.ure is that the grayel is clean and 
free from finer material and has the general appearance of 
beaclHvashed material. Both these deposits would have been 
exposed to severe wave action had the sea stood at their level. 
Although these occurrences do not afford couclusi ve evidence 
that .the land stood 200 feet lower than at present, they are 
suggestive, especially in view of the corroborative evidence of 
comparable submergence farther south on the coast. 

Marine clay.-Nearly half the quadrangle is occupied by 
marine clay, which in most places lies less than 100 feet aboye 
sea -level but in a few localities, as near Eastman Hill, in Pem
broke, extends up to an altitude of 130 feet. Although most 
of the surface below the 80-foot C'ontour is covered wi.th a 
manne of clay, this deposit is not. found everywhE're, for along 
the coast line of late Pleistocene time, as along the present 
coast, the clay was deposited in greatest thickness in the more 
proteeted places, whereas in the more exposed positions gravel 
was deposited or waye and current action swept the rock surfaces 
bare. 

The. clay ranges in color from buff to blue-gray, but in a 
fe\y places there are alternate gray and red layers. At an 
exposure on the west end of Moose Island the clay occurs in 
alternate thin blue-gray, dark-red, and yellowish layers. 

The only place .where the contact between marine clay and 
till was observed is on the south shore of Pennamaquan Bher 
about a mile below 'Vest Pembroke, where, in a bank 10 feet 
high, the clay distinctly overlies stony till. This exposure no 
doubt displays the general relation of the clay and the till, the 
clay having been deposited after the retreat of the glacial ice. 
At many localities the clay grades upward into gravel, and at 
a few localities gravel underlies the clay. An exposure Elhow
ing the latter relation occurs on the shore of Lubec J\Teck at 
the head of the cove between \Voodward and Leadurny points, 
where a mound-shaped mass of gravel 60 feet across is overlain 
by clay showing an alternation of clayey layers an inch or less 
thick with others that are slightly more sandy. The banded 
clay grades upward in turn into sandy clay containing pockets 
and lenses of well-rounded gravel. Clay overlying well
rounded gravel is also exposed ou the north shore of Bipp Bay 
near the narrows. 

Marine shells ha ve been found in the clay at several places. 
• Jackson a as early as 1835 reported their occurrence at the old 
canal crossing Seward Neck and noted the barnacles attached 
to rocks in that place that stand 26 feet above high-water 

"Jackson, C. T.,:First report on the geology of the State of ~faine, Pl'. 18 
and 19, 1837. 

mark. The fossils reported from this locality by Hitchcock a 
are Pecten t"3landicu8, Saxicava distorta, .J.tIya (tl'enaria, Mytilus 
edulis, .1.rIodiolaria nigra, and Balanus sp. rrhese fossils in 
general indieate colder 'vater and lower temperatures than those 
of the present coast. A lflrge colleetion of fossils was made by 
Mr. Bastin at a point on the north shore of Gleason Cove and 
sent to Prof. Leslie A. Lee for identification, but after his death 
they were lost and no opportunity was afforded for duplicating 
the collection. 

Glacial striw.-The rocks along the shore at many places 
have been conspicuously striated and polished by glacial action, 
and if larger areas of hard rock were uncovered r.oches mou
tonnees would probably be found in abunda.nce, but only one 
good example of this form of glacial rounding and polishing 
was noted-a small diabase point on the west shore of Straight 
Bay nearly opposite Gooseberry Island. The p-revailing trend 
of the gla.cial stl'ire in the qmtdrangle is southeast, the direction 
at many localities being shown by arrows on the surficial
geology map. Diverse sets of st.rire were found at only two 
localities. One of these is just. west of the border of the quad
rangle, along the railroad, about 2 miles north of Dennysville 
station, where a flat ledge shows an earlier set of strire trending 
S. 53° E. and a later set trending S. 26° E. The second locality 
is a fiat ledge on t.he east shore of Rocky Lake, near its north 
end. The earlier set h~re trends north and south aud the later 
set, trending S. 25° E., truncates and partly erases them. 

Deposits now being formed in the Eastport region inclnde 
alluvium along certain streams, sand and gravel along beaches, 
clay on tidal fiats, accumula.tions of peat in bogs, and accumula
tions of remains of plants in salt marshes. 

Deposits of alluvium are so small and so closely confined to 
the stream channels that it has been impossible to show them 
on the map. }fost of the streams are small, and as a result of 
glacial or artificial damming of their valleys many of them 
meander between boggy banks without either eroding or depos
iting actively. 

The larger deposits of beach sand and gravel are marine, 
for the lakes are sma.ll and generally have rocky or marshy 
shores. Sand and gravel beaches have been formed principally 
in places subject to moderate wave and current action. In 
extremely protected inlets well-defined beaches are rare, because 
there is no strong wave action; on the other hand, along shores 
fully exposed to the Atlant.ic waye action is so severe that ero
sion rather than deposition is dominant. It is along shores 
subject to wave action bet.ween t.hese t.wo extremes that well
defined beaches have been formed, as in Baileys Mistake and 
Carryingplace Cove (neal' South Lubec). Current action has 
been an important auxiliary to wave action in forming some 
beach deposits, such as the beaches and spits that lie between 
Lubec and South Lubec. Beaches are in proC'ess of destruction 
or of formation even at the present time. On the shore of' 
Moose Island due south of Carlow Island a. peat bog whose 
plant. remains are of fresh-water origin is now flooded by the 
sea at high t.ide and is thus being converted into a salt marsh, 
a condition due either to slight subsidence or to t.he removal of 
a protecting barrier beach. A similar condition exists near 
South Lubec a.t Carryingplace Cove, where a neck occupied 
by a peat bog is protected on the south by a barrier beach but 
entirely unprotected on the north, so that some of it is cut 
away during every storm from the north. During the last 25 
years 200 feet of this bog has been eroded a way, according to 
one of the residents, who reports that the older residents say 
that fully one-fourth ,of the bog has been removed. Probably 
the bog was once protectoed on the north, as it is now protected 
on the south, by a barrier beach, but the shifting of marine cur
rents has doubtless caused the removal of this protecting bar~ 
riel'. Other eyidence that such changes are in progress was 
found on the north shore of \Vest {cluoddy Head, about three ... 
quarters of a mile east of this bog, ,yhere a small lake has been 
formed by the building of a. barrier beach across a recess in 
the shore. After this beach was formed the currents shifted 
and produced a spit t.hat prqjects westward from a point near 
the center of the barrier beach. 

Bars tha.t connect small islands with the mainland or with 
other islands have been formed at several places, the best 
example being on the north shore of Moose Island a mile west 
of Dog Island. An example of the reverse process may be 
seen in Cobscook Ri Yer, betweE'n Dram Island and .Falls Point, 
where a small island not shown on t.he map is connected with 
the mainland bv a belt of coarse bowlders, some of them 4 to 5 
feet a.cross, wllich is exposed only at low water. These 
bowlders are far too large to be moved by any wayes that can 
be formed in t.his protected place. The tidal currents there being 
very strong the bowlder "bar" may represent the hea.vier rem
nants of a mass of till that originally connected the island with 
t.he mainla.nd . 

Clays, most of them blne-gray, are now being deposited 
along the shore, most abundant.ly in the shallow tidal inlets, 

"Hitchcock, C. H .. Preliminary report upon the natural history and geol
ogyof the State of Maine, p. 282. 1861. 



especially those into which the larger streams empty. These 
beds undoubtedly consist in large part of reworked material of 
the Pleistocene clay, which they resemble closely in appearance. 

Peat is forming in many of the undrained basins, and the 
principal deposits are shown on the surficial-geology map. Its 
f'ormH.tion records the growth, death, and partial decay of gener
ation after generation of bog plants, principally several species 
of moss (Sphagnum and Hypnum), of members of the heath 
family, and of fragments of small black spruce and tamarack. 
The remains of mosses make up the largest part of the deposit. 
Peat formation probably began early in postglacial time and 
has continued to the present day, some of the beds being 20 
feet thick. The bogS are described in greater detail in the 
section on economic geology. 

Salt-marsh deposits, consisting of the remains 'of salt-marsh 
plants mixed with marine clay and sand, are found at many 
pJaces along tidal inlets. 

INTRUSIVE IGNEOUS ROCKS. 

Oharacter and relation8.-Andesite that is intrusive in the 
Ql10ddy shale forms Mount Tom, in the northwest corner of the 
quadrangle. It is a massive porphyry of very uniform charac
ter throughout, consisting of a purplish-brnck groundmass in 
which are embedded abundant gray or greenish feldspar pheno
crysts, averaging about 2 millimeters in length, and a few 
smaller black phenocrysts. 'I'he rock is traversed by small 
veinlets of secondary quartz and epidote. 

The microscope shows that the rock is much altered. The 
feldspar phenocrysts, which are plagioclase above balsam in 
index, are extensively replaced by sericite and epidote and in 
some places by quartz. Extinction angles up to 16° are pre
served in a few crystals Bnd some show zonal structure. Other 
phenocrysts whose outline shows that they were originally 
pyroxene are entirely replaced by epidote. The fine trachytic 
groundmass now consists largely of secondary sericite, epidote, 
chlorite, and iron oxides, with remnants of minute laths of 
feldspar. 

Age.-The age of this andesite can not be exactly determined. 
It is younger than the Quoddy shale, which it intrudes, and is 
very similar lithologically to some of the effusive andesite of 
the Edmunds formation. POS5ibly it represents one of the 
volcanic vents through which these andesites were erupted. 

As already pointed out, certain andesitic rocks associated with 
the Dennys formation may be intrusions rather than flows, but ' 
such masses of uncertain origin form only a small part of the 
andesite as compared with those that are clearly effusive. 

DIABASK. 

Distribution.-Dark-green to black intrusive diabase is one of 
the most conspicuous rocks of the Eastport quadrangle. It 
occurs in a great variety of forms and sizes, comprising stock
like masses, some a mile or more in diameter, as at I,>ughole 
Mountain, sill-like masses, some more than 4 miles long, like 
the diabase ridge east of Pennamaquan River, and small dikes, 
which are extremely abundant in nearly all parts of the quad
rangle. The largest mass lies in the southeast part of the 
quadrangle, east of a line connecting Johnson Bay with East 
Stream. The map probably exaggerates the abundance and 
continuity of the diabase in the inland portions of this mass. 
The knobs and ridges are almost all diabase, but in the low
lands there are few or no outcrops, and possibly some of the 
lowland tracts mapped as diabase are occupied by Quoddy 
shale. The true proportion of diabase and shale is indicated 
along the shore, where the exposures are nearly continuous. 

Oharacter.-The diabase is commonly massive and of uni
form character and is distinctly intrusive into the bordering 
rocks. Although the form and large areal extent of some 
bodies indicate that they are stocklike, most of the larger 
masses are more or less elongate parallel to the strike of the 
inclosing rocks and were probably intruded in general parallel 
to the bedding, though breaking across it in places. At a few 
localities, as at 8hackford Head and Olement Point, where the 
contacts are exposed, such intrusion parallel to the bedding 
may be observed. Most of the smaller intrusions are dikelike. 

Although generally finer grained and in places amygdaloidal 
next their walls, the intrusive masses do not display flow lines, 
bolster structure, a profusion of amygdules through consider
able thicknesses, or other structural features characteristic of 
the diabase flows. 

