Geology of the Katahdin - Traveler area,

Maine

Rankin, Douglas W.

1961

Harvard University PhD. dissertation







*2315dmeo spuog youBIg YInog

WOJIJ UTEJUNOR

IaaARay IO

29p1y STOBUUTL




<
pA

BEDROCK GEOLOGY QF THE
KATAHDIN-TRAVELER AREA, MAINE

A thesis presented
by
Douglas Whiting Rankin
to
The Division of Geological Sciences
in partial fulfillment of the requiremsnts:
for the degree of |
Doctor of Philosophy
in the subject of

Geology

Harvard University
Cambridge, Massachusetts

May, 1961

Copyright 190! by Frarl, garp.Li
All rights reser .



ABSTRACT

Cambrian or Ordoviclan, Ordovician, Silurian, and
Devonian volcanic and clastiec sedimentary rocks, with an
acirregate thickness of more than 23,000 feet, underlie
about 65 percent of the Katahdin-Travelsr area, Maine, The
stratified rocks are in the chlorite zone of reglonal
metamorphism and were deformed durinz the Middle or Late
Devonlan Acadian orogeny into a major southwest plunging
sync linorium, the Matagamon synclinorium. The deformed
stratified rocks have been Intruded by the post-tectonic
Katahdin granite, probably of Late Devonian age.

The oldest rocks in the area are tightly folded
varicolorzd slates, guartzites, and grits of Cambrian or
Ordovician age. These are overlain with probable un-
conformity by Middle Or-dovician olivine basalt and the
basalt is, in turn, unconformably overlain by coarse clastic
;ocks of ®Warly Silurian age. Practically the only carbonate
rocks in the area are thin (BOOffeet) carbonate-rich silt-
stones of Middle Silurlan aze,

This study is focused upon the Lower Devonian rocks,
partlcularly upon the Traveler felsite. The oldest Devonlan
rocks are a monotonous series of graded beds of dark-
colored slate and minor sandstone of the Seboomook formation.
These are overlain by about U500 feet of rusty weathering,
cross-laminated sandstone and minor slate of the Matagamon

formation,
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The Traveler felsite covers about 70 square miles
and has an estlmated volume of about 70 cubic miles, It is
the largest of a chain of Lower Devonian felsite bodles in
central Maine, and one of the largest bodies of extrusive
felsites in the world, The felsite has been divided into
a lower Fogy nmember, consisting largely of welded tuff,
an upper Black Cat mermber, consisting largely of lava,
Typically the Pogy member contalns quartz, calclic andesine,
and altered mafic silicate phenocrysts; the andesine has
structure characteristics of the low thermal modification,
Typically the Black Cat member coﬁtains caleic andesins,
ferraugite, and blotite phenocrysts; the andesine has
structure characteristics of an Intermediate thermal
modification, To a first approximation, the Travelsr
felslte is isochemical and 1s believed to have been erupted
in a short interval of time. These relationships could be
explained by a decrsase in the volatile content of the
magma durlng the course of the eruptions. Because of the
presence of welded tuff, it 1s believed that the bulk of
‘the felsite was erupted subaerially. It i1s also belleved
that a large caldera was formed during and after the
eruption of the felsite.

Clastlc rocks of the Trout Valley formation, the
younzest stratified unlt in the area, unconformably over-
lie the Traveler felsite., Thils formatlon includes at its

base, a coarse felslte conglomerate lentil, the Gifford
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conglomerate lentil, Early terrestrial plant fossils
occur abundantly in the farmation., These, other fossils
in the Trwt Valley formation, and character of the rocks
suggest that much of the formation was deposited in
shallow brackilsh water, perhaps adjacent to an eroding
volcanic island,

The Katahdin granite, a perthlte, plagioclass,
biotite graniia, covers the entire southern third of the
area of study. The granite exposed here 1s part of a
large batholith, which extends to the southwest nearly 30
miles beyond the area of study. On the upper part of
Mount Xatahdin, the granite bscomes pink, vuggy, and has
a granophyric texture. This probably indicates proximity
to the roof of the magma chamber., If sé, the roof of the
magma chamber appears to have been nearly flat in the

vicinity of Hount Katahdin.
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CHAPTER I

INTRODUCTION

LOCATION

Tha Katahdin-Traveler area covers about 300 square
miles in Penobscot and Piscataquis Counties, north-central
Maine, (fig. 1). It includes most of the Traveler Mountaln
quadrangle (latitude 46°00' to L6°15' N, longitude 68°451
to 69900t W) and portions of the Katahdin, Shin Fond and
Telos Lake quadrangles. The arca extends from Baxter Peak
of Mt. Katahdin on the south to the northern border of the
Traveler Mountalin quadrangle on the north and from Nesowadne-
hunk Lake on the west to Bowlin Pond and the Bowlin Pond
Road on the east, (flg. 2). The region between Matagamon
Lake and the northern border of the Traveler Mountain
gquadrangle is included on the geologlc map (plate 1), but
has been covered by reconnalssance only. Most of the area

included from the Katahdin quadrangle also has not been

mapped In detall,

TOPOGRAVHY AND DRAINAGE

Pigure 2 is a simplified map of the topography and
dralnage of the Katahdin-Traveler area, The major part
of this area consists of a rugged, isolated mountaln mass

QD

containing three of the six highest mountains in Maine.



2
The maximum relief in the area studied 1is 4,860 feet. The
mountains lie entirely between the Fast and West Branches
of the Penobscot River.

The western and southern slopes of the mountains
are drained by tributaries of the Jest Branch of the
Penobscot River, The most important of these are Sandy
Stream and Nesowadnehunk Stream, which rises from Nesowadne-
hunk Lake (1,372 ft.). Thé Jest Branch flows past the
mountains in a southeasterly direction outside the area of
investigation. The northwestern, northern and eastern
slopes of the mountains are drained by the East Branch of
the Penobscot and its tributaries, a major one of which
is Trout Brook, Trout Brook flows east—nbrtheast.along
the northwestern end of thé mountains into Matagamon Lake
(65l £t.), the largest lake in the area. The Fast Branch
flows Into the northwest end of the lake and continues
south-southeast parallel to the eastern flank of the
‘rmountains (figs. 3 and 10). A few miles north of the
mountains, WJebster Brook flows eastward into the East
Branch at the head of Matagamon Lake. The brook 1s a
tributary of the East Branch, but because of the "Telos
Cut," ecarries far more water, (See p. 8 ). Most of the
central portion of the mountains 1s drained by a large
tributary of the East Branch, Wassataguoik Stream, which
rises in The Klondike, a high 1solated basin west of Mt.
Katahdin.



The mountain mass is surrounded on all sides by
much lower rolling land, Perkints (1925) dissected Moose-
head Plateau (figs. 3 and li). The dissected plateau has
an average elevation which slopes from 1200 feet on the
northwest to 700 feet on the southeast. The average
relief of the dissected plateau iz 200 feet. The low,
rolling land of the plateau is almost entirely underlain
by sedimentary rocks, except for a large area south of
Mt. Katandin which is underlain by granite. Igneous rocks,
where present, usually form hills such as Wadleigh Mountain

north of Trout Brook., North and east of the mountains,
low ridges are typlcally parallel to the strike of the
stratified rocks., Because of this, the structure is Qell
displayed on some of the aerial bhotographs, notsably of
Hay Mountain along the western borders of the Shin Pond
quadrangle (fig. 5) and of T.6N.,R.97. north of Wadleigh
Mountain,

The mountalns forﬁ a great kldney-shaped mass
around the broad upper Wassataquoik Valley (fig. 9).

This crescent 1s almost cut in two by the 1000-foot deep
gap that contains Wassataquolk Lalke (1,377 feet) (fig. 6).
The hizher mountains of the southern half are underlain
by granite; the lower ones to the north by felslte.

The southern group culminates in Baxter Peak of

Mt. Katahdin (5,267 feet), the highest mountaln in Maine,



b
and the dominating topographic feature in the reglon (fig.

7). Xatahdin is an elongate north-south mass with steep
sides which on the south rise 4700 feet above the West
Branch of the Penobscot River five miles away. The broad,
gently rolling top known as the Table Land slopes from
Barxbter Pealk to Russell Mountain (2801 feet), almost five
miles to the north.l Hamlin Peak (,751 feet), the crest
of a 500-fcot hill on the Table Land north-northwest of
Baxter Feak, 1s the second highest mountaln in the state.
Pormer mountain glaclers have cut numerous spectacular
clrques into the steep slopes leading up to the Table Land,
The despest of these cirques, South Basin, has walls 2,000
feet high (fig. 8).

Turner Mountaln (3323 feet) lies east of Xatahdin
across a deep north-south valley. On the west, ths
Xatahdinauguoh Mountains, also known as the Nesowadnehunk
Mountains, form a curving mountain wall that almost en-
closes the Klondike and continues north to Wassataquoilk
.Lake. North Brother (4,143 feet), the highest peak in
this group, is the sixth highest peak in Msailne,

The northern group of mountains, known as the

Deadwater Mountains,z 1s dominated by Traveler Mountailn,

1Regretably the term Table Land 1s usually
applied only to that portlon of the rolling platean
which is above timerline.

2There appears to be no precise delineation of
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a large sprawling mass with generally northwest trending
ridges extending five miles from South Traveler Mountain
(2677 feet) north-northwest to Little Peaked Mountaln
(19L0 feet).

The highest point in the mass is The Traveler
(35441 feot), which rises 3000 feet above the East Branch
of the Penobscot River 3.7 miles away. Other prominent
peaks along the eastern front of the Deadwater Mountains
are Horse Mountain (1589 feet), with its 600 foot cliff of
felsite facing Matagamop Lake, and Bald Mountain (2333
feet), a conical peak with a precipitous 1000 foot escarp-
ment facing the East Branch (figs. 10 and 12).

West of Traveler Mountaln is a deep north-south
valley containing South Branch Ponds (frontispiece) and
Pogy Notch (1200 feet). This valley, together with the
valley separating Mt. Katahdin from Turner Mountain forms

a prominent lineament. Thes mountains west of Pogy Notch

the Katahdinauguoh, Nesowadnehunk, and Deadwater Mountains,
The name Xatahdinauguoh hasg been applied to the entirs
mountain mass between the EFast and West Branches of the
Penobscot River, as well as to the range west of Xatahdin.,
The name Nesowadnehunk seems best interpreted as applying
to those mountains visible from Nesowadnehunk Lake or
Stream, The name, therefore, may have origlnally included
Katahdin. The writer, however, 1s not using it in this
sense., The name Deadwater Mountains seems best inter-
preted as applying to these peripheral mountalins visible
from Matagamon Lake. (See Thoreau, The Maine Woods,
arranzed with Notes by D. C. Lunt, 1550, p. 197). This
would exclude Pogy Mountain and the Katahdin group.
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present no obvious pattern. The highest of this group is
North Pogy Mountain, (2830 feet). In the extreme western
portion of the area studied, two relatively 1solated peaks,
Strickland Mountain (2390 feet) and Center Mountaln (2902
feet) rise above Nesowadnehunk Lake,

. The forest cover of the region is varied, Average
timberline on Katahdin is 000 feet. No other mountain

in the area except Fort Mountaln extends above timberline
although many have bare, rocky summits. There are densely
wooded arsas of both hard and soft woods, including several
stands of virgin black spruce in ravines on Traveler
Mountain. Most of the area, however, has been lumbered
or devastated by at least one of three great forsst fires
which burned several hundred square miles in 1884, 1903,
and 1916, Fallure of the forest cover to return accounts
for the largs number of bare summits and the unusual bare-
ness of the southern slopes of many of the Deadwater
Mountains, (flg. 13).

In general, outcrops are fairly abundant. Bed
rock is well exposed along the walls of the cirques of
Katahdin, along many streams, around the shofa of Matagamon
Lake, and throughout most of the burned land in the
Traveler Mountain quadrangle, Outcrops are particularly
poor on the Tableland, on the wooded slopes of mountains

underlalin by granite, in the upper Wassataquoik Valley,
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in the vicinity of Nesowadnehunk Lake, and low on the east

flank of Traveler Mountain. Unfortunately, many of the

important formation contacts are located In these areas.

CULTURE

The Katahdin-Traveler area lies within the eastern
pértion of the Maine Woods., There are no towns, settle-
menté1 active farms or paved roads within the area. The
only through road is the dirt road from Patten to Green-
ville, Becmuse there 1s a total of only 65 miles of
driveable road, access to much of the area 1s difficult.
The nearest towns are Patten which is 20 miles by road
from Hay Lake and Millinocket which 1is 2l miles from
Avalanche Brook in the southeast corner of the area.

The only economic activities are recreation,
lumbering, and water storage. Most of the area studled
lles within Baxter Sfate Park, Maine's largest park, which
included 193,000 acres in 1959, Within the area studied
the state maintains four patrolled camp sites open to the
public from May 15 to October 15, Outside the park, where
hunting as well as fishing 1s permitted, there are four
privately operated sporting camps.

Lumbering within the immediate area studied has
largely ceased, as more and more land has been purchased

for the park by former Governor Percival P. Baxter,
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Periodic cutting, mostly of saw logs, continues north and
east of the Park, but the last major "eut" was in 1955-56
on land formerly belonging to the Eastern Corporation in
T,5N., RelOW, There are, however, many old tote roads,
decaying dams, and stumps throughout the area, The open
flelds of Trout Brook Farm, first cleared in 1837, Black
Brook Farm and McCarty Fileld are the remalins of old hay
farmsi The East Branch Drive, last held in 1946, was one
of the most famous in Maine lumbering history. In 1841 a
canal, the Telos Cut, was dug from the head of the Telos
Lake to an old river channel which dralns into Webster
Lake (Barrows and Babb, 1912; Avery, 1937). A dam at the
foot of Chamberlain Lake brought the large Allegash Lakes
into the East Branch drainagéusystem. Lumbering in the
upper Wassataquolk Valley dates back to 1841 (Avery, 1929).
Reportedly, 30 dams were required to bring saw logs down
from WYassataquolk Lake to the East Branch.

The East Branch 1s currently part of the water
storage system of the Bangor Hydroelectric Company. The
company maintalns a steel and concrete dam, bullt in 1941,

at the foot of Matagamon Lake.3

3water backed up from the dam has flooded the
low-1lying, 2-mile long area, known as the Thoroughfarse,
which formerly separated Matagamon Lake from Matagamonsis
or Second Take., At low water, it is again only a
channal between two lakes.



The State Forest Service maintains two seasonal
lookout towers, Horse Mountain, built in 1913, and Burnt
Mountain, built in 1924. The District Headquarters is at

Hay Lake.

