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Volcanlc rocks in Southeast coastal Maine within the'

‘Castlne and Blue Hill guadrangles have been mapped ag the .

Castine Formation, a relatively unde formed sequence Silurian
to Devonian in aQe. Thié sequencé 1s cyclical with each cy-
cle cohsisting of predocminantly Submarine mafic flows over-
lainsby intermediate fraqmental-rocks and these in turn by
felsic fragmental rocks and rhyollte lava cmes., Ma551ve
bodies of zince and copper sulfide minerals, typlfled by the
Penobséot mlno are Stratabound within, felsic, uppermost parts
Of volcanlé cycles 1n ¢oarse prox1mal volcanic llthofaCles

The metal deposits areﬂattr1QEteﬂ to chemical sedimentation

from metal-laden brines exhéléd upon the seafloor, Shchlde~

mentary members Qulflde dep051ts within these more distal

',rocks, typlfled by the Hercules mine, are more stratlform

s

and minor tuffs. 7Tt is demonstrably richer in volcanic c00¥
bPonent where adjacent to the Castlne Formation. Metal sul—
fide depositsg within the Ellsworth, typified by the Blue Hill

mine, are Stratiform and h greater concentrations of zinc

iii
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and lead'relative to g?pper than deposits in the Castine
Fofmation. The-pgogggssyve change in metal content and de- P_
'Eosif qeometfy from Castine Forﬁatipn to Ellsworth Formation
is viéwed as’a Progression frop broximal through distal,yol—
canic environments., ) | .
aPrior criterfa forﬂrelative age distinction between +he
Castine and EJlsworth‘Formations nave included differing de-
grees of deformation and the presence of fragmental rocks in-
terpreted- as Bagéi conglomerates” at erosional uncohfbrmities.
However, cComparison éfstructures in hcchanic&lly cquivalent
rocks in both formations during thisg spudy'indicates that
relative timing and style of deformation are identlcal. De-
taiied mapping and feingerpretation-of the'purported basal
conglomerates indicate,they aTE~Qolcanic breccias, commod ;

[
throughout the Castine succession, and not representative of

4 major erosional interval .

tic sedimentary IeCks of the Elisworth Formation were derived
mainly from the CastineﬁFprmation; and that the two\formationé
were deposited peneCOntemporaneou$ly.- The‘conclusioﬁ is that
the Castine ang Ellsworth Formations and their enveiopea base

metal deposits are Proximal and distal manifestations of a

single volcanic-tectonic episode.

‘
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Chapter One

Introduction

The area of ﬁhis-study includes major‘parté‘of the Cas-
tine and Blue Hill fifteen Qipute quadrangles, Hancock Coun-
ty, southeast coastal Maine, hetween north latitudes 44° 15
and 44930", and west lonqgitudes 68235 and 68955' (Figqure 1).
U. S. highway #1 .and state fouté 15 lead from Bangor to
‘Bucksport, and thero connoct with séate routes #166; #172,
#175, #176, and #199, providing access to all parté of both‘
quadranales. Numerous old town roads,.loqqinq roads, fire
broéks,.and jeep trails provide reédy foot access to most
wooded and swampy arecas. §mall islands in Pencbscot Bay can
be reached by private beat; larger islands have ferry service.
Approximateiy 5% of the area is exposed bedrock, generally
along the coastline, with infrequent inland exposures due to
extensive glacial debrigs, forest, and swamp cover,

Over 183 occurrences of base and precious metals are r
known in Hancock County (Rand, 1957, ana although most have
no'récorded pfoduction,they attracted interest ddriﬁg the
world—@ide metal mining boom of the 1880's. Interest is
periodically rejuvenated by upsurges in metal prices. Sigs
nificant production came from American Smelting and Refining
Company operations near BlueAHill, where, be?ween 1917 and
1918 copper ore was produced from the Douglas Mine and pro-
cessed 1in a 125 ton-per-day mill at the site. Mining activ-

1ty in the region was then dormant until] Callahan Mining

Corperation began producing from its copper?zinc Penobscot

Ao
¥
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Figure 1: Location Map, Castine and
Blue Hill 15’ Quadrangles, Maine
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JUnit at Harborside, where nearly 1 million tons of 1% copper
and 6% zinc were extracted bet@een 1%56 and 1972.  Kerr-Amer-
lcan, Inc. began productiogrin 1971 from the Blue Hill Mine,
a zinc-copper doposit‘on the south shore ofi and bencath Sec-
cnd Pond. Thié is virtpally‘pontiquous with the old Douglas

mine.

Statement 9£ Problem

This study deals with the spatial and temporal relation-

S e

ships among several of the métal sul fide occurrences and
their enclesing rocks in the Castine and Blue 1ill areaé,
southeast coastal Maine. The problem is essentially to doc-
ument and explain the relatidnships between:

l. The form and metal contentg’ofmsulfide mineral oc-
currences in rocks accumulated at volcanic centers of the
Castine Tormation, as typified by the Penobscot mine.

2. The form and metal contents of sulfide mineral oc-
currences in sédimentary‘rocks of the Ellsworth Formation
tlanking the afore-mentioned volcanic centers, as typified
by the Blue Hill mine.

The Castine and Blue [ill areas were selected becausé,
despite differiné prior interpretations ¢f the geological re-
lationships, there appeared to be a:éontinuum of changing
form and metal content of metal depoéits from an apparent
proximal volcanic setting to a distal sedimentary setting.
Theseurelationships are important because they can be used
to resolve controve£$y~about‘age relationships, extent of de-

formation, and stratigraphic relationships of the proximal



“ . -

N §
volcanic raocks énd distal sedimentary rocks. For these pur-
-poses five particular geological aspects have becn emphasized:

.1. The distribution and nature of volcanic rocks with-
in the Cadstinég Formation, shown on. most receﬁtly publiished
maps as relatively undeformed volcanic rocks of Silurian to
Devonian age.

2. ‘ngfiitholoqic énd Stratigraphic setting, and inter-
breted genesis of the Penobscot base metal sulfide deposit
within the Castine Formation.

3. The distribution and nature of volcanic—defived‘sed—
imentary rocks *within the Ellswor?h Formation, shéwn on most
recently pﬁ%lé&@ed maps as relatiyély_defo;med sedimentary
rocks of Upper Cambrian to Lower Ordovfcian aqge.

4. The lithoquié and stratigraphic setting, and inter-
preted qénesis of-the Blue Hill base metal sulfide deposit
within the Ellsworth Formation.

5. The comparison of the Castine and Ellsworth Forma-
tions as to distributioﬁ,~Composition, style of deformation,

and enclosed base metal occurrences, and interpretation of

their age relationships.

Methods of Investigation

Over four .months ﬁefe'spent in the field; much. of the
time traversing well-exposed and nearly uninterrupted coast-
line outcrops. These ‘exposures permit detailed description
cf the nature and cyclicity in voicanic products, and of the

relationships between vblcanic and sedimentary rdckgi‘ Detail-
b

ed information on virtually all aspects of the Penobscot mine



was provided by Callahan Mining Corporation, and similar
data were prov1dod by Kerramerlcan Incorporated for the Blue

Hill, mine. In addltlon all old prospects, Show1nqs and

Mtnes were visited and samples collected for study. Two areas

of shoreline'considered critical to understandlnq the spatial
dlstrlbutlon of 'rock types were mapped by transit and vlane
table at one inch equals ten feet, and several hundred meso-
scople fold axes were measured. Petrographic data were ga-
thered from thin sections and bclished so >ctions, and combined
with over 600 field descriptions, 50 whole rock chemical an-
alyses, and 250 analyses of sulfide-bearing samples, X-ray
diffraction studies aided in identifica£ion of tine-grained
rocks and unusual mineral species. . Lead isotopic ratios for

galena separated from three mineSanfedetermined by the

‘Branch of I'sotope Geology of the United States Geological

Survey.

Previcus Work

Jackson (1838} undertook the first geologic reconnais-
sance of the Maine coastal volcanic belt, followed by Smlth
and others (1907), whose comprehen31ve regional mapping at
1:100,000 has been the basis for all subsequent work. * These
early workers defined the Castine Formation as a suécession
of volcanic rocks of Cambrian age, reéting unconférmably upon
schists of the Ellsworth Formation of Frecambrian age. More
recently,‘Castine Fermation has been assigned a Siluro-

Devonian age because ofJNiagaran through Geddinian fauna in

Castine correiative rocks (Brookins and others, 1973: Brook?

<t



~ins, in Wones, 1974; Brodkins, L976.) N Rubidium-strontium
data éhd paleonto;Oqic correlafién'have suggested an Upper
Cambrian to Lower Ordovic}an age for Ellsworth Fermation
(BrooKins, 1976). |,
Relative éQe reiationships and thé position.and nature
of contacts between these two formations have been and still
are controversial. Stewartl}k§§6) considered Ellsworth For—
mation to be pre-Middle Silurian, and‘Castino Formation
Latg Siluriag through Early Devonian. Doyle (1%967) consid-

ered Ellsworth Formation to be of Ordovician aqge, and Cas-
tine Fdrhatiﬁp Silurian to Devonian. Areas mapped previoug&@
as Castine Formation by Smith and others (1907) were redefined
as Ellsworth Formation by Stewart (1956}, and Wingasd {1961)
further diminished the extent of the Castine Formation by
assigning rocks on Deer. Isle and Little Deer Isle to the

Ellsworth Formation. Correlations between Castine, Ellsworth,

and adjacent fogmations have been attempted by Chapman and
&Eé

Wingard (1958),wingard%%ﬂ958,%%§61), Osberg {1968, l974),‘
Gates (1969), and Brookins and others (1973). Recent compil-
ation and correlation Papers by Stewart and Wones (1974) and - e

by Brookins (1976) present the current consensus regarding

relative ages,of formations in the Penobscot Bay area.



Chapter Two

Regional Geology

General,ggggggz and Rock Units "

f Léte %ilurian through Early Devonian volcanic and rela-
tedléedimentary rocks extend from the Penobscot Bay region of
Hancock, waldo, "and Knox Codhkies, Maine, northeastward into
New Brunswick (Figs. 1 and 2). This layered segquence is in-
truded by granitic plutons, some of which are considered co-
magmatic with the extrusive rocks (Brookins and others, 1973y,
The volcanic rocks 1n the east Penobscot Bay region ére mappeé
as the Castine Formation (Smith and othe;S, 1967), a differen-
tiatod sequence of mafic, intermediate, and felsic rocks,
consisting of flows, pyroclastic rocks, and lava domes. Inter-
mediate and felsic rocks predominate on Cape,ﬁgéier and the

Castine peninsula, but are subordinate to mafic rocks on
;

-

islands in Penobscot Bary . The_rocks are in{the greenschist
facies of reqionai metamorphism, but the prefix meta- is not
used because of complete preservation of original volcanié
textures, partial preservation of original mineralogy, and
absence of metamorphic fabrig.

The Ellsworth Formation flanks the Castine Formation to
the east, and 1is thig—banded quartzitic, quartzofeldspathic,
sericitic, and chloritic metasediment , intercalated with
fine-grained beds of volcanic debris, infreguent tuffs and
tuffaceous wackes, and thin mafic flows, éuggesting volcanic

provenance for the formation as a whole. The Ellsworth For-

mation also is in the greenschist facies of regional meta-

7
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K Flgu‘re 2; Generalized geologic map of northern
Panobscot Bay area, Maine . ,
\ modified after Stewart and Wones (1974)
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5 N
—-morphism. Within the study area, the Penobscot Formatlon

is the only other rock unit of formational Status. Although
named for the excellent exXposures on the west side of Penob—

-

scot Bay, it also occurs west of the Castimae Formatlon in
. ’ - ’ "
Brooksville and Castine Townships (Fig. 1). It is similar
to the Ellsworth Formation inasmuch as it is thin—beddéﬁ_and
4
contains clay minerals which define a foliation parallel to
compositiocnal banding. 7Tt ig generally graphitic, and locally

pyritic, and is in the greenschist facies of regional meta-

mofphism.

Well-defined and broad contact metamorphlé aureoles con—
taining cordlerlte anthophylllte garnet, dlop51de7\blot1te
andaluslte, or 51lllman1te are superimposed upon the regional
greenschist facies assemblages near the Sedgwick, South Pen-
obscot, East Blue Hill, Wallamatoqus, and other plutonlc
bodiés- These thermal effects dre most pronounced in the

Ns.h

pelitic Ellsworth and Penobscot Formations, but less‘so in -

‘the more massive and siliceous rocks of the Castine Formation.

Regional Tectonic Relationships ‘f

Recent ideas concerning igneous petrogenesis of Silurian
and Devonian rocks in coastal Maine and adjacent parts of New
England and New Brunsw1ck have postulated subduction with

related island arc development during closure of a proto-

JAtlantic in the lower Paleozoic, and eventual Siluro-Devonian

collision of the North American and European plates“(Gates,

1969} Later, Mesozoic rifting did not parallel preciéely

this plate junctidn, and left a European plate. fragment at-
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—tachéd to North America, part of which is pertiaps the coastal
volcanic belt of Maine. Crustal blocks, defined by conéisten—
cy of iithOIqu and structural style,‘and bounded by postu-
lated major faults, are the inferred remnants of these large-
scale compressional and extensional tectonic events (Osberg,
1974) (Table 7. The Castine and Ellsworth Fermations form
the Casﬁine—Ellsworth block, and are fault~bounded on the west.
On the ncocrthwest an abrupt lithologic change across Pen-
obscot Bay is interpreted by Stewart and Wones (1974) as the
trace of the ancient suture line. The east and southeast
parts ofvthe coastal volcanic rocks are beneath Penobscot Bay

a

and the Atlantic Ocean, and are.thus unknown, although larqge
fanlts in thevGulf of Maine break Triassic and clder
formations, and appear to truncate coastal volcanic rocks
(Kane.and others, 1974) . |

Thé Precambr;an Passagassawakeag Gneiss is considered
basement tc the coastal volcanic rocks (Bickel, 1971; Stewart -

- Dot
and Wones, 1974}, althoﬁgh only exposed north of the coastal
volcanic rocks and nbt in contact with them. It 1$ overlain
by Bucksport Formation, considered Middlerto Late Ordovician
{Stewart ang Wones, 1974). Geophyéical studigs in south Pen-
y

obscet Bay Suggest a rock of high density and high magnetic
susceptibility juxi;gpsed against. and possibly underlying vol-

canic rocks of the Castine Formation (Kane and Bromery, 1964).
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Chapteér Three

- 'S
The Castine Formation

Definition and General Features
Smith and others (1907, p. 5) defined the Castine Forma-
tion as,

light colored altered lavas and

pyroclastics, including rhyolites, da-

cites, and andesites. These rocks are’

typically developed on the Castine pen-

insula, some of the best exXposuresg oc-

curring in the vicinity of the town of

that name."
Although named for the geXposures near Castine, the best and
most éomplete sections are exposed on Cape Rosier, and on is-
lands in ?onobscot Bay. Thorofare Andesite and Vinalhaven
Rhyolite on North Haven and Vinalhaven islands, volcanic rocks
on many smaller islands in Pencbscot Bay, veclcanic rocks des-
ignated North Haven Freenstone or equivalent in some locali-
ties, and similar appearing rocks tens of kilometers south
and -east, are probably broadly coeval and correlative with
the Castine Formation (Brockins add others, 1973).

Volcanic rocks of the Castine Formation are a differen-
tiated. sequence ranging from basalt and andesite, through
dacite, trachyte, and latite, to rhyodacite and rhyolite, with
approximately equal volumes of these mafic, intermediate, and
felsic proaucts. Pillow lavas, lapilli tuffs, tephra depos-
its, and bomb agglomerates recur throughout the succession,
and are typical of mafic and intermediate sections. Felsic

rocks occur as lava domes and coarse silicic breccias.

Baéaltic through rhyolitic rocks were extruded cyclically,

12
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Basalts are overlain by successively less mafic and more

fragmental focks, culminatifg in rhyolitic pyroclastic types

with synvolcanic intrusion of associated rhyedacite and rhyo-

lite domes. Five such cycles of volcanism are recognized on-
Cape Rosier‘(Fiq. 3), and can be extrapclated to nearby
islands in Penobscot.Bay. Chemical sedimentary rocks, and

fine-grained tuffaceous mudstones associated with siliceous
pyroclastic rocks and fhyolite domes define contacts hetween
volcanic cycles. These rocks occur only in stratiqrapbically
dppermost parts of any cycle, and are overlain directly by
basaltic to'aﬁdesitic rocks representing the mafic base of a
succeeding cycle of volcanism. These intercycle rocks are
well-layered, and have the greatest areal extent of any rocks
in the Castine Formation.
Rapid ldteral lithofacies changes and great variability
in volcanic products characterize the Castine Formation, and
\

minor intercalated sedimentary rocks are rich in volcanic
component. Conglomerate, valcanic breccia, unconfermable suc-—
cessions, and steep initial dips are typical, and such hetero-
geneity has led Stewart and Wones (1974, p. 239) to conclude
that, ‘ -

".%. . it has not been possible to

establish a reliable stratigraphic

cclumn for the Castine volcanics,

and the impression gathered is that

beds and even sequences of beds are

of short lateral extent. This sug-

dests several nearby sources and

possibly some topographic influence."

. . P
Such phenomena in volcanic terranes seriously complicate

regional correlations based on type sections and conventional

&

&
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Explanation to accompany
Litholegic Map (Fig. 3).



Volcanic Rocks - |2

1a

1b

1c

1d

I 1e

14

Basalt and andesite; flows, breccias, tdffs ,

Quartz andesite, dacite, trachyte, and i'nte‘rmediafe rocks;
dominantly fragmenfal, minor flows
-

. .

Rhyolite and rhyodacite, lava domes, breccia"é“’,'"o'nd m@}nor flows, {
occur in upper parts of volcanic cycles : 6
C, 5 -described in text

Rhyolite, lava domes which cross-cut volcanic stratigraphy:

younger than rhyolite of IC 7
NUndifferenﬁa?ed thin mafic to felsic tuffs and flows o 8
| . .\w..‘ .

Plutonic Rocks o /,/ Lithologic contact; obs

4a

4b

4c

4d

. / -,‘ ' )
Sedgwick pluton, granite /’ Fault; observed, projec
. al i
L .

South Penobscot pluton, granite o
r

Deer Isle pluton, granite

Long Island pluton, granite

Hor‘fburgite, serpenﬁnized
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' /.7 2 Dominanty fine tuffs of variable composition,

-with minor interbedded sedimentary rocks

- Dominantly volcaniclastic and sedimentary rocks,

ffs “with minor interbedded tuff, and basaltic to dacitic  flows;
3 3 includes phyllite and hornfelsed equivalent formerly mapped
intermediate rocks; N _ as Elisworth Formation, and ?Iock graphitic shale formerly
mapped as Penobscot Formation #
breccias, and minor flows, Mixed rocks occurring between Sedgwi;:k and South _Penobscpt
S 5 plutons, includes dioritic border phase of South Penobscof

pluton, granofels, hornfels, and injection gneiss

olcanic stratigraphy: _
[ |, Quaternary and Recent deposits, undifferentiated

uffs and flows 8 Not mapped or ;10? compiled for this study

-7

L4

/ ) K . . .
/’ Lithologic contact; observed, projected, inferred,

~ 7. Foult; observed, projected, inférred

Prospects described in text

A North Castine -Emerson
B Jones, anes-Dodge
‘C Eggemoggin
D Tapley

£ Shepardson
F Deer Isle
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Stratigraphic columns, ae 18 common fer_layered sedimentary
rocks. However, recognition of a hroad succession based on
cyclicity or repetition of basaltic through rhyolitic vol-
canic productd can be deduced from nearly eontinous‘shore—

. S,
line outcrop. In the Castine and Blue Hill areas the volcan-
1c succession is homoclinal, with flows, coarse tuffs and
breccias, conqlomeratég, and lava dbmes near 1ocal'eruptive
centers, and finer tuffs and reworked volcanlclastlc sedlmen—
tary rocks {farther from eruptive centersg. The transition
between the two environments of accumulation is qradatlonal
and 1s mappable as the transition from Castine to Ellsworth
Formations proceedlng east from Cape Rofler to Blue Hill.

-t
Broad curvature- within 'this volcanic and vOlcanic~sedimentary .

Succession is interpreted as relict, representlng erOSLOnal

Basalt and Andesite

Rocks of basaltic and andesitic composition (Table 2)
are black, grey, or green on weathered surfaces. They are
pillowed {Plate 1a), massive, have eolumnar joints (Plate 1Dy,
and in some places are fragmental with coarse to fine pyroclas-
tic (Plates 1E, 1Fr), autoclastic, or epiclastic textures.
Devitrified hyaloclastlc breccia is wigl exposed at ;everal

14

localities (Plates 1B, 1C). Rubbly, autobrecciated flow tops

and amygdaloidal Zones are numerous and, together w1th pil-~

lowed unlts, provide rellable geopetal indicators. Basalt
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Analyses by radlo frequency 1nductlon coupled plasma em1551on
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PLATE 1 ‘5
Macroscopic Features of Basalt and Andesite

Spherical cross-section of undeformed pillow in basalt,
" Bald Island, South Pencbscot Bay (notAshown on map) .

Toes of pillowed lava flows and interpillow hyaloclpstite
debris, Condon Point, South Brooksville. Hammer length
1s 34 cm,

Small tubular pillows in pumpellyite-bearing, devitrified
hyaloclastite breccia, Bald Island. Hammer length is
40 com. )

Columnar joints in basalt, west side of Smith Cove in
Brooksville. Horizontal striae are glacial grooves:
hammer length is 34 cm.

Basaltic agglomerate, west side of Bucks Harbor, South
Brooksville. Hammer length is 34 cm.

Bedded lapilli tuff and basaltic agglomerate, east of

- Welir Cove in cycle 3 basalt, €ape Rosier. Hammer length
is 34 cm. ~ /

“ :

r
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flows tend to have grea£er éreél extent than neighboring less
mafic rocks. Amygdales usually are filled with chlorite,
quartz, epidote, or calcite. IExéept for minor tensional
cracks andlfractures with little or no apparent' ¢ffset, the
,roéks lack tectonic or metamorphic fabric.

Alfhouqh their 'sites are occupicd by calcite, cpidote,
albite, chlorite; and ofher minerals, outlines and textures
typical of Original minerals indicate that the pre-metamorphic
mineralogy qbnsistcd of 40-60% calcic plagioclase, 30-50%
clinopyroxene, 10-60% qiass, 0-102 hornblende, wit; acces-—
-80ry apatite, pPyrite, magnctite, ‘and Elmenite. Albite and
,sodic oligoclase ére commonly‘a; water clear crystals in the
" groundmass, of as jéckets arcund more célcic cores, derived
by greenschist alteration of oriqihé%kandesine or labradorité
Whole rock chemical ! ‘&nalyses indicate that normative feldsPar

compOSltlons for these rocks are in the range of An26 80’

with a mean of AnSl, normal values for basalt. Pseudomorphs

of original calcie rlagioclase by sodic plagioclase, clay min-

to An

erals, sericite, chlorite, and epidote (Plate_ 2B) preserve
crystal outlines and remnants of crystals. Diabasic texture
§
{
is a common feature, especially in thicker, holocrystalline

flows (Plate 2C) .

The pyroxenes are tigénaugite, augite, and pige%nite,
with the former two most abundant-on Cape Rosier, although
Dow (1965) reports augite predominang for Thorofare Andesite
on North Haven Island. Ophitic texture ig common, as is poi-

kilitic enclosure of small plagioclase crystals in clinopyrox-

.



PLATE 2
Microscopic Features of Basalt and Andesite

Water-clear albite crystals in pilotaxitic aliqhment,
with small, guartz-filled amygdales. Sample Ca-145,
crossed nicols.

Large plagioclase crystals (PL), replaced by clay min-
erals and epidote. Groundmass i mostly chlorite and
actinolite. Sample Ca-149, plane light.

Ophitic texture; much water-clear felted aibite inter-
grown with actinolite and chlorite, intersertal magne-
tite and minor pyrite. Sample Ca-200, plane light.

Large, euhedral titanaugite crystal {(CPX) poikilitically
enclosing small plagioclase lath (PL) . Sample Ca-158,
plane light.

Clinopyroxene grain (CPX) with rim and veins of uralite
{Act) . Sample Ca-182, crossed nicols. :

Perlitic cracks in basaltic glass with included aligned
and broken feldspar crystals. sSample Ca-93, plane light.

Prisms of clinozoisite (Clz), with adjacent actinolite
and biotite, and a large magnetite crystal (black area)
in cerner. Sample Ca-149, plane light.