The diabase is commonly dark green to nearly black, but 
some of it is reddish or purplish because of abundant pink 
feldspar. It shows great differences from place to place in 
fineness of grain, ranging from varieties that are extremely 
fine grained or aphanitic to rare varieties crowded with feld
spar laths one-fourth to one-half inch in length. In the com
moner varieties feldspar crystals average 1 to 2 millimeters in 
length. The texture is commonly ophitic, rarely porphyritic. 
Microscopic studies show that the commoner varieties are true 
diabase in both texture and composition. 

An unusually fresh specimen from the north side of Federal 
Harbor shows feldspar laths, the largest of' which are 2 r.ailli-
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meters in length. A spotted appearance is produced by the 
development of coarser pyroxene in areas as much as 3 milli
meters across. The microscppe shows a typical intersertal tex
ture, the feldspar laths being oriented in all directions with 
grains of pyroxene, altered in part to brown hornblende, and 
small grains of magnetite in the interspaces. The rock is typ
ical of much of the rather feldspathic dis.base. Other phases, 
as, for example, the diabase of the northeast shore of Hog 
Island, in South Bay, have a typical poikilitic texture, a num
ber of feldspar laths being inclosed in much larger single 
crystals of augite which serve as their matrix. The rock of 
poikilitic texture is more typical of the coarser than of the finer 
tYPeR, and on weathering its surfaces assume a characteristic 
knobby appearance. 

A fine-grained diabase from the summit of the mountain 
northwest of Roaring Lake shows under the microscope a finely 
porphyritic structure, due to the development of crystals or 
crystal aggregates of augite in a groundmass of very finely 
diabasic texture. A dike of altered diabase half a mile north
west of'the WE'8t end of the Moose Island toll bridge is conspicu
ously porphyritic, containing scattered phenocrysts of feldspar 
measuring an inch by half an inch. 

Some of the diabase is of special interest because of its COn
tent of sodic feldspar, generally albite, which has been exten
sively formed in it, apparently by secondary processes. Some 
rocks that to the unaided eye appear to be typical diabase and 
that grade into undoubted diabase are found, when viewed 
under the microscope, to contain albite instead of the labra
dorite that characterizes the normal phase. These rocks have, 
however, the ophitic or poikilitic texture characteristic of true 
diabase. In some specimens the augite associated with the albite 
is so fresh that the latter was at first supposed to be an original 
constituent in spite of the apparent incongruity of the associa
tion of pure albite in ophitic or poikilitic development with a 
calcic pyroxene (augite, extinction angles up to 45°), but there 
are several reasons for believing that the albite is secondary. 
One reason is the close similarity in appearance and field occur
rence of these albitic rocks to true diabase and the apparent 
gradation from one to the other at some places, as on Edge
come Point. Another reason is the fact that certain thin sec-
tions that have uniform diabasic texture contain, in addition to 
albite, some plagioclase which shows a refractive index higher 
than that of balsam. A third reason is the presence of albite 
and other feldspars in amygdules in both effusive and intrusive 
diabase, and a fourth is the occurrence in one place of second
ary plagi~c1tse with calcite as the filling of a small fracture. 

The occurrence of secondary feldspar as amygdule and frac
ture fillings shows that the rocks have bel?n penetrated by 
solutions carrying the constituents of feldspars. It appears 
probable that the albite in the body of these rocks is the 
product of similar solutions acting upon original calcic feldspar. 
A prerequisite for such complete repla~ment of calcic by sodic 
feldspar without change in volume or the formation of abun
dant inclusions of alteration minerals would be an abundant 
supply of sodium in the solution effecting the change. This 
phenomenon has been noted in eruptive rocks in Scotland and 
has been described by E. B. Bailey and G. W. Grabliam,a who 
cite earlier observations by others. 'rhese writers attribute 
the alteration to juvenile sodium-rich waters-an effect of vol
canic eruption. In the Eastport region there is no strong evi
dence that the change was brought about by juvenile rather 
than surface watets. Most of the specimens in which albitiza
tion was observed were collected on the shore, where the frac
tures in the rocks would almost inevitably be penetrated by 
saline solutions. Most of the diabase, moreover, is in contact 
with sediments that were laid down in ocean water that was 
presumably more or less saline. Oceanic salts would seem to be 
an adequate source of the sodium required for this replacement. 

A number of thin diabase qikes that cut the Quoddy shale 
appear to be older than the main masses of intrusive diabase 
because they are more highly altered and in places sheared. 
A diabase dike outcropping on the shore just north of West 
Quoddy Light is highly schistose, whereas an adjacent mass of 
the typical diabase of the region is entirely massive. A schis
tose diabase dike, 4 to 8 inches thick, exposed on the shore in 
front of West Quoddy Light, is faulted in several places parallel 
to the cleavage of the Quoddy shale and also at a high angle to 
the cleavage. 

The schistose diabase dikes are fine grained and are greenish 
gray in fresh specimens. MicI:oscopic examination showed 
that the rock is sheared and altered diabase. The laths of 
plagioclase, which is the only original constituent present in 
large amount, are commonly arranged in the textural pattern 
'characteristic of diabase and have here and there been fractured 
by the shearing. The matrix consists of secondary calcite, 
chlorite, and a little quartz. Abundant grains of magnetite 
have been partly altered to hematite. 

Age.-There is abundant evidence of diversity, possibly of 
wide diversity, in the age of the different masses of diabase 
that are indicated on the map by the same symbol. Diabase 

flows are associated with all the formations, from the 'Quoddy 
shale to the Perry formation, and the production of intrusive 
masses of diabase in connection with the diabase flows of each 
formation may be regarded as a geologic necessity. More con
crete evidence of diversity in age is afforded by numerous diabase 
dikes that cut other masses of intrusive diabase. The general 
lithologic similarity of all the diabase makes the differentiation 
in age of isolated masses impracticable. 

Notwithstanding the differences in the age of the several 
masses the great bulk of the diab ... probably belongs to a 
single period of intrusion, a fact indicated by the very evident 
relation of the form and distribution of the larger masses to the 
major structural features of the region. Except the great ma.ss 
intruded into the Quoddy shale in the southeast part of the 
quadrangle the intrusive masses are largest and most numerous 
in the area between South Bay and Orange Lake, along or 
near the axis marking the shift in strike of the Silurian forma
tions from northwest to southwest. That axis, like those of 
most folds, formed a zone of weakness that was easily pene
trated by intrusions. Hence the principal intrusion of dia
base is believed to have taken place either synchronously with 
or shortly after the major deformation of the Silurian forma
tions. This conclusion is further supported by the form of 
some of the masses, such as that surrounding Lily Lake near 
the head of Straight Bay, which, in the absence of any trace of 
deformation in the diabase itself, is most readily explained by 
assuming its intrusion during or after the major folding. 
Further substantiation of this conclusion is found in the com
parative scarcity of intrusive diabase in the Perry formation, 
indicating that the principal intrusion occurred before Perry 
time. 

Many of the diabase masses are therefore of uncertain age j 
they may have been intruded at any time from middle Silurian 
to Upper Devonian or later. A few may be even as late as 
Triassic, as diabase of that age is known in Nova Scotia .and 
probably on Grand Manan. The great bulk of the diabase, 
however, is believed to be of late Silurian or, more probably, 
of early Devonian age, and to have been intruded before the 
deposition of the Perry formation. 

Oharacte1' and relation8.-8cattered dikes and sills of rhyolite 
of several varieties cut all the Silurian formations but are not 
separately mapped. Some of them have already been described 
in the discussion of the closely associated effusive rhyolites of 
several of the Silurian formations and mention has also been 
made of the possible intrusive origin of large areas of pink 
rhyolite that are associated with the Dennys formation. A 
number of other rhyolite dikes are described below. 

On the shore half a mile south of Woodward Point the 
Quoddy shale is cut by twq vertical dikes of rhyolite porphyry, 
2 and 12 feet thick, respectively. Parts of these dikes appear 
very fresh. Flow structure parallel to the walls occurs through
out the thinner dike but only next to the walls in the thicker 
one. The parts showing flow structure are banded green~h 
gray and pinkish, and the aphanitic body of the rock is 
crowded with rounded phenocrysts of transparent quartz, the 
largest an eighth of an inch across and with feldspar pheno
crysts, some of them as much as a quarter of an inch across. 
Where the rhyolite is decomposed the phenocrysts of feldspar 
weather out and exhibit very perfect crystal faces. 

The microscope shows that the rock is a typical rhyolite 
porphyry. The quartz phenocrysts are generally rounded and 
embayed. Original feldspar phenocrysts of perfect crystal out
line are entirely replaced by calcite and chlorite. The ground
mass still shows the outlines of minute feldspar laths but has 
been entirely altered to an aggregate of quartz, calcite, and 
chlorite. The rock is not nearly so fresh as it appears in the 
hand specimen. 

The rocks of the Pembroke formation are intruded at a few 
places by dikes of red and of gray rhyolite. On the north 
sh,ore of Bassett Creek a 2-foot dike of dark-red rhyolite por
phyry intrudes fine-grained amygdaloidal diabase that is also 
.believed to be intrusive. On Edgecome Point a dike of gray 
rhyolite intrudes a flow of diabase. The rhyolite becomes grad
ually darker colored within 5 feet of the contact and at its bor
der is near~Y black. The lighter phases contain irregular darker 
segregations, the largest 5 inches long, mostly elongate parallel 
to the trend of the dike. 

The rocks of the Eastport formation are intruded by many 
masses of red rhyolite. At the west end of Carlow Island red 
rhyolite cuts across the bedding of the shale, as shown in Plate 
Ill. The contact is welded and the color of the rhyolite near 
it is changed from red to nearly black. Dikes of red rhyolite 
that cut shale are well exposed on Birch Point. A red rhyolite 
dike on the shore northwest of Kendall Head, on Moose Island, 
showed very perfectly developed flow lines parallel to its walls. 
At Buckman Head, on Moose Island, and on the shore half a 
mile southeast of' Clement Point rhyolite dikes intrude diabase 
flows of the Eastport formation. The rhyolite that intrudes 
this formation, though not uncommonly indistinguishable from 
the flows in lithologic character, is in general coarser grained. 



Its texture in some places is trachytic and in other places is 
granular, the granular phases being virtually fine-grained 
granite and bearing a rather striking resemblance t.o fine-grained 
phases of the large granite masses north of the quadrangle. 
At their borders Inany of the masses of intrusive rhyolite are 
markedly more mafic (basic) and in some places, as on the shore 
of Treat Island and at the west end of Carlow Island, are as 
dark colored as the diabase. The rock of these border phases, 
although consisting mainly of orthoclase and carrying some 
quartz, contains also some plagioclase (oligoclase to andesine), 
as well as abundant chlorite and epidote, probably decomposi
tion products of hornblende, besides numerous crystals and 
small disseminated Hakes of hematite, an alteration product 
of magnetite. Many of the smaller rhyolite dikes that cut 
the sediments or effusive rocks contain abundant oligoclase 
and approach ill composition the contact phases of the larger 
masses. Some of these dikes are gray rather than reddish, an 
example being a dike that cuts the diabase flo'ws of Buckman 
Head" 

A SO-foot dike of red rhyolite cutting the sediments on the 
shore west of Kendall Head contains numerous cubes of pyrite, 
the largest half an inch in diameter, developed by metasomatic 
replacement near fracture planes. 