PREVIOUS WORK

Because of the relative 1naccessibility of all of
the é}aa prior to 1920 and much of the area at present,
and because of the absence of adequate base maps until
1955, all previous geologle work was of a reconnaissance
nature. Many of the eaply published accounts of the
Katahdin-Traveler area are by geologists or naturalists.
These early accounts centered primarlily upon Mt. Katahdin,
the outstanding feature of the reglon, and the rivers, the
only plausible routes of travel,

The earlliest account of the geology of Mt. Katahdin
is by J. W. Bailey (1837), whose party in 1836 ascended
the mountain from the West Branch of the Fenobscot. Balley
reported granite ledges In the West Branch, diluvial
fcssiliferéus limestone fragments on the slopes of the
mountain, and reddish granite on the summit,

The following year, 1837, G. T. Jackson (1838)
ascended the mountain via Balley's route and also noted

that Mt. Katahdin was composed entirely of granite.h

uJackson's ascent was made on September 23 in
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Subsequently, Jackson continued up the East Branch and the
Seboois River, recording that the principal rocks wers
arglillacesus blue-green slate, sillceous clay slates and
interbedded "grau-wacke.," It is interesting to note that
the relationship between cleavage and bedding was unknown
to Jackson. At Grindstone Falls on the East Branch,
Jackson observed, "It is remarkable that "grau-wacke" beds
do no% coinclde with the fissile layers of slate but dip
in an opposite direction." (ibid., p. 22)

In 1857, H. D. Thoreau (The Maine Woods, arranged
with Notes by D. C. Lunt, 1950) reported low parallél
asymmetrical rock ridges in the viecinity of Grand Pitch
along Webster Brook, He was also impressed by the
similérity in appearance between Horse Mountain and Mt,
Kineo, thus unwittingly making the first recorded corre-
lation.

In 1861 a sclentific party headed by C. H. Hitch~
cock, geologist, and E, Holmes, naturalist, made the first
extensive reconnaissance of northern Malne. The results
of the survey were published the same year along with the

first geologic map of northern Maine (Holmes and Hitchcock,

g snow storm. He measured the barometric pressure on
the summit with a mercury barometer and later calculated
the slevation to be 5300 feet, This was the first
attempt to measure the elevation of Mt., Katahdin and for
many years, the most accurate.
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1861). Hitchcock obtained a commendable grasp upon the
stratigraphy along the East Branch and Matagamon Lake.
He reported trap rock at Pond Pitch and correlated it with
the trap rock on ILunksoos Mountain, He correctly dated
the fossiliferous sandstone at Stalr Falls as Orlskany age
and also dated the fossiliferocus limestone at Marble Pond
(Horse Shoe Pond) as belonging to the "Lower Helderberg
group of Upper Silurian rocks" (ibid., p. 403). He corre-
lated the/latter with the fossiliferous limestone at
Ripogenus Lake. Following contemporary concepts (Williams,
189)), Hitchecock classed the felsite of the Deadwater
Mountains, as well as that of Mt. Kineo, as hornstone, or
8iliceous slate. Concerning their origin he states,
"These slates would seem to be the alteration of the sand-
stone, unless there has been a great dislocation of the
strata, for the sandstone layers do not seem to have been
disturbed at all by them." By 1874, however, he recognized
the igneous nature of the felsite on Mt. Klneo, and pre-
sumably also of the Traveler felsite, although he did not
specifically refer to the latter (Hitchcock and Huntington,
187h) .

C. E. Hamlin (1881) recognized, as had Hitchcock
before him that the upper portion of Mt. Katahdin is
composed of reddish granite, while the bulk of the mountain

i1s composed of gray granite. Hamlin also noted the high
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percentage of xenoliths in certain unspecified portions
of the granite. M, E. Wadsworth (in Hamlirn, 1831)
described 5 thin sections of the Katahdin granite,

The discovery by W. W, Dodge (1881 and 1890) or
& Norman's Kill (sic) assemblege of graptollites in black
shales near the mouth of the Wassataquolk Stream was one
of the major contributions to the geology of the aresa.

In 1933, a furtﬁer collection was made from the Wassataquoik
locality by . S. C, Smith., Smith's collectlon and the
earlisr onss by Dodge were studisd by R. Ruedemann (1935)
who also concluded a Normanskill age.

In 1905, 0. 0., Nylander made a number of fossil
collections from sandstones along tre East Branch abovs
Faskell Deadwater and along Matagamon, Websgter, and Telos
Lakes, These collectioﬁs were studied by J., M. Clarke
(190%) who concluded that the entire sequence was of
Oriskany aze and correlated it with the Moose River sand-
stone of the Moosehsad Lake region. On a geologic map,
included in Clarke's Memolr, the Deadwater Mountains ars
indicated as beingz composed of "igneous rocks."

B. S. C, Smith published a serlies of short papers
from 1928 to 1932 concerning the Traveler region. In 1928
he suggested that the conglomerate at Haskell Rock Pitch
on the East Branch was a t1llits. In subsequent papers

(1928b and 1932), Smith dated the Grand Falls formation
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{(Ruedemann and Smith, 1935) as Lower Cambrian on the basis
of impressions of Oldhamia, a presumed calcareous alga,
He also recognized the presence of an unconformity between
the Grand Falls formation and Clarke's Moose River sandstone
at Stair Palls. In 1630 Smith published the first paper
specifically recognizin; that the Deadwater Mountalins are
composed of felsite. In this and other papers, he noted
the existence of a discontinuous belt of rhyolitic rocks
in central Maine,

In a Master's Thesis at Union College, Toppan (1932)
reported further on the felsites of The Traveler, estimat-
ing their areal extent to be 100 square miles. Although
he did not actually visit the locality, he proposed a
correlation between Hitchcock's vertical slates along
Jebster Stream and Perkins! (1625) Seboomook slate. He
also reported a Niagaran age for the Chesuncook limestone
of Ripogenus Gorge oh the basis of contained fossils dated
by W. Goldring. B. Willard (1945) further amplified upon
the palentology of the Chesuncook limestone,

Boucot (1953 and 1961) unraveled the structural
and stratigraphic detalls of the Moosehead Lake region.
This comprehensive work has been most helpful in the
present study. The following year, Boucot (1954) demon-
strated on the basls of reglonal structure and paleontology

that the Xatahdin granlte must be of post-Early Devonian
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age. Subsequently, Lyons et al (1957) published lead-
alpha age determinations of ziroon frem the Katahdin
granite at Ripogenus Gorge.‘ They obtained ages of 316
and 320 million years. |

‘Field mapping 1is currently in progress or has just
been cempleted 1n the following three adjoining Quadrangles:
Harrington Lake, Andrew Griscon, v. S, Geol. Surv., Shin
Pond, Robert Reuman, U. S Geol, Surv., and Spider Lake,
Bradford Hall, Yale Hniversity. Neuman (1960) has
published & brief summary of the pre~3£1urian stratigrephy
of the Shin Pond and staeyville qnadranglee‘

REGIONAL GEOLOGIC SETTING j‘(ng'ffVV';}4]~

The Katahdin—Traveler area, norhh—eentral Malne,
is paét of the northern Appalachian Hountain system (north
of Wew York Gity) in which the stratified rocks are folded
and are predominately of Paleozoic age., In northwest and
north—central Maine, the stratified roeks are 8 hetero~“
geneous sequence of claetic aedimentary roeks and voleanic
rocks, 1nterbedded with minor earbenate rocka.' There is
some evidence that the older recks were affected by'the
Taconie Orogeny.f (See Beucot, 1961) Most of the
conspicuous atructural reatures, however, are the result
of the Acadian orogeny, which is hhought to h;;e eccurred
in this region 1n the Middle Devonian (Boucot, l95h)- In

a very general way, the etructural features produced by the

5 ‘.
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Mlgure 3. The dii@cted zoecse nilver “latesu and the valley
o the Fast Branch Penobscot River seen :rom Bald
¥ountaln, looking east. The Oxbow on the rast tranch 1s
visible in the middleground.

™lmure 4. The diﬁbcted Wjoose Hlver Platean and Vesowadnehunk
Lake seen from Stricklan:d Mountain, looking southwest,
Much of the lower elevations are underlain by sedimentary
rock. The major mountains are, left to right, :Zig Spencer,
Little Spencer, and Soubunge. B3lg Spencer and Soubunge
are held up by felsite of t.e same age as the Traveler
felsite.
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Pigure 5. Aerial photograph showing low ridges pérallel to

the strike of rocks of the Matagamon formation on Hay
Mountain. North 1s to the top of the page. The bodles
of water near the top are, left to right, Matagamon Lake
(Deep Cove), Hay Pond and Hay Lake. Grand Lake Road
crosses the bottom of the picture. Strata of the
Matagamon formation may be seen to wrap arocund the
northeast end of Hay Mountain basin in the upper left,
Approximate scale, 1:31,680, .
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assataquoik Lake, lookin: west. The whilter out-
The

#gure 6., W
crops in the far lef't distance are Katahdin granite.

large cliffs in the left center are the fogy member,
Traveler felsite.

Plgure 7. Hount Xatahdin from South Turner ¥ountain. Pamola
and Baxter Peak are on the left, Hamllin Peak is on the
right. The cirgues vislble in the plcture from left to

right are South tlasin, Creat Basin, and Horth 2asin.



Algure 9. xt. tatahdin from Pinnacle

20

Figure 8.

Headwall of South
Basin, Mt. Katah-
din from Chimmey
Pond (2900').
Baxter Pesk
(5267') at right
edge of photo-
graph, The zone
in which xeno-
l1iths are abundant
is near the -
bottom of the
outerops. Above
tals zone, the
granite is the
Pamola faclies.

Ridge, Traveler

Hountaln. In the mlddleground is the broad upper

valley of the Wassataquolk Stream.
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Figure.lo. The Deadwater Xountains: The Traveler, Bald

igure 11. The Deadwater

Hountain and Billflsh ¥ountain from Grand Lake Dam at the
foot of Matagemon Lake, The East 3ranch of the Penobscot
River 1s in the foreground. North Traveler lountain shows
over the right shoulder of 31l11fish Kountailn.

MAY 1961

ountains: Billflsh Hountain,
Bald Mountain and North Traveler Hountaln seen from
#adleigh #ountain.



MAY 1961

Pigure lZ. Horse iicuntaln from tha cabin near srand Lake
Dam, showling 600 foot cliff of felsite. The Zatagamon
formation 1s exposed at the base of the cliff.
Matagamon Lake in the foreground.
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Acadian orogeny in northwestern and north-central Maine,
may be described as northeast trending syneclinoria and
anticlinoria. Stratified rocks younger than Oriskany age
are preserved only in the troughs of a few of the synclinoria,
The present study has demonstrated the existence of one
such synclinorium in the Katahdin-Traveler area., The axls
of the synclinorium strikes east-northeast, paralleling
the valley of Trout Brook, and plunges slightly southwest,
This synclinorium, calle&;the Matagamon synclinorium is on
strike with the better known Moose River synclinorium
situated some 4O to 50 miles to the southwest,

Felsic volcanic rocks in the Mooss River synclinorium

rest upon marine sediments of Oriskany age (Boucot, 1961).
These felsite bodiles are relatively small and have never
been studled in detall., Marine sediments of Schoharie age
overlie the felsite (Boucot, oral communicatlion, March
1961)., In the Matagamon synclinorium, a similar strati-
graphic sequence has been found except that the felsite
forms a much larger and thicker unit and that the Lowsr
Devonian sediments which overlie the felsite apparently
were deposited in a brackish-water, near-shors environment,
ilong strike to the northesast of Traveler Mountain the
nearest sediments of Schoharie age occur in the Matapedia
Valley, Quebec, aboﬁt 170 miles distant, and contaln mérine

fosgils (Boucot, oral communication). There are no Lower
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Devonian felsites in this area of the Matapedia Valley.

PURPOSE AND SCOPE OF STUDY

The primary purpose of this study 1is to determine
the stratigraphy and structure of the Katahdin-Traveler
area and to prepare a geologic map. At the outset of the
study, no detalled mapping had been done 1in northern Malne
between Moosehead Lake and the manganese deposits of Aroo-
stook County near Houlton. In the last few years there
has been considerable interest in northern Maine. The
present study plus those in progress or recently completed
by other workers will result in the mapping, on a séale of
an inch to a mile, of a nearly continuous belt from New
Hampshire to the New Brunswick border.

Included in the Katahdin~T:ave1er area i1s probably
the largest and thickest felsite in the eastern United
States and one of the larger in the world. (See Smith,
1961, fig. 3). An estimated 70 cubic miles of felsite were
erupted during a short time interval in the Early Devonian,
Much of the present study 1s centered upon these felsltes
which Include both lava flows and weldgd ash flows, To the
writer's knowledge, this 1s the first fleld study of welded
ash flows in the eastern Unlted States.

A portion of & granite batholith occupiles a
consliderable part of the southern portion of the Katahdin-

Traveler area. Because this granite in an adjacent area
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18 being described in detail by Andrew Griscom, only the

major features of the granlte are covered in this report.

METHOD OF STUDY

Field work in the Katahdin-~Travelsr area occupied
about three weeks during the summer of 1958 and eight
months during the summers of 1955, 1956, and 1957. Topo-
graphic quadrangle maps of the United States Geological
Survey (scale 1:62,500 enlarged to a scale of approximately
1:31,680) and aerial photographs (approximate scale 1:31,680
and 1:15,840) served as field maps. TUnfortunately, during
the flrst two summers of mapping, only preliminary ;ditions
of the Telos Lake and Traveler Mountailn quadrangles were
available, The provisional e@ition, with 50 foot contour
intervals, of the Telos Lake quadrangle became avallable
in the summer of 1657. It was less than satisfactory for
mapping in that wooded terrain of low relief. The final
edition, with 20 foot contour intervals, was not avallable
until the fall of 1960. Various combinatlons of topographic
maps, aerlal photographs, and an anerold barometer were
used to plot field data. Formation boundaries and other
pertinent data were ultimately placed in true horizontal
position on the appropriate quadrangle maps. Very high
altitude, small scale aerial photographs {approximately
1:71,730) were found extremely useful in éuggesting

structure when used in conjunction with field observation.
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Laboratory investigations were carried out during
portions of the winters of 1955-60. Three hundred and
fifty thin sections were examined, optical determinations
were made, a@speclally upon the plagioclase phenocrysts of
the felsite, and a considerable amount of X-ray diffraction
study of both minerals and rocks undertaken, Three chemical

analyses were made by J. Ito of Harvard Universaity.

LOCATION OF POINTS

When desirable to refer to sample or outerop
locatlions and topographic names are inadequate, tha system
of locating points is modified from that of J. C. drean
(1560). Each flve minute ninth of a quadrangle is given
a letter symbol as indicated in the diagram below.