Fine-grained basalt, with quartz and chlorite-calcite
amygdales. Sample Ca-94, plane light.
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-ene euhedra (Plate 2D . Pseudomorphoqs replacement of PYrox-
ene by talc, chlorite, and uralite 1s Jariable iﬁ intensig%:'
and in most instances original Crystals are recognizable oﬁiy
by crystal outiine. Most grains are 40 to 60% relict PYrox-
ene, and exhibit cores rimmed by uralite, or have incipient
uralite alonq-cleavago planos.(P;ate 28) . Minute grains of
magnetite or ilmenite are scattered throughout uralitic amphi-
bole.

Primary hornblende occurs sparinély, and 1Is réstrictod
to volumotrically minor hornblende andesite flows. It is
pale brown, and in some instances (Wingard, 1961) blue ab~‘
sorption parallel to the gamma vibration direction indicates
a éodic composition (Deer and others, 19%6¢) . ﬁibrous amphi -
bole is prevalent., especialiy in the eastern parts of Cape
Rosier. It occurs as felt@d‘éqqreqates within otherwise tur-
bid qriéndmass, presumably after original glass ér fé@romagﬁ
nesian minerals, and also as uralite veins and rims 1in PYrox-
ene {Plate 2g), consisting of larger and more Optically contin-
uous paEches of uralite than thar of the groundmass. Most
amphibole of rocks of the Castine Formation adjacent to gran-
itic plutons are Granoblastic SpPrigs and sheaves which cut
discordantly ACross primary fabric and mineralogy, agd there-
.fore are attgibuted to thermgl)contact metamorphismgﬁ -

Chlorite occurs on several minerals, and in various ha-

“ .
_bits, although two predominate: 1) . Microlites of chlorite
are along cleavage planes and 45 aggregates in Pyroxene In
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—tergrown and the two .become indistinguishable as grain size
approaches limits of resolution., 2). Fine-grained to sub-
microséopic aggreqgates of chlorite, with or without amphibole,
form complete pseudomorphs of pyroxene grains intérstitLal to
plagioclase. 1In some instances the exceedingly fine grain
size and random alignment are suggestive of devitrification
textures. Most of the mafic rocks contain some‘areas with -
such textures, which, by virtue of grain size, are optlically
¢

lsotropic. Perlitic cracks attest to the uncuestionable
qlassy'driqin of some of these isotropic regions (Plate 2F),
and interpillow debris, hyaloclastic breccia, and tephra beds
were no doubt deposited in alassy state. Mafic tuffs in-
terbedded with basalt flows may consist totally of chlorite,
ad because of their finely laminated and fissile aspect
have been called chlorite schist (Wingard, 1961; Cheney, 1969).
In almost all instances chlorite is clear to pale green, feehly
to moderately pleochroice and sometimes exhibits anomalous
interference éolors.

Clear clinozoisite with anomalous interference colors
occurs within albite as minute kernelé, and also as euhedral
prisms dispersed in chloritic groundmass (Plate 2G). It rare-
ly comprises %ore than 5% of the rock, and, like chlorite,
in some instaﬁces appears to be a product of devitrification.
Calcite occurs as disseminated and irregular ratches, as véins,
and as amygdale fillings. Quartz is invariably intergrown with

chlorite, epidote, and calcite in amygdales and patches in the

groundmass, or as cross—cutting and presumably later veinlets
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(Plate 2H). Nowhere has quartz of unequivocal primary ofigin
been observed. —

Maqnetite and rare pyrite are accessory minerals, and
the latter is more abundant in mafic tuffs. qunetite 1s
present in viftually all the mafic rocks, usually intersertal
to plaqiociaéo with-diabasic texture (Plato-2C)t Or as minute
octahedra within chlorite and amphibole of the groundmass.
Sphene, zircon: apatite, chalcopyrite; sphalerite, and hema-
tite arc accessory to trace minerals.

”Analyses (Table 2} and normative mineréloqy both indicate
that the mafic rocks are basalts (Figs. 5A, 5B). Attempts
to ldentify magmatic lincage by use of standard petrologic
diagrams have not bgfn definitive, and indecd alkaline affin-
ities on one plot (Fig. 6A) contradict the calc-alkaline
affinity on another .(Fig. 6B}). Pervasive greenschist facies
regional metamorphism, with attendant modification of‘origin—
al mineralogy, is presumably responsible for the high soda
content of these focks.

Quartz Andesilte, Dacite, Trachyte, and Latite: The Rocks of
Intermediate Composition

Rocks of Intermediate composition (Table 3) in thé Cas~
tine Formation are;é;;isiblé‘intb two groups based upon tex-
ture: 1). Vitric, crystal,i;nd lithic tuffs. -

2). Thin but massive flows of limited arear\extent.

The most obvious feature of the tuffs is their hetero-

geneity {(Plates 3, 4, 5). In general, these rocks have a

wide range in fragment and matrix ‘composition, grain size,
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Figure 5A
- Classification by chemical analyses
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Figure 5B

Classification by normative mineralogy
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Table 3: Whole' Rock Analyses, Castine Formation Quartz andesites,r Dacites, Trachytes,
and Latites; The Rocks of Intermediate Composition

B B [ D E ) F G H T
S10, 72,14 65.00 74.23 57.64 67.77 68.12 72.10 65.62 64.43
Tio, 0.44 0.56  0.17 0.27 0.38 0.1% 0.21 0.40 0.44
Al,O4 . 15.37 18.72 12.02 21.36 15.85 15.55 14.38 17.71 17.76 e
Fe,0, 1.95  2.07 1.68 1.78 1.89 1.69 1.72 1.9l .95
Fel 0.11 1.27  2.20 4.87 1.58 1.68 P.21 1.78 1.58
Mno 6.01 0.0 0.46 0.04 0.04  0.04 0.03%  0.1% 0,11
MdO 1.19 2.71 3.72 3.81 2,11 1.54 3.22 1.68 2.03
Can 0.4% 1.1 0.17 0.29 0. 36 0.46 0.09 0.55 0,65
Na50 3.42 3.68 2.78 1L.77  4.80 8.63 4.531 906 7,23
Ka0 2.91 4.68  2.37 8.08 5.21 2.11 2.41 1.16 161
P30g 0.00  0.20 0.00  0.00  0.00  0.000 .00 0.00 0.20
Pb 10 10 5 10 5 5 5 5 5
Ni 8 12 7 11 B a 7 7 14
Cu 16 5.8 6.2 131 5.8 6.2 5.9 8.1 20.3
Zn 89.5 129 171 157 67.5 163  64.9 B0 . & 11}
Cr 43.0 84.7 52,5  65.3  55.1 58.9 49,0  52.5% 69.7
Co 8 8 6 21 3 8 3 13 9
5t 157 . 279 99.1  25.% 367 176 33.9  51.2 54.5
v 16 27 12 24 14 15 12 16 56 -
Be 2.7 3.7 2.6 4.1 2.3 1.3 1.8 2.3 1.0
Ba 1990 1460 590 1440 530 930 330 250 B40

i
s S

Totals recalculated to 100%; locations given in Appendix 1.
Oxides given in weight percent; elements in parts per million.
Analyses by radio frequency induction coupled plasmafémission

Spectroscopy, at Barringer Research, Limited, Toronto,
. Ontario. o ' (/
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color index, proportian of matrix to clast, dominant clast
type, and fragment shape. kThey are generally polymictic
(Plates 3B, 3C, 3E, 3G), with accidental clasts of volcanic
roccks, volcanic—derived.sedimentafy rocks, and occasional
plutonic clasts. Finer-grained types freguently contain

small lithic fragments (Plate 3B} and feldspar crystals in a
chlorite or chlorite;sericite groundmass. Within some frag-
mentalibeds, cress-bedding, Sédur marks,lgraded bedding, and
othe} sedimentary textures indicate artraqsported origin (Plate
3HY . However, the more pfevalent immature and unsorted nature
of fraqmen£s and ma%rix, the proximity of coarée bfecciaé to
unequivocal flow rocks and autogreccias, and the rarity OE
fluviatile features, point to a dominantly subaqueous pyro-
clast%c origin. Ccarse, fragmental-textured rocks\iéiife 3A)
are evident in many lecalities, and include agglomerates com-
éosed largely of bombs (Plate 3F). Medium-grained fragmental
rocks contain both non-foliated andlfoiiated clastsy randomlf
oriented in foliated chloritic or sericitic groundmass (Plate

—r’

3B), whereas fine-grained tuffs usually have foliation in the
greundmass and an al%qnment of pheno;r§3ts or lithic.clasts
(Plate 4G): In all instances, any observable foligtion within
thg groundmass is parallel to, ograt very Smali aggles with
bedding or@inferred_bedding. " Crystals and litH@E:fragments
ére oriented randomly with respect to one another (Plate 44),
although poorly-defined trachytoidal alignments of plagioclase

laths are present (Plate 4B) . Groundmass mineralogy ranges
u

from fine-grained, through barely resolvable at 630x magnifi-
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PLATE 3

Macroscopic Features of intermediate Rock Types

Polymictic breccia with large volcanic clasts, west side
Goose Pond. Hammer length is 34 cm.

Medium-grained lithic-crystal tuff. Polymictic clasts,
some rounded, in random orientation within foliated’
chlorite and sericite matrix. $mple Ca-87; notebook
is 15 cm long.. : . 7

Coarse-grained polymictic volcanic breccia, with pre— %ﬁﬁg
ferred orientation of tabular clasts. Sample site of i

Ca-134, hammer length is 34 cm.

. Rounded clasts of vesicular andesite in fine-grained
matrix of small, rounded volcanic clasts, chlorite,
and fel@épar phenocrysts, many of which are rounded
or broken. Ames Knob, North Haven Tsland (not shown
on maps), hamme™length is 40 cm. '

Polymictic?%olcanic brgccia of rounded,ésugrounded, and
angular fragments in filne-grained matrix, North Porcupine
Island. Knife length is 8 cm. )

Fragments of baéalt,-rounded and vesicular, some with
aerodynamic shapes-agd breadcrust texture, suggesting
airfall origin. wWest side of Cape Rosier, north of
Orr Cove. Lens cap diameter is 5.3 cm.

Moderately well-sorted bed of rounded and subrounded

clasts with variable compositions; Cape Rosier. Lens ,
cap is 5.3 cm in diameter. _ R ®
Graded bed; polymictic breccia at hase, fine chloritic
crystal-laden, well-foliated tuff at top. Lens cap
diametér is 5.3 cm. '
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=cation, to éubmicroscopic Where elther clasts or matrix are .
mafic, .the greenschist assemblage of albite, epldote, cal@ite
is present (Plates 4D, 4F). More feisic’varietieirusually
contain guartz, sericite, and chlorite. Basaltic and rhyeli-
tic fragments are not commgn, and are subordinate to clastsg

' <
of intermediate compositon, all suspended in a matrix of fine-
grained chiorite, chlorite-sericite, comminuted feldspar and
quartz phenocrysts, glass shards, and fine lithic debrls
Both feldspar and quartz phenocrysts occur in a qroundmass
whose mineralogy is obscured by fine graln size. Fe}dspar

e

phenocrysts constitute from 50% +o 5% of these rocks, ang
range in length from 3 few tenths of a millimeter to more
than a centimeter. Plagioclase exceeds potassium feldspar
by aboutr2:1, but original pPlagiociase éompositons are most-~
ly indeterminate because of alteration to albite, thorite,
epidote, sericite, ang clay minerals.

Plagioclase phenocrysts usually are bent, broken, corrodg-
ed, rouhded, Or exhibit undulose extinétfon (Plate 4C). Com-
menly, adjacent crystals are miso;iented with respect to one
another (Plate 4D). 1p places crude alignment of clasts or
Phenocrysts defines a foliation which is further accentuated
by parallel streaks of micaceous groundmassylnterstltlal to
fragments and crystals (Plate 4E) . In most instapces this
follatlon wraps around phenocrysts and lithic ciasts (Plate
4F), and invariabiy'groundmass material separates br&ken or

cracked phenocrysts (Plat%ﬁ.4B, 4C, 4D, 4q). In one instance,

bPerlitic glass, only partly devitrified, veins and corrodes a

\



PLATE 4

. : ¢ 5
Microscopic Features of Crystal and Lithic-Crystal Tuffs

A. Mixed lithic clasts and comminuted phenocrysts. One,
large clast (outlined) consists of may smaller clasts
and comminuted crystals, and a large clast of contorted
quartz-biotite laminae. Sample Cd-236, plane light.

B. Broken and corroded albitic pPlagioclase crystals: cracks
and embdyments are infilled-py groundmass, which is mosf-
ly sericite and chlorite, with minor quartz. Sample
Ca~184, crossed nicols. -

C. Large plagioclase lath with undulose extinction and round-
ed edges. Cracks are filled with groundmass, mostly chlor-
ite-sericite. Adjacent crystals misoriented, but alsoc .
-broken and corroded. Sample Ca-190, crossed nicols.

D. Many broken crystals in random orientation, all infilled
by sericite-chlorite groundmass. Sample Ca-184,
crossed nicols.

.-~ E. Many rounded quartz and feldspar (orthoclase) pheno--

.. Crysts in well-foliated tuff. Note wrap-around of
Kphenocrysts by foliation defined by chlorite and sericite.
Sample Ca-208, crossed nicols.
. .

F. Large lithic clast within Crystal tuff. Foliation in
clast nearly 90° to foliation in tuff, which wraps
around the clast and around Phenocrysts. Sample Ca-100,
plane light. ' '

G. Randomly-oriented, rounded, strained, and broken potas-

sium feldspar and albite Phenocrysts in a well-foliated

tuff.  Foliation defined by chlorite and sericite exhib-
its wrap-around of phenocrysts. Sample Ca-83, plane light.

H. Plagioclase crystal embayed and corroded by devitrified
perlitic glass containing microlites of chlorite. Sample
Ca-93, plane light.

I. Albitic plagioailase crystal; rims and veins of sericite
and quartz with minor chlorite alter the crystal. Sample
Ca-41, crossed nicols. :

—m
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spar pﬁenbcrysts. They commonly are rounded, and have the

Same range . in size and degree of deformation aqg interaction

-with groundmassg minerals as does alkali feldspar. 'However,

instead of separated ¢crystal trains and deformed laths, as is
characteristic of feldspar, subgrain growth is the dominant
method of deformation  in guartz, ﬁ?gps or béndé of fine-
grained quartz are present in siliceous tuffacecus rocks, gen-
crally parallel to the dominant foliation. Thrqughgoing
qgarﬁz veins tommonly transect alj] primary st;uctureg and CS%—
tain hematite, chlorite, muscovite, or sulfide minerals, |
Most chlorite ig extrem%?%‘finehgrained to submicrosco-
pic, and‘constitutes ﬁ% to 70% of some tuffs: the remaindeg

consists of Plagioclase, potassium feldspar, and sometimes

guartz. In such rocks there may be a distinctive greenish

Ll

‘hue, and anomalous interference colors in chlorite suggest

renninité composition. Microlites of gréuﬁdmass chlorite
ocur along faces of alkali feldspar crystals, or in hair-
line veinlets thfﬁhghouz a single feldspar crystal (Plate 47).
Corrosion, infilling, or embayment of crystals is commonly by
chlorite, or to a lesser extent by sericite. Chlorite mostly
appears to be a product of devitrifi&ation.
Lithic fraéments have a wide range in size and CoOmposi-

tion (Plateg SA, 5B, 5D, SE}, but in general are subrounded

to rounded accidental volcanic clasts, Presumably derived

from nearby rocks of the volcanic Succession. Lessg abundant



PLATE 5
Microscopic Features of Lithic Tuffs

Lithic clast consisting of potassium feldspar and albitic
plagicclase in quartz-sericite-chlorite matrix, surround-
ed and partly embayed by crystal tuff of similar composi-
tion. Sample Ca-50, plane light. )

Polymictic assemblage of many fine-grained and rounded
lithic clasts, with some bént and corroded feldspar
phenocrysts. Sample Ca-153, crossed nicols,

Single large clast (left) consisting of alternating
quartzose and micaceous bands, within a polymictic
assemblage of rounded clasts and minor phenocrysts.
Sample‘Ca—97, plane light.

Luartzofeldspathic clasts and minor phenocrysts within
biotitic matrix. Sample is from within biotite isograd
cof Sedgwick Granite or socuth Penobscot Pluton. Sample
Ca-252, crossed nicols.

Hetercgeneous accumulation of fine fragments and pheno-
crysts, all rounded and corroded, within chlorite-sericite
matrix. Crude foljation defined by alignment of mica-
Ceous minerals in bands. Sample Ca-139, crossed nicols.

Cognate xenolith (x)} identifiable by misorientation of
foliation within it with respect to matrix. Foliation at-
trikutable to alignment of micaceous minerals and. minor
trachytic alignment of plagioclasge Crystals. Sample Ca-168,

Myrmekitic quartzofeldspatH;; intergrowth within single
clast wiridh is enveloped by foliation of groundmass.
Sample Ca-231, crossed nicols.

Volecanic clast consisting of broken and rounded pheno-
Crysts in a foliated micaceous matrix, contained within
a lithiec and crystal tuff of comminuted crystals @nd
clasts. Sample Ca-180, crossed nicols.
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dre cognate xenoliths, recognizable where chlorite or serji-

Cite within them defines g foliation which ig misoriented

with respect tg that of the matrix (Plate 5¢). of minor im-

. ’ » " . e t)
Portance and OCcurring only in Intermediate rocks, ate roand-

ed clasts with myrmekitic ana

grancphyric Qquargz-feldspar

interqrowths, and clastsg of lithic tuff within which are

clasts of anotner lithic or crystal tuff (Plate 50) .

Either chlorite or Sericite‘may be more abundant in the

matrix of tuffaceous rocks, and a complete gradation exists

between dominantkgysericitic and dominantly chloritic eng

member.s The habit and mode of QCcurrence of the two are

tdentical. Epidote—qroup‘minerals are far lessg abundant

than in basalts, oCcurring in

mafic clasts, ag minute Crys-—

tals dispersed in matrix, or rarely developed at the expense
. S Y P

of calcic Plagioclase through

35

greenschist facieg metamorphism.

The paucity of epidote minerals suggests a highly sodic

E

initial Plagioclase composition, with insufficient calcium

for formation of epidote. ‘Maqnetite and pyrite are common

aCCesgory minerals, andg chalcopyrite, arsenopyrite, graphite,

hematite, ang apatite have been Observed,

Muchjless.abundant than fragmental rocks are flows of

gquartz anaesite, latite, andg traghyte, which are usually in-

terbedded with coarse pyroclastic units

. In some instances

flows are Lraceable into coarse autobreccias, and-ultimately

into sepérated Or entrained pyroclastic material with.fine—

#

grained matrix. These flow rocks are black, grey, to dark

green, and commonly weather to 5 blocky or rubbly surface.

e
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Accéssory pyrite isg common, and fusty weathered surfaées are
prevalent . _ ' ' :

Minute plagioclase Phenocrysts can be randomly oriented
Or in trachytic alignment, within extremely fine-graineq
quartzofeldspa&hic Or chloritic to Sericitic groundmass (Plate
BA) . Anhedral , raqqu;zguartz and intergrown albi£e, with
microlites of chloritef }n an interlock}nq random mosaijc
(Plate 6B), suggest that upon CXtrusion these flows were
glassy, with minor feldspar ﬁhenocrysts, and subsequently
have bcen devitrified.

Despite wide textural variability, whole rock composi-
e : . !
tions of 9 representative Specimens (Table 3} all are within
trachyte and dacite fields (Fig. 7a). Plots of normative
mineraloqy (Fig. 7m) sSugaest much the same classification,
with representatives in andesite, quartzg andesite, quartz-

latite—andesite, rhyodacite quartz-trachyte, andg quartz-

latite fielgs.

Dacite, Rhyodacigg, and Rhyolite
Rhyolitic pyroclastic rocks constitute an end member in
the spectrum of fragmental rocks, which extends from basaltic

tephra through all the heterogeneous intermediate fragmentals.
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Classification by chemical analyses
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Classification by normative mineralogy
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T ‘ PLATE 6

Intermediape Flows and Rhyolitic Lava Domes

{

»

N

Water-cdear’albitic feldspar microlites in trachytic
alignment . - Sample Ca-2Q9, crossed nicols.

Mosaic texture: anhedral ragged quartz with albitic
plagioclase and minor chlorite microlites., Sample Ca-219

crossed nicols. e

r

Symmetrical and steep sides of John*p Mountain, a typical
lava dome on Cape Rosier, viewed from Backwoods Mountain
across Horseshoe Cove. * e

Flow-banded rhyolite; banding defined_by grain size,+and
by varying pProportions of gquartz and feldspar. Sample
Ca-244, crossed nicols.

Microphenocrysts of albitic plagioclase in fine-grained
siliceous groundmass. sample Ca-42, crossed nicols,

Fihehqrained to submicroscopic dggregates of ragged

interlocking anhedral quartz grains. Much of the section
is isotropic. Sample Ca-43, crossed nicols.

o’
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thk former are ubiquitous throughout the )succession. Although
L
silicic clastsg occur in polymlctlc brei c1as the converse
X
Sltuation of basaltic clasts in rhyoiltlc brecc1as is v1rtual—'

1y unknown. Sericite, rather than chlorite, - and abundant

quartz and albite, are the predominant matrix minrerals. These

tant increase in mafic content. Rapid vertical and lateral
lithofacies changes are typical. .

Silicic lava domes are spherical to oblate in plan, ang
appear to be neaely as thick as fhey are wide fPlate 6C) .

The interiors of domes are massive, and may have: delicate

flow banding on weathered surfaces and in thin section (?late

6D} .  These rhyolites are black to near white, with shades

of light grey predominant where ffesh, and chalky to‘Quff—
colored on weathered surfaces, although many weather brown
due to their appreciableicontent of disseminated Pyrite.
Stockwork vein systems rich in silica, with sulfide or hema-

tite, probably represent former fumaroles. 'Rhyolite domes

tack prominent plagioclase Phenccrysts, the absence of which

texturally similar flows of intermediate Composition. . ﬂ
, i,
Rhyolite consists of mlcroporphyrltlc alblth plag1®~

clase crystals (Plate 6E),Aasually in pronounced trachytoidal
alignment in a‘groundmass of fine-graineg to submlcrqscoplc
dggregates of ragged, 1nterlock1ng, anhedral quartz and

albitic plagioelase. Chlorite is minor Oor absent. The exX-



Table 4: Whole' Rock' Analyses, Castine Formation Rhyqli
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tes .and R.hyodar:i tes

- — A B~ &€ D E F G - H x.' J I S A ML N -
. ) . §i0; 63.83 74.74° '73..13 76.0'5 BL.61 74.88 77.13 71.92 -.77.02 76.53 B1.53 66.40 7‘1.'10 74.65 g
- - Tio, 0.51 0.25  0:24 ,0.22 014, 0.36 0.24. 0.19° 0,36 0.17 0.21 g.21 6.24  0.15
A0y 15.18 12.97 10.85 11.57 1013 13.67 -12.15 13.75° 1l.88H 1'0 89 J0.07 12,52 14.89 12.88
[ Fey0 2,02 1.4 1.75 _1.,7& ‘ n.o' 0.0 0.0 " 1.68 1.67 1. 689 ¢.0 0.0 1.95 '1:97
© 0 Feo 1,95 0.06  0.03° "1.22 1.0 .1.200 1.19 1.73° o.g9 0.4 1.10 . 1.07 0.13 g.y4
Mno 0.0 0.02 0.02 0.24 0.02_ - 0.02 0.01 0.05 0.01 0.03.°. p.0) 0.00 0.00 0.00
Mgo, $-81  0.65 0.41° 1.13 .11 0.43 0.33 1.27 0.67 1.09 0.15 0.95 1,12 0.00
N ¥ cao :n.zo 0.09 .0.08  0.36. .18 0.42  0.10  0.05 0. 0.09 o0.16 1:30 0,36 0.16
Ka,0 2.54 2.00 2.31  1.46  5.13  5:82 1.86  7.02 5.84 7.66  4.62, 4.78 . 4.237 .00
) %50 6.77  7.48 6.18 6.04 [0.41 2.51 397 2,28  1.81 0.31 1.82 L2.90 4.53  1.00
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'—ceptionally fine grain $ize, presence of Optlcally isotropic

areas, mosaic and Felted textures, all suggest devitrifica-
tion. The assemblage quartz-sericite-albite is interpretéd

as characteristic of greenschist facieg metamorphlsm, although

lava domes, and breccia franments are often of the same coOmpo-~ %
sition as the adjacent dome, Suggesting derivation from it. | —
In some places dome- flanklnq breccias merge gradationally with
massive dome rhyoilte,;éhd in the.fourth volcanic cycle on
Cape 'Rosier (Fig. 3), fi;% Or more domes occur so close to
cne anoth§§ that the ad]acent rhyollte breccias have coalesced(fr‘h\“
and‘precluded fleld recognition of 1nd1v1dual units.