A.qe.-All the intrusive rhyolite is believed to be Silurian or 
early Devonian in age because no rhyolite was found cutting 
the Devonian Perry formation. Some of the intrusive red 
rhyolite may have come from the same magmatic source HS the 
red granite of Robbinston and vicinity but may have crystal
lized at less depth and therefore Hssumed finer textures. Such 
a relation between these t.wo rock types is suggested by the close 
resemblallce of some of the rhyolite dikes to some border 
phases of the granite. 

Character and 1'e!utions.-AltllOugh not found in place in 
the quadrangle, granite outcrops a short distance to the north 
and, as pointed out in the description of the Perry formation, 
probahly underlies certain parts of the quadmngle at no 
great depth. It forms one of the most abundant constituents 
of the Perry conglomerates. It is possible, as already suggested, 
that certain rhyolitic intrusions in the quadrangle are geneti
cally connected with the granites. 

The nearest outcrops of granite are on the shore of St. Croix 
River just west of Mill CoYl~, from which place granite outcrops 
almost continuously northward along the west shore of the 
river to Devils Head. Farther inland the southernmost out
crops of granite arc 11 to 2 miles north of Boyden Lakc and 
on the hills north of Pennamaquan Lake. In that vicinity 
the Silurian rocks continue with prevailingly northwest strikes 
until they are cut off abruptly by the granite. 

The granite is intrusive in the Silurian series, a relation 
shown by a loeal increase in fineness of the granite toward 
the contact and by the occurrence of granite dikes in dia
base that itself in places intrudes the Silurian rocks. The 
Silurian sediments near the granite contact show great 
silicification but contain no large amount of distinctive con
tact minerals. 

Though intrusive in certain masses of diabase the granite is 
itself 0ut by a 50-foot. dike of fresh diabase at Brooks Cove, on 
the Robbinston shore. This dike is probably Devonian or 
Triassic in age. 

The h'Tanite is gencrally red and its principal dark-colored 
constituent is green hornblende. The microscopic appearance 
of a specimen collected at Robbinston may be taken as t.ypical. 
Its texture is hypidiomorphic granular, the mineral grains 
ranging in size from 0.5 to 2 millimeters. The minerals, 
stated in order of abundance, are (1) quartz; (2) orthoclase, 
usually perthitically intergrown with albite; (3) green chlorite, 
secondary after hornblende or biotite; (4) albite in lath-shaped 
crystals; (5) magnetite. The rock contains micro6'Taphic inter
growths of orthoclase and quartz and secondary calcite and 
sericite. 

Specimens of granite from the hills north of Pennamaquan 
Lake are mostly very light pink in color and here and there 
contain crystals of feldspar 1 centimeter in diameter. Biotite 
is t.he dark-colored constituent.. This type of granite grades 
into finer-grained, much pinker phases. 

The commercially important granites of this region have 
been described by Dale." 

Age and correlation.-The granite of Robbinston and vicin
ity should undoubtedly be correlated vdth .the granite masses 
of the adjacent parts of Ne\y Rrunswick, which intrude the 
Silurian beds 'with notable contact-metamorphic effects. In 
both Maine and New Brunswick the Perry beds lie unconform
ably on the granite, this relation fixing its age as younger than 
the youngest Silurian beds of tile region and older than the 
Upper Devonian Perry format.ion. It. is reasonable to suppose 
that, like the bnlk of the intrusive diabase of the region, the 
granite WHS intruded dming the period of great structural 
deforma~~_Il_i'_l ~~e_~i~l~~~ or early Devonian tI_"m_e_" __ _ 

a Dale, T. ]1,' , 'l'be gl"llnitl'S of ftfaine: U. S. GeoL Survf:lY Bull. 818, p. 164, 
1\107. 
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STRUCTURE" 

MAJOR FEATURES. 

The great st~uctural units of the Eastport quadrangle com
prise a central fault block of Silurian and Devonian rocks and 
two areas of earlier Silurian sediments and associated intrusive 
rocks, which bound the central area on the northwest and on 
the southeast. The master faults that outline the central fault 
block strike northeast-southwest, as shown on the geologic 
maps, and may be called the Ayers Junction fault and the 
Lubec fault zone. The first passes near Ayers Junction, in 
the northwe"st corner of the quadrangle. The second passes 
near Lubec through Split Hill and No.9 Hill, and along East 
Stream. The position of each zone of faulting can be only 
approximately determined. The displacement in the Lubec 
fault zone ,vas not confined to a single fracture but was distrib
uted along several nearly parallel fractures, so as to produce a 
sheared zone that is in places several hundred feet wide. 
Although the movement along the east side of the central 
fault block may have reached a ma.ximum along the Lubec 
fault zone as defined above, it was by no means confined to it 
but was more or less distribut.ed ove~ a belt, from 1 to 2 miles 
"dde, immediately west of the Lubec fault zone. The rocks 
"within this belt are cleaved in many places and are cut by 
minor faults having northeast trends. Close cleavage simulat
ing schistosity is especially noticeable in shale and diabase near 
the head of South Bay. 

The fact that the rocks of the central fault block are younger 
than the sediments of the bordering areas indi.cates that the 
relative movement of tllis block has been downward. TIle 
manner in which the rocks of this block are folded indicates 
that the downward movement was conjoined with a. horizontal 
movement along the Lubec fault zone, the central fault block 
moving nort.heast with respect to the block lying southeast of 
it. The ex.tent of the displacement is unknown but was cer
tainly great. Movement probably took place at several periods 
and in different directions at different times. 

The central fault block of Silurian and Devonian rocks has 
several important structural characteristics. Its Silurian rocks, 
with tile exccption of the Dennys formation, have been folded 
into a broad anticline that pitches gently to the northeast. 
Their strike shifts from northwest in the northern and central 
parts of the quadrangle to northeast in the southwestern part. 
The dip ill the northern part of the block, as shown in struc
ture section A-A, is prevailingly eastward at angles of 300 to 
40". Near the southeast border of the fault block. however, 
the dip is in places vertical and even reversed, as shown 
in structure section C-C. The anticline in the vicinity of 
Moose Island is modified by a syncline "whose axis trends from 
Pleasant Point southward toward Nipps Island. As a result 
the rocks of Moose Island are nearly flat or dip gently north
westward, as is shown in structure section B-B. An important 
strllctural feature is the thrust fault separating the Edmunds 
and Dennys formations throughout most of their extent in the 
quadrangle. In the region north of "\Vestern Pond, and espe
cially that west of Cunningham }fountaiu and wpst of East
man HilI, the beds of the Edmunds formation, if followed 
along their strike, are found to abut abruptly, "without change 
in character, against the rocks of the Dennys formation. This 
relation is explicable only upon the assumption of faulting. 
Between "\Vestern Pond and Orange Lake no structural break 
is apparent from one formation to the other, but the exposures 
are not sufficiently continuous to demonstrate conformity. In 
the region north and northwest of Burnt Cove School the fault 
is an overthrust dipping eastward at an indeterminate but low 
angle.'. . This fact is shown by such relations as those illustrated 

FIGURE 6.-Diagrams e:l"plaining structural relations at contact between 
tbe Dennys and Edmunds formations near Edmunds village. 

in figure 6, which shows that in different portions displaced by 
cross faults erosion has produced unequal eastward recession of 
the outcrop of the thrust fauIt. In the densely timbered region 

farther south, between Crane Mount.ain aod Rocky Lake, the 
exact geologic relations are very obscure, but a considerable 
thickness of the Edmunds formation seems to be replaced 
toward the north west, in the direction of its strike, by rocks of 
the Dennys formation. This condition appears to indicate a 
sharp shift from a south to a southwest direction in the fault 
between the two formations, so that instead of crossing the 
Edmunds formation at a small angle the fault crosses it nearly 
at a right angle. The mechanics of this fault are illustrated by 
two folded pads of paper shown in figure 7, in which the plane 

FIGURE 7.-Diagram illustrating the general character of the fault between 
the Dennys and Edmunds formations. 

between the t\yO pads represents the fault plane. In the fore
ground of the illustration, where the paper is sharply flexed (at 
B), the movement between the pads is largely lateral, but in 
the flatter part of the pads (at A) the movement simulates true 
thrust faulting. 

The rocks of the Perry formation have suffered much less 
deformation than th.ose of the Silurian formations, from which 
they are separated by a pronounced erosion unconformity. In 
nearly all the exposures of the formation the dip is gentle, 
from 150 to 30°. In some places, however, generally as a 
result of faulting, the dip is vertical. The type area of the 
formation bet,veen Perry and South Robbinston has been 
shown by Smith and White to be a syncline, "with its axis 
trending ~. 25° 'V. and with its eastern portion concealed 
beneath Passamaquoddy Bay. The small area of the formation 
just. north"west of Pigeon Hill and the area on Hersey Neck 
have been preserved from erosion by downfaulting, and the 
same is probably true of the South Bay area, though the details 
of structure there are not so clear. The small area just west of 
Moose Island is a syncline with very steep dips along its west
ern border and gentle dips along its eastern border. Faulting 
has not only served to protect some of the Perry rocks from 
erosion but has elsewhere produced small offsets, which are 
well shown in the region northeast of Perry. The prevailing 
trend of the faults is northeast. 

~nNOI-t FEATURES. 

The most important of the lesser structural features of the 
quadrangle are the numerous minor faults. That many of 
these are later than the major folds and faults already described 
is proved by the fact that they produce offsets in the great 
thrust fault between the Dennys and Edmunds formations and 
that some of them fault the beds of the Perry formation. 
Their prevailing trend is northeasterly, parallel in a general 
way to the Lube~ mast.er fault, and thei.r formation was prob
ably accompanied by rene\ved moyement along that zone. 
Although it. is evident that the minor faults are of more than 
one age, sufficient eyidence was not obtained to permit the 
assignment of each fault to its proper age. The form of the 
diabase masses north"west of 'Whiting suggests that some of 
the millor faults represent adjustments of the beds at the time 
of the intrusion of the diabase masses. Most of them, how
ever, appear to be independent of the phenomena of intrusion 
and to represent adjustment to broad crustal movement. 
None show the characteristics of thrust faults. An attempt 
t.o explain them as a result of nearly horizontal dragging 
movement encounters difficulty in the fact that not all the 
blocks southeast of the faults ha.ve been shifted in the same 
direction ,;"ith respect to the blocks farther northwest. The 
minor faults, those produced by the intrusion of diabase and 
possibly some others near the Lubec fault zone, are probably 
the result of tensioll. The post-Perry faulting, by which 
blocks of the Perry were dropped. with respect to those on 
either side and thus protected from erosion, was certainly due 
to tension. 

Schistosity and slaty cleayage are not developed in any of 
the rocks of the quadrangle, but cleavage ~in places wide spaced 
ancI in others so close spaced as to simulate slaty cleavage or 
schistosity-was observed at many loca.lities. In general the 
cleavage planes are nearly vertical and strike northeast, about 



parallel to the prevailing directions of the fimlting. They are 
part.icularly well displayed near the Lubec fault zone. Move
ment along cleavage planes is shown at several places, notably 
on the shore in front. of West Quoddy Light, where a small 
diabase dike has been s1ightly faulted at several places parallel 
to the slaty cleavage of the inclosing shale. In the shale and 
rhyolite of the Edmunds format.ion close-spaced clea vage is 
conspicuous near 'Vhiting. 