NW | NC | NE
WC C | EC
Sw | SC | SE

If this letter symbol is without prefix, the point in
question is in the Traveler Mountain quadrangle. If the
latter symbol 18 prefixed by other letters, the point in
gquestion 1s in one of the other guadrangles. The prefixes
used are as follows: TL for Telos Lake, SF for Shin Pond,
and K for Katahdin. Numbers following the letter symbol

glve the location of the polnt in tenths of inches east
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frorm the west edge of the ninth, and, after a hyphen,
tenths of inches north from the socuth edge of the ninth.
For example, the location of the Forest Service Camp at Hay
Lake, west-central ninth of the Shin Pond quadrangle, 1s
SP4C 144~31, Where more precise locations are desired, a
third digit representing hundreths of an Ilnch 1s used. The
sample numbers, prefixed by either KT or KR, should not be

confused with the location symbol,
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CHAPTER II
STRATIFIED ROCXS

GENERAL STATEMENT

With the possible exception of some mafic dikes,
all of the rocks in the Katahdin-Traveler area ars of Lower
and Middle Paleozolc age. The rocks include a thick
sequence of volcanic and clastic sedimentary rocks that
has been intruded by the post-Acadian Xatahdin granite,
forminz a large batholith, only a small portion of which
is within the area studied,

The stratified rocks,which have a total thickness
of about 23,000 feet, belong to the Cambro-Ordovician,
Ordovician, Silurlian, and Devonian systems. Fosslls have
been found within the area studled in the Silurian and
Devonlan sedimentary rocks., Fossils of questionable statusl
have been found in the Cambro-Ordovician rocks, and the
Ordovician rocks are dated by correlation with fosslliferous
Ordovieian rocks in adjacent areas, Included among the
8tratified rocks are clastic sedimentary rocks (pelites,
sandstones, and conglomerates), very minor calcaresous
sedimentary rocks, basalts, and felsites. These rocks have
been assigned to seven mappable units of formétion rank,
The sedimentary rocks are within the chlorite zone of

regional metamorphlisn.
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A pgeneralized stratigraphic section is presented
in table 1, The typs localitles of all but the Seboomook
formation are found within the Katahdin-Traveler area.
The Traveler felslte, which 1s the thlckest and most
extensive stratified unit in the area, will be described

in much greater detail than the rest of the rocks,

CAMBRIAN OR ORDOVICIAN

"GRAND FALLS" FORMATION

NAME: Ruedemann and Smith (1935, p. 354) proposed
the name Grand Falls formation for the thick series‘of
slates and sandstones "exposed for several miles along the
Grand Falls of the / East Branch of the_/ Penobscot River
in Penobscot County." The usage of "Grand Falls" to refer
to the cosbined series of five ma jor falls of the East
Branch in T. 5 N., R. 8 W. is confusing because one of the
five falls is named Grand Piteh (fig. 19). The naming of
the formation the Grand Falls formation is unfortunate
because younger rocks crop out at the upper two falls
(Haskell Rock Pitch and Pond Pitech) and because, as Neuman

(1960) has pointed out, the name was preoccupied.

DISTRIBUTION: The "Grand Falls" formation crops

out over several square mliles in the southeast portion of

the area gstudled. Excellent exposures are to be found



Table 1.

Stratipraphic Sequence in the Xatahdin-Traveler irea, laine

Age

Name

North of

Southéast of

Trout Brook Trout Brook

Description

Thickness
(in feet)

farly
Devonlan

Trout Valley

formation

Dtv: 1light-blue~-zray to black shale,
siltstone, and lithic grayuwaclke;
rranule and pebble felslite conglom=-
erate; some gideritic ironstone.

Dtvg: CGifford conglomerate lentil;
cobble and boulder felsite conglom-
erate with very minor lithlc gray-
wacke and black shale,

1500+

UNCORF'ORMITY

Rarly
Devonian

Traveler
felsite

Dense, flinty, darik-bluish-gray,
dark-greenish-gray or black fel-
site containinry a few percent
small ghenocrysts., :

Dtfb: Black Cat member; plagioclase,
biotite, and clinopyroxene pheno-
crysts; mostly lava; minor welded
tuff and laminated tuff,

Dtfp: Pogy member; quartz, plaglo-
clase, and altered mafic silicate
phenocrysts; moatly welded tuff,
minor lava and tuff.

9000%

Matapamon
Tformation

Pm: Medlum~blulsh-gray or medium-
greenlsh-pgray, rusty weathering,
very fine- fto medium-grained
sandstone, commonly cross-
lamninated interbedded with minor
darker slate.

O
MSOOt

49



Table 1 (Continued)

Age Name Thickness
North of Southeast of Description (in feet)
Trout Brook Trout Brool
Ds: Graded beds of medium- to dark-
Early Seboomook bluish-gray alate and very-fine-~
Devonian formation srained, light-gray lithie gray- 4000+
waclte; slate predominates. ~
Silurian Silurian, Su: Greenlsh-pray siltastone, green-~
(some late | undifferen- stone and fossiliferous red and ?
Silurian tiated green tuff, =
Clean, light-gray, coarsely
Limestone cryatalline limestone. Not found ?
Middle (?) in outcrop.
3ilurian
Carbonate- Scs: Thin bedded, light-blus-gray
rich silt-~ calcareous and/or dolomitic silt- +
stone stone; some rocks contain 300~
calcareous nodules,
Skbh: Ilaskell Rock conglomerate;
massive pebble and boulder con- +
farly Kimball glomerate. 2500~
Silurian Brook Skb: pgray and greenlsh-gray slate,
formation siltstone, and lithic graywacke
intercalated with thin beds of
conzlomerate and slate-chlp
breccia; sone calcareous double
courlomerate

UHCONFORMITY

129



Tab

le 1 (Continued)

Age Name Thickness
North of Southeast of Deseription {in feet)
Trout Brook Trout Brook
Middle Pond Pitch Opp: Dark-greenlsh-gray olivine +
Ordoviclan hasalt basalt; rare pillow structure 2000~
UNCONFORMITY
Cambrian "Grand Cgl: Interbedded slates and
or Falls" quartzites of maroon, greenish-
Ordoviclan formation and black colors; minor ?

gray,
dark-colored grilts.

s



Figure 13, dare summits and south slopes of the leadwater
lfountains are the result of forest fires which occurred
In 1834, 1503 and 1906, ©nig Ppaked liountain is in the
foreground, Trout Srook Mountain and Matagamon Lake are

in the middlegrovnd. [Flow units are visible within the
felsite on the mountains.

4

#zure 14, Upper South Branch ?ond from the ridge of HWorth
Traveler Xountaln, #t., ¥atahdin 1s in the vackground.

An outcrop of the Elack Jat member, Traveler felsite
is at the left.
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along the East Branch from just below Pond Pitchl to the
southeast corner of the area studied, in the gorges of
Bowlin Brook below Bowlin Pond, and along the lower portion

of Blg Spring Brook.

DESCRIPTION: The "Grand Falls" formation conslsts

of interbedded maroon, greenish-gray, gray, and black
slates and quartzites that are tightly folded and steeply
dipping. There are also minor dark-~-colored grits.‘ Most

of the rocks are thin-bedded (fig. 15). Both cross-bedding
and graded bedding are present on a small scals. Graded
bedding is the more common, Cleavage 1s well developed in
the slates and thin quartzlite beds are typically boudinaged
(fig. 16).

Greenlsh-gray slates and quartzites are probably
the most abundant rocks., The green slate contalns quartz,
plaglioclase, muscovite, bliotite, chlorite, and opaques.

The quartzltes typically eontain quartz velnlets. Some
‘of them contaln slate chips or partings. Maroon slates
and quartzites are Interbedded with greenlsh-gray rocks
along the East Branch between Grand Pitch and Big Spring

lThe locations of most of the falls or pltches

of the East Branch shown on the topographic maps of the
Traveler Mountain and Shin Pond quadrangles are in-
correct. The correct locations are listed below.

"Upper" Stair Palls ---correctly shown

"Lower" Stair Falls ---EC 28-02

Haskell Rock Pitch ~-=SE 33-505 (below Haskell

Deadwater)
Pond Piteh ---3E 38-45
Grand Pitch ~---SPSE 02-405
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Figure 16.

"Grand “alls"
formation showing
boudinazed
c¢uartzite beds
and well-developed

cleavage 1In the
glates parallel
to the bedding.
Above Qrand
2itch, East
Branch of the
Penobscot Hiver,



38
Brook, along the lower part of Big Spring Brook, and on
the sharp hill on the southwest shore of Bowlin Pond.
The maroon slate contains quartz, plagioclase, muscovite,
chlorite, hematite, and opaques. Dark-gray and black
slates, quartzites and grits are exposed just below Pond
FTitch on the East Branch, along Bowlin Brook below Bowlin
Fond, and on the East Branch below Spencer Rips. An X-ray
diffraction pattern of black slate from Bowlin Brook shows
the presence of only quartz and muscovite. - Minerals
constituting less than 5 percent of the slate probably can-
not be identified by X-ray’diffréction. Amorphous carbon
would also probably not be detectable by X-ray diffraction.

Some of the grit is feldspathic and rusty weathering.

THICKNESS: The base of the "Grand Falls" formation
is not ekposéd within the Katahdin-Traveler area, DBecause
of the tight folding in the rocks and the lack of strati-
graphic detail, it 1s not possible to give a meaningful

estimate of the minimum thickness of the formation.

CORRELATION AND UPPER CONTACT: In the Traveler

Mountain quadrangle, the "Grand Falls" formation is over-
lain by basalts. The contact is.exposed at the base of
Pond Pitch on the East Branch,and is apparently an un-
conformable one. Neuman (1960) has suggested that the

unconformable nature of the contact may be partly due to
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the difference in response of tl» massive basalt and the
underlying thinly bedded quartzites and slates to the
Taconic and Acadian orogenies,

Neuman (1960) has found that the "Grand Falls”
formation covers a considerable area in the Shin Pond
guadrangle. On Sugarloaf Mountain and in Shin Brook
(center ninth of the Shin Pond quadrangle), volcanic
conslomerate, graywacke and fossiliferous tuffaceous sand-
stone intervene between the basalts and the "Grand Falls"
formatiom, Neuman interprets the volecanic cdnglomerate
which contains quartzite pebbles as further evidencé for
an angular unconformity between the "Grand Falls" formation

and the overlying basalt,

AGE: Smith (1928) reported finding the fossil
Oldhamia, a presumed calcarscus alga, in red slates of the
"Grand Falls" formation. Toppan (1932, p. 72) refers to
the locality as "immedlately below the Grand Falls in
T.5R.8." B. F, Howell examined Smith's specimens and

suzgested that they might be Oldhamia (Murchisonites),

cf. occidens, indicative of ths Lower Cambrian. A, J.
Boucot (oral communicatio) states that the status of
Oldhamia as a true fossil is guestionable. Such precise
datingz based only upon 0ldhamia seems dubious,

The "Grand Falls™ formati o underlies with probable

ancular unconformity the fossiliferous tuffaceous sandstcne
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from Sugarloaf Mountain and Shin Brook. Neuman (1960)
reports that the tuffaceous sandstone contalns an assemblage
of fosslls fhat suggests early Middle Ordovician age, The
"grand Falls" formation 1s thus pre-Middle Ordovician and
could be Cambrian. It 1s tentatively assigned a Cambrian

or Ordoviclan age,

ORDOVICIAN

POND PITCH BASALT

NAME: The name Pond Pitch basalt is proposed for

the basalt that forms Pond Pitch on the East Branch of the

Penobscot River.

DISTRIBUTION: The Pond Pltch basalt is believed

to form a belt about one half to three gquarters mlle wide
In the southeast corner of the area. The belt is roughly
parallel to the East Branch and, except where 1t extends
a short distance across the river at Pond Pitech, lies
ventirely to the west of the East Branch. The basalt has
been found in ouﬁérop only on the East Branch between Pond
Piteh and Haskell Rock Pitch and on the sharp hill betwsen
the river and Little Messer Pond. The section on the river
has been repeated by faulting.

Heavy basalt float occurs on the northern end of

the steep ridge west of Spencer Rips, southwest ninth,
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shin Pond quadrangle. The Pond Plteh basalté 13 believed
to be continuous wlth basalt to west of the Fast Branch
in the Stacyville quadrangle. In that area basalt was
found on Lunksooa HMountain by Hitchcoek (1861) and on

Deasey Mountain by Neuman and the author,

DESCRIPTION: The basalt 1s dark greenish gray and

most of it 1s without discernable structure. In a few
places, however, structures reserbling pillows have been
obssrved., This pillow structure is not eclear enough to
indicate the direction of the tops., Much of the basalt is
very fine gralned, but in some, plagloclase laths, dark
pyroxene, greeﬁish olivine, and pyrite are visible. Most
of the rock fizzes slightly under dilute HCl.

A partial analysis of specimen XT-189, basalt from
the sharp ridge northwest of Pond Piteh (SE 35-57) 1is as
follows:

Mg0 ~-- 6,0%

Cad0 ==~ 8.8

Na,0 =--- 2.7

K0 === 0,13
The analysls was made through the courtesy of Ardrew Griscom
by Paul L, D. Elmore and Samuel D. Botts, U. S; Geol. Surv.,
and appears in Report No, IRC-l?Z‘under Lab specimen No.
149749, The roeck is a typical basalt except that it is

very low in KZO.
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UPPER AND LOWER CONTACTS: As stated in the previous

section, the Pond Pitch basalt probably overlies the "Grand
Falls" formation with an anzular unconformity. It is also
pelieved to be separated from the overlying rocks of
Silurian age by an angular unconformity. Cobbles and
boulders of basalt are found in the Silurian conglomerates,
Purther, the basalt has not been found northeast of the
East Branch. Along Bowlin Brook east of Kimball Fond,
Silurian conglomerates rest directly upon red slates of

the "Grand Falls" formation (R. B. Neuman, oral communi-

cation).

THICKNESS: The inferred breédth of outcrop of the
Fond Pitch basalt 15 between ons half and three quarters
of a mile. The greatest possible thickness of the formation
(if it were vertical) would, therefore, be about [j000 feet,

It iIs probably considerably less than this.

CORRELATION: The Fond Piteh basalt i1s believed to

be part of a continuous bslt of basalt roughly parallel
With the Fast Branch extending as far south as Hunt
Mountain. (See Neuman 1960). It is also probably equiva=-

lent to the basalt (greenstone) on Sugarloaf Mountain.

AGE: In the Stacyville quadrangle greenstone that 1is
probably continuous wlth the Fond Pitch basalt has been dated

by Neuman (1960) as Micddle Ordovician. The black cherts near
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the mouth of the Wassataquolk stream which contain grapto-
1ites of Normanskill age (Ruedemann and Smith, 1935, and
Meuman, 1960) are believed to overlie the greenstone. On
sugarloaf Mountain tuffaceous sandstones, wbi&% contain
fossils of probable early Middle Ordovician age, underlie

the greenstones.
SILURIAN

KIMBALL BRCOX FORMATION

b

AME: The interbedded slate, silltstons, lithic

graywacke and conglomerate expossed along Kimball Brook and
along the steep bluff southwest of the brook is called the
Kimball Brook formation. Lithic graywacke 1s used as
defined by Pettijohn (1957, p. 291) for a sandstons with
greater than 15 percent clay or silt matrix and containing
rock fragments in excess of feldspar, The masasive pebbls
and cobble Haskell Rock conglomerate (a name used by Smith,
1923a, p. 65) occurs in the upper portion of ths formation.
Haskell Rock i3 the naﬁe of a large pillar~like'erosional
remnant of coﬁglomerate in the rilver bed of the East Branch

at the falls to which it glves 1ts name (fig. 17).
?