Chemlcal analyses of 14 representatlve samples (Table 4)
‘which were rggarded in the-field as rhyolltes, plot as rhyo-
lltesl(F;g. BA)r However, normatlve mineralogy suggests a
compdsitional fange from rhyolite to quartz-andesite if plot-

ted an theTStreckeisen (1967) double triangle of classifica- ad

tion (Fig. 7B). Therefere, the best correspondente of field

and petrographic Observations with petrochemical data is ob-

tained by prlotting chemical analyses (Fig. 84). - :

1

. . ‘ g

Summary and Discussion of Petrochemical Data : ~E R -
- D— _-_-__—m———v —*H *"___———‘ —_———

Forty-one Bamples were analyzed for major elements, and
31 of these for minor elements. The three-fold aim in per-
formlng the analyses has been to determlne typical element

abundances for volcanlc rocks of the Castine Formatlon (Tables
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2, 3, 4), o prov1de a basis for comparison of fleld and thin

]

Secticn petrography, and to 1nvest1gate-the magmatic affjilia-
tions. of the volcanic rocks. Combination of Figures 5a, 74,
and 8A suggests a well —differentiated Sequence, with represen-

tatives within all] fields (Fig. 8p). Similarly, compilation of

normative plots. (Figs. 5B and 7B) onto the double triangle of

classification (Flg. 9A} also indicates g well-differentiated

Sequence, ranging from nepheline normative basalts, through
andesites, quarté andesites, latites, énd aacites, to rhyoda-
cites and rhyolites. THe majority of analyzed samples have
ahomalogsly high soda content (Carmichael and Others, 1974,

P- 33, 35). pPlotg invelving elements Or normative minerals
little‘affected by migration of mobile elementé T%.g., Fig. 6B)
show a S5trong calc-alkaline trend. Moreover, high alumina
values. for baéalts and the postulatess island arc oi;glns

make the cale- alkaline trend more plau51ble than” the alkaline
afflnlty Constructlon of the standard AFM diagram {(Fig. QBf

is not definitive,probably because of aikalj introduction with

resultant shifting of data towards the alkali apex. The con-

.clusion is that the entire volcanic Sequence should be regarded

-as a spilite—keratophyre assemblage, with alkalies contributed

through initigl 1nteractlon between lavas and seawater, and
possible subsequent modlflcatlon durlng greengzhlst facies
metamorphlsm

Discussion of Structure of éﬁg Castine Formation -

The attitudes of flow units and primary compositional

layers, and geopetal - indicators, all indicate that the se-—

r

&
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;quence is east—faging and moderately dipping. - Bedding atti-
tudes within cycles 1 and 2 tend to ke Steep but consistently
face east, There is no ecvidence of fo}dinq wfthin the se-
quence, except for minor slump structyures within interuolcanic
sedimentary horizons, interpreted as soft sediment deformatlon
of preconsolldatlonal origin. Numerous faults, most with
small displacement, appear to be late, Perhaps isostatic
adjustments. Truncatlon of one of the More continuous faults
by the Sedgwick Cranite (Stewart and Wones, 1974) indicates
that faulting either preceeded emplacement_pf the piuton, or
was related to émﬁiaceMent. Either way, the faulting must
have been nearly chtemporaneous with the deposition’ of the
Castine Formation, becausge the pluton is considered comagmatic
.With the volcanic rocks (Brookins and others, 1973).

Strain indicators within rock units, such as spherital
and cylindriecal pillows and lava tubes, columnar jOlntS
spherical to ameb01d shaped vesicles and amygdales, and Py~
rceclasts, all retain thelr original shapes, 1nd1catlng minor
to insignificant dlrected stress during regld;al metamorphism.
Random orientation of crystals and l;thlc clasts, campactional
envelopment of clasts by Ratrix, paralielism betwéenrcomposi-
tional bandiﬁg and foliation, local‘perturbations in foliation
attitude, and unequivocal interaction between pPhenocrysts and
original glassy groundmass (Plate 4H), al1 indicate that.the
dominant rock fabric is premetamotphic, and was probably pro-

duced through a coﬁBination of volcanic, compactional, ang

diaqenetic'processes. Compactional feliation analogous tgo
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that of eutaxitic texture in subaerial as% flows is suggested
by aligned collapsed clasts, and by platy minerals aligned
parallel with primary layering. Local relief variation of
underlying units resuylted in differential compaction, account-
ing for observed local irregularities {n folrat{gn, and oc-
casional non-coincidence of foliation with compositional
layering. Much well-defined foliation is original flow-band-
'inqﬁand retict vitrophyric texture, accounting for wrap-

around textures between groundmass and phenocrysts. Sub-

topographically higher volcanic source areas 1s the envisaged
mode of accumulation for many of the well~foliated lithic and

Crystal tuffs. o
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‘ Chapter Four
Base' Metal Sulfide Deposits in the Castine Formation

The Penobscot Mine

"

The Penobscot mine of Callahan Mining Corporation, also
known as the Harborside, Cape Rosier {or Cape Rozier), or
Callahan mine, is on Cape Rosier, in Bropksville Township,
Hancock County, Maine (Fig. %). It is 25 kilometers wesp—
southwest of Kerramerican mi;inq Operations at Blue Hill,
Maine. Gossanous, copper-stalned exposures at the Pencobscot
mine site were known to early European settlers in the
sevenfeenth century, and were worked on a small scale. High
metal prices supported ﬂroductlon of approx1mately 10 008 tons
of ore averaging 20% zinc and 2.8% copper, from 1881 to 1883
(Rand, 1957). 1In 1940-41 st. Joseph Lead Co. did 5500 feet
of diamond drilling,'follgwed by almoét 3000 feet drilled
by the United Stqtes Bureau of Mines_(Levin and Sanford, 1948).
The Pénobscot Mining éorpération acquired the property in
the mid-1950's, and lnltlated further exploratory work .

Exploration work by Callahan Mining Corporation in the
mid-1960's delineated a smaltl orebody, and preduction followed
from combined open pit and underground operations. From 1968
until ex%austion 0f ore reserves in 1972, Callahan mined
800,000 tons of ore averaging 5.5% %inc, 1.25% copper, 0;5%
lead, and 17.1 gq/ton silver. The pit and underground opera- .

tions exploited the down-dip extensions of the surface shd@—

ings and old workings, as well as additional massive base

48
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‘metal sulfide bodies previously unkrown . Although individual

sulfide lenses were rich, their irregular distribution and
small dimensions made grade control‘difficult, and much mas-
SiQO Oore remalns at thelsite on large waste dumps. Scme ore
occurréd beneath anq within shattered domal rhyolite, and
was extracted by undefqround mining methods From two adits

—

collared in the pit wall. N
‘ Site festoration involved flooding the entire area, con-
touring and seeding waste piles, and disman&ling and removal
of the mil1l and-most buildings. Experimentation continues

to produce’ a self«sustaining flofa‘on‘the mill tailings. The
flooding has rendered the mine inaccessible for study, éxcept
around the pit edges and on the wésté dumps. Therefore, rock

samples for this study were from dumps, exposures near the

mine and alongp}he coastline,  and diamond drill core.

Mine Geology

The principal base metal sulfide concentrations at the
Penobscot mine are wiﬁhin 100 to 200 meters of a polymictic .
fragmental rock. of intermediate’Composition, wh;ch dips steep-
ly away from the east side of a rhyolite dome, ‘and which isg
overlain' by rhyolite breccia contigdous with the dome. The

sequence of fragmental rocks is the culmination of the third

-

volcanic cycle on Cape Rosier, énd the ore horizons within it
are intercalated- with dominantly magnesian rocks which inciude
talc, talc-carbonate, and talc-chlorite assemblagés. The

distribution of these rocks in plan and section (Figs. iO, 11)

illustrate their complex intercalated relationships and their

LY
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Figure 10
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.- C i "» Figqure 12 s ‘
. Braphic log, Diamond Drill Hole 72-83 Penobscot Uni, Callahan Mining Corporation.
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rapid lateral and vertical lithofacies changes. Diamond drill
hole 72-383 intersected the Complete.stratiqraphic succession
hear the orebody (Fig. 12; Plate 7), and core ' was %ﬁved for

possible future study. It represents the only available un-

interrupted representative secthn across rocks of the hang-

-

inglwall, Ore zone, and foot wali, and therefore was studied
in detail. The ble'wasgfggged( and 83 samples representing
all compositionéfrand textural vérlatlons in rock types were
selected for thin sectioning. ETx%een polished surfaces were
pfepared from 2 meters of sulfide- bearlng lntegsectlon

The footwall breccia at Penobscot (Plate 9F) ig textur-
ally variabie, structurelgés, veryjcoarse~§f§fnéa, polymictic
with fragments to 0.5 m, and interbedded with fine-grained
crystad tuff, lithic tuff, and stratified transported sediment.

Intrusive into this assemblage is a\rhyolite dome (dome lCl of

Fig. 3), shown by Callahan drllllng|and underground mlnlng to
be roctless. Coarse ollqomlctlc breCCLas of rhyolite frag-

=
ments (Plate 8E) flank this dome, Fragment size decre&QES :

away from the dome, and “rounded and‘commlnuted rhyolite clasts_
are noticeably llghter in color than large black clasts close
to the dome. Fragments of rhyolite %rom {E? dome in these
brecciag Suggest that dome emplacemeﬂt was at- least partly
extru51ve and tﬂelr repetltlon in tﬂe sequence records
episodic brec01a development. The interior of the dome andg

its margins, EXcept where adjacent tg the sulfide bodies, ape

dev01d of rhyolite brec01as

<
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PLATE 7
N

Pictprial log, Dramond Drid® Hole 72-83," Penobscot Mine

»

A _Rhyolite clast cut by silicedus vein with angular clasts

of perlitic glass.n’ Sample collected at 4 feet, crossed-
nicels. K\ ) ‘ '

B. Flow-banded clast (rifght¥ within breccia of angular, Tine-
grained anpd partily isotropic siliceous fragments. Minor :
"chlorite and sericite in matrix. - Sample codlected at 36
feet, plane 1light. ' ‘ )
C. Angular to rounded, mostly hs@t%opic, rhyolitic clasts in - v
. siliceous matrix. Sample collected at 42 feet, grossed
nicols, o ‘
o 4 : ,
N ; .
D. Rhyolite clasts separated by wispy, isotropic bands.
Patches of quartz and minor quartz velins cut both clasts S
and matrix., Sample collected at 52 feet, crossed nicols.

-

E. Diabasic texture in basaltic flow. Sample collected ‘at
63 feet, crossed nicols. S ~
. . A Q.J\% T
F. Crystal tuff, feldspar phenocrysts rounded an corroded.
: Groundmass foliation defined by chlorite and. sericite
wraps ardund phenocrysts. Sample collected at 80 feet,
‘crossed nicolﬁ.

G. Flowage textures in ﬁatrix of crystal tuff. Sample col-~
. lected at 93.5 feet, plgne light. - %

E. Rhyolite clasts laced with quartz véins; samplg collectng’
at 94 feet, plane light. . ‘ “ .
s

I. Flowage textures-in crystal %uff;_sample collected at 101
feet, plane light. :

: : / : .
J. Feéldspar porphyry; albitic plagioclase.phenocrysts'in; L
quartz-sericite matrix. Sample collected at 116 feet/
crossed nicols. ‘

a ‘ -

K. Lithic tuff; cognate fragments in crystal—ricb tuffaceous -
matrix, within which are smaller. although similar clasts,
Sample collgcted at 1e62 feet,lplane light,

R

-
{
—
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. PLATE 7 - continued

»
r

*L. Lithic-cryst#l tuff; heterogeneous assefmblage of rounded

phenocrysts and 1ithic clasts. Talc with Leisegang
-Structure {lower left) OVEergrows Primary fabric. Sample
collected at 190 feet, crossed nicols. :

"M.. Crystal tuff; well-developed foliation, defined by

micaceous‘minera&s, Surrofinds corroded and Cracked feld-
Spar crystals. Sample ccllected at 213 feet, plane light.

N.. Coarse, relict, diabasic texture in basaltic flow rock.

Sample collected at 229 feet, crossed nicols. -

0. Spﬁalerite-éopQQue) within'poorly defined veinlet con-
sisting of black.chlorite (in hand specimen). Sample
collected at 230.1 feet, plane light. ’

P. Lé;ge blebs of sphalerite {cpague) within, tale-

carbonate rock: sample collected at 234 feet, plane light.

-
-

Modal mineralogy given in Appendix 4.







intimately associated with ore are talc, talc-carbonate
(Plate 8C), talc—chlorite,rhematitic chert, minor dolostone,
and tuffaceous to jasperoidql mudstone (Plate BG; 8H). This
sequence is_overlain by basalt and coarse pelymictic volcanie
breccia (Fig. 11), nearly identical with underlying f?otwall
breccia, but distinguishable f%om the latter by the abseé%e
of 2-5 cm clasts of gr&nophyric.rhyolite present in the foot;
wall variety. However, this distiqction, and these rock
types as mappable units, fade with distance from the ore
Zones,
Diamond drill hole 72-83 penetrateg at least six coarse
rhyolitfgwggggziﬁstig‘units apparently aerived from the nearby
-dome, and at least two é:hsr horizons of coarse debris that
.apparently werecoﬁtributed froﬁ @org than two fources as
&eevidenped by their variable fraqmen£ compositicns. Most con-
tacts in thid sequénce are gradational, .and rock types are
distinguished by progressive increase or decrease iﬁ an es—
sential clast com?onent, or change in matrix characteristics.
For example, a single 0.3 m thick rhyolite Elast at 52?feet
(Fibu3i2) 1s ovériain by coarser breccia. This gradually

" becomes finer upward until it becomes a crudély bedded lithic

_ ) A
tuff, with rhyolite fragments and alkali feldspar phenocrysts

Crenulation cleavage and kink bands are well-developed in

s | | .

$

" s
— in“agchloritic matrix. Foliatién 1s presént'only in fine- |
- grained,akissiie, well-laminated beds or ma%sivevchlofitic
K : 'porizéﬁsn and is parallél to subparallel to'beddingf suggest-
\/)\ iﬁg a depositional or compactional origin for the folia£ion. : (n\\

\...’s-.‘_;’



' Penobscot mine.
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PLATE 8

AS

Majer Rock types at the Penobscot Mine and- Vicinity

Bedded sphalerite (sph) and chalcopyrite (cpy) ore,
collected on Penobscot waste dumps.

Bedded sphalerite (sph) and chalcopyrite (cpy) cre, col-
lected from Leach oeccurrence by Callahan personnel.

ézxgggigﬂbnate rock; patches of talc surroundéd'by rusty-
weathering carbonate. Collected on Penobscot waste dump.
Rhyolite breccia, cut by quartz veins with galena and

sphalerite, minor chalcopyrite and pyrite. Collected
from underground workings by R. W..Hutchinson, 1970.

Coarse breccia of rhyblitg“glagks with bleached rims,
contained in sericite-chlorite matrix. Collected on
Penobscot waste dumps. : ' '

Coarse Polymictic conglomerate; note bleaching of clasts,

and clast of sulfidic rock (near center of picture).
Typlical footwall breccia, collected. from waste dump at

Ferruginoué chert (jasper)‘and chloritic crystal tuff
Cttuff), collected near Weir Cove along drainage ditch.

Alternating bands of crySﬁal'tuff and ferrlginous 5
: n

argillite, collected néar the Leach oQFurrence along the .

drainage ditch. Pen length is 13.5 com.
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7

these finér tuffs. An'abrupg change in the section occurs

at 230 feet. Stockwork chalcobyrite veinlets below ére ter-
minated at this contact, and overlaln by crudely bedded lithic
tuff. The underlying 29 feet of core ig characterized bv flne—
grained rocks which include massive sulfide horizons, crypto-
crystalline silica, talec, and one thin band of rhyolite brec-
¢la. These horizons are fineiy laminated, and display relict
sedlmentary textures 1nclud1ng slump features load CéSLS

!
and cross- bedding. Beneath the lowest massive sulfide horl—f

zon is a dense stockwork of ramifying. chalcopyrite- pyrlte
velnlets This stockwork gradually decreases downward in
intensity from greater than ten veinlets per foct to mere

“ispersed arains and seams of pyrlte in the lowermost sericite-

chlorite tuff ang underlylng coarse lltth breccia.

Petrclogic gng Mineralogic Studies, Penobscot'ging

The rhyolite dome whinh forms such a conspicuous ﬁopo~
graphic feature at the Penobscot mine isg dense, black, colum-
nar-jointed, and usually contains minute'(<5mm) alkali' feld-
spar phenocrysts in an aphanitic groundmass (Plates 9A, 9B).

At i%ﬁ margins it is nearly lacking phenocrysts, which

‘gradually increase inward in size and abundance, In plan

the rhyellte dome 1isg roughly egg-shaped,; (Fig. 3, dome lCl)

cand is 250 x 500 meters, about average dimensions for these
: : !

: R NP .
domes on Cape Rosier. Flow bandlng.ls év1dent-on weathered

l

surfaces. Near the southeast corner ofkthe body, nearly ver-

tlcal laumontlte lined open veins transect the dome in random
- 1

orlentatlon

|
1

i
1

4
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The rock has a groundmass oé albite, quartz, and minor @
sericite as a random, anhedral; ra@ged,‘interlocking mosaic.
Albitic fZ}dspar Phenocrysts 4gve a4 weakly developed trachy-
toidal alignment. x- ray powdék diffraction studies on pul-
verized whole rock; indicate ab?.dant quartz, plagioclase,
probable sanidine, znd possible muscovite (sericite). The
fine-grained nature, ragged mosaic texture, combined with
perlitic cracks in breccia fragments derived from the dome,
all indicate that it was emplaced as a glass. The rock 1is
silica-rich rhyolite (Table 5), and has an apprecidble alka-

li content:

Brecc%a clasts derived from the dome ar; mlneraloglcally
ldentléal to the parent dome, and are coarse near their source,
but decrease in size away and become lncreaSLHgly commlnuted
w1t%£marked light- colored rims. All gradations exist between
Completely white fragments and prlstlne black parental rhyo-
lite. lLarge blocks of waste rock, diéﬁdnd drl&% hole data,
and exposures in the plt wall, all record the Stages accom-
panylng fragmentatlon of dome rhyollte and the subsequent
deposition of tha derived pyroclastic breccias,

Rhyolite unaffectegd by these processes beyond the limits
of brecciation (Plates 9A, 1 A) was glassy, with micropheno-
¢crysts of albitic plagidclaézf

.
rhyolite cut by véins of barren quartz (Plate 9B). Fragmen—

Neaily id¢ntical is black




4 PLATE 9

Macroscopic Changes Involved in Transition from Black
. Rhyolite to white Rhyolite Breccia

A. Massive, dense, black rhyoclite from columnar-jointed
southeast margin of lava dome  (Dome 1Cy, Figure 3).

B.  Slightly porphyritic rhyolite, 10 meters from contact
with intruded tuffs. Note quartz vein (right) and
microphenocrysts of albite.

C. Oriented and random stockwork quartz veins cutting black
rhyolite. Minor chlorite developed in some veins. Very
minor disruption of fragments. .

D. . Similar to C, but veiningﬁand disruption slightly more
intense.
E. Noticeable disruption with several stages of quartz vein-

ing. Breccia fragments are Clearly rotated, with minor
amounts of comminution around edges.

F.  Separated and bleached rhyolite fragments, contained
in a sericite~chlorite matrix. Smaller fragments totally
bleached; larcer cnes bleached only along selvages.

G. Totally bleacheq, translucent rhyolite clasts, contained

in chlorite-sericite mafirix. Fragments are rounded ang
comminuted. :

H. Small, rounded, Eranslucenf fragments of originally black
rhyolite, contained in chlorite matrix, with minor seri-
cite. \ .

/"‘\
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PLATE . 10

Microscopi¢ Features of Transition from Black Rhyolite
Lava Dome to White Rhyolite Breccia

*

Black rhyolite; section cut from rock in Plate %A,

crossed nicols. Mode: _61% albite
: 25% quartz
11% chlorite
2% magnetite
1% K-feldspar
trace leucoxene
Black rhyolite clasts (ry), rims unbleached, but dis-
rupted and within coarser matrix of quartz and sericite,
with minor chleorite. Section.cut from rock in Plate

SE, crossed nicols.

Rhyolite clast (ry) with bleached selvage (sel) and
nearby siliceous matrix (M}. Section cut from rock in
Plate 9F, crossed nicols. i

White rhyclite clasts, well-rounded, contained in quartz-
feldspar matrix. Section cut from rock in Plate 9G,
crossed nicols.
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(Plates 9C, 9E, 10B). The matrix is recognlzable as commin-
uted, very angular rhyolite, with minor serlc1te and 15§g\/,,/j
chlorite. Intensity of quariz veining increases to intense

5111c1f1catlon of the rock itself (Plate 9D}, and rhyolite
fragments are Separated by chlorltlc and sericitic matrix
w1thout obvious clasts Smaller, rounded rhyolite clasts

have bleached selvages (Plates 9F, 10C). No ﬁajor mineral-

ogical changes are discernible in thin sectlon in these

bleached selvages. However, minute gralns of magnetite,
usually less than 100 Mm in diameter, which are ublqu1tously
distributed asg & minor mineral within black rhyollte are
absent in the white rims. More 1ntensely bleached fragmehts
dre separated completely, and contained in a chlorite-seri-
cite—quartz—albite matrix (Plateg 9@1 10D} . The former

B
dense, black, rhyolite has been fragﬁented, comminuted, and
bleached, to form rounded, white, translucent elastsr(Plate
9H) .

Major changes 1n K20 and Na O contents take Place during
rhyolite fragmentatlon and bleaching (Table 5, analyses A
through I;Plate 9) . Wlth initial brecciation and concoml—
tant increase in matrlx volume (Plate 3C) the rock is enriched
in Na,0 and K,0 (Tablz 5D). ThlS trend continues w1th in-
creasing brecciation, separatlon comminution, and transport
{Table %EJ SH; Plates 9D SE, 9F). Analysis of the chlorite-
sericite matrix. enclosing bleached- fragmentg A(Table 5I) ang
comparlson w1th analyses for black rhyollte (Table 5X&, SB)

show that K50 and to a lesser extent Fe(* areselectlvely
- & : -
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ledached from the clasts and concentrated in the matrisx.

~"§b
MgO incregées also, but apparently was 1ntroduced from ex-~
. N .

-ternal sources w1th a resultlng 1ncrease in chlo 1te content

‘A.

of the matrix relative to alblte qgartz and -’ ser1c1te The
AN

uftrﬁhte deposrtory for many fragments arethe polymictic

fragment Pocks. which receiveq comblned debrls from several

source area% 1nclud1ng rhyollte domes At the Penobsco% g
. e

2ons, .and is 4dlways 1in contact with, ang usually beneath
. - , [

massive layered. sulfide I€ con51sts of varylng Proportions
-

of talc and rusty weathering carbonate Wthh appears to VFln

@

and enclose 1rregular Patches of talc (Plates 8C, llA llB)

Massive tale fdrms lenses up to 5 m by 3 m w1th1n talc~car-
. Y
Bonate horlzons but massive carbonate w1thout talc is un-

known. Collofornm spheroids of intergrown'talc—carbonate'ena

>

ve loped by cryptocrystalline Slllca range in 31ze from Less

than lmm to.balls as large as 5cm in dfg%eter. ThlS textural
3

varlety is riot as. common as structureless talc- carbonate rock.

X-ray dlffractlon studles«lndlcatercommon talc (Mg6518020)(OH)4

i

and normal calcite l Deer and others (1966) report that as

muct as 5 to 10 mol percent FeCO3 is pPossible in SOlld solu~

tlon w1th1n calc1te and one .sample of rusty weatherlngftalc—
—
carboénate contalns almost 0. 5% (Table 5N) . Abnormal concen-

-

LS
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-trations of,copper, lead, and zinc for rocks without sulfide

mlnerals 1nd1cate that not all metallic CQ&&OHS are flxed as

sulflde phases.

JFoliated talc-chlorite rock' (Figs. 10, 11) occurs . . - -

‘throughout ‘the mine sequence, and\contains up to 20% pyrite

s disseminated euhedral crystals or as massive seams. Fine-

ly laminated pyrite-chlorite compositional layers define bed- -

e

ding. Upcn weathering the rock slakes into fine, chloritic
scales and granules of pyrite, readily visible on the waste
. . o *

dumps . Optical determination of chlorite composition shows

. it is not as m ian as th commonly associated with

stratabound sulfide deposfts:(Sapgster, 1972), and is prob— ®
ably neqr pennlnlte or .clinochlore.

. Finely laminat® dolostone was noted occasionally on
mine dumpé} and'difkers from carbonate of talc-carbonate rock.
in its grey father than brown weathering, and failure to
effervesce in cold, dlluto hydrochloric acid. It-is‘not re-

corded in dlamond drill hole logs nor mine plans, and consid-

ering its scarcity on dumps, was probably a rare and minor

rock type;

An ironstone consisting of hematite bands finely inter-
laminated with white chert is found sparingly on the dumps,
and in one 1nstdnce magnetite~thert lron formation was noted
lee dolostone, these rocks are uncommon, and not recorded
in mine plans nor drill hole logs.