In general the absence of t.rue slaty cleavage and schistosity 
shows that the rocks of the rebriol1 were deformed at relat.ively 
slight dept.hs and thus contrast strongly with those of certain 
parts of 'western ~ew England, where Devonian and even Car
boniferous rocks have become highly schistose as a result of 
deformation at great depth and under high pressure. 

GEOLOGIC HISTORY. 

pnFrSIr.URIA~' TUfE. 

Schists that. are probably at least as old as Ordovician are 
found farther west in Maine, in the Penobscot Bay quadrangle, 
and also fluther east, in K e'iY Bruns,vick, talc or chlorite 
schists haying been observed near the village of North Head, 
Grand Manan, but the oldest formation exposed in the East
port quadrangle is the Quoddy shale, of early Silurian age, t.he 
relation of' which to the older schists is unknown. A.1thongh 
some such old rocks undoubtedly underlie the rocks exposed 
in this quadrangle, their history can not be unraveled, and 
the kno\vn geologic history of the quadrangle therefore begins 
in early Silurian time, the first clearly recognized event being 
the deposition of the Quoddy shale. 

SILL'RIAN PERIOD. 

QUODDY DEPOSITION. 

The prevailingly thkk and even bedding of the Quoddy 
shale and its great. t.hough unkno\vn t.hickness indicate that its 
formation ('ont.inned t.hrough a long time. Its fossils are 
marine and it WHS probahl.Y deposited along the shore of the 
sea or in a large estuary. The small masses of interhedded 
rhyolite, doubtless erupted on t.he sea bottom, record brief 
interruptions in an ot.herwise unewmtful period of continuous 
sedimentation. The quartzitic character of some of the sha.le 
and the extreme scarcity of limestone, in addition to the pres
ence of volcanic rocks, indicate deposition near the land, but 
the formation was evidently not deposited in water so shallow 
as were some of the later formations, a fact shown by the entire 
absence of conglomerates, ripple marks, and similar feat.ures of 
deposits laid down in very shallow water. 

The time between the deposition of the Quoddy shale and 
the eruption of the rocks of t.he Dennys formation is not 
recorded in this region, but the fossils of the two formations 
indicate t.hat the interval, geologically considered, was not long. 
The dominantly sedimentary roc-ks of the Quoddy formation 
present a sharp ('ontrast. to the rocks of the Dennys format.ion, 
which are almost exelusively volcanic and most of which were 
apparently erupted upon a land surfa0e. Only here and there, 
probably in estuaries at t.he border of' the sea, were small 
masses of marine sediments deposited. Therefore the interval 
between the deposition of the Quoddy shale and that. of t.he 
Dennys formation, though. perhaps not long, was long enough 
to convert an area of sea bottom into land. 'Vhether this 
change was accomplished by uplift or by extensive deposition 
of volcanic material, or both, and to what extent erosion was in 
pro~reE's, are points not yet determined. 

During the deposition of the Dennys formation volcanism 
was predominant. Rhyolitic and andesitic lavas and smaller 
amounts of diabase were erupt.ed, in part contemporaneously. 
They came from many centers whose position can not be deter
mined. The proportion of flows to tuff beds appears to be 
greater in this formation than in tIle later formations, and only 
a little of the tuff shows well-defined bedding. These facts 
and the almost complete absence of sediments indicate that the 
rocks of the Denllys formation were largely deposited upon a 
land snrface. 

The period marked by the Dennys volcanism was probably 
closed by suhsidence that brought part of the area below sea 
le"el, for the small masses of detrital marine sediments in the 
formation are mainly in its upper part and the rocks of the 
overlying Edmunds formation include abundant shale an.d 
water-laid tuff. In the sonthern part of the quadrangle no 
unconformity or other sharp break is recognizahle between tIle 
DE'nnys and Edmunds formations, and probably the close of 
Dennys time was unmarked by other notable changes tha.n the 
assumed subsidence. . 

The deposition of the earliest. beds of the Edmunds forma
tion marked the beginning of a continuolls period of sedimen
tation and volcanism whieh eontinued until the latest Silurian 

, beds of tIle region had been deposited. During this period 
slow subsidence of t.he land was probably in progress, nearly 
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keeping pace with the deposition of sediments and volcanic 
rocks, so that the a.rea occupied by the sediments remained a 
shallow part of the sea, possibly bordered by a fe,,, areas of 
low land. That t.he water in which the beds were deposited 
was more or less quiet and protected is shown by the general 
absence of conglomerate and of other evidences of extensive 
erosive action by waves or currents. During Edmunds t.ime 
the volcanism was characterized by eruptions of diabase and of 
se"eral varieties of rhyolite and andesite. The andesitic erup
tions ceased neal' the end of Edmund:::: time, but rhyolitic and 
diabasic eruptions persisted until the close of the Silurian 
period. The location of the vents from which the flows and 
tuffs were ejected is not clearly known, but some of them were 
probably within the Eastport quadrangle, for the flows are 
abundant and thick and some of the tuffs are coarse. Certain 
masses of andesite and rhyolite that are mapped as pari of the 
Dennys format.ion but are possibly intrusive may be the eroded 
necks of some of the volcanoes. 

Toward the end of Pembroke time the sea in parts of the 
regiou evidently became shallow, either as a result of deposition 
or of slight uplift. In sllch shallow waters, probably in baYR 
or estuaries, the sparsely fossiliferous red shale of the Hersey 
member ,'ms deposited. A few miles southeast of the area coy
ered by these shales the deposition of sediments containing a 
profuse fauna continued in deeper water until late in Eastport 
time, when the shallow-water, sparsely fossiliferous beds of 
the upper part of the Eastport formation were laid down. The 
deposition of these beds and the eruption of the accompanying 
volcanic rocks forms the closing chapter in the history of the 
region during Silurian time, a period cha.racterized for the most 
part by continual and varied volcanic activity a.long a prot.ected 
seacoast. 

DEVONIAN PERroD. 

Before sedimentation was again resumed in t.he Eastport 
region, in late Devonian time, the structure and geography of 
the region had been greatly changed. In late Silurian 01' early 
Devonian time the region was uplifted and its rocks tilted, 
folded, and faulted into nearly the positions which they now 
occupy. After these movements, or possibly 'while they were 
still in progress, the rocks throughout the quadrHngle were 
intruded by great masses of diabase and those in the area just 
north of the quadrangle were intruded by great masses of 
granite. Much of the minor folding and faulting in the area 
accompanied the intrusion of the larger bodies of these igneous 
rocks, but the major deformations, such as the Lubec and Ayers 
Junction faults and the notable shift in the strike of the later 
Silurian beds from northwest to southwest near the I~ubec fault 
plane, are the expression of much larger mountain-building 
movements. 

As a result of these forces the region was lifted above sea 
level and immediately became subject to land erosion. The 
extent of this erosion is unknown, but it was sufficient to 
expose large masses of coarse-grained granite, which probably 
solidified at a depth of several thousand feet. 

Late in the Deyonian period warping or general subsidence 
of' the land again brought abont sedimentation but of a. type 
entirely different from that characteristic of the Silurian. The 
Devonian sediments comprised in the Perry formation are in 
the main shol'e deposits, whose character indicates that they 
were in some places open to the full sweep of the waves of the 
sea. ""Vith th~ conglomerate are intermingled sandstone and 
shale, whose physical character and scanty plant remains indi
cate an estuarine origin. In fad, the considerable difference in 
the character of the Perry formation at different places in the 
quadrangle indic'ates that the Devonian shore was irregular and 
that some parts of it were as sheltered and other parts as 
exposed as the present shore in the southeastern part of the 
quadrangle. The Upper. Devol)ian was a period not only of 
sedimentation but also of volcanism, which is recorded by 
flo\vs of diabase that are interstratified with the conglomerate 
and sandstone. If later sediments were deposited upon the 
Perry formation in t.his region, as they were in partE of New 
Brunswick, erosion has removed all trace of them, the Perry 
formation beiug the latest consolidated formation in the East
port quadrangle. 

POST-DEVONIAN DEFORMATION. 

Since the deposition of the Perry formation tectonic move
ments that were less pronounced than those which occurred at 
the close of the Silurian have tilted and folded the Perry and 
older formations and have displaced their beds by, numerous 
northeast-southwest trending faults. At t.he same time move
ment was probably renewed along the Lubec and Ayers J unc
tion faults. This moyement. was accompanied or followed by 
further uplift of the land, by which the Perry formation was 
exposed to erosion t.hat removed it entirely from many parts 
of the region, leaving it only where it had been downfaulted 
or had been folded into synclines. 

LATEn HISTORY. 

The history of t.he region in later Paleozoic time and 
through Mesozoic and most of Cenozoic time CMU not be 
interpreted by any geologic record that is preserved in the 
Eastport quadrangle. Only a short distance to the east, 
hO\'1e\'er, in 1\T ew Brunswick, sediments of Mississippian and 
Pennsylvanian age occur, and rocks of these ages possibly may 
once have covered the Eastport quadrangle. 

Throughout most of their extent in ~ ew Bruns\vick the 
Mississippian rocks lie unconformably on the Perry forma
tion. They comprise basal conglomerates, marine limestones, 
gypsum, and reddish calcareous shales and sandstones-deposits 
indicating extremely varied condit.ions of' deposition. Evidence 
of volcanic activity during' Mississippian t.ime is afforded by 
thick beds of tuff and volcanic breccia that are intercalated 
in the sediments. The deposition of these beds was followed 
without serious disturbance by more uniform sedimentation in 
Pennsylvanian time. Thin hut extensive beds of coal were 
deposited. Volcanism, though less active than in Mississip
pian time, persisted and left its record in beds of tuff. Earth 
movements subsequent to the deposition of the Mississippian 
and Pennsylvanian beds have in places folded them gently, but 
they are much less disturbed than the Devonian or older beds 
upon ,,,hich they rest. 

The history of Permian time is very imperfectly known. 
Sediments of that age have been recognized in New Bruns
wick, but. their character has been little studied. 

The events of Triassic time are recorded in the deposition of 
red sandstones and conglomerates a.t several points along t.he 
Bay of Fundy but particularly in Nova Scotia. Igneous activ
ity on a large scale resulted in the formation of dikes and sills 
of diabase, of which t.he cliffs of Grand Manan afford a striking 
example. A few of the diabase dikes of the Eastport quad
rangle, such as those that cut the Perry formation, may ha ve 
been formed during t.his period. 

Of the geologic events through most of Mesozoic and Ceno
zoic time the rocks of this region furnish no adequate record. 
The physiographic features of' neighboring areas, described in 
the section on the general features of the province, indicate, 
however, that the region was probably a land area during 
much of this time and was repeatedly subjected to partial 
planation by stream erosion. The record does not become 
clear again until Pleistocene time. 

QUATERl'IARY PERIOD. 