DISTRIBUTION: The Kimball Brook formation forms

the major part of the belit of Silurlan rocks that crops out

from the Bast Branch northeast to the Bowlin Pond Road,

The lower, more heterogeneous, portion of the formation is
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exposed along Kimball Brook and the high bluff southwest
of the brook, and in scattered outecrops Interrupted by
faulting aloneg the East Branch bstween Pond Pitch and
Haskell Rock Fiteh,

Bxcellent exposures of the Haskell Rock conglomerate

are found at the type locality, Haskell Rock Piteh on the
" wast Branch,on the 1017 foot hill northeast of Haskell
Deadwater, and in the woodadvhummocky terraln just east of
the Bowlin Pond Road. A4 hornfelsed conglomerate, believed
to be the Haskell Rock conglomerate, crops out clese to the
Katahdin granite about three~quarters of a mile northeast
of Hathorn Pond in the southeast corner of the Traveler
Mount ain quadrangle. No outcrops of any kind have been
found between this locality ahd the immediate vicinity of
Haslzell Rock Pitch.

DESCRIPTION: The lower more heterogeneous portlon

of the Kimball Brook formation consists of medium'to dark-
gray and greenish-gray slate, siltstone and lithic gray-
wacke intercalated with thin beds of conglomsrate, Some
conglomerate beds consist primarily of milky Quartz pebbles
or Sbbbles Set in an arglllaceous matrix. Others more
properly called slate~chip breccia consist primarily of
angular fragments of gray, greenish-gray and black slate

set in an arglllaceous or silty matrix. Mény of these
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glate-chip breccias could be intraformational breceias.
At & number of localities fossil fragments have been found
jn the matrix of the slate-chip breccia. Other conglomerates
consist of a mixture of milky quartz pebbles and slate
fragments. Graded bedding 1s commonly observed in the
siltstone and llthic graywacke,

Typically, these rocks of the lower portion of the
Kimball Brook formation are non-calcareous or slightly
calcareous. Along the East Branch just above the Pond
Piteh basalt, however, a fossiliferous calcareous "doubls
conglomerate"” occurs with slate-chip breccia, slate, silt-
stone and lithic graywacke, This "double conglomerate”
congsists of calcareous conglomerate lenses or cobbles set
in a matrix of slate which may also be calcareous. The
calcareous lenses or cobbles contaln slate fragments and
are thus, themselves, ¢ onglomerates,

The lower portion of the Kimball Brook formatlion
is believed to grade up into the Haskell Rock conglomerate
as the percentage of conglomerate increases,

The Haskell Rock conglomerate is unsorted, contain-
ing fg?gments of all sizes up to boulder size set in an
argilléceous matrix, Along the East Branch, no bedding is
visible In the conglomerate., On the 1017 foot hill north-
east of Haskell Deadwater both bedding and cross~bedding
are visible, Rock fragments observed in the conglomerate

include quartzite, black chert, red, greenish-gray, and
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black slate, milky quartz, greenstone, quartz dlorite, and
rare fragments of carbonate rocks. The quartz diorite
fragments may have come from a porphyritic quartz diorite,
possibly of Ordovician age, near Shin Pond (Neuman, 1960).
Brachiopod fragments have been found by Neuman (oral
communication) in the matrix of the conglomerate along the
Bowlin Pond Road,

E. 3. C. Smith (1928a) suggested that the Haskell
Rock conglomerate might be a tillite. The fact that the
conglomerate is cross-bedded, that fossil brachiopods have
been found in its matrix, and that 1t 1s interbedded with
other sediments of the Kimball Brook formation makes it
necessary to reject this intenbretation.

In the vielnlty of the Xatahdin granite near
Hathorn Pond, cordierite 1s present in the matrix of the

conglomerate.

THICKNESS: Along Kimball Brook, the Kimball Brook
formation has a total th;ckness of the order of 2500 feet.
The Haskell Rock conglomerate probably constitutes about
1200 feet of this thickness.

3

AGE: Fossils were discovered in the slate-chip
breccla along Kimball Brook (SPWC 09-075) by R. B. Neuman.
These have been studied by A. J, Boucot {oral communication,

March, 1961) who concluded that they were of Early Silurian
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(uppermost Llandovery) age. A fossll coral from the
southernmost exposure of "double conglomerate” along the
East Branch (SE 375-45) has been identified by W. A, Oliver,
U. S. Geological Survey, as a hellolltid, a group that
ranges through the Silurian into the Lower Devonian (R. B.
Neuman, written communication, March, 1961).2 The Ximball
Brook formation is, therefore, believed to be of Early

Silurian (Uppermost Llandovery) age.

eTwenty-five feet downstream from (stratigraph-
ically beneath) the southernmost exposure of the fdouble
conglomerate™ 1s a slate-chlp breccia. One hundred
and ten feet northeast from and on strikes with this
slate-chip breccla is another outcrop of slate chip
breccia, presumebly the same bed as the first, Fossils
were collected from this second slate-chip breccla
locality in September 1959 and sent to A, J, Boucot
for study. Boucot (oral communication) has identified
the following fossils:

Sowerbyella sp. Fardenia? sp.
Leptaema "rhomboidalis™ Catazyga 8p.
dalmanellida Clams
Hesperorthis? sp. Strophomena? ap.

He states that this assemblage indicates an uppermost
Upper Ordovician {(Asgillian) age.

The slate-chlp breccia is identical with
others assoclated with "double conglomerate!” further
upstream and also with the slate-chip breccia of
Early Silurian age from Kimball Brook. Before any
revision of the present stratigraphy is undertaken,
the author/would like to revisit the field,
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CARBONATE-RICE SILTSTONE

NAME: Carbonate-rich siltstones overlie the
Haskell Rock conglomerate at a few localitlies in the eastern
portion of the Katahdin-Traveler area. These siltstones
differ from each other in mineralogy and appearance.
Because they have not been studled in detall, are poorly
exposed, and are being more thoroughly studied by R. B.
Neuman in the Shin Pond quadrangle, they have not been

given a stratigraphic name.

DISTRIBUTION AND DESCHRIFTION: Carbonate-rich

siltstone 1s exposed at the upper end of Haskell Rock
Pitch, on both shores of Kimball Pond, and on & small hill
just west of the Bowlin Pond Road (SPWC 115-155).

The frash rock 1is light blue~-gray. A punky, tan
weathering rind is present on most exposures., The rocks
are typically thinly bedded (1 cm to 10 cm) and may also
bs laminated (less than 1 cm). The clasgsification of
bedding used in thls report is that of McKee and Weir as
nodifled by Ingram (1954). Thin sandy seams may be present.
At Haskell Roqg\Pitch the carbonate mineral is calcite; at
Kimball Pond, the carbonate mineral 1is doiomite, and at the
Bowlin Pond Road, both calecite and dolomite are present.,
The carbonates have been identified from X-ray diffraction

pattems,
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At the Bowlin Pond Road and at Haskell Roclt Pitch,
some of the carbonate-rich siltstone contain calcareous
lenses and nodules as much as a foot across. These nodules
are typically concentrated along certaln bedding planses.
They wéather more easily than the matrix, Thus an exposure
is charactéristically dotted with large pits in a roughly
§lanar arrangement, Small pyrite nodulss occur in the
carbonate-rich slltstone at Kimball Pond. A

At Haskell Rock Pitch the carbonate-rich siltstone
is interbedded with minor pebble and cobble conglomerate
similar ﬁo that found in the Haskell Rock conglomerate.
Thers are also thin irregular laminae of granule-size or
sand-size calcareous slate~chip "breccla" in the carbonate-

rich giltstone.

THICKNESS: The carbonate-rich siltstone at Kimball

Pond is 200 to 300 feet thick.

AGE: The carbonate-rich siltstone overlies the
Haskell Rock conglomerate believed to be of Early Silurlan
age. Simllar rocks at Marble Pond underlie fossiliferous
limestones. (R. B. Neuman, oral communication). According
to A, J. Boucot (oral communication), the age of the fossils
from the limestone at Marble Pond 1s probably Wenlock,
Moore (1958, p. 171) equates, in part, the‘Niagaran

(Middle 3ilurian) to the Wenlockian. No fossils have been
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found in the carbonate-rich siltstone.
Carbonate-rich siltstones containing calcareous
nodules are typical of the Silurian or Middle Silurlan of

much of New England (J. B. Thompson, oral communication).

LIMESTONE

Abundant boulders (up to 20 feet across) of a
coarsely crystalline, light gray, highly fosslliferous,
clean limestone occur scattered along and above the steep
northeast bank of the East Branch Just below the maln falls
of Haskell Rock Pltch (roughly at the "RI"™ in "River" on
the Traveler Mountain quadrangle topographic map). The
limestone boulders also occur resting on probable outerop
of conglomerate in the small valley extending north from
the river just west of "R" in the word "River." This
limestone has not been found in outcrop. The author can
only reiterate the words of Hitchcock of 100 years ago:
the "~-source must be quite near." These boulders may
have come from an equivalent of the limestone at Marble
Pond, which is Middle Silurilan and stratigraphically above
the carbonate-~rich siltstone (see above). Limestone of
Nlagaran age also occurs in Ripogenous Gorge on the Wesat
Branch of the Penobscot River, Harrington Lake quadrangle

(Willard, 1945).

SILURIAN UNDIFFERENTIATED

Reconnaissance, in the company of R. B. Neuman,
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along the logging road northwest of Morrsll Pond has
revealed greenish-gray siltstone, greenstone, and red and
green fossiliferous tuff at the northern border of the
Trave léer Mountain quadrangle. A second and flnal
raconnaissance trip to ths north by the author has revealed
similar rocks further to the west on the town line between
T 7 No, R, 10 W. and 7. 7 N., R. 9 ¥. (NW 23-03). These
rocks, perhaps because of the greenstones, show up as a
magﬁetic high on the aeromagnetic map of northern Malne
complled by Boucot, et al (1960)., The contact of these
rocks with the overlying Seboomook formation has been
inferred from topography and from the aeromagnetic map.
Fosslls were found in the tuff on a low sharp hill south
of the road about one half mile west of the Piscataquis
County- line (NE Ol—uhS). These have been dated by Boucot
(oral communication, March, 1951) as Late Silurian (Lower

Ludlow).
DEVONIAN
SEBOOMOOX FORMATION

NAME: Perkins (1925) proposed the name Seboomook
slate for the interbedded dark-colorsd sandstone and pyritic
slate that crop out at Seboomook/gam on the wWest Branch of
the Penobscot River (figz. 1). Boucot (1961) revised the

name to 3Seboomook formatlon because dark-colored sandstone

makes up a large part of the formation at many places,
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including the type locality at Seboomook Dam,

DISTRIBUTION: The Seboomook formation occurs in

the eastern, northern and western reglons of the Katahdin-
Traveler area, To the east, the Seboomook formatlon crops
out in a homoclinal belt between one half and one mile
wide trending northeast. Dips are moderate to steep,
northwest. To the north, the formation 1s much folded and
crops out in a broad esast-west belt occupying the relatilvsly
low area between the felsite hills on the south and ths
rancge of hills held up by Silurian volcanic rocks at the
northern border of the Traveler Mountain quadrangle.
Zxposure 1s excellent along the shore of Matagamon Lake,
along Webster Brook {(fig, 20) and iIn the rough terrain of
low rellef between Frost Pond and Boody Brook (fig. 18).
In the Telos Lake quadrangle the Seboomook formation
occurs west of the felsite mountalns at the edge of the
area studlied. Outcrop in thls area 1s extremely poor; the
anly known outcrops are along the North Branch of Trout
Brook. Reconnalssance along & road recently constructed
by the Great Northern Paper Company suggests that the out-
crop area of the Seboomook formation extends as far north-
west as Telos Lake (fig. 2). It is believed that the
western area of the Seboomook formation 1s continuous with
the area In the northern third of the Traveler Mountain
quadrangle, although faulting of unknown magnitude and

extension occurs at the borders of the Traveler felsite.
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On the border of the Traveler Mountain and Telos
Lake quadrangles, the Seboomook formation may underlie
the topographic low that 1s rimmed by Center, Strickland,
McCarty, Lord, and Wassataquolk Mountains, These mountains
are composed of felsite. No outcrops have been found within
the basin. However, because no other comparable basins
occur within the outcrop area of the felslte, and because
there is an ocutcrop of blue-gray, slightly calcarsous slate
at an elevation of 1700 feet on the northwest slde of
Jassataquoik Mountain (SW 10-1L), 1t is believed that this
basin is underlain by sedimentary rocks. The slate does
not closely resemble any other formation in the Katahdin-
Traveler area, but i1s most similar to the slate of the

Seboomook formation.

DESCRIPTION: The Seboomook formatlon consists pre-

dominantly of medium- to dark-bluish-gray slate interbedded
Wwlth minor lichter blulsh-gray, very-fine grained lithie
graywacke., Typically, the slate and 1ithié graywacke form
a monotonous sequence of graded beds. The graded bedding
1s best displayed on water- or ice-polished surfaces as a
color gradation from the basal whitish- to light-gray
weathering lithic graywacke to the upper darker bluish-gray
slate, The graded beds are less than an inch to more than

a foot in thickness and average one to four inches. Within
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a graded bed the ratio of the basal sand to the upper silt
and clay varles considerably, but typically ranges between
1 to 3 and 1 to 5. Many of the beds are internally
1aninated.

Other primary sedimentary features may also bs
Qbserved in the Seboomook formatlon, particularly on water-
or ice-pollshed surfaces. Many of the basal lithic gray-
wackes show current bedding and, in some,ripple marks are
visible. Both symmetrical and asymmetrical ripple marks
have been observed, and internal cross laminations are
visible within tﬁa ripples. Ripple marks in the basal
lithic graywacke are faintly visible in figure 22.
Typically the ripple marks have wave lengths of one to
four inches and amplitudes of from.one half to one inch,
The troughs of the ripple marks are usually filled with
darker silt.

A common feature of lajers of lithic graywacks
that are an inch or more thick is the presence of clay
chips roughly parallel to the bedding. These were probably
torn from the underlying mud by more competent currents
carrying and depositing the sand-size particles.

At a few localities, notably on Webster Brook in
the wicinity of Grand Pitch, penecontemporahebus deformation,
probably caused by slumping, 1srvisible (fig., 22). This

Phenomenon is believed to be more common than the present
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number of observations indicate.  Penecontemporaneous
deformation may have been confused with drag folding in
poor exposures in the early stages of mapping.

Thicker beds of lithic graywacke that are also
present in the Seboomook formation usually contain shaley
partinzgs, Large exposures indicate that these thicker
beds of lithic graywacke are not continuous, but pinch and
swell over relatively short distances. A typical example
1s found on the north shore of First Lake (NE 12-07). Here
a bzd of lithic gzraywacke swsells from a thicltness of one
inch at either end to a maximum thickness of about one
foot within a distance of 25 feet alonz strike., Typlcally,
lithic graywacke forms a higher percentage of the formatlion
close to the outcrop area of the Matagamon formation, For
example, just upstream from the sharp right angle bend in
Trout Brook (C 22-5l) a massive bed of lithilc graywacke
six feet thick has bsen observed.