Tuffaceous mudstone with jasper bands is the most wide-

spread rock which appears related to the ore horizons. Tt

-

Val

-



PLATE. il «

Photomlcrographs of Ore and Gangue Assemblages
Penobscot Mine

1

Large anhedra of'carbénate wWith minor interstitial
talc. Sample collgcted from a block of talec- carbon-

‘ate rock on the waste dump.

. i
Fine-grained talc-carbonate rock with much dissemated
{opagque) sphalerite. Sample collected from block on |
waste dump. '

Euhedral to subhedral pyrite as laminag within mass of
anhedral sphalerite grains, mlnor chalcopyrite. Sample
collected on waste dump. . :

... Subhedral to-anhedral pyrite surrounded by massive .chal-

copyrite. Foliation defined by crude ¢ompositional

- banding in sulfides, and by alignment of micaceous ’
- minerals. Sample collected on waste dump.

Combination of ‘delicate and crude banding within pyrite-

sphalerite ore and silicate gangue.  Sample collected on
waste dump.

Pyrite-sphalerite veinlet cutting dome rhyolite, with
minute unmixed blebs of chalcopyrite in the sphalerite.
Sample collected from diamond drill hole 72-83 at 230°'.

-

‘Mosaic of éuhedtral to subhedral pyrite crystals surround-

ed by structureless chalcopyrite. Silicate inclusions
in pyrite giveé poikilitic appearance. Sample collected
on waste dump. . :

Minor crenulation fold developed in finely laminated
talc-sphalerite bands. Sample collected from diamond
dridl hole 72-83 at 232 feet -

L]

.
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consists of alternating microbands of siltica, jasper, and

chlorite, with freq&%nt'beds less than 1 cm thick, or. crys-

- tal tuff in chlorite ‘'matrix (Plates 8G}-8H), and granule-
) B . ' . a. ) -
sized lithic¢ clasts. As in all finely laminated rocks on

Cape Rosier and within the mine sequeﬂcéijfoliation is par-
"~ allel to compositional banding. Crenulation folds and clea-

vage, box folds, and kink bands are numerous and well-devel-
. : y J\) . ’ ' N o
"oped. Whole rock analyses of this rock (Table 5N) coincide

with analyses for bleached and altered rhyolite*clasts.

Sulfide Mineralogy, Penobscot Mine .

The sulfide assemblage at Penobséot is mineralogically

simple, consisting of predomipant pyrite; with lesser sphal- .

erite, chalcopyrite, and mino;,galena. Study of 22'polished
sections failed to disclose‘ahy othéf.sulfide minerals aé“
major constituenis, although Park and Bastille (1973) des
cribed .safflorite, marcasite, arsenogyrite,'énd.mackinawite
as 1~100 M m blebs in pyrite. Callahan production figures
indicqte that 2Zn:Cu was 4.4:1, and visual estimation of py-
rite:sphalerite is abqut tﬁe same. The ofes are thinly bed-
\ed (Platgg llC, 11E, 11H), with monominefalic layers as thin
as 0.01 mm, although thicker layers, usﬁally sphalerite~rich,

are as much as 10 cm thick. Near-massive (90%+) sulfide

bands”occur, but ard subordinate, to sulfiqe interbedded W&E%.

chlorite or talc, and a gradation extends from nearly pure
sulfide, to chloritic rocks with trace suifide, usuéily Py-
rite (?1ate'llH). Descriptions of §u%fidé'mineralogy and

textures (Plates 8 and 11) are for specimens selected to
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represent most of the observed variations in sulfide ores

of the Penobscot mine.

Sphalerite is dark brown to black,'andieven_within sphal-

s A

erite—rich layers it forms anhedral blebs and streaks, often
intimately‘intergrown with chalcopyrite or surrounding euhe-
dral pyrite crystals. Exsolution of chalcopyrite aiong.clea—
vage traces in sphalerite is rare and poorly deveioped. Py-
rite also occurs as-distinct monomineralic bands, and dissem—
inated among other 3ulfide minerals It is generally very
fine-grained, although grain size varies con51derably. It
always occurs as euhedral to subhedral cubes. <Clusters of
cubes arranged in concentric shells define colloform textures
(Plates 12B, 12C), and these grade downward in grain size to
framb01ds of mihute cubes clustered about nuclel of clay
rmlnerals, sphalerite, and rarely chalcopyrlte, galena, or
_unldentlfled opagque phases (Plates 12D 12E) Many collo--
-form clusters are aggregates of pyrlte w1th intergrown sphal-
erlte and chalcopyrite (Plates 12F, 12G). POlklllth and
1nclu51on—r1ddled pyrite has a mottled appearance (Plate llG).
Anhedral streaks and 1rregular patches of chalcopyrite
;have much the same habit as sphalerite, and both frequently
surround euhedral pyrite grains (Plates llA 11H) . Galena-
is rare, occurrrng as an accessory mineral within bedded -and
near—ma551ye-chalcopyrlte and sphalerite. It is rarely asso-_
ciated only‘with pyrite, ‘It occurs sparinglyﬂoﬂ grain boun-
darles between pyrlte and chalcopyrlte as mlnute, anhedral

patches with straight cleavage traces. The average mine

.

a?-
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PLATE 12 .
" Photomicrographs of Ore Assemblages, Penobscot Mine

Plne pyrite dust consmstlng of minute pyrite euhedra and
a band of coarser sphalerlte pyrlte Sample collected
on waste dump. y

Framboidal aggregates of pyrite euhedra. Individual

clusters average about:0.5 mm, and together define a

larger colloform aggregate greater than the field of

view. Sample collected from dlqmond drill hole 72- 83
at 232 feet.

Large colloform ball of sphalerite and pyrite, composed.
of smaller clusters of framboidal sulfide. Sample col-
lected from diamond drill hole 72—83 at 232 feet'

Spherical framboids con51st1ng of euhedral ‘pyrite’ grains
around silicate nuclei. Sample collected from dlamond
drill hole 72-83 &t 232 feet. .

; ) .

Detail. of framboid structure. 1In this instance, minute
pyrite euhedra surround a- core of unldentlfled sulfide.
Sample collected from diamond drill hole 72~ 83 at 237
feet.

-

v v ) S o
Clots of pyrite and'sphalerite, the latter consisting of
framboidal aggregates. Sample.collected from diamond
drill hole 72-83 at 238 feet.

Colloform texture defined by concentric 'shells of struc-

tureless sphalerite and silicate gangue around a core ’
of framboidal pyrite. Sample collected from dlamond

drill hole 72 83 at 238 feet. .

Anhedral structureless chalcopyrite around large, euhe-
dral to subhedral pyrite crystals. Sample collected on
waste dump
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_grades of 0.5% Iead and 17. §/ton silver were contributed

largelylfrom a anomalously rich pod of gilena with sphalerlte o
7
whlch occurred near E/g south end of the rhyolite Hme and
was mined underground (ﬁ. W. Hodder, personal communication,
1977). o ' | | » :
Colloform to framboidal tentures, fine?scale oomposition-
al layeripg, minute grain size, absence of pyrrhotite, and |
the absence of metamOrohio textnres are all consistent with
an interpreted origin wherein coprecipitation of‘sulfide phases
-occurred from a submarlne fumarole durlng a period of relatlve
quiescence. The degree of metamorphlc recrystalllzatlon has

not been sufficient to destroy frambgidal;pyrlte gralns,

generate pyrrhotite, or effectiv Yy separate mineral phases.._,

Interpreted History of Sequential Development of Massive °

Sulfide Bodies

~

Considering all these data, the following sequence of
‘events is suggested for the geologic evolution of the Penob-
scot sulflde bodies and enveloplng rocks (Flgs. 13 15).

Prior to emplacement of dome rhyollte, the footwall breccia
at Goose Pond had accumulated to consrderable thickness,
probably as' a local volcanic conglomerate on the flanks of a
'stratovolcanic'edifice (Figure 13A). Diapiric emplacement

of domal rhyolite ensued rgsulting in local warping (Flgure
13B). Further "domal growth promoted coollng shrlnkage and
cracking of the carapace, permlttlng access of seawater into

w

the interior. As seawater was heated,steam was produced, and

gk
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vapor pressure exceeded confining pressure to break: up éart'
of the'dome, contributing fragmenéé to existing fragmental
f@gks (figure 14A). The coarsest clasts were deposited'cio—:
sest to the shattered dome, but finer debris and'aéh were
carried farthest away. Coht%gpéé’ démal groﬁtﬁ resulted in
additional local defofmationfanq renewed explosive actiéity
(Figure 14B), and ultimately the shattefed dome and related
hig?ﬁy permeable fragmental rocks became the loci for subma-
riné qu?rolic diécharge (Figure '14B). Chemical sédimentary -
rocks formed near the flanks of the dome and on the apron of
coarse explqsion breccia as a Fesﬁlt of th}s brine emission.

Another pulse of domal”grgyth produced ;epeated‘shat ring
| and additicnal pyrociaStic horizons above the chemich sedi-
mentary focks (Figure 15A). Finally, domal growtg\ﬁng mégma—
tism ceased, aﬁd portions of the dome-and related rocks were:
oveflainiby basalt and'conglomerate of the next voicgnic cy-
cle ;Figure 158).

In thi$ context, downslope movémeht of the explosion-
lgeneratgd,-QEnse, debris-laden slurry off the dome léft be-
hind denser ahd larger clasts, but smalle? and iighte} clasts -
were carried farther. Thg,intéraction betweeﬁ"élaéts and
seawater is recorded as the fragmentation> comminution, and
bleachihg of the fragment;. Thoé; which have travelled far;
thest are smallest and most bleached. The spatial'pfoximity
and inferred temporal equivaience-of jasperoidal tuff with
explosion breccias, and the similarity of compositién, sug-

gest that the tuffs represent the siurrying and transbortfﬁg



VVvyy
YVV vy y

Vvvvy
VVVVY Yy

Yvyy
YYVVYVYyyyy
VA

V¥ Vvvyyy
VVVyyy
VVYyyy

=

Figure 14B

-

~ 1
-

-

pym
1L

Al

!
-
iy

=1

~ -




T

vy

YVYVYYVVY

v
N

-

=
) Sheras v s hL b P
H ..:-l I‘:\‘ ! \.'3') ' I“iI \"\-\"r‘\'\\\'lt\": Ve
= . J
W ")‘l\’\’:\‘\\/'\’"*\\c'\q— HEDANY
LT A4 -.'..,r‘ ;“\/',',H T '\_r\—l\
;_-,'_\/I 7 sl - Al
h
y
Pl - y
\__\"l,,..‘__ = Lt 2T
"\r?:\.‘\ ,‘..r.;.:": 12 a\:\',‘\l
Y gl -
AN ETRVCK bl IINTENY,
e ,.__J,t,“..l.,\fl..l..
\f\"—!|\‘l\|\'\\f\“‘ ’r
- \\ -f—l\—' = l\’-
(sl NI
RIS A Loadsn N7 -t
\;4\,\"--“:\, it LT LTy
VAT P e gl AN
VAN S T L Y]
IRV A EACIE PSR
TotW VAN D Aty
“ey s

o
. FiYure 14B

v e Ve e

SCS QR R ORI N
05 ARE a0 S 50
09¢v¢’,¢v09¢' et AR ge A
5288050883885 CSOSGI08RIETN  ? %
90;’.’00,,*’9""" T pgagid
””’1‘9_,!: d 9,.1,%1.

£}
l‘ ¥ -




o

~ : y\E‘iguré[ 15A

”-//

Lo 7 : ’ L )

T e o

e
' ~ '-\__\._-\ ) .
e T T : ‘—\—_\—\\’\_\
a ;
S - TN

— =,
S . BT -
SN Y D
—n MRV AL S I sTHRNY
== CRRYRTR D RO
L.

A

2 .
' . L4 a
- ; . . » .
B
) * N : - la , _
- . ; ——




ALY
RS YE Y
AL
-t Y]

b 1

/
{
DAT(&.
LIS -
SR
iy
e leiere:
DL OSCALA 2 B D SIS R M A ISR 2
BTy e e e s T AT Tl Ty
- ReERssesa
a9 ."'_a_?’! e
. ]
-
ul - . . ~ % b . ' . .o +
.- Figure 15 - .




+ . C - e ’ 77

- i " . \

medium for the breccias. These slurries spread'out and away
from the site of fragmentation, leaving all but.the smallest

cla#ts and ehtrained crystals behind. Alternating jasper and
! LY L. ] . N

chlbrite bands indicate céonditions fluctuating écross-the_

LY
o

fef%oué—ferric redox‘boundary-in‘a‘seafloor brine pool satura-
ted with silica and iron, aﬁd.receiving periodic influx of
ash fall -and ash_flow components.  The resulting jasper-chlor-
ite récks are analogous to ferruginous and siliceous chemical
sedimentary roéksflateraliy'equivalent_to massive sulfide i ?Z;
‘bodies within Archean'sgguences in Canada and elsewhere
" (sangster, 1972; Sangster and Scott, i976). They are most
siTilar to thffaceous mudst0nes described in. the Kuroko fields
of the Green Tuff region of Japan (Sato, 1974). Y
The fine—grained, well-laminated horizons interbedded
with, and unigue to the minefalized seéuence,;record a per;o
of relative quiescence in an otherwise turbulent environment.

The underlying stockwork of byrite-chalcopyrite veinlets \

represents part’ of a submariné discharge system through \

which metal-laden brines emanated onto the seafloor. Many N .

of the etonomic sulfide lenses overlay such vein hetworks,\

planar ﬁpper surfaces, suggested in™Rigure 11. It is sﬁg-

1

gested that such forms represent small basins of accumulation

-
iy
S
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‘Comparison*with Japanese Deposits
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within a iérger field of brine emission.  Thé stagnant and

quiescent conditions necessary for accymulation of mineral-

‘rich chemical sedimentary beds were terminated by renewed

nearby volcanism.

. ]

The nature of volcanic products on Cape Rosier, thé spa-
tial assoc1atlon of rhyolite domes w1th base metal sulfldes,
and the 1nferred island arc orlglns, are strikingly similar
to the well-described Kuroko deposits of the Green Tuff ref//i
gion 'of Japan. Although there are' minor mlneraloglcal/gi/-
ferences, the overall 51m11ar1tles (Table 6) are numerous and

close enough to consider Penobscot as a Nortn American ana-

- logue of the Kurcko deposits (Figure 16).

Y - -

The-Leach Occurrence

1

_ The Leach orebody was discovered by Callahan Mining -

Corporation during exploration in 1969. A small rhyolite

dome 1500 meters south of thé Penobscot open pit, and within
the same volcanic cycle (Fignre 3, dome lC3), is flanked to

northeast by a horizon of ma851ve chalcopyrlte and sphal—

erlte,‘estlmated from diamond drllllng to contain over
100,000 tons of more than 8% comblned‘copper-and zinc. The

sulfide body is within a complex sequence of talc, tale-

carbonate, and talc-chlorite strata, as at Penobscot. The

sulfide-~bearing horizon is 75 meters below the surface, and

dips shallowly to the northeast. A development shaft was

drilled to provide access to the ore zone, and some under-



TABLE 6 .

.Compérison of Mineralogical, Petrological, and Structural
Features of the Penobscot Mine and a Typical Kuroko. Deposit

_Typical Kurcko-
Lambert and Sato,

1.

10.

11.

12.

13..

14.

15.

l6.

-

(Sato, 1974;
1974)

Miocene subaqueous felsic

volcanism

Bedded, stratabound, mas-
sive sulfide minerals

.

Economic Cu, Pb,
§nd Au

Zn, Ag

. Abunaané Ba and Ca sul-

fate m;nerals

Stockwork vein system
beneath massive ore

White rhyolite dome

Coarse explosion breccia

_in footwall

Clusters of individual
massive sulfige bodies

Ore bodies zoned
Sulfosalts iﬁpbrfant

ﬁerruginous chert hori-
zons well-developed

Subjacent mudstone

Felsic tuff breccias 1n
hanglng wall

.Structurally undeformed

Low greenschlst metamor-
phism

Calc-alkaline dlfferentl-

ated sequence

-Bedded

Penobscot Mine

-

Siluro—Devoniap subaqueous
felsic volcanism

‘stratabound, ma551ve
sulflde minerals

Recoverable Cu, Zn, Ag

¢

Sulfate% absent, but carbonates

present

-
Stockwork vein system beneath
massive ore -

-

Black rhyolite dome

Coarse explosion breccias in
footwall and hanging wall

Clusters of individual massive
sulfide bodies

Ore- bodies poorly zoned

Sulfosalts absent’

]
» -

Ferfuginous chert horizons
poorly developed

Subjacent mudstone

Felsic tuff brec01as in hanging
wall

Structurally undeformed

Low greenschist metamorphism’

o .

Calc-alkaline dlfferentlated
seguence

P

-
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'

-ground work was done, but, engineering and economic difficul-
ties forced termination of proposed work in 1971, and thef
deposit remqins unmined. Sulfide ores removed duringfdevel—

opment work are comparable to those at the Penobscot mine

'‘(Plate 8B), consisting of fiﬁé—grained, well—Laminatéd, sphal-

erite and chalcopyrite-rici’iiiﬁs.
NP ' -

The Hercules Mine

The _abandoned Hercules mine gonsis%s of a two-compart-

. ment shaft on an iéland accessible at low tide, on the north
+ side’ of Bagaduce Narrows, in Penobscot Township, Maine (Fig—
ﬁfe 3). The shaft i; in steeﬁ—dippiqg devitrifieé rhyolite
tuff mapped as Castine Fé?mation {Smith &nd others, 190%;

~ Cheney, 1969)} and explores a concordant_body of layered‘ N
-sulfiae minerals which overlies pooriy developed stockworks
of. qu tz-sulfide veinlets in the footwall (Emmons, lQlO)l
The tuffé‘are/Sﬁff—cdiored cn weathered surfaces, but locally
are browndﬁeéause of weatherxing of abundant disseminated ’
pyrite. Extremely coarse cordiérite and andalusite porphyrc-
blasts (Plate i3A) in nearby dacitiC'tuffs,‘flame and moéaic
té;tures'and.triple point junctions in pyrrhotite, poikilo-
blastic groch of amphiboles and cordierite, and retgrogfade'
exsolution textures in s 1 fide minerals (Plates 13B, 13C, |
13D, 13E), are evidenc of thermal metamorphism aftributable
to the South Pendbsq&t luton, i% km to the east. Abundant
pyrrhotite, unknowﬁ ifh -the region except for sulfide bodies

within contact metamorphic aufeoles, probably reflects ther-

mal desulfurization of origindl pyrite. The ores are primari-



=

N~ o

-

" PLATE 13

Oré\and Gangue Assemblages - y
" Hercules Mine

A. COarse cordierite porphyroblasts in dacitic tuff, 200
' meters west of Hercules shaft Knife is 3.5 cm long

B.- Blebs @f tetrahedrlte (tt) with 1ntergrown pyrrhotlte
(po) and galena (gn), with nearby sheaf of amphlbole
(g). Sample collected at Hercules dump.

C. Ragged intergrowth between gangue silicates (g) and
pyrrhotite (po), sphalerite (s), and galena (gn). Sam-
ple collected at Hercules dump.

D. Large euhedral arsenopyrite crystal- (aspy) poikiloblas-
tlcally enclosing unidentified gangue ({upper right).

‘rJArsenopyrlte surrounded by strongly anisotropic pyrrho-

tite exhibiting triple point boundaries and flame tex-

ttres. Sample collected at Hercules dump, crossed nicols.

E. Single pyrrhotlte graln (outllned and arrowed) with
flame texture, and trlple point boundaries against adja-
cent pyrrhotite grains. Sample collected at Hercules
dump.

F.” Cordierite, poikiloblastically enclosing scattered grains

of sphalerite, with neighboring smaller cordierite clots.

Abundant pyrrhotite contéains much fine disseminated
sphalerite (darker grey). Sample collected at Hercules
dump. .

L, ' .
G. Unidentifled gangue silicate mineral, veined by chalco-
pyrite, pyrrhotite, and sphalerite. Sample collected
at Hercules dump. '

H. Pyrrhotlte and chalcopyrite outllnlng grain boundaries
of unidentified silicate minerals. Sample collected at
Hercules dump. . :
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-1y sphalerite and;galena, withaﬁinor’chalcopyfité.

Diamond drilling by.ﬁenison Mines, Ltdp in 1964 cut 0.7

»

meters of massive sulfide within fine tuffs,'thin.flows, and

reworked volcanlc -sedimentary debris (Fig. 17). This section.

+

lacks the coarse breCCLas, massive domes, and thicker flows

"at the focus, of volcanism on Cape Béiier, and apparently rep-

=resents a depOSLtonal env1ronment characterized by thlnner,

more areally extensive rock units, accumulated under less

"turbulcnt conditions than on Cape Rosier. The sulfide assem-

.blage is enriched in lead and zinc relative to copper as com-

pared to the Penobscot mine and the Leéach occurrence.

TABLE 7

Metal Content of Selected Samples from
Hercules Mime

$Cu $Pb $Zn. o/t Ag o/t Au ppm_As ' ppm Sb

: o W S g
0.113  © 3.8 h.9 - 0.6. : 0.0L - - - -
0.26° 7 1.37 1063 ~5.18 - 0.05" .

- 0.313 0¥83 - -.  0.86 - 0.52 ©ND ND T0
0.845 1.20 . 2.70 ° 5.10 - ND _ 210 225
0.030 ° 5.30 « . 3.70 1.70 " ND ND - 980
-0.850 - @.80 1.80 12,60 0.28 . ND 275
0.124 Y60 | 2.62 1.0 ND . -
0.148 4,39 .30 20.0 Np 1.8% " . Bhs

i ND not detected

Zn +/Tb . - not anallrzed
Sl = 15073 ! , ]

“Cu

4

*Analysis-rep&rted by Young (1962) m[j_\

' s . . E
‘ .
. ot
- -
+
.
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. Figure'17

Graphic log. Diamond Drill Hole He-684—-3. Hercules Mine
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North-Castine - Emerson Prospéct

. These old occurrepces are located on the west side of

the BEa quce River, about 2 km northeast of Castine, Maine,

in Castine Township (fig.-B). A flooded two-comp;;pment
_shaft is 10 meters inland from high tide at North Castine %
(Emmons, 1910). The shaft was sunk/;n medium-grained vol- l
canic breccia consisting of founded to‘éubrounded pyroclésts
of dévitrified rhyolite in a fine—gfainéd dark green matrix,
with'fragments elongated parallel to foliation. Disseminated
sulfide and qpartz—éulfide veinleﬁs transect this breccia,iand
judging from scattered dump material, were dant ‘enough

. AN

to warrant interest. In addition, some bou ¢rs of bedded
sulfidé migerals are presént, consisting of pyrite, sphaler-
ite, ga%kna[ anﬂ_minor chaisopyrite. An exploiation drill
héle by Benison Mines, Ltd. in 1964 penetrated fine tuffs

e '

with interbedded black graphitic shales (Fig. 18).

TABLE "8

Metal Content of Selected Samples from
North Castine - Emerson Prospect

%Cu 4Pb " %2n o/t Ag o/t Au_ ppm‘As ppm: Sh
¥0.163 . 6.4 10.5 h.6 0.13 - -
0.028 0.32 1.k 0.55 ( ND . 195 -
0.3h0 1.1 0.696 12.3 - L,o Lis5g 150
0.099 1.5 3.1 1.0 0.35 ND ND
0.039 0.46 ™ 0.bso 9.3

HD 480 180

" ND = not detected

Zn + Pb o ‘ - not danalyzed
— = 38.75
Cu

*Analysis reported by. Young (1962)

» 1
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T~ ° inchnation, - 45° bearing 300°, total depth 357, Ax wirekne
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Figure 18
Graphic log, Diamond Drill Hole E—1, North Casline-Emerson Progpect
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_ Jones, owx Jones—Dodge Prospects
;. ' = — - _ o
// A‘serxss of sulfide mineral showings, old prospects, and

on abandoned shaft occursvalong the south shore of Bagaduce
Narrows .in Brooksv1lle Townshlp (Flg; 3).. The shaft ii;gnf

ro nded by a waste dumpcontalnlng andesitic gyﬁf and rhyollte

W

brecc1a fragmentszjnsuff1c1ent number to suggbst several tens
of meters of underground worklngs. S%he rock sequence along

the south side of ‘the Jarrows consists of rhyolltlc to daci-
. '\\
tic tuffaceous beds,'mlnor volqanogenlc sedlﬁentary beds, and

‘maficwtuffs or thin m@flc flows. Numercus lithofacies changes

- occur in the 1 kilometer of section which is nearly continu=

ously exposed, and the rocks are mostly within the cordierite

Y

Cogs] ]

isograd of the Sedgwick or South\Pehobscot prhton,'except on
\

the west where they are®within the biotite lsograd 'Asso—
c;ated with rhyolitic to da01tlc tuffs, and commonly )
’ ring along™a contact between felsic tuffs-and moré mafic. -

rocks, are stockwork and disseminated occurrences of sulfide

- M P

minerals, mostly pyrite, with;?alena and sphalerite. A pros-

.

pect pit 150 meters east of the shaft ekposes a breccia-

1

.

devitrifi®d rhyolite pyroclasts intensely veined by a quartz-
sulfide stockwork. Fine-grained galena and sphalerite fill
in between fragments, “and are Iocall?omassive, although not -

bedded (Plate 14A). The rhyolite breccia is finer grained,;

although similar to those formed on Cape Rosier aning phre-

atomagmatic explosion of rhyolite domes. hole driILed to v
test size and grade of this sulfide mineralzoccugfence was @
not encouraging- (Cheney, 1969).