GlaciaUon.-During at. least a part of the Pleistocene epoch, 
t.he last or Wisconsin stage, the Eastport region, in common 
with all ~ e\'1 England and eastern Canada, was covered by a 
continental glacier, which Rpread from a center east of Hudson 
Ba.y and left its record not only in deposits of till and grayel 
but in glacial strite and polished surfaces. The glacial strite 
show that the general direction of movement was southeast
ward but that the valleys oblique to that direction deflected 
the ice somewhat, at least in the basal portion of the glader. 
That the influence of the topography upon the movement of 
the ice was sO slight in a region containing so many long, nar
row valleys is explained by the general shallowness of the 
vaUeys and the strength of the ice movement. This strength 
is demonstrated by t.he abundance of glaciated rock surfaces 
and the general thinness of the deposits of till. The larger 
tQPographic features, as has already been shown, are closely 
related to the structure of the bedrock, and the fact that these 
features had relatively slight influenc~ on the direction of ice 
movement indicat.es that, far from being accentuated, they were 
probahly somewhat subdued by the glaciation. Erosion and 
not deposition was dominant while the ice occupied the region. 
No conclusiye evidence of more than one period of glaciation 
,vas obta.ined. T,yo diverge~1t sets of glacial strire were 
observed at two localities, but in the absence of other evidence 
of more than one period of glaciation they may be accounted 
for by supposing a slight shift in the direct.ion of ice movement 
during the minor retreats and advances of the ice within a 
single glacial period. 

Glaciation had a notable effect in bloeking 'i"ith drift the 
preglacial drainage ways, in creating numerous bogs and some 
lakes, and in diverting many streams from their former chan
nels or,reYersing the direction of their flow. 

At the time of the retreat of the ice the Eastport region was 
at least 100 feet lower with reference to sea level than at 
present, as is demonstrated by numerous marine deposits and 
eroded surfaces between the present sea level and that elevation. 

The numerous small deposits of glacio-marine gravel, sand, 
and clay laid down during the retreat of the ice have had much 
greater influence on the topography than t.he purely 
deposits. The gravel, except. that in a few places, \vns 
deposited while the ice border stood in its immediate vicinity, 
but the deposition of marine clay continued as the laud grad-



uaIly rose to its present height. Marine erosion, of course, 
continued during aU this period of uplift, but its records, 
though of unusual interest, are faint and obscure as compared 
with the records of marine erosion and deposition along the 
present shore line, the contrast indicating that the period of 
uplift was short. The evidence of the submergence of the 
coast in this region after the retreat of the ice is in harmony 
with evidence found farther south, about Penobscot Bayll and 
Rockland.v In the Penobscot Bay region G. H. Stone6 found 
water-worn pebbles as high as 225 feet above sea level, and on the 
island of Mount Desert C. W. Brown and W. C. Alden d have 
found clays bearing marine fossils at elevations as high as 100 
feet, as well as gravel beds with delta structure fronting the 
open ocean and a probable sea cave at an altitude of 200 feet. 
Similar phenomena have been observed in neighboring portions of 
Canada, at Arisaig, Nova Scotia, where Twenhofel e found three 
raised beaches at altitudes of approximately 25,75, and 125 feet 
above sea level, the lowest two still preserving steep cliffs. 

In the Eastport region a submergence as great as 200 feet 
probably occurred, though it has not been clearly demonstrated. 
Evidence of submergence to depths of at least 100 feet is even 
clearer than that found farther south on the coast. 

The explanation of this notable submergence and the subse
quent uplift of course belongs to the realm of speculation. 
The fact that the uplift was in progress while the ice was 
retreating and that it took place so rapidly that shore features 
were only imperfectly developed, taken in conjunction with the 
extensive warping in the regiou of the Great Lakes at the close 
of the Pleistocene epoch, suggests a genetic connection between 
the glaciation and tue coastal movement. Possibly the sub
mergence was a result of the weighting of the land by the 
advancing ice sheet and the subsequent uplift a readjustment 
due to the decrease in load as the ice melted away. Evidence 
has Leen found that other parts of the coast of Maine are now 
subsiding, but evidence of such movement has not been found 
in the Eastport region. 

The processes now in operation on the land in this region 
are stream and marine erosion and deposition, whose general 
tendency is to reduce the irregularity of the land surface and 
the coast line by eroding the more prominent and exposed 
parts and depositing the waste in the more sheltered valleys 
and inlets. The interval since glacial time, however, has been 
short, geologically speaking, so the topography is very irregu
lar, though it exhibits no great relief, and the irregular shore 
line is typical of a II drowned" coast. 

ECONOMIC GEOLOGY. 

Mineral resources of economic interest include road materials, 
peat, scattered deposits of metalliferous minerals, clay, and water. 

ROAD MATERIAL. 

Road material f of excellent quality is abundant in the East
port quadrangle, though in many places poor material has been 
used where the best was equally available. The most widely 
distributed and most cheaply utilized road material is gra vel. 
The locations of the larger deposits of gravel and of the pits 
from which it has been excavated are shown on the surficial
geology sheet. 

Among the hard rocks the most serviceable for road con
struction is the trap or diabase, whether extrUBive or intrusive. 
Such rock is abundant in the quadrangle and its distribution is 
shown on the areal-geology map. Trap has been quarried 
for use on the streets of Eastport from the hill a short distance 
northwest of the railroad station. Such localities as Estes Head 
and Shackford Head are particularly favorable for chea,p quar
rying and for shipment by water to other cities along the coast. 
At both these points the quantity available is practically limit
less and the material, if quarried at the water side, could be 
loaded directly into vessels. The harbor protection at these 
points is excellent and the water deepens abruptly, so that ves
sels may approach close to the beach even at low tide. These 
two localities are among the most favorable in the whole State 
for cheaply quarrying and loading on vessell!! the best quality 
of road-building rock. Physical tests of trap from Estes Head, 
made by the United States Department of Agriculture, show 
that the rock is hard and tough and has good cementing quali
ties. It should make excellent road material, even for heavy 
traffic. From Lubec southwestward toward Cutler the trap is 
generally associated with quartzose shale. This shale is very 
massive and tests show that it would be good road material, 
espedally if mixed with some trap. 

The more massive rhyolites have been utilized on the roads 
at several localities. They do not pack down or cement as well 

"U. B. Gaol. BUl'vey Gaol. Atlas, Penobscot Bay follo (No. 149), 1907. 
~Ide1l1, Roeldand follo (No. 158). 1908. 
"U. B. Geol. BUl'vey Mon. 84, p. 48, 1891). 
d Personal communication. 
"Twenhofel, W. H .• Am. Jonr. Sci .• 4th ser., vol. 28. p. 147. 1909. 
fLeighton. Henry, and BW!tin, E. B .• Road materiats of southern and 

eastern Ma.lne: U. S. Dept. Agr. Office Pub. Roads Bull, 88, 1908. This 
report contains more detailed descriptions than are given in this folio. 
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as the trap and their use can not be recommended in view of 
the abundance of the superior material. 

Shale has been used on some roads near Pembroke and Perry 
because it could be excavated easily. It wears poorly, soon 
grinding down to a sticky mud, and its use should be avoided. 

PF..AT. 

Deposits of peat of excellent quality for fuel and other uses 
to which this material has been applied are abundant in the 
quadrangle. The location and size of these deposits are shown 
on the surficial-geology map and the more important ones are 
briefly described below. Fuller descriptions, accompanied by 
detailed records of test borings, analyses, and a description of 
the origin and uses of peat have been published in a bulletin 
of the United States Geological Burvey.· 

Lubec.-A peat bog occupies nearly all the neck of land, 
thr~quarters of a mile southeast of South Lubec, connecting 
West Quoddy Head with the mainland. This bog covers 20 
to 25 acres. On the assumption that its average depth is 5 
feet it should yield at least 26,000 short tons of air~dried 
ml.lchine peat. The facilities for water shipment are poor, the 
coast to the south being unprotected and the bay to the north 
being very shoal for a long distance from the shore. The 
deposit would therefore be available chiefly for local use. 

Pernhroke.-A large bog of peat of excellent quality lies 
about 1t miles southwest of Ayers Junction. This bog covers 
about 160 acres, and its average depth is probably about 15 
feet. The bog wiIl therefore yield at least 500,000 short tons 
of machine peat. The peat is firmer and more coherent than 
that found in most other deposits and contains less water. 

Another bog lies half a mile east of Ayers Junction, along 
the Eastport branch of the Maine Central Railroad. The 
peat of this bog, like that of the bog southwest of the 
junction, is much drier than that of most of the other bogs 
tested. This bog covers at least 50 acres, but the average 
depth of the peat will probably not exceed 5 feet, and some of 
it is slightly clayey. The bog ,hould yield at least 60,000 
tons of air-dried machine peat. 

A peat bog lies about a mile northwest of Falls Point, due 
east of Wilbur Neck. Its total area is about 35 acrt'.8. On 
the assumption of an average depth of 10 feet it should yield 
at least. 78,000 short tons of air-dried machine peat. Although 
the bog is only a quarter of a mile from suIt water, shipment 
of the peat, except in small vessels, would be difficult, because 
of numerous shoals and rapid tidal currents. The bog would, 
however, furnish a large supply of excellent peat for local use. 

Perry.-A small bog lies 3 miles south of Perry and half a 
mile east of Leach Point. Tests show that the quantity of 
peat in the bog is not large, though probably sufficient for 
local use as fertilizer or fuel. 

TrescoU.-A peat bog lies about a mile south of South rres
cott, near Haycock Harbor. Its area is probably at least 160 
acres. If its average depth is 8 feet (a moderate estimate), the 
bog ,hould yield at least 280,000 short ton, of air-dried 
machine peat. Its location is unusually favorable for cheap 
handling of the material, which could be carried by gravity 
from a factory located on the border of the bog to the shore of 
Haycock Harbor, and thence shipped in small vessels, for 
which the harbor affords good protection. 

Whiting.-An open bog a mile northeast of Yellow birch 
Mountain may conVtin considerable peat but was not tested. 

METAI,LIFEROUS DEPOSITS. 

Metalliferous deposits occur at several localities find have 
been the object of considerable in vestments of capital with 
very little return. The first of these deposits to be discovered 
(in 1828) is on the west shore of South Bay and is known as 
the Lubec lead mine. The deposit consists of several small 
veins ~arrying galena, zinc blende, and chalcopyrite in a gangue 
of qUArtz and cillcite, intersecting trap. The property· was 
worked intermittently through several short periods, and the 
mill is still standing. The veins carry only small amounts 
of the precious metals and are too small to be worked profit
ably for the baser metals. 

A vein on' Denbow Point was observed by Jackson in 
1836 b and described as follows: "The vein is 14 inches wide, 
and the lead are' is .g inches in thickness; tht! remainder of the 
vein consists of black blende, or sulphuret of zinc, and calca
reous spar." The vein trends north~northeast. In 1862 an 
attempt was made to develop this vein, but work was soon 
abandoned and the shaft is now filled with slide rock. The 
shaft is in diabase tuff and the rock on the dump shows ore 
stringers composed of quartz, zinc blende, galena, and pyrite. 

Near the road from West Pembroke to Ayers Junction, on 
the Sinclair farm, about 2 miles from West Pembroke, several 
prospects in diabase flows were opened a few years ago but are 
now idle. Some test drilling for ore has also been done at 
this locality. The ore occurs as vei111ets filling fractures, as 
disseminations, and as amygdaloidal fillin~. The ore minerals 

"Bastin, E. B., and Davis, C. A., Peat depOBits of Maine: U. B. Geol. Sur
vey BulL 876, 1909. 

bJa.ekson, C. T .• First report on the geology of the Btate of Maine. p. 25. 
1887. 

are galena, zinc blende, and chalcopyrite. Calcite, dolomite. 
and quartz are the gangue minerals. 