The dominant minerals in the slate are quartz and
muscovite. The quartz occurs as subangular to subrounded
grains averaging 0.02 to 0.03 mm across; thus the slate 1s
siltys The'muscovite flakes have recrystallized sufficlently
so that some of them are visible in the hand apecimen (0,1 |
to 0.03 mm across). Iost of‘thém,‘howevar, are the slze
of the average quartz grains, X-ray diffraction patterns

show the muscovite to be the 2M polymorph of Yoder and
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Eugstef {(1955)., The muscovite flakes are poorly oriented
with respect to the cleavage of the rock, and some of them
are bent between quartz grains.

Other phases present in lesser amounts include
chlorite, biotite (pleochroic in yellows and browns),
carbonate, opaques, carbonaceous material (amorphous carbon
?), and tiny dark neeldes of high relief which are probably
rutile., Plagloclase has been identified by X-ray diffrac-
tion. Zircon is present in some rocks. Opaque dust and
carbonaceous material are concentrated along inclpient
cleavage planes., Pyrlte is usually not visible in the hand
speclimen.,.

Laminations are visible in some thin sectims.
Typlecally, the laminations are graded, both in the size of
the detrital quar?z grains, and with respect to the ratio
of quartz to muscovite,

A mode of the lithic graywacke, averaged‘from three

thin sections, 1s presented below.

quartz 60 percent
plagioclase T n
muscovite 8 "
chlorite 8 "
biotite 3 "
carbonate 8 n
opaques plus limonite 6 "
zircon tr
rutlle tr
tourzalline tr
apatite tr

The average size of the detalled grains is 0.05 to 0.10.
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Thus the detrltal grains are of the very fine sand size of
Wentworth (1922), Ths quartz gralns are angular to sub-
angular and show undulatory extinction. The only feldspar
recognized is plagioclase,

Generally, the lithic graywacke Is slightly
calcareous, whereas the slate 1s not. This 1s reflected
by the carbonate reported in the mode and by the fact that
the lithic graywacke fizzes slightly under HCl., The calclte
in the 1lithlc graywacke might account for the scattered
calcite veins and the calcareous quartz veins in the
formation.2%§ome reddish brown carbonate, ankerite, is
also visible in thin sections. The identiflcatlon of
ankerite has been confirmed by X-ray diffréction.

Finally, it shoauld be stated that some extremely
fine-grained aggregates of chlorlte and/or muscovite are
included in the mode under "muscovite™ and "chlorite."

Many of these are probably fragments of pelitic sediments.

LOWER CONTACT AND THICKNYS3S: The lower contact of

the Seboomook formation with the underlying rocks of
Sillurian age has not been observed. North of the narrow
neck of water in Ximball Pond, however, the Seboomook
formation crops out within 50 yards of calcareous Silurian
siltstone. On the basis of gross structural features, the

Seboomook formation 1s believed to be conformable with the
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underlying Silurian rocks.

As determined from the probable width of the out-
erop belt (6000 feet) and the average dip (hso), the
formation is about 4000 feet thick in the vwlcinity of the
3owlin Pond Road, Shin Pond quadrangle. If the structural
interpretations are correct, the formatlon thins to about
1500 feet southwest of Haskell Deadwater.

The thickness of the Ssboomook formation in the
northern part of the Traveler Mountain guadrangle is
difficult to estimate because of extensive folding and the
lack of a marker bed. On the east shore of Hay Brook
Logan, howevef; there is a fairly continuous section with
a steep, consistent south dip. The ocutcerop wildth of this
section is about [j500 feet and the estimated thickness is
1000 feet. Because the area along Hay Brook north of
Norway Dam has not been visited, the bottom of this section

has not been located.

CORRELATION AND AGE: The cycllcally layered slate

and lithic graywacke of the Katahdin-Traveler area is
lithologically similar to and stratigraphically the equi-
valent of the Seboomook formmation of Boucotts (1961) Moose
Riv:r Synclinrium. Although it cannot be demonstrated at
present by continuous mapping, reconnaissance by the present
author and others suggests that the cyclically layered slate

and lithie graywacke of the Xatahdin~Traveler area is
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continuous with the Seboomook formation of the Moose River
Synclinorium (Boucot, et al, 1960). The correlation of
these rocks was first suggested by Toppan (1932, p. 32) on
the grounds that the "vertical slates" reported by Hitchcock
along Webster Brook were "directly on the strike of the
Seboomook slates.”

Fossll fragments have been found in the Seboomook
formation at a number of localitles in the Katahdin-
Traveler aresa, A collection.was made from the only
substantlal find wlthin the area studied, on the north
shore of Deep Cove, Matagamon Lake about 25 yards west of
BM 659 feet (NE 23-075). The collection was made when the
lake level was low and the locallty would probably be
flooded at the normal laks level, The rocks in which the
fossils occur are unusually massive silty and sandy beds.
Professor A, J. Boucot has studied these fossils and con-
cluded that the formation is of Becraft-Oriskany age. The
following forms were identified (A. J. Boucot, written
communication, April, 1961):

Loxonema 8D. Leptocoella cf, flabellites
orthocersld trilobite
pelecypod coral

Leptostrophia sp.

A second fossil locality, possibly in the Seboomook
formation, was found outside ths area studied in the floor
and walls of a gravel pit between Thissell Pond and Little

Nesowadnshunk Lake (fig. 2) just south of the new road to
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relos Lake (TLSC 305-54). The outcrops in thls gravel pilt
have steep dips, slickensided bedding surfaces, and conslst
of rocks unlike thoss of the Seboomook or any other formation
in the area. They consist of thin-bedded, dirty carbonaceous
feldspathic sandstones interbedded with black shale and
sandy shale, The sandstone weathers a light ollive-brown
and 1s a fairly dark gray when fresh. The sandstone contailns
abundant woody material. The shale 1s finely laminated
with light and dark layers. Graded bedding is conspicuously
absent and the bedding planes between the sandstone and
shale are well defined. Ths only similar rocks found, occur
In a single outcrop in the gap between Strickland and
Center Mountalns.

The simplest interpretation is that the Thissell
Pond rocks belong to the Seboomook formation., The nearest
known outecrops are more than a mile away (TLSC 24-42) ang,
although they are not typical of the Seboomook formation,
they are more llke 1t than those at Thissell Pond. Typical
Seboomook rocks do crop out closekto the TLSC 24-42
locality (TLSC 20-40) and to the northwest of Thissell Pond
(TLC 18-23).

An alternate interpretation 1s that the Thissell
Pond rocks belong to the Trout Vélley formation. Because
this would provide valuable paleogeographic information,

and perhaps a more precise age for the plant fossils and
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the Traveler felsite, the area should be studied in more
detail.,

A. J. Boucot (written commmunication, April 1961)
nas identified the following forms in the collection of
fossils from the Thissell Pond locality made by the author
in 1958:

Schuchertella sp. Leptostrophia sp.
Metaplasia c¢f. minuta platyceratid
Leptocoella c¢f, flabellites Meristella cf, doris
Plicopliasia? sp. dalmanellid

Corals dalmanitid
Edriocrinus? acrospiriferid
starfish

e states that these forms indicate a Devonian age and
that they may be younger than Becraft-Oriskany but that
addltional forms are needed for confirmation.

In the Moose River synclinorium the bulk of the
Seboomook formation 1s of Oriskany age. The uppermost part
of the formation could be eilther Oriskany or Onondaga, and

the lower part is of New Scotland age (Boucot, 1961).

MATAGAMON FORMATION

NAME: The rusty weathering sandstone with inter-

bedded slate in the vicinity of Hay Mountaln 1s here called

the Matagamon formatlon from the exposures at the south end

of Matagamon Lake. The exposures on the southeast slopes

of Hay Mountain between the Grand Lake Road and the southern

summit (EC 33-3l;) are designated as an alternate type section,



These rocks were formerly included in the Moose
River sandstone by Clarke (1909, pp. 64~65). 3oucot (1961)
has glven these Early Devonian sandstones 1in the Moose River
synclinorium group status, and has subdivided the group into
formations. The lower sandstones of the Moose River group
in the #oose River synclinorium grade laterally into the
Seboomook formation, and were thus never continuous with the
sandstone of comparable age on Hay idountalin and ¥atagamon
Lake. A local name is desirable, therefore, “or the sand-
stone on Hay iountain and llatagamon Lake,

DISTRIRBUTION: The Matagamon formatlsrn crops out

in two areas. The larger of the two 1s a more or less
oval shaped area occupying a structural basin, the Hay
ifountain basin, in the east-central ninth of the Traveler
Jlountain quadrangle and the west -céntral ninth of the Shin
Pond quadrangle. Throughout much of this area, the
formation, particularly the sandstone, 1s moderately well
exposeﬁ. Excellent exposures are found at the north end
ofiHay Lake, on the southern part of Hay MHountain, in the
vicinity of Grand Lake Dam, around the shore of Atwood
Pond, and at Stair falls on the East Branch (the first out-
crop downstream from Crand Lake Dam).

The Hatagamon formation also crops out over a
relatively small area on the north limb of the Matagamon

synclinorium between Wadlelgh Mountain and Boody Brook. The
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axtent of the formatlion in this area 1s not well known.

DESCRIPTION: The Matagamon fommtlon conaista praw~

domlnantly of ruaty wesathsring lithle sandatons or 1ithle
craywacks with minor intorbedded slate and siltstons. A
fow feat boalow the Travseler felsite, the gsandatone i3
tuffaceous. The base of the Traveler folsite 13 mapped as
tha lowest felsite, The sandstons appears to form a higher
parcentage of the formation than it actually doss because
of its superior raesistancs to5 erosion and hence greater
tendency to {orm outerops. Sandstons, neverthsless,
probahiy comprises about 75 percent of the formation.
Typically, ths sandsions cerops out in low hogback ridges.
The valleys betweon the rildges probably contain a highap
rercentage of 3late., PFilzure 5 shows the appearancs on an
aerial photozraph of these ridgesa on Hay lountain,

Cleavage 13 moderately well dewvelopad in ths glate
(as 1n the slate of ths 3eboomook formation), but only
erudely developsd In the aandstons, The more massive
sandstone bads typically break into curving slabs along
non-planar and non-parallel jolints at a high angle to the
beddinz. Quartz velnlsta ars common in some exposurss and
joints may be lined with quartz and/or calcite,

The sandatone, as well as the formatlon as a whole,

13 unevenly bedded, Thz indl videal sandy beds range 4in
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thickness from about an inch to several feet and are
typicslly cross-laminated, Ripple marks have been observed
in some of the finer grained sandstone. These are particu-
larly well displayed at the north end of Hay Lake. "Clay"
pellets are found throughout the sandstones of the formation.
Typically, the pellets are concentrated in certain bedding
planes suggesting the break up of an unconsolidated silt
or clay during or just prior to the deposition of the over
lying sand, Sideritic concretions are also found.

At a few localities load-casts have been observed.
Ons load-cast is shown in figure 23. These load-casts
consist of rounded or more or less spherical bodies of
sandstone surrounded on the bottom and sides by shale.
They usually occur in groups restricted to a given strati-
graphic horizon. They probably originated by the settling
of less fluild sand into highly fluid underlying mud and
are hence properly called load-casts (Kelling and Walton,
1857).

Fossll fragments are relatively common in the
Matagamon formation. These include both invertibrates and
plant material. Typically, the invertibrates are con-
centrated in "shell beds," The origin of similar shell
beds in the Moose River Synclinorium has been discussed
by Boucot (in preparation).

The sandstone of the Matagemon formation is typically
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floare 2o.  Jabterop ¢ the datasaren formailon at Urand Lake
Dam showing the rusty-weathering sandstone anc, at tae
waterline at the left, slate., The hammer rests against
a large loadl-cast, Cross-laminations can be seen in the

lower right. In the upper rizht is the west abutment of
te dame.
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rusty weathering and slightly calcareous. On the fresh
surface 1t 1s a medium bluish gray or greenish gray. The
detrital gralns are angular to subangular and the averags
graln slze ranges from rock to rock from very fine to
medium. Typically, the sandstones contain 10 percent or
less feldspar fragments and about one third of the detrital
grains are rock fragments. Thus, depending upon the amount
of "clay"” matrix present they fall Into lithic graywacke
or the lithic sandstone (more specifically, subgraywacke)
classification of Pettijohn (1957, p. 291). The subgray-
wacke is, 1n general, better sorted than the lithic gray-
wacke,

Rock fragments include quartzite, chert, pelitlc
sediments, felsite, basalt, and granophyre (small gralns
composed of a graphlc intergrowth of quartz and alkall
feldspar). The felslte fragments are the most abundant
perhaps indicating contemporary volcanism in the source
areca., Granophyre fragments have been found in all thin
section§ of the sandstone.

Much of the quartz shows undulatory extinction and
most of the feldspar 1s plagioclase possessing polysynthetic
albite twinning. Perthite and microcline are also fairly
common. The heavy mineral sulte typically includes zircon,
apatite, magnetlte, pyrite, and minor tourmaline. The

rusty weatherinz is due to a llmonitie alteration of
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disseminated pyrite grains. At a few localitles pyrite
is visible in the hand specimen.

The relatively large muscovite flakes, common in
the slate, are scarce in the sandstone. Much of the former
"eclay" matrix 1s now chlorite (very slightly pleochroic in
light greens and showing abnormal interference colors) and
sericite. A second bright blulsh-gcreen chlorite with
noderate blrefringence 1s sparsely present in some speci-
mens, Blotite 1s rare.

A feuw feét below the Traveler felsite, sparse
felslte pebbles appear in the sandstone. Closer to the
felsite, beds of tuffaceous sandstone are interbedded with
the pebble-bearing sandstone and slste. The tuffaceous
sandstone is typlcally dark gray or black, feldspathic,
contains felsite pebbles as well as sand-slze fragments,
and has a semi-flinty appearance. The detrital fragments,
particularly quartz, are very angular and the rock contains
about 20 psrcent matrix,_presumably tuffaceous material of
8ilt size or smaller. Local facles changes are rapid in

this zone,

THICKNE3S:t As determined from the width of the
outcrop belt between the Seboomook formatiom on Hay Lake
and the axis of the Hay Mountain Basin, the Matagamon
formation must be at least between AOOO and 5000 feet
thick. The top formation 1s not exposed here, Ths
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formation probably thins to a feather edge to the south-

west. (See below).

CORRELATION AND AGE: The Matagamon formation is

lithologically similar to and the stratigraphic equivalent
of the Tarratine formation of the Moose River synclinorium,
It is not believed, however, to have ever been continuous
with the Tarratine formation.

The Oriskany age of these rocks was first estab-
lished by Hitchcock (1861). This age has been subsequently
conf irmed and the faunal assemblege ampllified upon by
Clarke (1909) and Boucot (in preparation), A small
collection of fossils by the author from "Lower" Stair Palls
on the East Branch, contains the following forms (Boucot,
written communication, April 1961):

Meristella sp.