; A
" TABLE 9 '
b k -
Metal Content of Selected Sax /455;;
- Jones -. Dodge Prospect !
. . ? \
3Cu ¥Pb $2n ppm As /_gpm Sh -
*0.289 3.0 bl 550 Nem 217
#0.007 - P 330 0.580 ND -
®0.38) ks 5.6 0 270 -
0.08\ 1.0 & 0.86Mh 1 250 .80
0.021 0.175 0.062 1.1 ND k850 225 7
0.078 0.071 0.205 0.09 ND 310 .. ND
Zn + Pb . - ND = not detected

T ¥ - not analyzed

. L
* Samples from blasted prospect pit: .
b .

'
TS

e

The Eggemoggin Mine

The Eggemoggln ming is in Brooksv1lle Townshlp, about

4
-D.

1200 meters northwest of the footlngs for the Deer Isle”

Bridge, on the north shore of Eggemoggln Reach (Fig 3}. The

mine is completely overgrdwn, and was nearly so 70 years ago
_(r.L -
when Emmons {1910) reported two shafts in dev1tr1f1ed rhyo—

lite. ' The shafts are encloséd and now provide fresh water

toa nearby -summer camp. Abundant sulfide—bearing boulders’
N :

are strewn aleng the high tide line, and are very siliceous

and fine—greined rhyolite. Silica and sulfide-bearing vein-

-

lets occur as a dense, anastomosing network (Plate 14B),

L] . ' * . / - .
which terminates, so far as can be ae@ertained, at the site

of the o0ld shafts. Rare boulders of near-massive sulfide

- -1 . N . * *

minerals suggest that the stockwork of veinlets was overlain
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.. PLATE 14

Ore and' Enclosing Rocks at Jones - Dodge, Eggemoggin,
and Deer Isle Prospects

Slllleled rhyolite fragment surrounded by fine- gralned
mixture of galena and sphalerite. Sample collected from

ore pile near small devitrified rhyollte body at Jones
Prospect.

Quartz~sulfide;§g:;1ets in rhyolitic tuff 100 metérs/rﬂj

northwest of Eggemoggin shaft. Hammer. length is 34(€T.
~ &
Coarse polymlctlc agglomerate,»200 meters northwest of
Eggemoggln shaft. Hammer length is 34 cm.
o
Euhedral pyrite crystals, surrounded by fine-grained. -
galena. Eggemoggin mine,*collected from waste dump.

~ Sphalerite. {(dark grey), chalcopyrite, and pyrrhotite

(latter two are light grey and not distinguishable .in
photomicrograph)  intermixed with silicate gangue (black).
Deer - Isle Mine, collected. on dump. :

Galena and chalcopyrite (not distinguiéhable) arcund
euhedral, shattered pyrite crystal Deer Isle Mine,
colLected ‘on dump. ‘ '

Laminated fine- gralned albite- quartz rock collected
on dump of Deer Isle Mine.

Albite- quartz.rock of G, with sulfides in silica band

and in later cross- cuttlng vemnlets. - Deer Isle mine, =

“collected on dump.

o
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by massive ofe in the manner described at manx‘volcanoéenic
massive sulfide deposits 1Sangster,.L972{ Sangster and SCott}
mictic Pr¥ccia (Plate 14C) ; consisting of rounded to.partial—
“ ly flattened clasts of éphanitic rhyolite, clasts of inter-

mediate composition, and mafic clasts. The sulfide minerals .
incluae ;bundanF arsenopyrite, with lesser chalcopyrite,
sphalerite, and galena (Plate 14D). Vein assemblages in dump” b

rocks conﬁ@st of siderite and aphanitic quartz intergrown

with sulfide minerals.

N " ' .
‘ .j ' TABLE 10,
S -
Metal Content of Selected Samples from
Eggemoggin Prospect ‘

d $Cu $Pb %Zn o/t Ag o/t Au  ppm As ppm. Sb
0.1060 0.3 0.k 0.1 0.01 ~ = -

- = not analyzed

- )
Zn + Pb

The. Tapley Mine

The Tapley mine is in Brboksville Township, about 1% km
éast of state route 175. Several open cuts surround a flood-
ed two—compaftment shaft which is 80 feet deep, with 2®Q\ffffﬂ_,///)~
. of driﬁ%s (Emmons, 1910) exploring an andesitic tuff. The
old workings are well within the cgrdierite isoérad of the
. Sedgwick Granite to the east, and porphyroblastic cordierite

and stellar bundles of anthophyllite are intergrown with

- o < -
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magnetite, pyrrhotite, and pyrite. ‘Bedded massive sulfide

Y

91

minerals have not been reported at Tapley, nor'are any ‘visi-

ble on the large dumps. Base metal sulfide minerals are con-

fined to stockwork vein systems, and where sufficiently.abun—

dant were mined. ‘Chalcopyrite.and pyyite are prevalent, and

sphalerite and galena are completely hbsent. Away from -the

mine site the distinctive, mottled cor ierrte-anthophyilite

hornfels is traceable for 200 meters soughﬂ where it is ob-

scured by swamp cover.

-

*

It continues north for at least 8

‘kilometers, although it probably is not a continuous unit’

. for the entire distance. Sevefaﬁ prospects and old workings

are within this rogr.unit, and wherever examined it contains

specks and streaks of'sulfide mineralsﬂ.and.generally gra—'

phite or magnetite. 1In West‘Brooksvillé}‘beyond the ther-

~mal-aureole of plutonic bodies, it is a chloritefactinolité

schist, with specks of magnetite and pyrite.

1

%Cu

2,184
. 0.hkhe -
0.473
0.737
h.20
0.669
L.60
L. 700
5.60

= trace

.t
ND = not detected

e
=)
o

OO0 QOO0 00

.00
.C06
.006
.007
.016
. 005
.026
.016
.01k

= net anglyzed

$Zn

COO000O00

t
.010
.012
.011
.068
.011
.05h
.OKT
.065

TABLE 11

o/t Ag

- m N
PO OoOwWwoOooCo

.3

.08
.06
.06
.0

.20
87
.30
.80

-

Metal Content of Selected Samples from
‘Tapley Mine

»

o/t Au

0.005
"ND
ND
ND
0.25
0.03
0 .16
0.006
0.10

ppPm

ND
ND
ND
XD
ND
ND

ND.
“ND .
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The Shepardson Prospect

-

This short shaft is 425 meters northwest of thé Tapley
shaft, and is within the same cordierite—énthophyllité ho:ﬂ—
fels,‘although.here grénoblastic'textufe is more 'prominent.
Dump rocks have sulfide minerals as disseminatiods through-
out, and aiso in veins and stringers. Lgyered sﬁlfiée\min~
eréls occur as random, thins( <4 cm) and diséontiﬁuoué baﬁdé
of chalcopyrite and pyrrhot;te péraliel to faint composition-

al layering, overprinted by growth of large porphHyroblasts

of cordierite attributable to thermal metamorphism.

Lo

TABLE 12

Metal Gontent of Selected Samples from

Shepardson Prospect

3Cu $Pb .. %2Zn o/t Ag o/t Au ppm As ppm Sb
0.178 0.008 0.0h41 D COND “Np’ -
0.313 - 0.010 0.033 0.07 np WD o
0.096 0.010 0.027 0.05 - ND ;. WD ND
0.013 0.006 0.011 0.05 = Np o 2650 D
0.181 0.011 0.063 0.07 AHD- -
0.2h1 0.010 0.046 0.06 “ND - o

ND = not detected

- = pnot analyzed . . C

The Highland Prospect

In‘Penobscot Township, north of state route 199, énd
_8% kilometers northwgst of the Hercules mine, a 90 foot shaft
explored a hornfels similar to that at Tgpléy. As seen on
the dumps, the rdgk type is a cordiefite—ahthophyllite~horn—

féls,.althodgh not as goarse-grained as at Tapley, and with



.a greater ratlo of a th0phylllte to cordlerlte.

exploratlon drllllng by enlson Mines,

,suggests llthology equlva ent to that. of Hercules mine, with

Extensive

fine-grained fragmental raqcks 1ntercalated with shaly beds

93

in the mid 1960 s

and laminated tuffs. Sulfide mineralSroccur'as disseminations

-

and as veins within the hornfels; massive ore;

unknown (Young, 1962).

*

&y

TABLE .13

Metal Content of Selected Samples from o

Highland Prospect

3Cu %Pb 3Zn o/t Ag o/t Au
0.hoh 0.00k 0.017 0.06 HD
1.h0 Y0.007 0.033 0.1h ND

NB = not detected v

not analyred |

‘ TABLE 14

ppm As.

ND
ND

Element Ratios of Selected Ores from Sulfide
- Mineral Occurrences in the Castine Formation

n + Pb -
) Cu
Penobscot Mine . 5
Leach Occurrence S
Hercules Mine 16
North Castine - Emerson 39 ‘ -
Jehes — Dodge 24

Eggemoqgin Mine o 7

however, is

a

ppm Sb
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Relationships_betWeen Suifide Deposits and Volcanic Stratigraphy

Base metal sulfide(pccurrences_have a4 consistent rela-

tionship to the volcanic stratigraphy of Cape Rosiér,(end .
throughout Brooksville-Towﬁship. Where mines and occurrences
- are plotted agalnst thisg stratlgraphy (Fig. 3), nearly all
are in rhyolltlc or upper parts of basalt to rhyoiffe cycles.
Excluding mere showings, layered stratabound sulfide’ minerals
are related spatially to silicic rhfolite domes, as at the
Penobscot mine,; or to 5111c1c, flne gralned rhyolitic tuffs,
. " as at the Hercules and North Castine- Emerson show1ngs. Prox-
" _ 1m1ty of ‘coarse fe151c fragmental rocks is almost axiomatic.

* -
. This relatlonshlp between stratigraphic helght in a volcanic

°

‘sequence, coarse fe151c pyroclastic rocks, and massive,
‘ \bedded sulflde mlnerals is known, ‘and has been thoroughly
§: N documented from ‘other regions within rock sequences ranging
in age from earllest Precambrian to Tertiary (Sangster, 1972
- Sangster and Scott, 1976; Sato, 1974; Franklln, 1976; Spence
and de Rosen-Spenae, 1976). -
Element ratios (Table l4)Ifor analyzed samp;és from mines
- and prospects have significant differences. The Penobscot
- mine and Leach occurrence, within the coarse volcanic assem-.
blage of Cape Rosier; are dominantly copper and zinc rich.
Depoeits.contained within finer-grained volcanic‘rocks inter-
bedded with reworked volcanic seoiment, such as at North Cas-~
tine—Emerson and Hercules, have considerable enrichment in

both lead and zinc relative to copper, and relative to depos-

" its within volcanic centers. Furthermore, the latter type

& .

-]
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tend to\be thinner, .but more areally extensive or stratiform,

without the pod~like or lentlcular geometry of sulflde bodies

typlfled by the Penobscot mine. Although not well-represented

- in the Castlne succession, show;ngs such as the Eggemoggln

mine have metél ratios and shapes between Penobscot and Her—
cules, and appear to be a transitional type. Occurrences
such as'Highland'and Tapley, although contained within fine-

grained volcanic and volcanic—derived\sgéi?entary rocks, age

_not comparable to deposits like Hercules or North Castine-

Emerson. Presumably, if layered sulfide minerals did occur

aboveg, stockworks of sulfide minerals at Tapley, form and
;!g," , .
metal ratios would be similar to those at Hercules and egquiv-

alent deposits because the enclosing rqgks are egquivalent.

3

The same is true of the Sﬁepardson and ‘Highland prospects.

L Stratabodnd sulf%Se deposits occur within volcanic rocks

£ N

aécumulated'near focused explosive volcanism, and also withird
volcanic rocks derived from, but some distance from the vol-

canic focus. Debosits within both the proximal and distal

énvironments have identifiable features that are character-

istic and definitive of relative position in the depositional

.

continuum between volcanic center and marginal basin.

(C



Chapter five
’ The Ellsworth Formation
. i :

Definition and General Geology ’ ‘ .

Smith and others (1907,§p. 1) defined Ellsworth. Schist
N : . . -~ - .
"’57,". . . highly metamorphic érgillacéoué sedimen-
‘ tary rocks, prevailingly greenish gray in col-
or, and locally much injected with quartz.
They are named from:the city of Ellsworth,
. « -, near which locality occur abundant
exposures typical of the formation." -

as,

They considered. the Ellsﬁortﬁ Fofmation to be of Precambrian
age, and -the oldest rock unié in the region bécause of more
apparent deformation within it than within jbicanic rocks of

!ithe Castine Formation, or otﬁer roék units about nea;by Pen;
cbhbscot Bay. La;er wofkersﬂhéve concurreé with the felative
stratigraphy pfoposed by Smi%ﬁ and others: (1%07), although
no coﬁsqnéus exists asltq thé actual age of the Formatién.

Within the area of this?étudy Ellsworth'Formation is
; the dominant layered rock in;thé Blue Hill'quadrangle, east
, , - ,

of and flanking the dominantly volcanic rocks of the Castine

Formation (Fig. 2). 1In the tastine gquadrangle, Ellswoxth

Formation is exposed‘only'in the east, although intercalated -

volcanic and sedimentary rocks on Deer Isle ‘and other islands.

in Penobscot Bay are considéred time,éguivalent with Ells-
woréh Formation (érookins aﬁd othersl‘1973); lVélcanié.rocks
mapped as Ellsworth Fdrmatién along Eggemoggin‘Reach.(Win_
gard, 1961) were.mapped as ?astine Formation by Smith and

others (1907) and Emmons (1910), and because they are not

distingﬁishaBle from the volcanic rocks of Cape Rosier,

96
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" herein are considered part of the Castine Formation also.

The characteristic and most widespread, lithology within
the Ellsworth Formation is a thiﬁly lTaminated quartz, chlor-
ite, sericite, phyllite, with micaceous minerals-defining a
well-developed foliagion (Plate_ 15A). Lithic Euffs, gray-
wackes, ana subordinate thin flows of basaltic to dacitic
composi£ion also occur. There is an overall increase in grain
size and proportion of volcanic compone;t within the Ellsworth.
Formation from east to west. Witﬁin the. city of_Ei}swortH;
tHin—bedded bhyllite lacks clasts ?f'volcanic rocks, and
volecaniclastic Eexture and intercalated extrusive rocks are
rare.. In contrasj,.west of Blue Hill and in the east part
of the Castine guadrangle, volcanic clasts .are prominent’ and
there are numerous intercalated_tuffs and flows.

Mineral assémblages are characteristic of reéional
greenschist facies metémorphism, aithough exténsivg thermal,
metamorphic overprinting has‘tékengblace,near inprdsive
rocks such as the Sedgﬁiék pluton. ‘Near Blue Hill and within
the vicinity of the Blue Hill mine, Ellsworth Formation is |
impu&e to. pure quartzite, interbedded with about equal vol-
umes of more mafic tﬁffaceoué and pelitic rocks. This dis-
tinction between pelites and quartiites becomes less well-
defined to the eaét, and cannot be made 3 kilometers east of

Blue Hill.

Phyllite

The promiiiipfgﬁqvgié%inctive lithology of the Ellsworth
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Formation is what_Smith and othérs (1807) called the Ellsﬁbrth
Schist (Plates 15A, 15B). It is"‘a\r?.ibbon—-like, laminated, .
-qpart?, chl@rite, muscovite phyllite,-locally feldspathic,
with accessory bpatite,. epidote, calcite, mégnetite,_pyriteﬂ
and talcr Individual quartz lémiqae are generally 2-4 mm
thick, but can>be 10 cm thigk, or'mere héir—like bands.less
than 0.1 mm thick. Micéceous layers, usually lessjthan‘l mm
thick, separate siiica—rich bands and are marked by preferred
orlentation of sericite or chlorite. Within thermal aureoles
of plutons, biotite, chlorite;and epidote predominate, with
.quartz, andalusite, cordierite, garnet, and sillimanite/ re-
po;gée (Jones, 1967).. In many localrtigs the foliation in
the fo;k'is intensely contorted (Plates 15C, lSDi,.and waﬁe—

‘lengths of minor folds range from millimeters to several me-

ters. Foliation is always parallel or subparallel to compo-

4

sitional layering, even in contorted beds (Plates 15G, 15H).

Quartzite ,

Although silica is invariably present, rocks with a pre-

- . _ .
ponderance of quartz are found only in the vicinity of Second

Pond. Three prominent siliceous horizons and many minor

- .

siliceous Beds, locally biotitic or sulfidic, strike east and
dip moderately south. Such siliceous beds host all sulfide
occurrénces near Blue Hill, including the Blue ﬁill and Doug-
las mines. These rock units_were noted by Earl -(1950), and

were described as gquartzites py Jones (1967) and later by

. . .l ‘ n
Cheney - (1969). Silica-rich bands are separated by biotite, .
muscovite, or biotite-muscovite-amphibole layers, which also

g



PLATE 15 1

" Lithotogy, Macroscopic, and Microscopic Structure of\ the

( ) Ellsworth Formation o,

" o . k-] '

A. Slab of typical Ellsworth Formatioﬁf wavelength o
inent folds is about 5 cm. Dark bands are silica ‘and
chlorite; light bands are sericite. Scale indicator

(partly obscured) is 2 cm long. Sample collected near

city of Ellsworsth. o , .
‘ . - . o

B. Ciose-up of -slab in A. Bar is 2 ¢m long.: .o
" .‘ . l

C.. Contorted Ellsworth Formation typical of exposures
along the Bagaduce River Narrows. Light bands are« )
quartz. with lesser feldspar; dark bands are blOtlte

with lesser cordlerlte and andalu51te.
2

D. More finely laminated than én-c; similar mineralegy;
lens cap is 5.3 cm. ¥ ) - T

E. Asymmétric folds with planar interlayers. Light
_bands are quartz and feldspar, minor sericite; dark
'bands are biotite and andalusite. 'Bar is Z cm long
Sample collected at Bagaduce River Narrows.

F. Similar to E; ccntorted layers separated by planar
features. Pencil is 14 cm long

G. Photémlcrograph of thin. sectlon cut from rock in E,
Note finely laminated qhartz biotite. layers and ab=
f

- sence of axial planar Qi;ijs. Plane light. ‘
'H. Photomicrograph of thin sedtion’ cut ‘from rock in°F.

Finely laminated gquartz-biotite bands cut by crenu-
latlon cleavage. Plane llght. -

L
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“‘centimeters td'a %ew mefers thick, and averages l 5% of the

H

. I T 100

impart a foliation. _Near the Sedgwick pluton the rock has
sillimanite; andalusité, cordierite, microcline, and antho-
— )

phyllite, in’addition ta micas and quartz. Pyrite is ubiqui-

tous as disseminafions, massive seams, and lenses several

rock. Sulflde content promotes rust-~ brown weathered surfaces.

of l1mon1te and goethite,

Basaltic to Dacitic Extrusive Rocks

, = S

Within terrain mapped as Ellsworth Formation (Cheney,

1969; Stewart and Wones, 1974) (Figure 3) minor thin jlows and
\

tuffs of basaltic to dacitic composition have been described
{Jones, I967y. These occur predominantl§ in a zone separa-

- A .
ting .the Castine and Ellsworth Formations[étrending general=-

o

ly north aear the boundary between ‘the Castlne and Blue Hlll

]
quadrangles. Ma581ve flOWS’Wlth blocky or' rubbly weathered ¥

: \
surfaces, and foliated tuffs and tuffwackes are included.
|/ h ’ .

TheSe rocks are'indistinguishable in hand specimen and thin

section from rocks of equlvalent comp051tlon or texture w;xh-

/4-——-..

. in the Castine ‘FSrmation. Cheney (1969) concluded that dis-

tlnCthH is possible because volcanlc rocks of the Castlne

W
are ma551ve, while those of the Bllsworth arg foliated. [The
progression from dominantly.massive to dominantly foliated

. , e,
occurs as the transition from Castine Formation to Elisaorth'

‘Formation.

™
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Petrochemistry \T\ ' :

y; ubllshed analyses of rocks of the Ellsworth Formatlon
(Glllson and W1111ams, 1929), 5 analyses obtained from Kerr-
amerlcan{ Ino;, and one analysis made during this study, are
between 61 and 75.percent silica {Table 15); Silica contents
as low as the bhasalts (Table 2} or as hlgh as the rhyolites

{Table 4) of the Castine Formation are lacklng,.and average
»

values for the well-laminated quartz-biotite or gquartz-chlor-

ite phyllite are between 60 and 0. percent silica. Howevera\

ﬁ' ge of shlica’
orresponding

allumina. Calcula-

“all samples are alumina-rich, ajd over the
contents given for the Ellsworth Formation,

rocks in the Castine Formation

v

.-

tions of normative mlneralogy for the“Ellsworth rocks (Appen- ,f.

o
-D'.

dix 2) lnvarlably have corundum which is rare 1n the Castlne
: Format;on”; Thus, the comment by Stewart and Wones (1974, P-

236)  that, ‘
. t E [
", - .thlk com9051t;bns (of the Ellsworth «For-
mation) are not as‘ aluminous ds is ‘common in the
Castlne volcanlcs.“

is invalld. . . " .
. . L —- .
Structure o Y .

A . -

As in the Castine Formation, geopetal features such as- \

scour and fill structures, mlnor Cross— beddlng, and occa51on- A

. al graded beddlng, 1nd1cate the sectlon lS not overturned

“Ll.

Dips of com9051tlonal layers are moderate to gentle, although
with various orientations. Broad antlformal and synformal

warps with wavelengths'of several kilometers have been de-

’ - b

o

A . . - - . ) Cos

s
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Fe,04

FeQ

Tctals recalculated to 100%.

Analysis
emission
Toranto,
Analyses
Analyses

A by radio frequency induction‘coﬁbLed plasma
‘at Barringer Research, Limited,

spectroscopy,
Cntario.
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7.60  70.20 65,02 63.66 -69.39
0.499  0.30 A:ijs 0.521 0.34
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- 2.20 4.17 gias :7%5

0.077 0.20 0.45  0.14  o.11
117 3.60 . 371 6.74 970
0.674 0.27  0.72  1.51 .16
8.19 2.54' 3.13 | 1.65 ° 0.09-
0.93 2.28 2.01 ‘1.9 1.89
0.207 - - - -
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]

49 63
26 1
.73 16
57 -2
416 4
09 0
02 2
;26' 2
.19 2,
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0
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.61 61.74
.64 1.05
.89 17.74
.59 5.76
25 5 ;i
.15 0.15
.20, 2,34
.40 D.44
22 1.19
-08 3.83
.40 0.26
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Whole Rack Analvses, Ellsworth ?orhaticn rhyllite arnd Quartzicte

B through F by J. Descarreux for Kerramerican, Inc. .
G and H by Gillson and Williams

{1929).

Sample A collected 2 miles west of Ellsworth on state hlghway

Sample

Sedgwick Pluton.

#172.

Sample B: Biotite Quartzite, diamond drill.hole 74-83,

' %gg.a to'1592 fedt.

Sample C: ded Quartzige, dlamond drlll hole 74-8, 1596
to 1618 feet.