Both the Lubec and the Pembroke depo~its occur in regions 
of extensive fracturing. The origin of the ore-bearing solu
tions is not certainly known. The deposits are described in 
greater detail by W. H. Emmons,ll in an earlier report of the 
United States Geological Survey. 

A vein of white quartz, 1 to 3 feet thick, occurs in East Bay, 
on the point north of Rodgers Point. It is banded parallel to 
the walls and includes numerous horses and small angular 
fragments of wall rock but no metallic minerals. 

An iron furnace and foundry which was operated at Pem
broke in the "thirties" derived its ore supply from Nova 
Scotia. A few small iron-bearing veins were observed within 
the quadrangle. On the southwest shore of Seward Neck 
several nearly vertical veins traverse the rhyolitic flows, occu
pying sharp fracture planes and breccias in the rhyolite. They 
consist of quartz and specular hematite. The walls and breccia 
fragments are sharp and there is no mineralization of the 
rhyolite at the border of the vein. According to an analysis 
made by C. T. Jackson in 1836 the specularite contains 89 
per cent ofFesOs and 11 per cent of Ti0 2 • 

A small abandoned prospect pit lies near the Lubec road, 
about 2 miles northeast of West Lubec. It shows lenses of 
white quartz in sheared trap. The quartz is mostly barren but 
in places carries a little chalcopyrite. 

CLAY. 

Marine clay is widely distributed over the lowlands of the 
quadrangle, 88 shown on the surficial~geology map. At many 
places the deposits are thick and are of a quality suited to the 
manufacture of common brick. They are not now utilized 
in the quadrangle, but until 1900 a brickyard was worked about 
a mile southeast of West Pembroke on the road to Leighton 
Point. The plant is said to have produced 500,000 to 800,000 
brick a year. The clay here is buff-gray and burns to terra
cotta color. It is very plastic and nearly free from pebbles. 

SUPPOSED COAl.. DEPOSITS. 

Some prospecting has been done for coal in the quadrangle, 
especially in the PelTY formation, and some residents still hold 
firmly to a belief in its existence. It can be stated with 
certainty, however, that not only has no trace of coal ever been 
found in the quadrangle but that all the rocks are older than 
those in which coal occurs elsewhere. The reputed coal 
was the subject of a special investigation of part of the 
district by the United States Geological Survey in 1903.11 

Small patches of supposed coal on the west shore of Brond 
Cove are merely black shale, which has been polished some
what along slip planes. 

WATER POWER. 

In the heavily forested parts of the quadrangle west of 
Cobscook River many small streams have been dammed in the 
spring for the purpose of floating down logs and oth~rs have 
been dammed near their mouth to furnish power for sawmills. 
Tide power was used many years ago for running a plaster mill 
at what is known as the canal, about a mile south of' the village 
of North Lubec. Tide power is not now utilized in the quad
rangle, although there are many narrows through which the 
tidewater flows with considerable force, both on the ebb and 
flood. Jackson in his first geologic report (1837) called atten
tion to possible tide power at Haycock Harbor. Another prom
ising locality is at the iron bridge, a little over 3 miles north of 
Whiting, where an estuary discharges through a passage only 
about 40 feet wide between rock walls 10 to 12 feet high. 

WATER. 

The water supplies in the country districts and smaller towns 
of the quadrangle are derived from spI'ings and shallow dug 
wells and in general are abundant, soft, low in mineral content, 
and otherwise excellent in quality. Some wells very near 
tidewater, however, yield brackish water that is unsuitable 
for use. Eastport is supplied from Boyden Stream, the outlet 
of Boyden Lake. The reservoir, built in 1901, and the pump..' 
ing station are in Perry and the water is pumped to a 60-foot 
standpipe on Battery Hill, in Eastport. The supply of Lubec. 
is obtained from springs about li miles east of West Lubec 
whence the water is pumped to Ii standpipe at the south end 
of Lubec Neck. The water contains about 100 parts per 
million of mineral matter and is moderately soft. 

Several springs are noteworthy. One nP.ar the west shore of 
Johnson Bay, mentioned by Jackson in his first report on the 
geology of Maine, yields a steady flow of pure cold water. 

. A salt spring on the farm of Daniel McKinley, at Timber Cove. 
Cobscook River, about 4 feet above high tide on the edge of 
Ii salt marsh, flows all the year. Lubec Saline Spring, at the 
head of' Johnson Bay, yields very salty water. 

November, 1913. 

"Bome ore depoHits of Maine: U. S. Geol. Survey Bull. 482. p. 46, 1910. 
~Smith. G. 0., and White, David, The geology of the Perry BlL8in in 

Houthell.!ltern Maine: U. B. Geol. Survey Prof. Paper 85. 1005. 
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EASTPORT QUADRANGLE 

PLATE I.-SPH ERULIT IC STR U CTURE IN GRAY FLOW RHYOLITE OF PEMBRO;(E FOR MAT ION. PLATE II.- WEATH ERED SURFACE OF DIABASE. TUFF OF PEMBROKE FOR MATION. PLATE II I.-TYPICAL SHALES OF THE UPPER PART OF THE EASTPORT FOR
MATION CUT AT THE RIGHT BY A DIKE OF RED RHYOLITE. Northeast shore 01 Denbow Ned. Natural size. 

PLATE IV .-MICRO PHOTOGRAPH OF DARK_RED RHYOLITE OF EASTPORT 
FORMATION , SH OW ING FLOW - BRECCIA STRUCTURE. 

W,agnil jed 30 d,ameters. East shore of South Say opposite Long Is land. 

PLATE VI I.- COARSE VOLCANIC TUF F O F GRAY RHYOLITE OF EASTPORT 
FORMATION . 

Shore of Moose Island. due south of Carlow Island. 

PLATE X.- VIEW LOOKING EAST FROM T H E NECK BETWEEN JOHNSON AND 
CARRYINGPLACE COVES. 

Showing the topographic position 01 the gravel p it shown in Plate XI. The situation and 
structure 01 these gravels show that they were deposi ted in the ocean when the land 
stood at least 100 leet lower than at present. The flats in the rii?;h t forei?;round a re 
marine c lay. 

PLATE XIIl. - ROCK OUTCROPS FLANKED BY FLAT S O F GLACIO- MARINE 
GRAVELS. 

Northern part of the city 01 Eastport. The lorm of the outcrops is sUigesti ve of wave erosion. 

Shor ~ of Fede ra l Harbor. Natural size. 
Northwest end 01 Carlow Island. 

PLATE V I.- FLOW- BRECCI A ST RUCTURE IN ANDESITE OF THE ED MUNDS FORM ATION . PLATE V.- MICROPHOTOGRAPH OF N EARLY BLACK RHYOLITE IN E4.STPO RT 
FOR MATION, SHOWING FLOW-BRECCIA STRU CTURE. 

Mainifjed 30 diameters. East sho re of South Say opposite Lonl:; Island. 
Near the point where Pembroke·Dennysvilie road crosses Wilson Stream. Fragments 01 hil:;hly porphyriti c andeSIte a re 

inclosed in a dark· red aphanit ic matr ix. 

PLATE VII I. - GRANITE BOW LDE.RS FRO M PERRY CONGLO M ERATE SLICED DUR
ING THE FOLDING AN D MINOR FAULTING OF THE FOR MAT ION AND THE 
FRAGMENTS RECEMENTED. 

Shore northwest 01 P igeon Hill . Perry. 

PLATE XI. - GRAVEL PIT AT McCOY FAR M, NEAR CARRYINGPLACE COVE, 
MOOSE ISLAND, LOOKING EAST. 

The gravels are about 30 leet thic k and overlie marine clays. They show inclined struc· 
ture typical of deposition in standing water. The incl ined beds dip 30' -35' N. 

PLATE XIV.-BOWLDER-STREWN TERRACE OF SAND AND CLAY BORDERING THE 
T IDAL FLAT SHOWN IN PLATE XV. 

Proba bly for med on a tidailla t when t he land stood at a lower level. 

PLATE IX. - SURFACE OF LOWER DIABASE FLOW OF PERRY FO RMATION. 

On shore 1 mile north 01 Perry. Shows abundance 01 calcite amYll:dules. 

PLATE XII.- HILL NORTHWEST OF JOHNSON COV E. 

View looking east, showing the cliff-like profile of the south end of the hill. due possibly to 
marine erosion. The cliff is fronted on the south by gravels with "Ioreset" beds. 

~~-~ . 
I T~ : ::::~~~~ 
I ~. ___ ...,...-

PLATE XV.- BOWLOER-STREWN TIDAL FLAT , EAST SHORE OF LUBEC NECK. 



PLATE XVI. 

FAUNA OF THE QUODDY FORl:l.ATION. 

1. Crinoid stem. Exterior IIlold of joint lace of an isolated segment of the 
stem. Enlarged 2 diametertl. 

2. Plectambonftestrallsversalis (Wahlenberg). Pedicle valve, exterior of a 
worn shell. Enlarged l, dlametertl. 

8. ,Leptrena rhomboidaUs (Wilckens). Brachial valve in exterior mold, die· 
torted by lateral extension. Enlarged 11' diametE'rs. 

4. IJalmanella elegantula (Dalman). Brachial valve in external mold, dis
torted by lateral extension. Enlarged 3 diameters. 

5. Schuchertella subplana (Conrad). Exterior mold and interior of a dls-

6. pe~~!:!~:~}~I:b1:~~~~ ~~~:!b: rcti~~II~t:E'Whltfield). Pedicle va.lve, 
interior mold, showing only umbonal part of shell. Enlarged 8 
diameters 

7. Atrypa retieularls (Linn~), cf. A. 'Mdo~triata Rall. Small brachial (1) 
valve, exterior mold of a crushed fragment. Enlarged 3 diameterB'. 

8. Anoplotheca cf. barrandei (Davidson). Pedicle valve, interior mold. 
Enlarged 3 diameters. 

9. Spiri/er radiatus Sowerby (cf. S. nympha Billings). Mold of exterior of 
brachial valve, showing characteristic striations. Enlarged 2 diame
ters. 

10. Spirtler crispus (Risinger) (ct. S. staminea Hall). Fragment of a 
brachial valve, showing exterior surface. Enlarged 3 diameters. 

11. Monograptus sp. indet. Part of single rhachia with row of cellules. 
Natural size. 

12. OrthocElrae sp. indet. A crushed sculpture ClU!t. Natural size. 
Specilllensshown in figs. 1-10 from locality on north shore of West 

Quoddy Head. east of life·saving station. Specimens shown in 
~~H~ ~~~ilid;f -fV~~d~~:1l10i~t~ast shore of South Lubec, about a 

FAUNA OF THE DENNYS FORMATION. 

13. Cf. Streptelasma calicula Hall. Side view of mold of interior. Enlarged, 
2 diameters. 

14. Lingula, cf. oblata Hall. Fragment, showing inter!or. Natural size. 
Hi. Plectambonites trans'Oersalis (Wahlenberg). Mold of an interior of a 

minute pedicle valve. 
16. Of. Leptrena larvigata (Sowerby). Mold of interior of pedicle valve. 

Enlarged 6 diameters. 
17. cr. Leptrena minima (Sowerby) var. grayii Davidwn. Mold of interior 

of brachial valvtl. Enlarged 6 diameters. 
18. Skenidium lewisi Davidson. Internal mold of brachial valve. Enlarged 

6diametera. 
19. Bilobites bilobus (Linn!"!). Mold or interior of pedicle valve. Enlarged 8 

diameters. 
20. Cf. Urthisequival'OiBDavidson. Internahnold of pedicle valve. Enlarged 

Ii diameters. 
21. ct. Orthis equival'OiB Davidson. Internal mold of brachlal valve. 