Leptostrophla? sp. .
Leptocoelia cf., flabellites

These suggest a Becraft-Oriskany age. Boucot has found
that the faunal assemblege of the Matagamon formation is
unlike that of the Tarratine, Seboomook, or Cold Stream
formations. However, 1t 1s most similar to the fauna of
the Tarratine formation and Boucot has suggested it may
have lived in a simllar enviromment, i.e., in a rélatively
shallow-water and near-shore environment in contrast to the
deepesr-water environment of the fauna of the Seboomook

—formation.
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STRATIGRAPHIC. RULATIONSHIPS: The Matagamon

formation presents a number of interesting and unsolved
problems. Ons such problem is its relationship to the
seboomook formation. Roucot (1961) has observed that Lower
Devonian sandstones in northern Maine tend to occur as
{solated patches in a terrane of finsr grained clastic
sediments. They may thus represent local basins of sand
degosition, Boucot's interpretation is that these sand-
stones grade laterally into pelitic sediments such as

those of the Seboomook formation.

In the Traveler Mountain area, however, the Matagamon
forrmatlion appears to overlie the Seboomook formation., The
contact with the underlying Seboomook formation is
transitlonal over a hundred feet or a few hundred feet
as displayed south of Atwood Fond and on the west shore
of Hay Lake, The contact 1s drawn where sandstone forms
greater than 50 percent of the rocks.

In the Telos Lake quadrangle, the Traveler felsite
may rest directly upon the Seboomook formation (plate 1).
Thus the sandstones of the Matagamon formation may grade
into the slates of the Seboomook formatlon to the south-
Wwest, ‘Jhether there was a similar facies chanze to the
north, east, and south cannot be determinzd from available
evidence,

A final problem involving the Matagamon formation
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1s 1ts relationship to the overlying Traveler felsite.
mhis problem has direct bearing on the age of the Traveler
felsite, and perhaps upon the datlng of the Acadlan orogeny.

There is a possibllity, although the author con-
siders it unlikely, that Traveler felsite overlies the
Matagamon formation with pronounced unconformity. Along
the eastern front of the mountains from Bald Mountain to
Horse Mountain, the felsite appears to bs conformable with
the Matagamon formatlon, both with regards to the map
pattern and individual outcrops, although not many of the
latter have been observed. Figure 24 shows the locally
conformable contact betwsen the Matagamon formmatlon and
the Traveler felslte on the east side of Bald Mountaln.

The eritical area for determining structural and
stratigraphic relatlionships between the felsite and the
underlylng Paleozoic sediments is along the eastern side
of Traveler Mountain. Unfortunately, this area is
practically devold of outecrops at lower elevations, where
sedimentary rocks are expected to occur. In the area from
Bald Mountaln south &1most to Hathorn Pond the only out-
crops known below an elsvation of 1200 feet are in the bed
of the stream that flows east from the gap between Bald
and Traveler Mountains and in the bed of the stream that
flows Into Haskell Deadwater, In the former stream west

of the park boundary and in the latter stream (for
y

N
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, i"igure 24-

f Conformable
contact between

; breccla of the

| Traveler felslite

f and tuffaceous
sandstone of the
¥atagamon for-
mation on the
eéast slde of Bald
Mountain. The
felsite forms

| the overhang,

1061 AV

-

“igure 25. <lose-up ol the contact between breccla of the
Traveler felsite and tuffaceous sandstone of the ¥ata-
zamon formation. Channeling In the sandstone by the
hreccla is visible a2t the hammer head.,
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convenience called Haskell Brook and so labelled on plate
1) below the felslte, rocks atypical of the Matagamon
formation crop out. They conslist of light gray or maroon
quartzites and hard maroon or blue-gray non-fissle shales.,
current bedding and ripplec marks are visible in the
quartzites., The strata typically have moderate dips and
are right side up. The marocon color 1s due to very fine
grained disseminated biotite,

It is possiblé that these rocks belonz to the
"Grand Falls" formation of pre-Silurian age. If they do,
the Traveler felsite overlies the Matagamon formatlon with
pronounced unconformity. However, for a number of reasons
1t i3 felt that these rocks are the hornfels of the Mata-
gamon formation adjacenf to an unexgosed cupola of the
Katahdin granite, or to an unsxposed volcanic neck or
necks. The reasons for believing this are: 1) "normal"
Matagamon rocks occur east of ths park boundary on the
stream between Bald and Traveler Mountains. If the gray
and maroon quartzites and shales are of pre-Silurian age,
the Silurian section and the Seboomook formation is missing
or very thin at this locality. 2) The maroon color of the
rocks of the "Grand Falls" formation is due to disseminated
hematite, not biotite. 3) Shreddy biotlte occurs as a
contact metamorphic mineral in pelitic sedliments or portions

of sediments at two other localities demonstrably close %o



the granits, namsly near Hathorn Pond and on the north
pridge of Wassataquolk Mountain. i) The lowsest felsite on
Haskell Brook is recrystalllized (fig. 39) and contalns
abundant tourmallne as tiny prisms either in clusters or

disseninated in the groundmass.



TRAVELER FELSITE

HAME: The volcanic rocks of which the Deadwater
Mountains ars composed were first described petrographically
by Smith (1930), who estimated their aresal extent to be 50
square miles, They were subsequently briefly described and
named the Traveller ({(sic) rhyolite by Toppan (1932, p. 69).
It 1s now proposed to substitute a more general name
because: 1) there is a variation in the types of pheno-
crysts present which may or may not reflect the chemistry
of the groundmass, 2) the groundmass cannot be resolved
sufficiently to estimate modss, 3) available chenmical
analyses indicate that at least some of the rocks ars
rhyodacitas (aphanitic equivalent of a granodiorite),
ence the name Traveler felsite 1s proposed for the felsitic
volcanic rocks of Traveler Mountain. The'spelling of
"Traveler" is that which appears on the U. S. Geological

Survey Traveler Mountalin quadrange map.

DISTRIBUTION: The Traveler felsite forms the

mountainous reglon that covers about 70 square miles in

the central and southwestern portions of the Traveler
ﬁountaiﬁ quadrangle and the southeastern ninth of the Telos
Lake quadrangls. A narrow belt (one half mile by saven
miles) of felsite 1s found on Wadielgh Mountain., This

bOdy 1s separated from the maln portion of the felsite by
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a fault., Its western limit 1s not precisely known because
of glacial cover. The formational contacts shown on the
geologic map (plate 1) for this area are based upon the
sparse outcrops, major structural interpretation, and
lineaments shown on high altitude aerial photographs
(approximate scals 1:71,730),

The felsite on Center Mountain, Telos Lake guad-
ranéle, is bellieved to bs an isolated body although it was
presumably onée continuous with the main area., The felslte
on Center Mountain 1s separated from that on Strickland
Mountain by a narrow strip of sedimentary rock, A
relatively broad open basin lles to the east of Center
Mountain, separating this mountain from the main mountain
mass. No other comparable basin occurs within the outcrop
area of the Traveler felsite. Hence the physiography
suggests that this basin is not underlain by felsite. (See

Pe 55)

NOMENCIATUORE: There 1s much confuslon In the terms

in current usage describing volcanicArocks, particularly
those commonly known as welded tuffs. In addition to the
~confusion In the meaning of terms, there are also problems
in applying terms, originally’defined with reference to
Cenozolc rocks to older less wellﬁpreserﬁed rocks such as
the Traveler felsite. An obvious example is the term

shard, which, strictly speaking, refers to a fragment of
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volcanic glass., Objects in some thin sections of the
T7raveler felslte have the outlines of shards, but are no
lonzer composed of glass., They almost certalnly were
fragments of glass which have devitrified. Because the
term devitrified shard is cumbersome, the term shard, as
used in this report, is extended to include devitrified
shards,

The nomenclature used by R. L. Smith (1960a) for
pyroclastic flows will, for the most part, be used here.
The terms found in this paper include:

Ash flow -~ the basic depositional unit of a pyro-
clastic flow., Smith (1960a, p. 800) defines

an ash flow as consisting of fifty or mors

weight percent ash exclusive of foreign

inclusions, and as being "analagous to, or
perhaps the same as, the deposit resulting

from the passage of one nuée ardente." Ash

is a size term for pyroclastic particles less

than four mm (Wentworth and Williams, 1932).

"aAsh flow" is used in preference té the mora

cumbersome term "deposit of hot ash flow"

proposed by the author in an earlier paper

(See appehdix A). "Ash flow"™ may also be

used for the depositing medium in the same

= gense that "lava flow" may refer to either
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the resulting rock unit or the moving stream

of lava,
Welded ash flow - an ash flow in which welding

has been an important phenomsnon.

. Ash-flow sheet - a deposit which has not teen sub-
divided into well-deflned units, but which 1is

a mappable, shest-llke stratigraphic unit and

is of inferrable ash flow origin,

Welded tuff sheet -~ an ash-~flow sheet contalning
conspicuous welded tuff.

The author disagrses slightly with 3mith in the
definition of "welded tuff." Smith (1960a, p. 800) states
"A welded tuff i1s a rock or rock body in which vitric
particules have some degree of coheslon by reason of
having been hot and viscous at the time of their emplace-
ment." The intent of such a definition is, of course, to
axclude all rocks not part of a welded tuff sheet, For
example, pyroclastic material welded or fused at an igneous
contact (fused tuff) would be excluded (Smith, 1960sa, p.
800). On the other hand, some air fall ejecta mizht have
to be included under Smith's definition, This writer
believes that the term welded tuff should be applicable
to an 1solated hand specimen without reference to the
outecrop from which it came. There should, thus, be no

requirement in the definitlion as to the time or cause of
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weldlng. Welded tuff, as used here, simply means a tuff
in which the shards have been fused or welded together,
whather or not a welded tuff is part of an ash flow mus?t
be determined on other than intermal evidence.

The application of this definlition to older rocks
presents certaln problems. The obvious result of welding
i¢ an Indurated, coherent rock. Several authors have
poiﬁted out‘that a similar rock could result from
devitrification following the eruption (Fenner, 1925, p.
198, and 1948; Jenks and Goldich, 1956). Femer (1943)
proposed ths term "sillar" for tuffs Ilndurated by
pnsumatolytle crystallization phenomena and not, primarily,
weldinz. Smith (1960a, p. 828) has discussed thls problem
briafly and polnted out that under optimum conditions there
is a valld distinctlion between the two processes, but such
pneumatolitic crystalliiation was probably initlated above
the minimum welding temperature of the tuff (550°C). Hence
even here welding probably played a significant role, The
rocks over which this controversy has arisen cover large
areas in the western Andes from northern Peru to central
Chile, These are mostly Early Pleistocene in age.

With the passage of sufficient time, all glassy
pyroclastic deposits, even those of air-fall origin,
become indurated through devitrification and cementation.
Hence, the writer has found this distinctlion betwsen the

causes of cohesion to be untenable in the older volecanic
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rocks wlth which he has bcen working. In fact, the use of
the adjective "welded" with reference to older volcanic
rocks 1ls unfortunate because welding is an inferred process
rather than an observed result.

Many relatively young rocks are also charncterized by
the plastic deformation of constituent shards or pumilce
fra-ments. The deformed shards are crudely aligned and
irpar® a foliation to the rock. "hatever the cause of the
deformation, the resulting deposit is thinner than a com-
parable deposit containing undeformed shards. In this sense
tne deformation is a compression. To the extent that the
shards are still visible 1n devitrified tuflfs, the deformation
or compresslion of the shards will also be visible. All rocks
that are called welded tuff in the following discussion
contaln features interpreted as deformed shards. Thils
criterion may exclude tuffs in which the cohesion of unde-
Zormed shards originated through welding. Iowever, unless

tae shards are deformed, the evidence is equivocal.

GENDRAL STATEUHENT: The Traveler felslite includes

a varlety of rock types, but most of the formatiocn is a

~ dense, dark-bluish-zray or greenish-gray, dark-gray or

black felsite that breaks with a conchoidal fracture., The

least weathered samples are the darkest. The rock weathers

to 1lizht rusty tan or bone white. The whitish weathering

rind is usually 2 to 5 mm thick, bub may be 10 or more cu
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thick. Commonly an entire outcrop is so weathered (Light
greenish or blulsh gray) that it is virtually impossible
to obtain fresh samples. Nearly all of the felsite is
porphyritic and contains a few percent small (1 to 3 mm)
phenocrysts, Banding is visible in most hand specimens
or thin sections and crude columnar jolnting 1s common in
outcrops.

Two members have been defined within the Traveler
felsite: the basal Pogy member and the Immediately over-
lying Black Cat member. The felsite of the Pogy member
is characterized by the presence of both quartz and
plagioclase phenocrysts and a slightly greater total per-
centage of phenocrysts than the felsite of the Black Cat
member., The plagloclase phenocrysts from the Pogy member
have structural characteristics of the low temperature
modification. Welded tuff is the domilnant rock. Plaglo-
clase and pyroxesne phenocrysts are present in the felsite
of the Black Cat member, but quarﬁz'is absent or rare,
Plagioclase phenocrysts from this member have structural
characteristics intermediate between the high and low
temperature modlfications. The domlnant rock is lava,

This variation in the percentage of gquartz
rhenocrysts 1s the only consistent differsnce observable
in the field between the two members. The significance

of the quartz was rscognized after completion of fleld
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works, and the declislon to aétablish the two members was
made on the basis of harnd specimen and thin sectlon study.
The contact between the two members 1s, therefore, only
agproximate., Felsite. which cannot be assigned to either
merber because of lack of information 1s discussed under

"rpavelar felsite, undifferentiated.”

POGY MEMBER: The Pogy member 1s deflned by its

position at the bage of the Traveler felsite and by the
presence of quartz phenocrysts (usually greater than 10
percent of the total phenocrysts coﬁtant). It is named
from exposures on Fogy Mountain., It crops out in two
large areas. One is at the northeast end of the felsite
including Trout Brook, Horse, Billfish and Bald:Mountains,
with an arm extending south along the eastern slopes of
Traveler Mountaln. The other 1s in the south-central
portion of the felsite area including Wassataquolk, Pogy
and South Traveler Mountains,

The Pogy mamber consists of a variety of felsitic
rocks, most of which are pyroclastic, Lava seems to be
rastricted to Trout Brook Mountaln. Volcanic breccla of
uncertain origin has been found on Wassataquolk and Bald
Mountains., Tuffaceous sediments have been found on Bald
Mountain. The pyroclastic rocks include welded tuff,
porphyritic tuff, nonporphyritic tuff, crystal tuff, and
lapilli tuff, Welded tuff is by far the major rock type
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and has been found throughout the Pogy member except on
Jassataquolk Mountain,

As determined from the attlitude of primary planar
features within the felsite, the Pogy member is between
2500 and 3500 feet thick on the eastern slopes of Traveler
Mountain., The Fogy member may be thicker near Billfish
and Pogy Mountains, but without a marker unit and more
structural data no meaningful estimate can be made. The
Pogy member, as well as the entire Traveler felsite, is
believed to have rapidly thinned to a feather edge beyond
the present limlt of the Traveler felsite to the west,

north, and east,

WELDED TUFF: Deformed and devitrified shards are
visible in many thin sections of the Pogy member. The
term welded tuff 1is ussed in thls paper as a descriptive
rock nume for tuffs containing such deformed or flattensd
shards, The deformed shards;3in the welded tuff are sub-
parallel and, depending upon the amount of flattening,
impart a degree of foliation to the thin section and hand
specimen. Lenticules, some of which probably originated
as flattened pumice fragments, may augment the foliatlon,

As the amount of flattening increases, it becomes

350 glass has been identified in the Traveler
felsite, For ease of expression, however, the adjective
devitrified will be omitted with reference to shards
throughout this section.
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tpereasingly difficult to distingulsh between welded tuff
and lava, As the amount of flattening decreases, it becomes
difficult to distinguish between welded tuff and non-welded
tuff.