Sample D: Banded QuartZLte, diamond drill hole 74-8, 1497
to 1562 feet. :

Sample E: Quartzite, diamond drill hole 75-23, 454 to 471

- feet.
Sample F: Pond Quartzite, dlamond drill hole 74-8, 1449 to-
% 1497 feet.
Sample G: Averagé of 3 samples; not contact metamorphosed.
H: Average of 5 samples; within thermal aureole of

s

Locations for G and H'not given.
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-

-scribed (Jones, 1967; Cheney, "1%69), and-steeé dips occur
ogound tho Sedgrick pluton. ‘ ’
The* most obvious structural features are small-scale
. folds, present at virtually all localities (Plates 154 °
through lSH) These range in wavelength from fractlpns of
millimeters (Plates lEG, lSH),.to several centimeters {(Plate
iSD),,éﬁd axes have slight preferred orientation, although -
in most instances lack symmetry (Plates lSC, 15E). In many
localities disturbed bedé are enveloped by planar, undisturb-
ed horlzons of similar mineralogy \fla es 15E, 15F). Nowhere
has axial planar cleavage been observed in minor foldo, de-
splte_Jones' contention to the opp051te "Small lithic clasts
and minor breocia beds of coarse to fine voldanic dobris,'lo—
cqllx prominent, are unaeforméd. .Mrcaceoos”minerals are
aligood parallel to‘tompooitional layering, aﬁd maintain this
orlentatlon even where wrapped around noses.of minor folds.
The promlnent foliation in the Ellsworth Formation 1s
1nterpreted as inherited prlmary depositional allgnment of
aboodant clay mlnerals, possmbly volcanic ash, 1ntercalated
with laminae whlch are 51llca ~rich, feldspathlc, or both.

Reglonal metamorphlsm to the greenschist fa01es, preceded

by dlagenesis, enhanced this planar structure by recrystal—l
lization of orlglnally mlnute crystallites. . The g;neral ori-
‘entatloh and style of structures in the Ellsworth Formatlon

are analogous to. those develbped in.comparable rock types of

the Castine Formation 1nclud1ng flne tuffs, jasper bands,'

and fine volcanlc sedlment Departures from homoclinal

“wr
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orientation are attributable to injection of plutonic rocks -

~

with attendant qefo}mation near contacts,_and broad flexing

of the depositional basin during isostatic readjustments. L p

Asymmetry of minor fold axes and juxtaposition of contorted :_ L,

PR

layers against noncontorted. are considered characteristic -

features of soft-sediment, and not hard-rock, deformation.

h



Chapter 6

-

Base Metal Sulfide. Deposits in the Ellsworth Formation

The Blue Hill Mine

-

History and Production
- Interest in base metal mining near the town of Blue Hill
pégan'with.discovery of‘spectaculqr azurite and malachitg—
bearing gossans in the vicinity of‘Second;Pond'iﬁ~the early
1880's {(Paul Tapley, pgrsonal”communicatioh, 19751. Early
production from the mény-sméll mines included more than
2,000,000 pounds of eopper from the Doﬁglas ﬁine between
1878 and 1884 (ﬁand, 1957)." The area was inactive from 1887
until 1917,lwhen, during peak prices for metals, Américan
Smelting and Refining Companf produced an unrecorded amount
of copper conéé;trates from a'125 ton-per~-day mill at the
Douglas.mine. Producﬁion was curtailed in 1918.

Intergst in the prdpertiés has waxed and waned with me-
tal prices, and the iﬁébility to aefine large ore reserves
in’ the numerous small workings and prbspects, indicated by‘
the prblifé;atiop of names and loca%ities tabulated by'Young
(1962) and Rand (1957). . Kerramerican, Inc. has been the
sole”producer of zinc, and copper from und;rground operations
sou;h of and beneath Second Pond, 3 kilometers southwest of
Blue Hill’{Figure 3). Delineation of sufficient ore reserves
to warrant development of the present workings began in 1957
with drilling by Northern Pyrites, L;d., a wholly-owned sub-

sidiary of Texas Gulf Sulfur. This failed to outline an pre

body and the-site was dormant until Denison Mihes, Ltd. ac-

105
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-quired an interest in the property from Black Hawk Mining

-

Company, and undertook mofe exploratory drilling leading to
discovery of additional reserves. A shaft was sunk during
1964-65 to a depth of 698 feet, with“j development.levels
ahd 10,000 feet of lateral workings. Engineeting and ec0n--

omic factors forced curtailment of this work in 1967, prior

to any production. 1In 1970, Kerr-Addison Mines, Ltd. enter-
ed a joint venture agreement with Black Hawk Mining, and

through the subsidiary Kerramerican, Inc., undertook addition-

" al diamond drilling to define more accurately grade and form .

s
A

of ore. A 15 dégree decline was driven to intersect the ore,

and trackless underground mining methods were initiated. A ?

second décline was driven in-lb?ﬁ to intersect ore beneath
Second Pond; and no;th of then—eiisting develobment. As of
June, 1976, Kerramerican, Inc., has milled f§3,260 ﬁons con-
taining 7.35% zinc, 0.89% coﬁger, and 0.35% %ead, with‘re—
coverable silver. With thé exhaustion of reserves and a de-
creasing trend in copper and zinc priceé, keframericah, Inc.;

ceaged'pfoduction and blaced the mine and mill on a care and

maintenance basis on October 15, 1977. o

1 . ' -

Mine Geology

The ?lueﬁHlll-mine occurs within a quartzitic unit of -

" the Ellsqprgﬂ‘Format?on_(Plgte 16B), within which ore zones

are strgtabéund and broadlyistrat;fdrm tFig. 19). This -
quartzite is from 50 to 120 meters thiék, and is enclased‘by

thin-bedded to massive biotite-rich rocks. The sequence

g
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strikes.east, and on éverage dips 30 degrees south. Develop-
ment of: biotite, cordierité, andalusite, muscovite, anthoph?l—
lite, polygoﬁizaiion of quartiagrainé,”éﬁd triple point tex-
tures in sulfide minerals (Plate 17D), are attribufable to.’

- contact metamorphism by the Sedgwick pluton (Fig. 3). In
addition to quartzite and gganbﬁﬁ;s, quartz-magnetite iron
'fropation,'minor intermediate tuffs, diébase dikes and sills,

and irregular gabbe bodies all océqi on the mine property.

Granitic dikes ang sheets derived from the Sedgwick pluton

H
- .

transect the mine sequence, and some pass through bodies gf
. massive sulfide YPlaﬁe 16A).

. Ore hor;zons at thé Blue Hill mine are localized along
the contact between Pond Quarfzite footWall,JanQ Biotite
Schist hangingwall (Fig. 19), with smaller base metal
sulfide concentrations and subecdnomic dissegminated sulfide
.minerals scattered throughout the quartzife. Economically
significant base ‘metal sulfide accumulations have two modes
of oécurrence:

1. Within the Upper Mammoth ore;body (Fig: 19), sphal-

erite;, chaicoﬁyrite, and pyrrhoti%e occur as irregular-shaped
pods df near-massive sqlfide, minor stoékwork veins, and most

4

commonly as disseminated sulfide grains or streaks. The

sulfide minerals are enveloped~by, and intergrown with, mag-

nesian anthophyllite, phlogopite, mangaﬁiferous_tourmaline;

- -

and, lesser cordierite. The Upper Mammoth is not a discrete

ore body or series of individual bodieg+put rather its boun-

-~

daries are assay-defined. It extends awaW from the Biotite

-
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* schist contact into fbotwallgquartzite As ‘a zone of magnesi-
um and boron-rich rocks withgvariable sulfide content, and
gradually mefges with surrouéding gquartzite. Most production'
-has cohe from the upper part% of the zone, closest to the
hanging wall contact, where éisseminated and minor bodlike
sulfide bodies were sufficieitly numerous to constitute ore.

The average of 2Zn to Cu is about 1:1 (J. A. Pearson, person-—- -

AL

al communication, 1977). g. -

.2. Within the "a&" Ziné ore bgdy gnd its unnamed strike
extension.05 the east, and éhe underlying’ Lower Second Pond
ore bodf, sphale;ite; chalcégyrite, galena, pyrrhotite, py-
rite occur in discrete béndé which .are stratabound and stra-
tiform (Fig. 19). dontactsébetween'ore and wall rocks are
sﬁafp; except along thg-fooﬁwall quartzitg at the west edge
of the body, wheﬁa anthophyilite and tourmaline are inter-
grown with disseminated andébanded sulfide minerals. 2Zn to
Cu varies from about 8:1 été"A" Zin¢, to probably more than -
10:1 on the east, with lead?at a maximum of 0.5% on the ea§t
(J. A. Pearsbn, personal coﬁhunication, 1977).. The Lower'
Second Pond ore body coﬁsisﬁed of banded chalcopyrite and
pyrrhotite, with minor sphaﬁerite. Othef sulfide mésses in
Pond Quartzite were mined bj Kerramerican, but are tod-far
from the line of section togbé included in Figure 19. All -
were discrete bodies of bénded sulfides, and most were ei-
ther copper-rich or zinc—riéh.' Tﬁe Carlton ore zone, down-
dip (south) of the extant wérkings, has not been mined, but

diamond drill hole data indicate nearly l,OO0,00d tons of -
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P . .
10% combined Cu-2n ore. }Itroccure at approximately the same

stratigraphic level as the Lower Second Pond ore zone.

Petrologic and Mineralogic Studies, Blue Hill Mine
The three quartzites of the Blue Hill mine sequence are
grey or'white, but weather brown because of sulfide mineral

content. Typicai'modes (Tahle 16) have quartz and blOtlte as

-

ssentlal mlnerals, w1th accessory pyrlte, andalusite, ccrdler—

ilte, muscovite, amphlbole, and minor magnetlte. Orlented

micas define a poor to well-developed follatlon;ydepending

upon their volume relative to“maesive quartzite. Locally, .

sulfide minerals are majer components of the rock, and in
such instances surroﬁndfrounded, equidimensional quartz

) . . . d %
. grains (Platel 16B).. Size of quartz grains varies, ranging

‘e

from extremely fYfne-grained to coarse ragged‘growxhs. In many

.
] .

thin sections optically éontinuous cordierite, with abundant

apatite inclusions, conforms with foliation (Plate 16¢).

[ ] Y .

Also, thin guartz bands are simply layers of quartz drains

] N

one grain thick (Plate 16D). Elsewhere, apparent individudl
.qcartz grains merge gradationally with neighboring grains
'(blate 16E). Massive quartzite with coarse grains in angular
or mqseic—like orientation are interbedded'with'lemiﬂated
quaftz—piotite or quartz;cordierite rocks. .Trip;eépoiht v
lzoo-gfain boundaries are common. Rhythmlcally alternatlng o
quartz and blotlte bends, occas;onally with magnetlte or py-
rite laminae, ocgur in all three quart21tes.

Magnesia-rich -rocks (Table 15),'often'containing more

than 20% MgO, envelope the Upper Mammoth zone, occur‘beneath

-, o
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TABLE 16

o

+

Modes of Quéftzites near Blue Hill

‘A B ..€ D, E F. g
Plagiotlase . 4 5 20 2 1 7 .i
-Microcline ) 20 .éS 50
Quartz 737 93 75 51, 65 60 34
&hloritq . tr - tr - 4‘ 4
Muscovite 1 1 1 5 4 3 1
Biotite T 2 e s 304 - 2
Siilimanite' ‘ 2 1
Andalusite - ' tr 3 i
CO£dieri__te . . 30 ¢ 1 |
Actinolite ~ : 4
Sulfides - 2 - T tr  tr
zifcon . _ tr  tr ' tr tr‘_‘tr 4

Sample locations glven in dheney (1969) ; Data modlfled

from that of Jones (1967)

i

J.\j .

and Cheney

{1969).

111



PLATE 16

’
T

Mi;roscépic FéatureS{of Pond Quartzite and Related Rocks of
: the Blue Hill Mine

A.. Massive sphalerite from "A" Zlnc orebody, intruded by
granitic dike bearing xenoliths of partly digested
Ellsworth Formatlon Ve

B. Pond QUart21te, bands of pyrrhotlte and chalcopyrlte
. surroundlng spherical gralns of quartz.

C..  Pond Quart21te, finely Iaminated varlety from explora-
tion diamond drill hole southwest of Second Pond. Op-
tically continuous cordierite {(dark bands) with quartz- v
rich bands bearing sulfides. Biotite helps define foli-
ation; crossed nicols.

D. OQuartz bands, each composed of tabular quartz grains
: egual to the band thlckness, with much included apatite.

Biotite with minor amphibole define follatlon, plane
light.

E. Detail of granular quartz growths of C .above.  Note poor

"definition of graln ‘boundaries and unusual graln shapes, ‘
plane light. : -

_F. Sheaves of Mn-rich tourmaline (tsilaisite) with inter-
grown pyrrhotite, chalcopyrite, and gquartz vein.
Collected on Blue ‘Hill dump.

. - .
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e I )
the "A" Zlnc zone (Flg 19), and'aféfalso sporadically dis-

, -

trlbuted throughout Pond Quartzite. They, are grancblastic

w

1ntergrowths of cordlerlte, magne51an anthophylll_ﬂ

pite, and tltanlferous blOtlte, w1bh or withput suW§

8
+.

erals. Quartz t51lalslte (1 3., manganlferous tourmallne)

, g
velnlets occur 1n these magneSLan rocks, and commonly chal-
- . ”r?-

copyrlﬂe and pyrnhotlte are intimately intergrown with tour-

mallne (Platé. lGF) - B ™

4

. A.small body of anhydrite occurs in thexLOWEn Second

1}

Pond copper . zone (3. A. Pearson, personal communlcatlon, 1977)
It is stratlgraphlcally above sulf1de~bear1ng horlzons (Fig.

19) and less}exten51ve than these horlzons in plan view. A

4

few pleCes avallable fg? study ‘are random Sg;sms of anhydrlte

with dlssemlnated euhedral specks of dark blue corundum.'

.r|r *

, | PP f.,.
. Sulfide Mlnera1§§y’ ‘ .,fn H(f .

Sphalerlte,'chalcopyrlte, galena, Pyrlte, and Jerho—

a

tite are by far the most common sulfide mlneralsqat Blue Hill,
~a1€no£gh nino; cetrahedfice, bouIangeriFe,'safflorite; by—
rargyrite,:arsenopyrite; molybdeﬁifé, marcasite; gudmundite,
and natlve silver have been deScrlbed.(Petruk and> Owens,

-

19642."kae the ores at Penobscot, 1nd1v1dual sulflde lam—}l
-

r ' .
inae can range from minutely thln_bands to ma531ye seams or

! .

pods tens of centimeters thick. Within parts of the "A" Zinc

zone} thicker than average layers of sphalerite with uhusually

large grain size océur. ‘ :

- % : P .
Ay - Sphalerite is .dark brown to black, with mosaic textured

' agg;egates-of'anhedral individual crystals -up to l_cm in di-
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.-ameter, although 1l mm is average. In some areas of th%_~

-

Jare common, with bent or

mine multiple twfnneé-cqy:?;}s ‘ w 1 :
kinked twin lémellée Exsolution of chalcopyrité blebs w1th—

\
" in sphalerlte is w1despread ‘and wéll- ~developed (Plate 17A),

‘ \
and lntergrowths between sphalerlte and other sulfide minerals

~

are abundant (Plate 17B) ‘ Magnesran rocks: beneath the Upper
Mammoth zone have sphalerlte as subhedral to anhedral, or
rarely euhedral dlssemlnated grains, 1ntergrqyn w1th other
sulfide minerals or w1th_phlogop1te, anthophylllte, or blOtlte

(Plate 17F). - . "

Pyrrhotite and‘pyrite both occur, although the forme
is far more common. . Pyrrhotite is 1ntergrown with sphaler—
1te and chalcopyrlte wrthln ore zones, but most pyrrhotlte
and pyrite are in uneceonomic sulflde—bearlng zones Vlehln
Pond Quartzite. Nearly massive anhedral aggregates of pyr-.
rhotrte in places-contain irregnlar.patches of’ slightly --\
anisotrop}c pyrite\?}léte.l7c). Triplevpoint 120°© grain
bouneeries are exceptionally wellédeveloped.in pyrrhotite

[,

(Plate 17D). “ . .

Cﬁalcopyrite, pyrite, and pfrrhotite commonly occur
together, and espec1ally SO as layered sulfide 1ﬁ”ﬁond Quartz-
lte. In many instances rounded to 1rregular quartz grains
are surrounded by ragged patches of pyrrhotlte and chalcopy—
rite (Plate 17E), with minor pyrite or galena. Cnalcopyrlte
is presenﬁ-within_magnesian rocks as streaks and blebs, and .
as irregular‘fillrngs between radiating tourmaline crystals. |

* . . '
Galena also occurs as disseminatéd blebs and euhedra withinp-

(\ .u *

*



. sur

\
PLATE 17

Pﬁotomiqrographs of Ore Assemblages, Blue Hill Mine

-

Oriented exsolutionmplebs of chalcopyrite in'sphalerite,
with nearby, ragged, anhedral pyrrhotite (po) containing
inclusions of silicates and sphalerite; plane Light.

Euhedral pyrrhotite grains (po)'surrounded‘by anhedral
masses of chalcopyrite (cpy), with nearby patches' of
sphalerite (sph) and unidentified gangue (g); plane light.

Massive polycrystalline pyrrhotite around anhed%ail grains
of slightly anisotropic pyrite, which at the scale of

- the section are in optical continuity; crossed nicols.

Triple poiht boundary boundary between three pfrrhotite
cryitals (po; grain boundaries accented with-inked lines)
ounded by structureless sphalerite; plane light.

Ragged to subrounded grains of quartz surrounded by chal-

- copyrite and .pyrrhotite (not distinguishable): plane

light.

Granoblastic intergrbwth of chalcopyrite (cpy), pyrrho-
tite (po), anthophyllite ™), with minor phlogopite;
plane light.

w
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magnesian rocks, and as small grains within concentrations

of sphalerite and chalcopyrite. Some coarsely crystalline

galena occurs spbradicallylinmthe Lower Second Pond zone.

The Deer Isle Mine

A house has been constructed over the abandoned shaft
of the Deer Isle mine, located at tidewater on a prominent

@! .

point in northwest Deer'Isle (Fig. 3). The: rock sequence is .,
thinly bedded sedimentary rocks of volcanic derivat;ng_con—
sidered Castine Formation by Smith and others (1907} and

later by Emmons (1910), but redefined by Stewaft (1956) as

. equivalent to Ellsworth Formation. Judging from meager speci-

mens on an overgrown dump, and prior'descript%pns (Emmons,

1910), the ores were rich in zinc and lead, with lesser chal-

mcopyrite and pyrite (Plates 14E, 14F).- The sulfide minerals )\;éni

were. associated with a very thinly layered microcrystalli;e,
rock consisting of albite and minor quartz, with streaks of
magnetite; spilpnomelane} and pyrite (Plates 14G, 14H). The
épilpnomelane and clustefs_of porphyrobiastic actinolite have
developed in the rocks because of proximity to the Deer Isle
Granite.  Fractured pyrite healéd by chalcopyrite (Plate, l4F),

and deformed cleavage lamellae in galena, probably also are

-attrlbutabEﬁ/ﬁfycontact metamorphic effects. v <

. ‘ The Douglas Mine
H . . /\ -
The abandoned workings of Ehe Douglas mine are on the

north shore of Second Pond (Fig. 3), aboﬁt 600 meters from

.@the Blue Hill.mihe. Chalcopyrite and pyrrhotite_are strata-_
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. ~bound within the Douglas Quaftzite.}rig gEOi, nhich is
about 50 meters stratlgraphlcally below the Pond Quart21te,
.and underlylng the Biotite Schlst. Copper show1ngs were dls—-
covered as early as 1868 and Amerlcan Smelting and Reflnlng
Company produced at. 1east 2 000 000 pounds Qf copper (Rand,
1957) Zonlng, grade,_and relatlonshlps with country rocks ‘
are unknown, but samples of copperfrich quartzite collected

near an open stope closely resemble quartzite ores of the

Pond Quartzpte,.

Other Occurrences’ . ~

Rand (1957) and-YounQ (1962) have. tabulated and loeated

N RN

the numerous prospect pits and abandoned mines in the Blue

iJ

Hlll aréa. The majority are within a 1 kilometer radius of '
Second Pond, and most are in the overlylng Allen ‘Quirtzite -
(Fig. 19) . Most of those in Pond Quartzlte are surface pro-

. JJections of sulfide minerals mined pnderground by"Kerrameri—,

can. In addition, both authors locate old‘workings in Ells~

’

-

worth formation east of:Second Pond, along.thershoreline )
south of Blue Hill Harbor, and farther soﬁth on Blue Hill

.+ Neck. The largestuofthese generaily contained several tons
of massive sulfide, usually pyrrhotitic, within Siliceous

Ellsworth Formation similar to the mine quartzites, although
r o,

not continuous with them. ‘Slllca content and size of sulflde X

mlneral _occurrences decrease with distance from the v1c1n1ty

.

of Second Pond. Showingsaalong the shoreline 5 kilometers

4

from Second Pond are.within typlcal E¥lsworth Formatlon, that

is, Chlorltlc phyllite. Such show1ngs*consist of stratabound

\\.

-
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streaks and small pods of sulfide minerals.

-

Genesis of Sulfide Dépdsits in the Ellsworth Formation i

Discussion e

v :

'In subéqugggi>gblcanicTSedimentéry successfons, compo-
sitionai-v%riations in volecanic products at the volcanic
centers afe manifested in the sediﬁen;‘acqumulated ir a
flanking basin. Vqlcanic matérial supplied to that basin
from multiple sources is homggenizqd,by processes of sedi- ¥

mentation, and the rocks become flyschoid facies (Sangster

o .
and Scott, 1976). It also appears likely that brines charged

. with silica and metals a&nd like those outlined as important

for genesis of massive sulfide at volcanic centers, are de-
posited in this basin. These exhalations can add dhemigal
sediment and hence a departure from the generally monotonous
seguénce of flysch sedimentation. Such a model accounts for - .
quaré;ites and attendant base;meta; sulfide bodies'of the

élue Hill deposits. This is attractive because it unifies

all data into a\simETEThggggle model, as outlined below.

e

The Genetic*Mdder

. *
gy

Brines-were discharged in a broad transitional zonhe be-

o

tweenivolcanic rocks and volcaniclastic sediments. At times

“the brines were silica-rich, and at times metal-rich, and

three quartzites are interpreted as chemical sedimentary

~horizons. Nearest the brine discharge site quartzites are

purest silica, and thickest. Inflpx'of fine ash from the . -‘EP.

central volcanic provenance of the Castine Formation made

4
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pelitic layers within thevsiiiceous chemical sediments. De-

creasing concentration of silica away from ‘the brine discharge
: - . . ° : . - . LY
site, cembined with an increasing component of detritus,

*" produced localized qudrtzites within the Ellsworth Formation.

Major episodic periéds of brine discharge are represented by

the three main quartzite horizons at the Blue Hill mine, with
1nterven1ng perlods of qulescence and clastic basinal sedlmen;
.tation. Short-Iived episodes of exha@atlon produced the thln
= 8iliceous bands w1th1h Biotite Schist and maflc rocks under-
‘lylng Pond Qua?t21te {Flg. 19).' Size and grade of sulflde

dep051ts$1n this 'succession are functlons of brine chemlstry
l

(Large, &977), d ration of brlne disgharge, and .ambient con--
dltlong at the site of em1551on.l-Passageways through whlch

i

brines§mlgrated to the sea floor. are ignes,enriohed in vola-

|

tile. constltuents such as halogens, boron, and water, ag.

well as magne51um and manganese. The Mg-rich rocks envelop—

ﬂ E
1ng-7he Upper Mammoth zone are attributed to such processes.

rlef, massive basé‘metal sulflde ‘accumulation occurred

-

“;1n the area of dlscharge because:

[

1. Temperature of the brine- was - reduced through contact

.

with seawater so that metal 1ons became insoluble, and;
N _

2. _Chahges in brine chemistry were induced through mix-
;[" ing withﬁgeawgter, involving changes iq PH and Eh
.‘conditions, so that metal ihns became insoluble.
Lateral and vertical zohiné.within-the'ore booies of the |-

Blue Hill ﬁiﬁe, common in many,occurrences,(Sangster,-1972;
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Sangster‘and Scott, 1976; Large, 1977}, refiect.such changing
conditions. Infilling:of local depressions on the deposition-
‘al surface by dense precipitated sulfide minerals made pods

of uneven thicknesses. - ~

Subsequent intrusion of the Sedgwick pluton induced tex-

tural changes in the strat{graphlc fuccession. Contact meta—
morphic minerals grew within peIlth and 5111ceous horizons
accordlng to the_comp051t10nsof the individual horizdns. ‘
Thus, the former diécharge'zone contains Mg-rich anthophyl-
lite, tourmaline, Ti-rich biotite, and phlogopite. Contin--
uous Cherr horizons were broken into irregular grains bonnd—'
ed, by polygonal cracks, although opticaliy continuous bands
were in some' instances preserﬁed, and some minute laminae
were broken into layers one grain thick; Within pel;ric hor-
izons biotite, andalusite, cordierite, and'amphibole_grew in
érandblastic'habit, although in many instances preeerving
mimetically -the original layered fabric 'inherited from ear-
ly .compactional alignment of sheet silicates. Sulfide min-
erals were annealed with increase.in graln size, exsolutlon

¥

of 1ncompat1ble pHases durlng retrograde coollng, and tw1n—

ning of pyrrhotite and sphalerite.