Enlarged It diameters. 
22. Bell1"ichia maecoyiana, Jones val'. External mold of right valve. 

Enlarged 10 dia,ueters. 

~: E;~~~f:; (f~:Epu;r(iliJ~:e~~.leftM~~de·Of E~!~~~! 8 ~;ab:~hl~l valve_ 
Enlarged 2 diameters 

25. Spirifer crispU8 (Hi singer). A pedicle valve on a fragment. of Stropho. 
nella (f). Natural );lze. 

26. Beyrichia maccoyiana Jones var. Both valves in (.Onjunction, distorted. 
Enlarged 10 diameters. . 

27. Beyrichia SpillulfJba Boll var. Enlarged 10 diameters. 
28. Bollia bicollina Jones. Enlarged 10 diameters. 
29. IJalmaniteslongieaudatus Murchiwn. A specimen showing pygidium 

and elongate spine. Enlar~ed 4 diameters. 
80. Cytherella concinna Jones. Enlarged 10 diameters. 
31. CythereUa concinna yar. ovaUIl Jones. 

About 2 miles east of Dennysyille, on south side of Duck Harbor, 
one·fourth mile east of iron bridge. 

PLATE XVII. 

FAUNA OF THE EDMmmS FORMATION. 

Whit/ieldeUa edmundlSi Williams. 

1. Brachial valve, showing muscular impressions. 
2. Front view of same spooituen. 
3.·A smail specimen. showing spiral arms in tIle interior. Enlarged 2Jdiam

eters. 

4. Pedick~:f;~~!e ~(e if:~teC;e~h~~~fhw~f in C~~ingham Mountain, 
Edmunds Township. 

Chonetes edmu11dsi Williams. 

5. Pedicle valve, showing interior surface. Natural size. 
6. Mold of exterior of pedicle valve, showing spines. Enlarged 2 diameters. 
15. Brachial valve, interior. Natural size. 
16. Pedicle valve, showing spines. Enlarged 2 diameters. 

Specimens shown in figs. 5, 15, and 16 from locality one-half mile 
south of Field Point. Specimen shown in fig. 6 from west side of Burnt 
Cove, Edmunds Township. 

Wilsonia saffordi Hall. 

7. Front view of specimen. showing both valves. Enlarged 11' diameters. 
8. View of same specimen. showing interior .of brachial valve. 
11. Cardinal view of another specimen .. Enlarged Ii diameters. 
12. View of pedicle valve, interior, same specimen as fig. li. 

Eastshoreof Burnt Cove, south of Cunningham Mountain, Edmunds 
Township. 

Wilsonia wilsoni (Sowerby). 

13. View of exterior of pedicle valve, taken from wax mold. Natural size. 
14 Cardinal view of specimen, showing both valves, somewhat crushed end

wise. Na'tural size. 
West shore of Falls Point, near the sout.hern extremity of Leighton 

Neck, Pembroke Township. 
Chondes striatella (Dalman). 

17. Mold of the inwrior of a pedicle valve, showing the typical charMters 
of tbe species. In the original the bases of four spines are seen each 
side of the middle of binge but are not shown in tht' figure. Natural 
size. West side of cove, about a mile southwest of Race Point, north
east part of Crowe Neck, Trescott TOWllship. 

Chonetes cf. striatella (Dalman). 

9. A ~~~ie~d~~:t ~r=eiy~~~:JiC~ s~~I~a~l:rb~tc~~rta~~e!i~!p!!S~~~m~f. t~~ 
comes from the beds that furnished the specimen shown in fig. 17 
and is interpreted to be a young of the same species. Enlarged Ii 
diameters. Crowe Neck, Trescott Township. 

Chonetes cobscooki Williams. 

10. Mold of the interior of a pedicle valva, showing a Corm that is le~!i trans
verse than some of the specimens of the species, and that bears finer 
and more numerous lineations than C. striatella. Natura.! size. Cal
careous shales south of Field Point, Edmunds Township. 

MonomereUa woodwardi (Saiter). 

18. Mold of the exterior of a pedicle valve. Se;ven-e1ghths natural size. 
HI. Exterior of a brachial valve, showing tbe sculpture of external surf Me. 

Seven-eighths nat"ll·ral size. 
Gray tuffs at Field Point, west side of Cobscook River, Edmunds 

Township .. 

Pentamerus galeatus (Dalman). 

20. A somewhat crushed pedicle valve, showing the sulcus and radial plica
tions. Natural size. 

21, 22. An exfoliated pedicle valve, showing the general form, the interior 
surface markings. and the median septum. 

2B. A somewhat distorted shell, showing exterior of a pedicle valve, with 
smooth sides and pllcations in t.he sulcus. 

Calcareous shales on west side of Burnt Cove, EdmundB Township. 

Meris/ina tttmida (Dalmrul:)' 

24. Exterior of pedicle valve, showing smooth surface, the radial striations 
on the inner layers where exfoliated at. right lower corner of figure, 
and the median furrow reaching to the beak. Natural size. 

~: ± ~~fdn~~~~fe~~~n~ft~:dl:~i~i:~l~~~~~~~ ~~lds~fdt~:a~uscular scar 
and the longitUdinal striations on the interior surfaee. 

Burnt Cove. Edmunds Township. 

PLATE XVIII. 

FAUNA OF EDMUNDS FORMATION. 

Leptost1'ophiajllosa (Sowerby). 

1. Two molds of the interior of a pedicle valve. showin~ the hinge crenuIa
tions not extending to the extremitie~ of the hinge, the muscular 
impressions, and the minute papillose vascular markings on each side 
of the muscular Impressions. Natural size. West shore of Cobscook 

4. An~t'::mo&g~~~ siri~~~; ~~~; ;p~~~~~~ TN:t::r~ize. Locality same 
astlg.1. 

a. MOWO~~,Ctb~i:r~lr~o~~~~sf ~;:~~\~~t~rl~d~~:Jntt!~u~~~i!rC~~~~~: 
sions. Enlarged 2 diameters. Locality Bame as fig. 1. 

6. Exterior of a pedicle valve, showing the surface sculpture; taken from 
wax impression of original. Natural size. Locality same as fig. 1. 

PLATE XVIII-Continued. 

8. Mold of interior of a brachial valve, showing the impression of the upper 
P,\rt of the muscular scars and the crural and cardinal processes. 
Natural size. Locality same as fig. 1. . . 

9a,9b. Molds of the intel'jor (9a) and exterior (9b) o~ ."tiwo pedicle valves, 
showing the surface sculpture, the muscular scars; the vascular papillro, 

E~ta~~~32edi!t~!t~:s~imi~:I~/~:;;:it~r~lg~frtion of the hinge area. 

Brachyprion sha~eri Williams. 

2. Mold of interior of a brachial valve, showing the hinge crenulations, car
dinal process, crural process, dental sockets, and the strong ridges 
bounding the muscular impression. Enlarged 2 diameters. East shore 
of Burnt Cove, south of Cunningham Mountain, Edmunds Township. 

8. Exterior of a small \?) pedicle valve, showillg the surface SCUlpture. 
Enlarged 2 diameters .. Shore of small bay west of Field Point, south
east of Bells Mountaiu, Edmunds Townsbip. 

7. Mold of interior of a pedicle valve, showing th.e short crenuJated area and 
smooth terminal portion ot thtl hinge and the ~ubquadI'ate form of 

~~::e~!:::.larw~t ~h~~ed~1 ~b~~~ ~~~~~~~~~!~~esWil~~:8J'?o~t~ 
Edmunds Township. 

PLATE XIX, 

FAUNA OF EDMUNDS FORMATION. 

Palreopecten transversalis Williams. 

1. An impertect mold of the illterior of a left valve, showing the transversely 
elollgate form, the rays, and the absence of a differentiated anterior 
ear. Natural size. East shore of Cobscook River, opposite Burnt 
Cove, Trescott Township. 

2. Mold of exterior of the saIne specimen. Locality same as fig. 1. 

Palreopeeien cobscooki WilliaIus. 

8. A nearly complete mold of the interior of left valve, showing the erect 
form, the characteristic radii, the pectInoid form, 8Jld the crural ridges. 
This species is the type of the genus. Natural size. Locality same as 
fig. 1. 

Tolmaia campestris Williams. 

4. A left valve, from a wax mold, showing the rectangular surface sculpture 
over body, ear, and wing. Natural size. Fi,eld Point on west shore 
of Cobscook River, Edmunds 'l'ownship. 

o. Natural mold of interim' of a right valve. showing through the thin and 
partly eroded shell the exterior surfaee sculpture over all parts of the 
right valve. Locality saUle as fig. ;1-. 

Palreopecten danbyi (McCoy) sens. strict. Williams. 

6. A small specimerr; showing the Illold 01 the exterior of a left valve, repre· 
senting also the form of McCoy's pl. 11. fig. 11, British Paleozoic Fos
sils, taken as the typical form of his species. Under highway bridge 
crossing Wilson Stream at head of th.e tidal Inlet, 2 miles north of vil
lage of Dennysville. 

7. A large specimen of the left valve, drawn from an exterior mold. Locality 
same as fig. 6. 

Pterinea (ToZmaia f) trescotti Williams. 

8. A left valve, showing natural mold of the interior surface, the strong 
radii, trace of the cardinal teeth under the beak, the latera.! tooth, and 
the well defined and developed anterior ear. Natural size. Cove on 
east side of Crowe Neck near north end, Trescott Town~hip. 

9. Another specimen. showing interior of a right valve Locality same as 
fig. 8. 

PLATE XX. 

FAUNA OF PEMBROKE FORMATION. 

IJalmanella lunata (Sowerby). 

1. A pedicle valve, drawn from a rnbber mold of the exterior. Enlarged Ii 
diameters. Head of Leighton COVE', Pembroke Township. 

2. A small (young) specimen of the pedicle valve. showing natural mold of 
~~;h~~t~~~~~at:;:;ti~al{t. diameters. Locality same as fig. 1 but 

3. A pedicle valve of the broader type, taken from a wax mold of the exte
rior. Elliarged Ii diameters. Locality same as fig. 1. 

4. A small (young) brachial valve, from a stone lIlold of the Interior. 
Enlarged li diameters. Locality same as fig. 2. 

5. A brachial valve showing the exterior, drawn from a wux mold of the' 
exterior. Enlarged It diameters. Locality same as fig. 1. 

8. A pedicle valve of the wide variety, taken from a mold of the exterior. 
Enlarged Ii diameters. Leighton COVe, Pembroke Township. 

Figs. 1 and 5 show the form of the greater number of specimens. 
Fig~. 8, a.nd 8 show the wide form. 

Chonetes bastini William~. 
6. Exterior of a pedicl& valve, drawn from a partly exfoliated mold, the 

drawing being made to represent the exterior. Enlarged li diameters. 
7. Exwrior of a pedicle va.!ve, drawn frotIl a rubber mold of the exterior, 

showing the spines and a median fun-ow. Enlarged Ii diameters. 
10. A slah showing several specimens. The specimen at the upper left-hand 

corner of the slab is over 20 millimeters wide and barely 10 millimeters 

~~nfh08'!'~f 6.e~~~~c~t'icl~:Hr:;~~ht~at:e ~:iddl~ ~heP~~~?~= ~fd! 
to the left is the mold of an exterior OIl which the median Hne is larger 
thall ordinary. Natu!"al size. 