Outcrops of welded tuff may show crude prismatic
jointing. Columns may be as thick as L} feet and as long
as 115 feet, but most are smaller. In gensral, columnar
joiﬁting 1s better developed in the Black Cat member.

Welded tuff 1s well exposed on the cliffs of Horse
Mountain, the western summlt of South Traveler Mountain,
the eastern slopes of South Pogy Mountain, in the broad
valley west of Mahar Pond, and in the stream valley between
Dry Gorge and Black Cat Mountain (SC 5-49).

Attempts to recognize welded tuff in the field have
been only partially successful. Some of the criteria used
in the field are now believed invalid., FHence much of the
felslte, mapped as welded tuff in the early stages of this
Investigation, ls now thought to be lava. The following
discussion of compressed tuff is based upon megascopic and
microscopic data from about 50 specimens collected from
widely scattered localities within ths Pogy member.

- Features 1nterpreted as deférméd shards are visible in all
of the thin sections of these specimens.

The welded tuff 1s very dark gray or black where

completely fresh, Relatively fresh specimens are various
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ghades of gray, greenish gray or blulsh gray. The rock
i3 hard, dense, and breaks with a conchoidal fracture,
gmall phenocrysts, all less than three mm in length,
characteristically make up about 15 percent of the rock;
nany of them are fragmented, Approximately one-third of
the phenocrysts are quartz and two-thirds are plagioclase.u
sanidine phenocrysts occur in a few specimens and garnet
has been obgerved in two. Completely altered mafic silicates
constitute a few percent of‘the phenocrysts in some welded
tuffs. Data on the phenocryst content of representative
welded tuffs are presented in table 2. Growth aggregates
of two or more phenocrysts, so typlcal of the lava 1n the
Black Cat member, are scarce, Llthic fragments are present
in all samples.

Euhedral, subhedral or fractured quartz phenoccrysts,
present in all thin sectlons, consti tute from 2 to about

60 percent of the phenocrysts;S But In the typical welded

lLl‘he compositions of the phenocrysts and methods
by which they were determinsd are discussed in Chapter
Iv.

5’In only one specimen does quartz constitute as
much as 607% of the "phenocrysts." This specimen is from
the base of the Traveler felsite. Hence much of the
quartz may be plcked-up detrital grains. These detrital
quartz gralns should not be called phenocrysts, but there
i1s no practical means of distinguishing them from
phenocrysts, In several thin sections, however, nearly
half of the phenocrysts are quartz,



TABIL 2

Tstimated Modes of Phenocrysts In the Pogy Member,
Traveler Felsite

Sample No. 1. 2. 3. |b4. |5. |60 {7. | 8. | 9. | 200 11. | 12,

Total percent Phenocrysts
in rock 13 20 7 10 | 12 17 20 10 35 7 10 5

Mineral constitution of

Phenocrysts
Quartz 2 9 b7 115 |38 |50 |15 |39 {L4o | 20 Lo 5
Flagioclase 8 73w | b7 |75 | 6oxal,9 | 6L | 59 | Lo | 6L 1o 87
Sanidine x b'd 10
Mafic silicates 8 1 8 tr 8 5 13 19 5
Clinopyroxene X
Blotite ‘ X ‘ b d
Tornblende .
Garnet tr X
Accessories 2
Opaque 8=k X 3 51 2 2 1 3 1 15 2 1 2
Zircon X tr tr | tr tr tr tr tr tr tr tr tr
Apatite b d 1 1 |tr tr tr tr 1 tr 1 tr 1

#¥point count., FPhenocrysts represent 13 poilnts out of 1000.
#*Total feldspar, Sanidine is thought to be very milnor.
sttIncludes both magnetite and 1llmenite.
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TABLE 2 (Continued)

XR 49 (EC 15-149) Perlitic welded tuff from penninsula
north of Forest Service Camp on shore of Matagamon Lake.

KT 207 {(S® 1-515) Welded tuff from 2100 feet on the
east slide ofrThe Traveler.

XT 210 (SE L4~L7) Welded tuff from 1850 feet on the east
side of The Traveler,

KT 225 (SW 35-20) wWelded tuff from 2200 feet on the
eastern ridge of the South Pogy Mountain, plagioclase
is andesine. :

KT 228 (SC 25-32) Welded tuff from the western summit
of South Traveler Mountain, plagioclase is andesine.

KT 274 (SS9 32-l47) Welded tuff from about 1/2 mile north-
west of Mahar Pond.

KT 355 (C 36-2l}) Welded tuff from Bald Mountain Falls
(ctream northwest of Bald Mountain).

KT 531 (7C 13-45) Welded tuff from base of cliffs on
Horse Mountain (3-5 feet above Matagamon formation).

KT 256 (SC 6-31) Felsite of uncertain origin from 1520
feet on ths southwest side of Fogy Notch.

KT 372 (SW 28-15) Felsite of uncertain origin from 2180

feet on the south side of South Pogy Mountain, plagioclase

is ardesine.

RT 37h (SW 26-1lL) Felsite of uncertain origin from 2200
feet on the south side of South Pogy Mountain, plaglo-
clase 1s andesine. ,

XR 139 (C 36-L6) Lava from the lower prominent flow on
the south side of Trout Brook Mountain, elevation 1450
feet.
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tuff between 15 and 35 percent of the phenocrysts are
quartz. Quartz ranges in size from tlny fragments to
grains 1.5 mm across; most of it is between 0.1 and 0.l
mm across., Much of the quartz is corroded (fig. 27), and
most of 1t is slightly bilaxial with a maximum 2V of about
50 (the isogyres almost separate)., Fluid inclusions are
invariably present and range in size from vanishingly small
to 0.0h mm in diameter. They usually have negative crystal
outlines and may contain two phases., Most crystals have
one or more Inclusions in the size range 0,01 to 0,02 mm
and innumerable inclusions of the size range 0.001 to
0.003. The smaller ones may have a linear arrangement.
Some inclusions contaln onlyvone phase, are isotropic,
have an index of refraction less than quartz and have
negative crystal outlines; these may be glass. Quartz also
contains incluslons of apatite, opaque minerals, calcite,
chlorlte, and groundmass:, Many of the inclusions of
groundmass could be embayments in three dimensions. Some,
however, have hexagonal outlines and are probably true
inclusicns.H

Feldspar phenocrysts constitute an average of 67
percent of the phenocrysts of the welded tuff. They range
in size from tiny fragments up to euhedral or subhedral
crystals four mm long. The average length is about one mm,
Plagioclase and sanidine have been identified. Both

feldspars may be corroded and both contain numerous
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jnclusions of prismatic apatite and to a lesser extent
zircon and opaque minerals,

Plagloclase 1s ubiquitous; sanidine has been
{dentified in only six thin sections. It is extremely
difficult to estimate the relative abundances of coexlst-
ting plagioclase and sanidine as most of the feldspar is
partly or completely clouded with alteration products
(séricite,6 kaolinite, calcite, clinozoisite and chlorite).
It is possible, therefore, that sanidine may have been
overlooked in many of the thin sections. Present data,
however, indicates that sanidine is very minor. Stalning
techniques have not been tried.

Fresh plagloclase 1s strongly zoned and resembles
that in the lava of the Black Cat member in detalls of
zorlng and twinning. Few samples of welded tuff contaln
plagioclase fresh enough for optical study. Compositional
and optical data for plagloclase phenocrysts from two
apecimens of welded tuff from the Pogy member are presented
in table 7. The average composition of the plagioclase
from these two samples 1s Anjg.

Much of the qanidine is perthitic with the ratio
of the potassic phase to the sodic phase about l:l. The

sanidine has the optic properties of low sanidine (optic

63ericite is used in this study for any fine-
grained white mica,
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plane 1 (010), distinct dispersion, r>v). The composition
of sanidine from two specimens has been determined by
measuring 2V, Both speclmens contain sanidine with a
composition of Or67.q

Maflc silicate phenocrysts are notably less abundant
than in the lava of the Black Cat membsr. They may be
absent or may constitutbe as much as 10 percent of the
phen&crysts. Almost without exceptlon they are altered
so completely that the original mafie mineral is un-
identifiable. The alteration products include chlorite,
calcite, clinozolsite or epidote, sericite, magnetite,
limonite, very fine grained dmphibole, and celadonite.
Remnants of blotite phenocrysts were observed In a few
thin sectlions; garnet occurs in two specimens.

A greenish mineral, probably celadonite, occurs
in some thin sections as an alteration product of mafic
silicates or 1s a lenticule fi1lling., It i3 characterized
by moderate to strong pleochrolsm (light yellow to bright
zraen), moderate birefringence and parallel extinction.

The birefringence and pleochroism are too great for chlorite
and the pleochroism 1s unlike that of blotite elsewherse
in the felsite., Bilotite 13 usually pleochroic in yellows,

browns and dark brown greens. This greenish mineral also

7'The sanidine phenocrysts from one of thesse
specimens (XT 228) coexist with plagloclase phenocrysts
of composltion Anug.
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lacks the shagreen texture of biotite. Ross (1958, p. 543)
has reported that celadonite occurs as 2 secondary mineral
in welded tuff from Clynch County, Georgia. W. 3. Wise
of Johns Hopkins University (oral communication) reports
that he has identified celadonite in Early Tertlary ash
flows of the Pacific Northwest, U. S. A. He states that
8ll celadonite he has seen 13 moderately to strongly
plesochroic with a bright green or blulsh green color in
transmitted light. Celadohite 1s a dioctahedral phyllo-
gsilicate with an 1deal formula, according to Wise, of
K Mg ?ev"(31uolo)(0H)2. This greenish mineral in the
welded tuff of the Pogy member has properties consistent
with those of celadonite and prcbably 1s celadonite,

Egtimation of the percentage of maflc phenocrysts
1s complicated by the presence.of clots of chlorite and,
occasionally, amphibole which are not thought to be
alteration products of mafic phenocrysts. Some of these
clots are in the cores of lenticules and are ocbviously
related to the formation of the lenticules. Others are
of irregular shape and uncertaln origlin,

Deformed shards in the welded tuff range greatly
in their size; appearance and mineralogy. In general,
- shards are not visible in hand specimens, but in a very
few specimens they may be seen on the weathered surface.

ngure 26 shows white-weathering shards in a very dark-gray
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matrix. All shards fall into the ash size category (less
than lmm) of the Wentworth and Willlams (1932) classifi-
cation, and nearly all are less than 2 mm. These figures
are, of course, meaningful only for the relatlvely un-~
deformed shards. They appear to be unsorted, although
sorting characteristics cannot be determined accurately
in a two dimensional thin section,

Examples of deformed shards ars shown in figures
28 throuzh 34, In other thin sections the identification
of shards 1s less certain because of extreme deformation
or alteration., PFigures 35 through 40 show various features
belisved to have originated as shards, but about which
there may be some doubt. Perlitic fracturing is found in
some welded tuffs, such as KR-L9 (fig. 36). Angular
chloritlc bodies in these tuffs are probably shards, but
some of them may be chloritic alteration along perlitic
fractures. Other specimens contain angular bodies rich
in magnetite (figs. 38 and [0). These rocks have a very
definite fragmental appearance in thin section and enough
of the magnetite-rich bodles resemble smrds so that the
rock is probably a welded tuff. As the deformation or
flattening of the shards become greater, the microscopic
foliation looks more and more llke flow banding (figs. 37
and 39). It is not always possible to decide whether a

glven rock is a welded tuff or a lava. In the three
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examples glven above, however, 1t is believed that the
discontinuities, lensings out (fig. 37), or breaks (fig.
39) in the banding of the groundmass result from the
original fragmental nature, rather than flowage.

The amount of deformation of the shards is not
constant within one thin section, or from specimen to
specimen. The deformation 1s greatest in the vicinity of
phenocrysts or lithic iInclusions, Figure 2G shows shards
squeezed between two phenowuysts to the extent that the
foliatlion resembles flow banding. Elsewhere In the thin
section, the fragmental nature of the rock 1Is evident
(fig. 28).

The mineralogy of the shards ranges withih wide
limits. The following minerals have been ldentified:
quartz, potassic feldspar (probably orthoclase), a non-
fibrous zeolite (?), sericite, chlorite, celadonite,
saponite, calcite, siderite, epldote, amphibole, and
magnetite. The zeolite (?) {distinct lavender color,
strong negative relief, very low birefringence) occurs as
ksmall scattered grains assoclated with quartz and potassic
feldspar., It has been observed in only thres thiln sections,
The mineral belleved to be saponite is platy or fibrous,
has a very light olive-tan color, falnt pleochroism,
moderate birefringence, parallel extinction, refractive

Indices between those of quartz and chlorite, and is
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optically negative with a positive sign of flattening (X
perpendicular to plane of flattening). These properties
are consistent with saponite (according to Ross, 1960, a
trioctahedral magnesian montmorillonite) which seems a
reasonable %identification of this phase. Ross (1958, p.
53) has also reported saponite as an alteration product
of dacitic and rhyolitie shards.

The most common assemblage of mlnerals in the
shards 1s quartz, potassic feldspar, and saponite, with
or withoﬁt chlorite, Typically the shards have axiolitic
borders {(elongate crystals growling perpendicular to a
surface) of fibrous saponite and prismatlc potassic feldspar
and cores of a mosalc of quartz, Xehlorite (fig. 33). 1In
some specimens the shards contaln only quartz and potassic
feldspar., Here again, feldspar forms the borders of the
shards and quartz fi1lls the centers., Other samples contain
shards apparently composed entirely of saponite or chlorite.
It is not always possible to determine whether saponite
or chlorite is the mineral present. In a few speclmens,
bodies interpreted as much flattened shards are composed
of optlcally continuous quartz. Finslly, some shards
contain such a high percentage of opaque dust, probably
magnetite or limonite, that they are nearly opaque (figs.
33 and 140).

~

Inter-shard areas contain the same minerals as the
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shards, although there is commonly a difference betwsen
the two areas In the percentage of a given mineral present
and in grain size, Most commonly, minerals in the inter-
shard area are much finer grained (fig. 28). In such
ganples, the inter-shard areas look essentially the sane
as the groundmass of the lava of the Black Cat member.