. , .- ' "
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Re- Eval ation of Castlne - EllSworth Relationships K

r

Investigé ions into the nature of stgatébound'ore de-
posits in the east Penobscot Bay region suggest there 1s a

continuum in which copper zinc deposits formed at volcanlc

centers give way to dep051ts of zinc and copper with or without

‘lead in fla king ba81ns. ‘The transition from the Penobscot

" mine, through Herculegz to the Blue 'Hill mine exempllfles

this tran31tion. ThlS series suggests that the dast;ne and

Ellsworth Pormatlons are merely prox1mal and distal manifes-
tatlons ,0of the same volcanlsm, ;nd as such are tlme equlvak“y
L 4

lent and llthologlcally transitional with one another.

To further'investiéate this possibility, field mapping

- was undertaken at several critical localities and on various

?

soales: Two of the criticel~exposures where.Castine Forma
tion is in-ihferred uncoﬁformable ‘contact withEllsworth Flr—
mation were remapped at one inchlequals ten feet (Eig.»Zb).
The first Iooality is stop 9 of ‘the New Eﬁoland Intercolle—
glate Geology Conference fleld trlp B 7 (Stewart and Wones, .
1974) The second nece551tat1ng two separate map segments,

is one kilometer West- -nérthwest of stop .9 across the Bagaduce

‘River (Figs. 21-23). '"' ..

Wingard (1958) first described coarse clastic rock at

'

Stop 9 as a conglomeraﬁe at the base of the Castine Formation,

- -

developed by erosion of already exlstlng Ellsworth Formatlon

l

and 1ncorporat10n into basal ﬁlow units. This coarse clastic

8
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"rock cohsists of angular,.rando%ly ckiented phyllite fragments,
clasts of rhyolitic to dacitic volcanic rocks,.and bent and
broken feldspar crystals. Field relationships shown by de-

tailead mapplng at Stop 9. lead to re 1nterpretatlon of this

- - e

- rock as an 1ntraformatlonal conglomerate, full o%}lmmature T -—
clasts, whlch is repeated as three distinct and mappable 4;r4
. -

izons within the &pcal sequence of Castlne volcanic rocks

"(Fig. 21).. The nature of the &lasts in these horizons, and‘-. )
the presence of'three_mappable enits, indicate that the rockl,
is neither basal conglomesate nor fanglomerate; bot rather

a series of volcanlc mudslldes or 51m11arly derlved mass

flowage deposit, derived from some nearby volcanic. edlflce.

At“tdg second locallty rock types of the Castihe and

| 4
Ellsworth Formatlons are in apparent fault contact (Figs.

o

22 and 23). Ellsworth Formatlon(here'ls finely banded meta-

sedimentary rocks which are higﬁly oOntorted and exhibit‘pre--‘

fferred orientation '0f layer silloate minerals. Principal

.mesoscopic structures are crenulation folds and }ink bands
with varied geometry and disposition, characteristic of .de-

formation in mechanically" anlsotroplc rock (Cobbold-and

thﬁ?s, 1971). Intraformational’ conglomerates w1th1n this - ”. g
c

-mlb”;gled rock contain boulders andjcobbles of Ellsworth Forma- -

tion, aqd‘at'pne localitya*voleanic clasts indistinguishable T
from rocks of the -Castine Formation. Folds witRt individual ' i

boulders are ‘misoriented with respect to folds in nelghbor— o

1ng ‘boulders and in adjacent ph;Illtes. ST _ “

Well-bedded and finely laminated tuffageous horizons™ ~.._

A o

»
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e Bagaduce-Ri(}ér Narrowi.- Figuré 22
- Table Geologic Map .~ '

' highly contorted unit &
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" winably buckie d . ’ / .' ' -\ _ |
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591]  Breccia beds with Misariented clasts of -Ellsworlh Formation
- ond vokaonic closts . . ‘

== Foult, doshed where projected; dotted where inferred, -
’ ) - [
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" Foliation
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mapped.as‘Castine Formation YWlngard,'IQGl; Cheney, l9é9;
Stewart and Wones, .1974) are juxtaposed agalggt.Ellsworth
Formation in this second area. .Erenulatioh folds and kink
bands .are ublqultous in these rocks, as in adjacent Ellsworth
‘Formatlon. Axes of minor folds in rocks of both formations
“plot within the same field'(Fig. 24). Furthermére, there is
ffno'evidence of refolding of structures in Ellsworth Formation,
~ which shoald-be apparent if both formations were deformed
.subsequent to a previous deformation of Ellsworth. The con-
tentioh by Stewart and Wones f1974, p. 237) that rocks of

the CaStihé,Formation : SR

. :i} are distinct from Ellsworth rocks, -
because,‘though foliated, they lack the

lineations of the multlply deformed Ells—
worth ,'. . : .

1]

L .
' cannot be held correct when structures
in mechanlcally equ1valent llthologles are compared

T '
In conjunctlon with analyses of mesoscoplc structures,

microstructures of folds in'geve{i# rock types were also
studied. Ser1c1te and chlorlte of'lgreenschist metamorphlc
facies mlmetically overgrOWhpreviOuSLy folded bedding, and
now define the dominant mesoscopic fabric.' Minor folds are
w1thout ax1al surface cleavage, in that layer 51llcate mln—aﬁ
erals of metamorphlc origin do not have axial surface orien-,
tatlon, but rather remain parallel to prlmary 1ayer1ng

These structural and metamorphic relatlonshlps indicate that

greenschlst metamorphism is post -folding of the Ellsworth

r
. Formation.
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. F1GURE 24
Structure Data .,
~North Side Bagaduce River Narrows
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Ubiquitous fractnring'along hinges of crenulation folds"
and kinks,, ccupled with microfracturing of clasts and pebbles
of volcanic rock is consistent with deformation under condi-
tlons of low temperature and low effective confining stress,
(C;bbold and others, 19717}.. Conversely, absence of oﬁiléél
features associated with dislocation creep in quartz (White,
1973), and of preégure solution fabrics in crenulatlon folds
(Ramsay, 1967,sp. 179; Williams, 1972) argue .against defor-
mation at elevated temperatures duringometamorphisnl Ccnsid—
erations of nicrostructures and posfedepositional mimetic
textures at the two localities along the Bagaduce River Ner;
roﬁs indicate foldihg of éastine and Ellswcrth Formations
took place prior to metamorphism, and presumablinas accom-
plished by gravitational sliding off a subaqueousﬂeaigice.

Isotopic Studies | ' | ) :

* Brookins (1976) ‘obtained a 510 + 10 m.y. isochron age
for Ellsworth Formation in the general vicin&ty gf Ellsworth.
This age‘is consiaerably older than the 395 to 424 m.y. ages

established for the duration of Castine volcanism (Erookins,

M »

- 1976), which also are in agreement w1th the paleontologic

" dating (Brookins and others, 1973). However, 'lead isotopic
.éEta for galena separafes from thé/benobscot, ﬁerculesq and
Blue Hill mines all have essentiall§ the same ratios (Table |
-17), and model lead and isochron ages for all three galen

?separates are eqUivalent to the generally accepted ageg/for

the Castine Formation. Moreover, the equivalence of “lead



Table 17 . *

Lead-Iéotope Data

206

v

sample Pb/204py | 207pp,204py  20Bpp /2045,
Penobscot mine 118.029 15.591 . 37.844
Hercules mine . 18079 15.6Q9 37.919
Blue Hill mine 18.072 15.612 37.920
Silver Wave, Acton* 18.458 ' 15.640 38.346

Penobscot samplé collected from underground workings: in
1970 by R. W. Hutchinson, and consisted of rhydlite
veined by.sphalerite and galena veinlets

" Hercules sample collected from waste dump around Her-

cules shaft in 1976, and consisted of near massive
sphalerite and galena with lesser -pyrrhotite and chal-
copyritet -

. R .
Blue Hill data from sample collected by Dr. B. Doe, as
is galema from Devonian fracture filling Silver Wave

deposit.

Data were obtained at the United States Geological
Survey, Branch of Isotope Geclogy, by the triple fila-
ment,* thermal emission technique, and should be within
0.1% of absclute (B. Doe, personal communication).

Age computations (B. Doe, personal communication)

Isochron age 208Pb/204Pb model age'
Penobscot ; 425 my _ ’ 425 my
Hercules . 425 my ‘ 385 my

Blue Hill : 425 my 385 my

*Silqér Wave..is a Devonian fracture filling, York Co., Maine

]

5
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isotopic ratios for all %hree suggests a broadly coeval ori-
gin for the leads, .and therefore for the enclosing strata; -
or at least closer in time than Siluro-Devonian versus
Cambro-Drdovician. Resolution of these apparently contradic-

tory data probably is in the time-transgressive nature of

the Ellsworth Formation. .Alternatively, the suitability of

regionally metamorphosed pelitic and -volcaniclastic rocks

for rubidium-strontium dating may also be guesticned.
. . AN

The interpreted tectonoéstratigraph%% relationships be-
tweeh‘the_Castiné,‘Ellsworth end Penobe;ot Formations are en-
;visaged as repfesenting development of a ;oleanic island in
an.existing.flyschﬂbasin, with persistence of the basin be-
yond £he life span of‘actiﬁe'volcanism. Thus, vdlcanic sedi-. -
ments defived from Castine‘Formaeion were volumetrically im-
portant only adjacent to the volcanlc accumulation, and for

v o a llmltedxllme 1nterval

- — . .



Chapter 8 ,

0 , Conolusiohe .

. ;‘-' . /4.
1. The Castine Formation is a differentiated sequence
of volcanic rocks® with minor intercalateg volcanogenic eedi—‘
ment. Mafic,intermediate, and felsic rock typea are equally
represented on Cape Rosier, and mafic rocks are dominant in
south Penobscot.Bay. Cyclicity in wvolcanic products is evi—
dent on Cape Rosier, where mafic gocks are overlain by succes-
:more felsic rocﬁz, oulminatiné‘in felsic fragmentals
ind dacite, - rhyodacxte and rhyolite lava domes. East of
Cape Rosier . the Castlne succeSSLOn becomes flner gralned
with an increase in tuffs, fine fragmental and volcanogenic
sedimentary rocks. There is a corresponding absence of lava

domes, coarse,orecoiae,.and'thick, massive flow units.

2. Base metal sulfide occurrences on Cape, Rosier are
~iocalized in the)felsio oarts of.volcaniofcycles; and bedded-
massive sulfide bodies are ‘associated with rhyolite domes

which were intruded into a;shallow water environment.' Ore

genesis involved phreatoma tic explosions related to dome

'emplacement. Meteorichbrines Girculated throug shattered
domes ‘and  derived explosion brecciae, with’subseqﬁent pre-
01p1tat10n ‘of complex chemical sedlmentary horlzons which in- ~
clude ma531ve sulfide. The Penobscot copper—21ncidep051t is
the  type example of deposits'forﬁeo in this environment, and
closely resembles Kuroko deposits in the Green Tuff reglon'_

of Japan. Dep051ts of this type in southeast coastal Maine

are primarily copper and zinc. Sulfide mineral occurrences‘

N o 133
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east of -Capg Rosier, .in the finer grained, more sed méntary .

part of the Castine Formation, are associated with‘felsic3
uffs, are more s;ratiform than those on. Cape Rgf%er, and
have greater zinc and lead relative to_coppér. The Hercules

and North Castine-Emerson deposits are exaﬁplesﬁ
] . . v .
- .

3. The Ellsworth Formation flanks the Castine Formation,
and consists of sedimentary rocks of- obvious volcanic deri¥
vation, with minor flows and- tuffs. TheiElléworth Formation

is demonstrably richer in volcanic component on the west,
. ‘ _ o TLoe
and in.the vicinity of Bagaduce Narrows characteristic Ells-

worth Formation and fine-grained Castineé Formation are. in

contact. Contorted clasts of Ellsworth Formation are con-

tained within volcanic breccias typical pf the Castine suc-
cession. 'Elsewhere.the contact appears'trahéitional and at
some lOCalltleS the two formations may bhe bn,fault contactl
‘ 4. Ore dep051ts in the Ellsworth Formation are strati~

form\énd enrlched in zinc and lead relatlve to those in the

Castine Formation. The Blue Hlll mine of Kerramerican is ' .

typical, and\is:believed to have formed through exhalatiye

e

fbrine discharge processes anélogous to those proposed for

the Penobscot mine.

.;5. The gonéinuum represented by changing forﬁ ahd metal ;L
assemblage in proceeding'from-basé metal deposits in'%he Cas-
tine Formation to those in the Ellsworth Formatlon is. viewed
" as the progression from prox1mal volcanlc environment to

‘distal flanking basin receiving volcanic sedimeugr

6. Detailed remapping of critical'exPOSures where

’
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’

Ellsworth and Castlne rocks are 1in contact reveals a normal
&

strat1graph1c succe551on, and not a basal Castine conglomér~ﬂ
ate dep051teo on a prevrously metamorphoeed*Ellsworth terrane,r.
as earlier described‘(Wingard,'1958; 1961; Stewart and Wones,.
1974) . Deformation occurred prior to éreenSchist facies o

ﬁetamorphism, and therefore is penedepositional, and prohab--

. 1.

ly'of soft-sediment origin. Compafison reveals that struc-

tures in mechanically, equivalent rock masses', whether in

Castine or in Ellsworth Formations, are identical. Further-
more, similar orientations of minor structural elements in

both formations suggests that whatever processes produced

-

these structures occurred in both at. the same time. There~
‘Eb:%, ege distinctions based upen differing structural ori-
entations and elements are invalid. ¢ Ir is concluded that,
at the Bagaduce Rlver Narrows locality, long con51dered a

crltlcal locatlon in establlshlng the younger Castine and

' older Ellsworth age relatlonshlps, these two rock serles are -

“time equlvalent

Rad1ometrlc age determlnatlons for samples of Ellsworth
" L. kY
Formatlon collected near Ellsworth yleld significantly older

ages than those determined. for the Castine Formation lavas on

1

Cape Rosier. Lead isotopic data for galena separates: from
‘the Penobscot ahd Hercules deposits within the Cast}he ?orma-

tion, and ‘the Blue Hill mine within the Ellsworth-Formetioh,'
indiceﬁe, howevér, thatifhe'ore leads are coeval. The syngen-

etic_nature of the deposits dictates the time equivalence of

-

‘their enclosing rocks._ Assuming reliability in the two iso-

1

p 3,
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-topic dating methods, the differing Ellsworth ages aye re-
solvable if\the Ellsworth Formation is considered time-trans-

gressive.

-
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’ APPENDIX 2 .
CIPW NORMATIVE MINERALOGY
CIPA :Io-ms o p‘-r.:;l;':'ns \n Table 2: FEagalt and Andusita
A 2 fTeis h ol x'-“ 3 I J
9 - - - - - - - 20.88 -
or  12.5% 42,95 1641 12.24  12.%7  24.74 1511 el 3.25 5.24
ab  22.31 1.0z 4.80  35.18  44.37  23.00 };.35 $.92  23.4G6  21.81
an  17.01  -12.3&  i2.35 14.95 16,36  18.98 13,44 25.53 2.16  33.49
ne 2.7l 10,39, 26.06 - - 3.99 15,18 T . -
di .o daae . 27,36 " 1¢.45 - 11.74 22.19 20 - 3.7
hy - - - - 11.43 - - 2.5 25.03' 15.75
ol  23.36  .2.84 J.1 3.37 1.08 1.4z - .21 - 2,83
at 4§96 .50 5.50 .57 5.9 479 1,34 00 5.21 J..SS
{1 143 330 4,31 .21 417 3. 40 3,07 2.35 5.13 2.7
e - M A - - 0.19 - - 7.83 -
wa . -, K - - - R - 5.85 - -
ap §ro 3076 5.97 2.63 2,99 .94 .0.6% 0.47- 1.98 -
-
- ...
‘-".hﬁn
i 'oCcIpw )_.'ama focr Analynes in Table 3: TIatermediate Rocks ""'--.,‘
, S :1 ’ c g E F .' o Y
2 25.41 19.70 ar.2c 6.78 15.61 6.95 30.73 4.25
or 17,227 17,64 14.03 47.73 7 10.80 112.35 14.2¢ £.84
ab 18,41 1113 25,48 14.35 49.62 €52 39.14- 76.3F
an 2.23 1.0 1.84 1.4z 1.77 - 0.46 2.71
. ) - ,.’ . .
44 - - - - - ~ 1.88 - -
hy 7.93 6.74 12.48 16.83 G.04 5.57 8.51 5.46
c 5.79 ' §.0s 4.21 5.19 . L.65 - 1.99 0.57
zc. - - .. . - s L - -
mt n.03 2.1 2,41 2.58 2,71 a.34 2.to .77
T 0.2 1.6 .33 0.51 5.73 0.5 " a.40 3,76
b 1.95 0.35 - - - . - . -
ap 3.00 . 0.4'} ‘ . 0.00 | - - + - - -
T |
"/"J v N N
» ]

20.55
1.39

L.E7
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h CIPW Norms for Analyses in Table 4: phyolize and Rhyodacite '
A B c b - £ 3 g H ot J o
Q0 alg.sE. 33,31 40727 - 41,59 48.34 9.8z 1316 19,31 31,98 12.12 /
or  19.99 34.23 16.50 35,67 2.42 14.85 23.45 13.45 0.1 5.36
ab 21,47 16.29 19.5% 12,38 43,38 49.33 4042 8807 49.4{i~ 56.96
an 32.00 9.47 %40 ¢ 1.81 - o.8% 2.06 - - 0.35 -
‘ai - - . - - - - - .20 - 0.2 '
hy . 8.06 162 . 101 am ' 2.37 " 1.08 T .83 s.08 .67 4.04 )
e 7.75 1.42 0.21 "1.97 0.91 5.60 - - o.18 -
ot 2,93 -2 - : 2.50 - - 0.00 1.83 2.41 -
11 0.7 0.16" 6.09 9.41 0.65 .07 - 0.7 0.30 . 0.32
hm “ 1.74 1.75 - 1.6% 1.87 1.47 - - -
ac . . 2. - . - .77 121 - . .87
ap 0.45 -0.00 < - T - - - - -
t
s ; 4 . P N
‘ LS
. .i‘." . ~
.
.
CIPW Norm_.-: tor Analyaea in Table 5: Common Rock Typas at the Pencbscot .Mir.a‘. T
’ A N ¢ E i F S W I 5 X L " N .
,C. 30.40 .24.55 22,61 36.40 2251 32,.;58‘. 28.38 $1.20 41,53 46.20  0.00 34.58 24,85 -7
or. 27.29 28.06 42.83  0.88  S5.15  4.48 .58 4.2 29.35 §.49 15.51 14.08 5.4 - T
ab 17.30 .41.25 31.50 53.49 §7.00 57.81 37.85 37.96 9.67 1658 14.78 24.11 S2.83 -
an. 0.74 - - - - - - L.20 1.33 2,02, 26.03 2.88 1.26 -
no - - B vo. - - - - - - 7.31 - - L
i - 0.29  0.3¢ " 7.9¢  2.28 1.34 1.26 - - % R
"hy 317 317 343 - Ls1 oass 5.6 12.80 1063 20,06 0.00 15.97 10.56 -
‘s - 0.68  ©0.29 1.23  1.45  0.23 " }.11 - - - - 1135 . - -
me < - oL L - - - - - 3.86  2.86  2.55  ~ .t
'nu 0.42 - - s - - - - - - .08 0,93 0.52.7 - o .
e 016 - - - - - - 2.54 148 6.56 - " M.53 1.75 . k
wo - . - - - - - - - - - - - - - l___
ap - 0.02 - - - - - - - - - 3.85 . - - - )
e ! . .
. - - : \'3\ ’
.“\
.- . N



CIPW lorms

for Anilyses

in Table 15: Phyllite and Quarzzite
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27.43
14.60
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APPENDIX 3

Rock Names.Corresponding to Numbered Fields' in Figures
5a, 7A, B8A, 9A ({after Streckeisen, 1971)

1. Siiexite

2. Alkali Rhyolite .
3A. -Rhyolite | l |
Rhyodacite

4, “Dacite

. 5. Quartz—Aﬁdesite‘ e ' . . ’

6:rrﬁlkaii“Quaftz~Tréé£yte

G’f' Féldspathoid—beérégg'Alkali-Tracﬁyte
- 7. Quartz—Trachyte

7'; FeldSpathpid—bearing Trachyte

8. Quartz-Latite

8'. Feldspathoid-bearing Latite

9. .Quartz—L;tite;Andesite, or Latite-Basalt
“9r) 'Féldspathqid—bearing Latite-Andesite, or Latite—Basalg
ld.‘ Quartchndeéite

10'. AkIgli Andesite, Alkali Basalt

11. Phonolitg / - | o Y
12.° Tephritic Phonolite . Vo
13, Pﬂonolitic.iephrité

14. Tephrite . -

N
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APPENDPIX 4° . i
Modal Mineralogy for selected samples of di'amon& drill core from hole 72-83 - - -

-
.

sample {ntervn) Albitie Plag. Yuartz' Chlorite Hpidate Sericite K-Spar Calcite Sphene  Sul fides Biotite Clinopyroxene- Apatite Amphibole Accesns,

4 80 12 6 K 1 - tr /8 - - - - - -
16 78 12 - 8 « . - 1 - - "3/4 wupy - - - . - -
42 35 15 3 - 12 25 - - i - by - -
46 Mg 1 AN 21 8 ~ . 34 trsph - ¥ - a - -
47 72 8 9 - 10- - LV - - - % - -
52 T a2 21 7 - 11 18 - 1 “ tr sph - - - - -
60 T 1 ' 6 T 12 - - 5 2 % po - - y 3 -
63 .33 - B 11 4 . 14 hpo - - - 6 -
2 14 7 16 22 - - 9 14 T kpo | -~ a 5 26 -
77 11 L= - 16 22 18 - - 1y & py - 12 , 1. 28 -
g0 - c o2 3 2 - 53 13 - 1. % po - - . | - - .
93.5 a0 4 P - - 3/ - - - ) )
94 8 ¢ 4l 7 1 - 2 - Y - - - tr - -
101 21 ’ 3 5 .1y T 69 - - 5 - - - Lt - -

- 116 52 42 2 - - 3 - - " Ry - -, - LI 2 -
118 74 2 2 - 1 - -y tr - - 5 - -
132 65 32 1. - - tr 1 - - - % - -
142 37 'z u;- g 2 - 3 - - - - 15 . -
162 TS 23 1 22 1 - T o= - - tr - -

“ig0 T 3 - 23 Y tr - 2 - . - L - 4
190 - a1 2 - 23 28 - - 1 - 3 - - - 4
198 29 3 L L 6§ - 43 s 11 trpy - - Co- 3 -
213 _ © 59 g - "',zz Y] - - - 3 trpy s - - - - tr
218 19 -y - 23 5 18 4 2. 4 po - R - 28 tr
220 - 6 . - - 23 7 7 1e 3 3 4&_‘ - < - m -
223 - 18 tr - "22 s 11 2 oy pe— - - 34 -~
224 12 tr . 26 1 17 3 1% xpo - - - 29 -

226 14 - - - 24 . 9 12 3 2 tr - - 16 -
227 14 - - 24 e 12 3 2. tr “':;"‘".:""‘;E" ‘ - - 16 -
229 14 3 - a s on 6 2% 1% po"' - - . 16 -
230 - 2 - 23 S 2 301 I‘,";‘EF e - . - 68 -
230.5 - 6 - - 75 - - w3 3 epy - A 11 -

. " " lpy .
- o _ ) A sph o
232.5 - - S - - 15 - 52 . . 5 py - - - "1 -
3 oph v

: . 4 po *
234 ~ - i - - 24 - Te6 ¢ - 5 sph - - - 2 -

7 . 2 py -

- : S . % gn

234.6 . - 5 .- 1k 77 .- 6 - 4. py - - - 3. -
- . y . b an .



lpy
B . v 4 sph,
232.5 - 6 - -~ 15 - 52 - 5 py - - N 18 -
' - . 3 sph . . ' :
. : . ' hopo h
234 - " - - 24 - 66 .- S sph - - - 2 -
‘ ' . .2 py . '
. “§ gn &
3.6 - 5 v - 1Y 77 - 6 -  4py . = - - 3 -
o h gn ..‘ . .
' . ’ B 3 sph ‘ N
235 - ~ - - 13 .- 83 - 3 py | - - - - -
- . 1 sph ) -
337.9 - s - - 72 . - 8 - \(, oy - .- - 6 -
. - : ‘ 3 sph : :
' . _ tr gn )
238 - 6 - - - 62% - 11 -~ 6 sph - - - 5 -
. - . ; : 8 cpy .
. . . - ) o . ]_l’ PY . - . » -
239 . - . kR - .- 52 - . 8 - 4 epy - - - - -
. . : T ) - 2 sph -
240 ' 29 6 39 - r - 3, Iy - - - - tr . - tr
241 - ry a2 - 16 < . - y - - . - tr - Cer T
241.5 - - 18 38 k ‘19 T - T ' ¥ py | - - . - tr
242,13 . - 29 o2 | 65 - T - - pY - - - ~ tr
243 - 27 31 - 39 - - w2 py - - - - tr
- . . ‘./
243.9 .o 26" 3BT 0k 32 - - 1 2 py - - tr - -
245 ‘ - T3z - " 62 - - 1 4 py - - - - -
246 - 32 8 % 53 - - 5 5 py - - - - tr
247 ' - - kT: Y ) I 50 - - 1 6 py - - . - - tr
249 - .4k a - tr 43 - - h . 9 py - - tr - -
250 - 39 . y 47 - - % 6 cpy’ - - - - -
5 py ‘ ' .
. . ; % aph . -
250.2 - BT - /4 - 53 - - i 2 epy . - - " - -
; § py :
4 sph
254 .- 13 2y 1 21 - - y 4py - - AT S
- ‘ .3 ecpy . R e
"255 Ce = 68 y . I 25 -7 - N S py - - - - -
‘ ) . . - tr sph ' i o ’
256.5 - - mn 3 L sé - - - 2 cpy - - - - tr
: /l- N .1 aph .
_ . 5 py ’
£ 259 - 73 2y i 23 - - b kpy . - - .- . - tr
264 ) 3 34 57 tr i - - 4 1% py - - R - -
. k sph, .
267 . - . 4B 16 i 33 - - i 15 py - - -. - - tr
ot B l‘ .ph . '
272 - - 66 11 - 22 - - b tr sph = - - . = tr

.