Leighton Cove, Pembroke Township. 

CamarotaJchia leightoni Williams. 

9. A brachial valve, mold of the interior. showing the median septum, the 
plications sillooth for the early part of growth, the concentric imbri
cations not appearing till late stage in growth. 

11. A pedicle valve, mold of interior, showing the sinus with three well
defined plications and the imbl"il~ations beginIling at midgrowth. 

12. A pedicle valve, drawn from a rubber mold of the e:xterior, showing the 
characteristic slUoothness of plications in upper part and concentric 
imbrications in lower half of shell. 

13. Front view of interior, showing both valves. The specimen is com
pressed from front to beak, making it appeal.' more gibbous than nor
mal. 

Leighton Cove, Pembroke Township. 

Ac(inoptel'ia Jornieata Williams. 

14, 15,16. Three view~ of 'the same specimen, showing internal form and the 

y~~~: c~~~rp~~bo~k~~O~~Sh~~tural size. Northwest shore of 

Acttnopteria bella Williams. , 

17. A natural mold of the exterior of a left valve. slightly enlar~ed, showing 
the concentric lines over the whole surface, the radiating lmes confined 
to the body of the shell. Leighton Cove, Pembroke Township. 

19. Mold of interior of a right valve, showing concentric lines over the whole 
surface but no radii. Locality same as fig. 17. 

Aetinopte1'ia dispa1' Williams. 

20. Mold of interior of a left valve. Natural size. Leighton Cove, Pem 
broke Township. 

21. A emalileft valve. EnlaJ.""ged 2 diallleters. Locality same as fig. 20. 

Lingula scobina Williams. 

18. A specimen showing the original shell over part of the surface and its 
peculiar surface sculpture. Enlarged 8 dmmeters. Leighton Cove, 
Pembroke Township. 

PLATE XXI. 

FAUNA OF PEMBROKE FORMATION. 

Orthoeel'as cf. imbricatum Sowerby. 
1- Partial cast of a fragment with thirty abandoned chambers andl-most of 

the body or living chamber. 
• la. View of a septum, showing position of siphon. 

11. Partial cast of a fragment, showing ventral bend of the sutures. 
Leighton Cove, Pembroke Township. 

Calymene blumenbachi tBrongniart). 

2. Wax impression of exterior mold of cranidium. 
2a. Profile of same. 
a. Wax ilnpression of exterior mold of tail or pygidium. 

Head of Long Cove, Leighton Neck, Pembroke Township. 

Aeaste downing/a; (Murchison). 

8. sped~~~~ ~~~mf~~~~~:~tf :~t~rf~O;~~!. u£~:h;!~wC~;;~~:b~;~~ 
Township. 

Platyschisma helicites (Sowerby). 

4. Dorsa" view of spire of a specimen, showing the outer surface. Enlarged 
qdiameters. 

6. Uillbilical view of same specimen. 
8. Xpertllral view of same specimt'n. 

Leighton Cove, Pembroke Township. 

Orbieuloidea cf. morrisi (Davidson). 

7. BrMhial valve of partly decorticated shell. Enlarged 9 diameters. 
7a. Profile of both valves; restoration. 

L~ighton Cove, Pembroke Township. 

PLATE] X-XI-Cont~nued. 

Orbiculotdea rugata {Sowerby}. 

:b.Bp!~%i~ ~:~:to:al::~!i e~~~~~~~~1a~eE~la~:;drfd1~de~e~~ters. 
10. Profile of both valves. 
. Horan Head, west side of South Bay, ;Lubec Township. 

Pholidops implicata (SJwerby). 

12, lil. Impressions from. exterior molds of t10 isolated valves. EnlllJ""ged. 
6 diameters. 

12a. Profiles of both valves; restoration. 
East side of Leighton Point, Pembro e Township. 

Palreopeeten danby€ CMcCoy). 

14. Left or rayed valve, sculpture cast. Enlarged H diameters. Horan 
Head, west side of South Bay, Lubec Township. 

Cornulites serpularius var. bel{istriatus Hall. 

15. W ;~r:~~di~:e f~~~~:i~~s~:~:~~i!~~teNea~~:!f~?;e~ol~i:~t:r:ndo~~ 
Pembroke Township. 

Beltel'ophon (Tj'opidodiscus) carinatus Sowerby. 

16.17. Interior molds, umbilical and dorsal views. Enlarged 2 diameters. 
Leighton Cove, Pembroke Township. .. 

Orth.oceras (IJawso'Ywceras) perelegana Salter. 

18. A fragment showing the central portion of tbe cone with the surface 
SCUlpture. Leighton Cove, Pembroke Township. 

Bellerophon globatus Sowerby (? =eccpan9US Sower by). 

19. SC~!fet~~e s~~:h dB~~~ L~*t~~ T~~\~~~~~~. 2 diameters. Horan Head, west 

Bellerophon (Plectonotus) trilobatus Sower!?y. 
20. Partial interior and exterior mold. apertural view, of the largest speci

men observed. The specimen shows the adult form with expanded 
lip, deep furrows proceeding to extreme front, separating the. shell 
into three lobes; a marginal Binus (not shown in this figure) which is 
cOlltinued backward along the keel as a distinct slit band. Natural 
size. Leighton Cove, Pembroke Townsbip. 

PLATE XXII_ 

FAUNA OF PEMBROKE FORMATION. 

(]I'ammysia pembrokenais Williams. 

2. A r~~T~h~m It~~~~~~a~f~r=. b~~:~~t~~i~: f~~~f~[ f1~nsi~\lt t~:::~ 
~h::Cll shii~sls:r ~~ap~ra~irt~~~esgh~~:nf~r:~li~~i~ !!V~~~ml~t~~: 
ties in Pembroke 'l'ownship. 

(}rammysia cf. pembrokensi8 Williams. 

1, 3. Specimens showing great differences from the typical charMters of the 
species, probably due almost entirely to distortion of the sbell after 
fossilization. Enlarged li diameters. Purple shales of Pembroke 
formation, exposed on west shore of northernmost cove of Sipp 
Bay, south of highway bridge, 1i miles east of Pembroke village. 

(}rammYlSia triangulata (Salter). 

18. A specimen of the left valve, closely representing the form of one of 
Salter's figures of the species. Natural size. Tough gray sandstone 
beds of Pembroke formation at head of Long Cove, near the base of 
the formatioll, Leighton Neck. Pembroke 'l'owllship. 

Leiopteria sp. indet. 

4, 4a. A smaUleft valve. Enlarged It diameters. Purple shales at head of 
Sipp Bay, 100 yard~ south of highway bridge, abont It miles east of 
Pembroke village. 

EUl'ymYella shaleri var. minor Williams. 

5. A small specimen showing left valve. having the general form and size of 
the species as it occurs ill the Carlow member of, the Eastport forma.
tion. Enlarged 8 diameters. Purple shales in upper part of the Pem
broke formation. on west shore of Sipp Bay, south of highway bridge, 
about Ii miles east of Pembroke village. 

Lingula minima var. americana Williams. 

6. A specimen a little larger than medium size, showing the genera.! form of 
the species. Enlarged 2 diameters. Locality same as fig. 5. 

Modiolopsis leightoni WilIiaIl)B. 

7, 8, \~~!t:;80;r~!~{~~h~y ~h~ st~~~:t E~\~edhfrJ~m~~:r:uci~Jif! 
ceous sbales at head of Leighton Cove, Pembroke Township. 

Modiolopsisleightoni var. quadrata Williams. 

12, 13. Two left valves. Fig. 13 shows the ordinary form. Enlarged 1-, 
diameters. Locality same as tlgs. 7-10. 

Nuculites eorrugata Williams. 

11. A right valve, the shape a little shorter and the ventral margin a little 
more arched than average form. Enlarged 1i- diameters. Grayargil
laceous ~hl.!-Ies at head of Leighton Cove, Pembroke Township. 

14. A right valve of about normal form, except tbat by crushing the ven· 
tral border is rolled under the edge; jf flattened out it wOllld add 
auout a millimeter to the height. Locality same as fig. lL 

Platyschfsma helicites (Sowerby). 

15, 16. 'l'wo views of a medium·sized specimen that by press.ure has been 
elongated in the dil'ection of the mouth, giving a lower spire than is 

~~It~of~~n!~i~g~ :a~~::!e!h~~e ~PJr:~J;IT~:e~t~:b~~~eT~~~~ 
ship. 

17. A slab showing the molds of exterior of minute specimens, probably 
yOUllg. Enlarged 2 diameters. Upper purple shaels of the Pembroke 
formation on eastern shore of Hersey Cove, Pembroke Township. 

PLATE XXIII. 

FAUNA OF EASTPORT FORMATION. 

EurymyeUa shaleri Wiiliams. 

L A right valve. Natural size. Sbackford Head, Moose Island. 
2. A left valve, crushed. Natural size. Salt works, city of Eastport, 
3. A left valve, normal size and shape. Natural size. Salt works, city of 

Eastport. 
Shackford member of the Eastport formation. 

/fful'ymyeUa shaleri val'. brevu Williams. 

4,5. Aright and left valve. Natural size. Locality same as fl.gs. 2 and 3, 

Eurymyella shaleri var. Zonga Williams. .... 

6. A left valve. Natural size. East side Seward. Neck, near North Lubec 
landing. 

.Eurymyella angularls WilliaIIlJl. 

7, 8. R~~t :r~ t~~kv::ri:~ ~~ ~~:~:~a~~zse~n ~:~th~\d!z~f ri~~~be~~! Wo~: 
Lubec Landing, Lubec Township. 

Eurymyella recUt Williams. 

9. A left valve, normal size, made from wax impression. Natural size. 
Locality s(tme as fig. 7. 

EU1ymyella plana Williams. 

12. A left valve. Natural size. Locality same as fig. 7. 

Lingula cornea Sowerby. 

10. A vah'e with the outer layers of the shell removed from lower part, 
showing the fine radiating lines. Enlarged li diameters. Shackford 
member of the Eastport formation on the north shore of Moose 
Island, west of Kendall Head . 

11. A :~~~~~nt~~~:ri~t:to~l~::~!'n!~t~y sZ:ec~~:cie~hfnWtb~n E~t~g~tt~~r~~ 
tion. Enlarged H diameters. Carlow member of the Eastport forma
tion, Carlow Island. 

Streptot1'ochus carinatus Williams. 

Streptotroehus 8Ulcatus Williams. 

14. A specimen from same slab as fig. 18. Enlarged 2 diameters. 

Streptotrochus l'egularis Williams. 

15. A specimen showing no revolving carina.. From the same slab as fig. 18. 
Enlarged 2 diameters. 

Strjpiotrochus ione Williams. 

16. A nearly perfect shell showing carina on next to last whorl and sulcus 
on outer whorl, from same slab as fig. 18. Enlarged 2 diameters. 

NOTE.-The four specimens shown in figs. 18-16, which lie on a sin
gle slab, exhibit the great variability generally expressed by this shell 
wherever collected in the Eastport shal~. The specific names are 
given to deslguate different forms, although their specific rank may 
be questioned. 
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