Total Depth = 272 feet

AR ¢

cpy = chalcopyrite; sph = sphalerite; pj'- pyritef gn = galena; tr = trace

Amphibole = uralite; clinopyroxene = -augite and minor pigaonite: usvally persisting as cores witfiin chlorite and ural-
. . ite o

Data thrcugh‘thb'caurteéy of Dr. S. A. Hilliams,'Phelpa.Dodga Corporation, Douglas,'nrizoni4
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N ' APPENDIX 5

Descriptions of Samples shown in Flgure 21;
South Side Bagaduce Rlver Narrows, Plane Table Locallty

[
i

Sample Number " - 7 Déscription

1 Qudrtz - potassium'feldspar porphyry. Euhedral
to subhedral sanidine phenocrysts; quartz
phenocrysts rounded .and partly -resorbed;

. . minor, randomly orlehted blOtlte
2. .- Polymlctlc fragmental fragment types lnclude.'
: 1. _contorted, well laminated gquartz-
v y biotite rock appears identical 'to
' - ribbony Ellsworth Formation.
2. rounded leucogranite ccbbles v
3. wvarious intermediate velcanic rocks; .

crystal and lithie¢ tuffs; aphanltlc
fe151te,.keratophyre '
Matrlx consists-of rouvnded and broken albltlc
plagioclase laths, much chlorite " and sericite,
. and comminuted volcanlc clasts. o
3 Like sample num@er 4. T ' - &8
4 Mafic tuff. Much wispy biotite interstitial L
to fragments of 1ntermed1ate volcanic rock; '
potassium feldspar and quartz phendcrysts in

matrix. o
5 Mafjc tuff, like sample number 4. “
6 Dacite porphyfy, li}e'sample Qumbér 1.
7 Intermediate tuff; silicified; pota551ﬁm N

feldspar and‘quartz phenocrysts, 2-3% dis-
seminated euhedral pyrlte '

8 Dacite, autobrecciated; equal amounts of ‘
potassiunt feldspar 'and guartz as phenocrysts.' _ ;
“Groundmass of sericite, chlorite, blotlte. o .

"9 _ Intermedlate flow, probably dac1t1c masszve, -ﬂ .?
) grades into conglomeratlc rock of Stop 9 T ﬁ
(Stewart and Wones, 1974y, : ‘ o o

e ' “ s ¥
10 Mafic tuff minor 2-5 cm interbeds of fe151c ) g
tuff. Much biotite, amphlbole, 1% dlssemlnat— *Q

ed pyrite. . 2

) . 1.

- - . " - T in

11 ¢ Polymictic fragmental,.as in sample number 2. , ﬁ
. o :

r
L
LR

NI



_Sample Number

']_2

13

14

- - 149

APPENDIX 5 continued .~ b

.

Description
Intermediate tuff; biotite rich, sanidine .
phenocrysts, lenses of pPolymictic fragmentals
up to 5 cm inlthickness. . -

Like sample humber 12, slightly more biotitic.

‘Like sample nhimbers 12 and 13; weathered sur-
face has retrograded cbrdierite and andalusite
porphyroblasts.. - »




APPENDIX 6

. A - Analytlcal Procedures

1

X-Ray Fluorescence

Samples were crushed in a jaw crusher, lelded,a d pulver-
. |

ized for 30 seoonds in'a Bleuler Mill. Pressed ppwfer pel-
‘ lets and,£us’d’dzs;sﬂwerefmade?for each sample accordlng to
. .

the method of Norrlsh and Chappell (1967) .and Norrlsh and

"Hutton (l969)” respectlvely. Analyses were determi ed by

" a Philips 4500 automated X—rayirluoreSCence spectrometer at
s, tﬁe_University of Western Ontario, and compositions were ob-
.talnEG using a program developed by -Norrish and Hutjon {1969) ,
procéSSed by a Cyber 73 computer. A-second program(;omputed
CIPw'normative mlneralogy Chemical data thus obtaihed atre
con51dered good approrlmatlons of the real comp051tlons of - 1 (!'
analyzed samples, and prec1szon and accuracy were monltored

perlodlcally by analy21ng samples of known comp031tlon
kS (‘ . N

’

Radio Frequency Induction Coupled Plasma Arc Spectroscopy \\\
o .- 'A Portion of. the sample was'weighed out and é%gated with )
s ar ’ ' s . ‘ * \\ -

concentrated HF, HNO3, and HClO,. The jmixture was refluxed M

for ‘a few hours, then evaporated to.dryness.‘ The residue

wagitaken up in 0 5N HCl and dlluted to volume.

' A 32 channel Applled Research Laboratorles ind

PR coupled plasma QA-137 optical em1551on spectrometer is- used |

for the analySLS.. The em1551on source is an argon plasma o “‘_Y
.produced by 1600 watts of radlo frequency power supplled to

. -_' a two -turn 1nductlon 001l.j Temperatures lﬁ'the glasma are-

o,
; — q-

v ’ *
o oo K



\

- readout. console' The spectrc

Packard godel ‘9830, programmable calculator 2

. | L . 'f"__,. _1'51_5..

-
-

in the range of 10,000°K {compared to an oxy-acEtylene flame

- at afound_3f5009K). The sample is lnjected lnto thlS plasma

e
as an aerosol where it lt a;omlzed and subsequently ylelds
-
i nse emission spectra characterlstlc of the sample atoms
* . . "'\b

-~

-

present.

S

The direct reader is. a Paschen mount lydhromator with -
a prlmary entrance sllt&ff;igjlm-* Radiatlon characterlstlc

of the _elements analysed are focused .on- the SOyumsecondary‘

SlltS appropriately spaced on the focal curve \The corres-

ponding photomultlpllers receive the optlcal SLgnals, ampl;— N
R .
fy' . them and transmlt the tra 7duced electruealsxgnal to‘the

eter 1s 1nterfaced to a Hewlett-

n

o
.

. N
Stock solutlons for the‘preparatlon of muL?1 element stan-
rade "

\
dards are ‘made ‘from Johnson Matthey Spécpure or Anala

reagents, The range of concentratlon per element (typlcally

-3 to 4 orders of magnltude beyond the detectlop llmlt) 1s
N A Y

designed to cover that normally expected in the ﬁpmples belng\

-k\ ’

analyzed. Samples that. exceed the callbratlon range are dl— L

luted l 10 or 1: 100 and re—analyzed/ﬁg/the 1hstrument BRI
~ ' LB

The 1nstrument is callbrated/gtffhg\j:art of each work- - f§.;
ing. per;od u51ng a serles,of multi-elemen standard soiutyons. L :
y: llnear regression least—squares parabollc curve 1s applled-

_by the._ calculator whlch is codgied to a Hewlett-Packard

e .
e —— R . -

Thermoprlnter 9866, The callbratlon coefflclents are regu—

larly Updated throughout a worklng perlod by asplratlon of

Y

standard solutlons when standards demonstfate dev1atlon from

. - . N ' ) - T .
N ) . .

. . - R . a . 1 - R
- S /’ ' : ' A N . y .
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control. Approx1mately one minute 1s required for the com-
) plete analysis of one sample. The thermal printer outputs
in ppm of the analyte in solution. Data is stored in stan-
dard-size cassettes. Software developed by Barrlnger Resgarch
is used for further data reduction and data 1lst;ng

For geological materials the follow1ng detectlon llmltS

are realized by the_fglﬂl Element technlque

Al 5 ﬁgﬁ ' . Ni l.ppm

. As - .30 ppm - P ZOQIppm
Be - 0.3 ppm K lod'ppm
Ca 2 ppm ' B Ba 30 ppm
ca. 5 ppm ' Si 20. ppm
Cr 1l ppm ) - Ag 5 ppm
Co 2 bpm ' Na 500 ppm .
Cu . "1 ppm Sr 0.1 ppm
%e .1 ppm . Te 500 ppm )
Pb | 5 ppm . Ti 1 pPpm 3 .
Mg 1 ppm 2r 1 ppm R Y
‘Mn - 1 ppm . .V 1 ppm |
- Mo Y g pp@_\ - IZn .1 ppm

Long term variation due to 1nstrumentatlon is' kept. well

W1th1n 5% by control checks. Total variation in solids anajl-

“

y51s, from sample digestion to analysis by multi-element
: plasma em1351on has been estimateg from typlcal runs over
a number of days. Precision for major elements in rock and

5011 samples are in the 1% to 5% range; trace: elements,

'
o

R D .
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3% to 9%, Certified reference materlals and standards treat-

ed in the sg manner as samples are’run in every batch of

‘samples to malntaln accuracy

Romana B. Cruz

Chemist, arringer Research Ltd, . '
Taronto, Canada T -
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APPENDIX 7

bl

GUIDEBOOK FOR FIELD TRIP IN,THE‘CASTINE AND BLUE HILL

~. 15 MINUTE QUADRANGLES}-HANCOCK COUNT?, MAINE

Mileage

0

ll.l

11.4

12,4
13.1
13.5
13.7
14.5

\

worth Formations.' ' - 7

- Blacktop ends.

Center of the town of Blue Hill. ﬂPrdqeed west out

of town on Highway 15 (also highways 172, 175, 176).

Intersection. Continue_straight ahead on-Highway
15 (176) toward Brooksville.

Rusty-weathering sulfide Prospect within Pond Quartzj
ite on. south side of road. : -

Entrance to'Kerramerican XBlackhawk)'mine on south
side -of road.

Intersection. " Turn left and continue 0 follow
Highway 15 south. - . o :

Intersection. fTurn right at yield sign onto High-

way 175 and drive north toward Brooksville.

"-Jntefsection. Continue straight ahead on Highway

176 east toward South Brooksville. 7

Enter South Brooksvi le. ;

Outcrop on the right 1is 4 greenstone of the Castine
Formation, contac - metamorphosed by the Sedgwick .

" pluton.

Turn left onto small asphalt raod at sign reading - _
"Breezemere Farm". ' . . "o .

-Turn left onto narrow gravel lane through woods.

Drive slowly.
Oufcrop of ddme rhyolite on right side of lane.,

Lane ends; pPull of into parkinglarea_oﬁ right side-
of:@ane, and walk 30 meters down to Orcut;,Harbor.

-
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STOP l: Orcutt Harbor

The outcrops are bedded crystal/lithic tuffs, hyalo-
clastite pillow breccia, and some intact pillows. Note the
abrupt” change in lithology and the variability in attitude of
bedding, both characteristic of deposition of volcanic mat--
erial on highly irregular terrain. ' -

. Perfectly preserved are original volcanic features,
such as euhedral feldspar in tuffs, spherical vesicles, and
undeformed pillows. Angular clasts in massive uncompacted
rocks contrast with flattened clasts in adjacent compacted
units, theslatter produced by rock loading while still hog
and plastic. WNo tectonit lineation is associated witi—the
flattened clasts. The poor preferred shape orientation of
angular clasts is an original sedimentary feature. ) '

Some of the more siliceous tuffs are well jointed,

"and Many of the joints are quartz-filled. ‘Quartz veining -+

was contemporaneocus with cooling and degassing.

Return to vehicles._ Turn around and retrace route

to Highway 176. . . g N
l6.6 Turn left onto Highway 176 ‘east.
17.1 . Intersection. Turn left (west) onto asphalt road
toward. Cape Rosier/Harborside. .
,'17.2— ‘ Outcrops seen along the road age.all‘Castine volcan-
'23.6 ic rocks. _ '
21.2 Turn right-at Rosier Grange.
23.1 Intersection in the Gillagé of Harborside. Turn
: right. -
- 23.7 Pull. off and park just before bridge. Walk into.

Maine Sea Farms and ask permission to enter site of
Callahan's Penobscot Unit (The Harborside Mine) .

[ —_—

STOP 2} The Harborside mihe and Goose Falls -

Enter the mine through the gate and proceed down
the gravel road. At the fork bear right and walk up the ore .
haulage road, viewing continuous outcrop on the right. ' B

The outcrops are:black rhyolite, which has intruded
coarse-to-fine lithic tuff, which can be seen-in the road hed.
Note that bedding in these tuffs has been rotated past verti-
cal by the intruding rhyolite dome, and is now dipping steep-'.
ly into the dome. Proceeding west, the contact between the
dome and lithic tuff weaves back and forth across the road.

‘Quartz and calcite veining are common, with lesser laumontite

" lined veins and cavities. Near the top of the road at the




former ore pad, a diabasic dike has intruded the felsic rocks. ,
Note- that the original geometry of columnar joints remains
unmodified. - , ' o ' _
” Past the old mine buildings, now in use by Maine
Sea Farms, remnants of 48 inch Calyx core can be examined.
The rock types are highly variable, but are typical of pProxi-
mal volcanic rocks. Alternating chloritic to. siliceous green
and purple crystal tuffs predominate, but pyroclastic rocks
are alspo common. Note the very abrupt wedging o of lavers
and the strong bedding fabric in the tuffs. This compaction-
al fabric abuts contacts with wedges of discontinuous layers,
typical of the highly irregular bedding attitude in these °
volcanic rocks. ' _ :

The bedding has been affected by kink aﬂa crenula-
tion soft~sediment folds, the shapes of which are controlled
by the strong mechanical planar anisotropy in the uncorisolid-

/\ljated sediment. High temperature deformational features such

as pressure solution and axial pPlanar cleavage are absent,

and euhedral feldspar crytals are preserved.. )
o Return to vehicle parking area, cross the road, and
examine the outcrops near the water. These rocks are Goose
Pond Conglomerate, a coarse, polymictic, volcaniclastic/
pyroclastic unit. It contains felsic and intermediate volcan-
ic fragments, as well as dgranitic cobbles of uncertain origin.

Return to vehicles, turn aroﬁn&, and proceed back
along the same route., .

26.2 Pull off the road to the left in old driveway and

" park. Cross the drainage ditch near the road to get
onto the northeast side of the ditch.” Walk along
the ditch approximately 200 yards to the last -
exposures. _

STOP_3: Drainage Ditch

‘ The outcrops are of finely laminated chemical sedi-
ments and crystal tuffs. The chemical sediménts are ferrugin-
ous, consisting of red and purple chert of variable thickness
and continuity. Most of the tuff is green with white latHs

of euhedral plagioclase. ' !

Structural features include small crenulation and

kink folds, the geometry. of which is controlled by the mechén;x””

ical properties of the strongly'anisotropic sediments. -

' The absence of tectonic cleavage, pressure solution
features, and grain-shape fabric establishes these folds as
sdft-sediment features. Microfaults subnormal . to bedding are _

probably due to dewatering of the slumped unitg. e )
: Return to vehicles and continue toffi:;;E;/;ﬁe route

to Highway 176. . _ . :

o 156
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28.0--  View rhyolite dome to the right front.
28.2 . :
30.2 Intersection. Turn left at stop sign.onto Highway
176 west, Outcrops are rhyolite. . .
32.6 _Road takes a sharp turn to the right. Brooksville
- Elementary School.is on the right. .
33.3 Road takes a'sharp turn to‘the right at Wescqtfrs "
- . Store (Texaco sign). One hundred fifty meters far-
ther, turn left into asphailt driveway, drive up to
house and park (ask permission). walk northeast

parallel to the highway 100 ‘meters to view outcrops.

STOP 4: Wescott's Field ‘
- ¥

The exposures here are Ellsworth Schist. Most of
the rocks are the "Ribbony Ellsworth" comprised of finely
laminated biotite and’ quartz, resembling a gneiss. Other .
rocks are dark green to rusty-weathering actinolite schigt.
The general trend of the layering in the ribbony rocks, and
fine layering and fabric in the actinolite schist are bedding
and are conformable. Original rocks types were'alternating
pelitic layers and. chemically prepipitated'silica‘layers for -
the ribbony Ellswor;h, and mafic tuff for the actinolite

-

schist. All the rolks have been thermally metamorphosed to .
biotite grade by the South Penobscot Pluton, one~half mile
to the east. . - : } - R
. Profuse small scale folding is ubiquit us in the,
ribbony Ellsworth, but is conspicuously absent in the actin-
" olite- schist. The mimetic biotite fabric.in the ribbony
rocks is folded around the hinges of folds, and axial planar
cleavage is absent. There is no tectonic lineation. The *
" folds in the Ellsonth are soft-sedjiment features, having
occurred prior to t e.growth of metamorphic biotite. Being
inherently more stable, the mafic tuff did not undergo
slumping. - e .

.t

West, return along same route’to David's Folly.

35.8 Turn right into David's Folly, drive 'slowly to park-
"ing area. (Be sure to ask permission?. Walk west
Y«mile down to Smith Cove. ' ' :

STOP 5: Smith Cove/SHepardson Brook

Blocks and fragments of ribbony Ellsworth schist are welded .
together to produce a spectacularly photogenic outcrop. The
ubiguitous folds are misoriented in adjacent blocks,” proof

Return to vehicles. Turn right onto Highway 176 . -

i L B T

ST
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that the foly

breccia.

indicative
grade into
ment deform{tion.
between fold=g

37.1

39.1

39.86
41.1

41.4 .

41.2

46.2

.47.2

49.3 -
50.7

52.8 .

STOP 6:

‘North Side.Bdgaduce River Narrows

tual absence of matrix between blocks is
plastic accomodation. Some blocks appear to
pne anpther, a feature associated with soft-sedi-
Within blocks, pPlanes of discontinuity

ers are also indicative of soft-sediment

took piacé Prior to the depésition of the,
‘The v}

Return to vehicles. Tupn left onto Highway .176 .
East and proceged. : - ..

1 ’

Road turns sharply to the right "at ﬁeécott's Storef

Road takes ‘a’ sharp turh.to'the righﬁt'-Underlying

" - bedrock here is probably Ellsworth Formation.

Cross contact zone into the - South Penobscot :Pluton.

. North Brooksville. . Turn léftttoward Penobscot on

Highway 176" and 175. - b

Estuary with-reversing tidal flow.

Intersection. - T&rn lef? at yield sign oﬁto_Highway 4

175, north toward Orland.

Junction Highway 177. -Continue straight ahead on
Highway 175. : ‘

-
[

Junction Highway 199. Continua straight ahead on
Highway 175 and Highway 199, toward Castine,:

v

Junction. Continue straﬁght on Highway 199 south

- toward Castine. .

o

Outcrops on right side of road are contact metamor-~

. Phosed lithic tuff of the Casﬁine.szmation,'

West of the lobster boat pier the ochréps'are ribp-

-
“n

“'e
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~bony Ellsworth Formation. The bedding is again folded into
small-scale folds which are slump structures. Careful exam-
ination is necessary, but S and Z folds occur in single lay-
ers. without an intervening larger. fold closure. No tectonic
lineation can be seen, and the mimetic mica fabric is folded
around fold hinges. Discontinuities between adjacent folded
units are again indicative. of .slumping. '

- Intraformational-bréccias, also soft-sediment fea-
tures can be seen throughout the €Xposure. - Misoriented frag-
ments are commoh, but absence of differential weathering of
these fragmental:units, as. well as their lack of continuity,
rule out a tectonic,origin. ' < _

‘ East of the lobster boat .pier are folded crystal and
lithic tuffs of the Castine Formation. The orientation of
the 'small-scale fold axes is essentially identical to that in
the Ellsworth Formation at this locality, with a south-south-
west trend and approximately 359 Plunge.

. ' - Interbedded flows with rubbly flow tops, spherical
-vesicles,- and undeformed amygdales attest to the absence of

.*tectoriic defofmation in this unit which is nevertheless -folded.

‘ It is apparent that folds in both the. Ellsworth and
Castine. formations at this locality were formed through simi-
.lar processes, Presumably due to slumping of unconsoclidated
volcanogenic sediment off a subaquebus volcanic edifice.

Biotite occurs in-both-Eormations_here'in.:ocks of appro- '
priate composition, and is mimetic. - ‘
Return to vehiecles, and retrace route to Wescott's
R Store in West Brooksville. . '
68.4. . . Wescott's Store. Turn right onto asphalt road.
' Bear left at the fork remaining on asphalt road.
69.6 Road ends past Stewart camp. Park and walk north
‘ along the shore, approximately one mile until on
the north end of the peninsula across the ‘Bagaduce
Narrows froém .STOP 6. ‘

STOP 7: South Side Bagaduce River Narrows.

. = The outcrops are crystal and lithic tuffs of the
Castine Formation, some with cordierite porphyroblasts, and
ribbony Ellsworth Formation. Between the two rock types.lies
a polymictic volcanic breccia. Clasts include volcanic lith~
ologies, ribbony Ellsworth and leucogranite; matrix is high-
ly immature volcanic debris including comminuted lithic clasts

- and feldspar pPhenocrysts. Similar units are repeated several
places in the log&l stratigraphy. T ’ ’ T
Wingard* (1958, 1961) first described this coarse
clastic rock as basal conglomerate, lying above an unconfor- .
mity between the older, poly-deformed Ellsworth Formation,
. and the virtually undeformed Castine Formation. However, the
immature nature of the rock, ' its repetition in the sequence
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wWhere it is intercalated with Castine rock types, and the
absence of evidence of any pre-Silurian tectonic deformation
in the Ellsworth Formation, all point to a volcanic .origin
. for the rock, therefore 1lacking any regional stratigraphic
significance. . ' . .

-
- -

Return to vehicles, and retrace route to Highway 176.

70.8 Turn left onto Highway 176. -
73.6 Intersection. Turn left at North Brooksville onto
Highway/l?S and 176. ,
74.4 Interseciton.. Turn right onto Highway 176 toward
* Blue Hill. .
76.6 ;ntersection.. Turn left onto Highwa} 15 north toward
g Blue Hill.
- 80.1 - Turn right onto’'gravel .road. _
80.4 Turh lefqlqpto rock lane leading up the hill, or
; park. g .
STOP 8: Stover Hill . - | .

. .  Exposures here are of gntorted Ellsworth‘Formétion,
which is considerably more siliced § than that seen thus far
These rocks. are’ continuous with th Allen, Pond, and Douglas -
quartzites, which host thé base megtal mineralization at the
Kerramerican mihe to the west. . )

This outcrop is in the ontact zone of the Sedgwick
Granite, and numerous dikes and Aeins of pegmatite, aplite,
and granite cut the quartzites./ The profusion of quartz veins,
some of which crosscut beddingy point to a metamorphic or
metasomatic origin for some. owever, the majority are con-
cordant with bedding, some of which can be seen grading into
the narrow silicdeous bands of concordant silica, and gre in-
terpreted as bands of recrystallized chert. Oxygen isotope
studies are currently, underway in order .to resolve this con-
jecture. : o _
- " As'in most of the ribbony Ellsworth, these rocks are
-folded on the small scale, and here also a mimetic biotite
fabric is folded around the fold hinges. This is true in other
locations as well, where even contact—metamorphic garnet is
present. Careful examination will reveal inconsistent fold
geometry, including s and Z asymmetric folds in single layers.
Additionally, intervening larger fold str ctures necessary to
reconcile alternation of § and Z folds arg rare, and are them-
selves, slump structures. ° . S ,
In spite of the numerous small scale folds, sulfide
‘horizons can be traced along strike of the bedding for hundreds

’

U
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of meters. Such continulty ceuld not.exist- rf these rocks
had been folded on a large scale.

»
Return to vehicles. Retrace route to Highway 15.

‘Turn right onté nghway 15 North and proceed to '
' .Blue Hill. :

»

"End Field Trlp P ' K
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