In some thin sections, the shards have been compresssd so
closely together that there is virtually no area left
between then.

Lithic ;nclusions are present in nearly all samples
of welded tuff‘and constitute from 2 to 20 percent of the
rock. Several rock types are rspresented in the inclusions,
but the most commdn igs felsite. The felsite inclusions
are themselves varied, but most of them resemble scme type
of the Traveler felslte and are presumably cognate
inclusions picked up from the surface of the underlying
unit or from the walls of the vent. Many of the felsite
fragments are banded, but whether this is a flow or a
compression structure 1s not known. In some thin sections,
the banded felsite fragments are randomly oriented. 1In
others, the banding of the fragments is roughly parallel
to foliafion of the shards,

Tuff, welded tuff, crystal tuff, pumice, and
collapsed pumlce have also been identified among the
felsite inclusions. The felsite fragments may be visible

on the weathered surface of welded tuff (fig. L1).
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Typlcally, they weather to a drak greenish gray or dark
cray while the matrix weathers to a light greenish gray
or bone white.

Other types of lithic inclusions include subgray-
wacke siltatone, shale, and diabase, The included
sedimentary rocks are ldentical in appearance and mineralogy
with the rock types of the underlying Matagamon and Seboomook
formations and are presumably derived from them. Because
thelsedimentary rock fragments are not restricted to the
basal unit of the felsite, some must have been plucked
from the walls of the vent.

The diabase inclusions (consisting of plagloclase
laths and chlorite) are rare. It i1s possible that these
could have come from the Pond Fitch basalt which crops out
along the Fast Branch of the Penobscot a few miles to the
east. More likely they are closely related to similar
inclusions in the Black Cat member and to the growth
apgregates of phenocrysts (See p.147). Perhaps they come
from the crystallized margins of the magma chamber.

Long, thin lenticules, so characteristic of the
lava in the Black Cat member, are uncommon in thin sections
of welded tuff., They are generally absent from those
specimens in which shards are clearlyArecognizable or only
rnildly deformed. It 1s uncertein whether they originated

as g&llapsed punice fragments, &as favored by some authors,
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{zure 26, (XT 223, 3C 25-32). Felded tuff from the
western summit of South Traveler showing lizht-gray-

weathering shards and wnhlte-weatheiring feldspar pheno-~
crysts., ?Pogy member, Traveler felsite., 10 cm scale.

Mgure 27. (¥T 433, o 395-20). Corroded quartz pheno-

ceryst from a welded tu)'f, Pogy member, Travsler felslte.
The specimen is from #ald Yountain, X 38.



Pigure 28a. (KR 77, EC 13~45), Welded tuff of the Pogy
member, Traveler felsite from the base of the c¢liffs on
Horse Hountaln. This specimen was collected from about
30 feet above the Matagamon formation. The large
phenocryst in the upper left is plagloclase. X 38,

Figure 28b. (XR 77, EC 13-45). Same view as flgure 28aj;
crossed nicols., X 33.
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figure 29, (KT 77, EC 13-45). Shards compressed between
two plagloclase phenocrysts in welded tui{ of the logy
member, Traveler felsite. Apatlte prisms are vislble
in the plagloclase phenocrysts., Same thin section as
fis‘lre 288, X 38,

*gure 30. (XR 73, 10 13-45). %Welded tuff of the Pogy member,
Traveler felsite Trom the bhase o the c¢cliffs on Horse
¥ountaliln, no more than & feet above the i/mtazamon formation.
Devitrified shards, quartz and plagloclase phenocrysts
and an inclusion of silistone are visible., X 32,
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zure 31, (KT 225, SW 35-20). Welded tuff from South Pogy
Kountain, Pogy member, Traveler relsite. Shards are
compressed against an inclusion o spherulitic felsite

(upper left). The phenocrysts are quartz and plagioclase.
¥ 32,
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“ieure 32a. (XT 355, C 36=-24;. Welded tuff ol the Pogy
member, Traveler felsite from 3ald Yountain 7alls.
Guartz and sanidine crystals are visible. X 38.

figure 32b. (XT 355, C 36-24). Welded tuf? of the Pogy
member, Traveler felsite from Bald lountaln 7alls. Same
thin section a: figure 32a. The phenocrysts are quartz
and sericitized plagloclasc. X 53.
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rizure 33. {(XT 274, S¥% %2-47). Shards showlng axiolitic
borders of saponlite in welded tuff from the valley south

of Sable ilountain. Apatlte prisms are visibvle.

member, Traveler felsite.

Pogy
L0122,

>
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Pigure 34. (7T 274, SW 32-47).

member, Traveler f{elsite.

Welded tuflf of
X 38,

the Pogy
Sarie thin section

as flgure 33.
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Figure 35, (XT 49, 7C 15-49). Perlitic welded tuff of
the Pogy member, Travelser felsite from the shore of
Matagamon Lake. Chloritic alteration of shards and a
pumice(?) fragment are shown. Much of the groundmass is
saponite., X 32,
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Figure 36, (ET 207, SL 01-215). Devitrified shards(?) in
welded tuff of the Pogy member, Traveler felsite from the
east side of The Traveler, X 33.
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“{zure 37a, (KR 65, EC 14-42). Much flattened shards in
welded turl? of the Pogy member, Traveler felsite Irom
the top of the ¢liff on ilorse M¥ountaln. The dark mineral
in the shards is probably celadonite., X 32.

Figure 37b., (XR 65, EC 14-42). Devitrified shards in welded
tuff; same thin sectiopn as figure 37a. The phenocrysts
are sericitlzed plagloclase and carbonate pseudomor-
phous after pyroxene(?). X 38.
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i alded btul?l of the Pogy meunber, Traveler [felsite
From Nerth Pogy iHountaln. The large whilte phenocryst
in the usper right is quartz. = 32.

re 338a, (KT 257, 30 J63-315). iagnetite-rich shards (
r W

-

Figure 38b. (KT 2587, SC 065-315). XMNagnetite-rich lenticule
in a welded tuflff; same thin sechlon as figure 32a. X 32,



Figure 3%a., (WT 206, SE 03-52). Highly compressed welded
tuflf of the Pogy member, Traveler felsite from the
eastern slopes of The Traveler. The shards are bdutlined
by opaque dust. X 122,

Figure 39 b. (KT 206, S¥ 03-52). OSame view as filgure 39a,
but with crossed nicols. The shards have recrystallized
to relatively coarse, equldimensional gralns of quartz.
The rock contains abundant tiny tourmaline prisms,

Near-by sediments are hornrelsed, indicating the
proximity of the Katahdin Granite (?) (unexposed). X 122.



Mgure 40. (XT 204, 8¢ 31-32). Limonitie shards(?) in
welded tufl of the Pogy member, Traveler felsite from
Forth Pogy Hountaln. X 122,
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imre 4la,  (XT 282, W 30-4%5), Sawed suriuzce ol
weathered welded tulf showing lithic inclusions and
flattened pvumice fragments., Pogy member, Traveler
felsits from the

valley south of Sablé lountain.
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Mgure 41b, (XT 534), Weathered surface of woelded tuff of
the Pogy member, Traveler felsite showing arn 1lneclusion
of felalte, Me agneclinen 1s from @ feet above the

¥atagsmon formzation at the base of the e¢liffs on Horse
MHountaln,
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or as a vapor phase crystallization phenomenon, as favored
by Mackin (1960). Angular lithic inclusions and the larger
lenticules are usually not fournd in the same thin section.
This observatlion i1s consistent with elther theory. Welded
tuffs do, however, contain darker bédies, usually rich in
chlorite and roughly lenticular in shape, which have ragged
borders and terminations (fig. 35). Some of these are

almost certainly collapsed pumice.

PORPHYRITIC TUFF: Porphyritic tuff occurs at
very few localitles within the Pogy member: at the base
of the Pogy member, at "Bald Mountain Falls," and on the
northeastern summit of Billflsh Mountaln. The porphyritic
tuff is characterized by the presence of undeformed shards
In thin sectlon and the absence of flattened ;nclusions in
hand specimen. It is thus believed to have once been vitric
tuff,

At the base of the Horse Mountain ¢liffs the non-
compressed tuff is no more than two to four feet thick and
grades up Into welded tuff. It is underlaln by tuffaceous
sediments of the Matagamon formation. In hand specimen it
is a/ﬁedium to 1light blulsh~gray to greenish-gray porphyritic
felsite with phenocrysts of quartz and feldspar and numerous
lithie Inclusions. The percentage of pﬁenocrysts varies
considerably and may be as high as j0 percent. In one
thin section the shards, although devitrifled, are as well
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preserved as any the author has seen from any rock of any
age (fig. h3). The shards average 0,1 to 0.2 mm in length;
the largest observed was about ons mm long. Numerous

shards enclose unruptured bubbles which are mostly 0.1 to
0.2 mm in diameter (fig. Lj2). These bubbles are now filled
with quartz (one crystal or several) and the former cavity -
wall i{s usually lined with chlorite, worm-like aggregates

of clinozolsite, or plates of potassic feldspar. Typically,
the shards have an axiolitic texture and the dominant
mineral in the shards is saponite. Chlorite and/or calcite
may be present in the center of shards. The darker greenish-
brown shards are set in a lighter matrix composed largely

of quartz grains about 0,01 mm across and disseminated
flakes of saponite, chlorite and magnetite.

At the base of the cliffs on the East side of Bald
Mountain, porphyritic tuff is interbedded with tuffaceous
sediments. Together they form a sequence a few feet thick
between the underlylng sandstone of the Matagamon formation
and the overlying massive lapilli tuff which makes up much
of Bald Mountain. The porphyfitio tuff contains about 20
percent angular crystal fragments of quartz, sanidine
(2v = 25°) and plagioclase, The ratio of quartz to feldspar
1s about 2:1., Another 20 percent consists of angular
lithic fragments., Most of the lithic fragments are felsite,
but some beds contain shale or siltstone fragments and

clay pellets. The matrix consists of devitrified shards
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and volcanic dust.

The porphyritic tuff that crops out on the north-
eastern surmit of Rillfish Mountain is unlike any other
obssrved within the area studled. Uncorlented and un-
flattened shard-like greenish-brown fragments are set in
a bones white matrix of weathered reoeck (fig. L5). The out-
crop also contains numerous scattersd and unoriented
fragments of light gray-green banded felsite, which are as
rmuch as 18 inches acrosz. Other rock types present among
the fragments Include a subgraywacke, which is probably
ffom the Matagamon forrmation, and quaritzite. The larger
frasments of all types are usually rounded, but the smaller
onss are angular, This tuff i3 overlain by a welded tuff,.

The nature of the contact between thenm is unknown,

The stream flowing ﬁorth Into Middle Fowler Pond
on the west side of Bald Mountaln flows over a striking
70 foot cabtaract at an elevation of about 1100 feet (C 36-24).
The cataract, which for convenlence 1is herein called Bald
Mountain Falls and 1s so labelled on Plate 1, 1s formed by
interbedded porphyritic tuff (fig. Lli) and soft dark-gray
fissile shale. These beds havse a total thickness of 80 to
100 feet and dip steeply west (50 to 60°). They are over-
lain by welded tuff and the b ase of the succession 1s cut
3pt, in the stream bed, by a major fault, Thess rocks
probably reprssent subagueous pyroclastic deposition in a

local basin. The interbedded porphyritic tuff and shale
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nave not been found elsewhere,

The individuvual porphyritic tuff beds at Bald
Mountain Falls are crudely sorted as to the size of the
gshards present, the percentage of phenocrysts (up to 35
percent) and the size of the phenocrysts. The sorting was
not observed in the field and the area has not been re-
visited., This porphyritic tuff is characterized by the
anomalously high content of secondary carbonate (both
calcite and slderite), perhaps related to the fault, and

by highly carbonaceous inclusions.

NON-PORPHYRITIC TUFF: Very dark-gray massive
felsite contalning no phenocrysts forms two small outcrops
100 yards apart in a small stream at the southwest end of
Pogy Notch (SC 08-30, elevation 1440 feet). In thin
section the tuff is similar in aprearance and mlneralogy
to the groundmass of the normal porphyritic felsite. The
felsic minerals (0.005 to 0.010 mm) display véry indistinct
graln boundaries, Although they appear to be equldimensional,
they have & notlceable preferréd orlentation as determined
by the gypsum plate. The relationship of thls preferred
orientaﬁion to the outerop 1s not known. The other minerals
consist of subhedral grains of magnetite (0,002 to 0.005
mm) and flecks of blotite (pleochroic, light tan to greenish
brown). The magnetite grains are typically in open clusters.

It is notable that the mafic mineral in this rock is
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piotite rather than the usual chlorlte. Very fine-grained
non-porphyritic lamlnated tuff of the Black Cat member from
South Traveler Mountain also contains blotite. The presence
of bilotite in these two non-porphyritic tuffs may be either
a primary mineraloglical feature, or, because both occurrences
are near the Katahdln granite, & contact effect, Specimens
of other rock types of the Traveler felsite from as near
the granite contact as the non-porphyritic tuffs do not
contain biotite In the groundmass. Because the non~-
porphyritic tuff has not been found elsewhere, however,
the origin of the biotite cannot at present be ascertailned.

In thin section the rock is seen to be much
fractured, The fractures have been filled with felsitic
material leaner in bioctlte and magnebtlte than the rest of
the rock, |

Because no banding is present in either the hand
specimen or thin section, this rock is belleved to be a
tuff rather than a lava or a welded tuff. The pyroclastic
material was probably very fine ash or dust., Perhaps
further exgmination of the outcrop would show a coarse

N

stratificaticn.

LAVA: The only unambiguous lava within the Pogy
member is on Trout Brook Mountain. Here the lava forms at
;
least three major flows with an aggregate thickness of 40O

feet., The lower two flows form prominent cliffs along the
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south side of Trout Brook Mountain (fig. 46). Both possess
coarse columnar jointing., The colurms average a few feet
in diameter, are perpendicular to the planar dimensions of
the flows and are up to 70 feet long. Well developed wavy
and/or contorted flow banding i1s visible in the weathered
outcrops of all the lava (fig. L47). Scattered unoriented
inclusions of banded felsite may also be visible and these
disrupt the flow banding (fig. 48). Even in the hand
specimen, the banding appears to be very delicate and
stands out on the weatheredvsurface as very elongate,
slightly darker weathering, typically pinkish lenticules
set in a bone white matrix. The lenticules range in
thickness from vanishingly thin up to several millimeters
and are extremely long relatlive to their width. They may
pinch and swell along their length., Oliver (lQSh)
suggested that one way to distinguish welded tuff from lava
1s that the former should have platy lénticules, whereas
the latter have pencil-shaped lentlcules. The lenticules
in the lava on Trout Brook Mountain, however, are planar
features, In thin section, the lenticules look much like
those from the Biack Cat member and their origin is
probably the same. (See p.157)., They have axiolitic
borders, quartz and chlorite cores, and the thicker ones
show the remmants of spherulites 1n thelr centers,

Crystallization of the axlolitic borders and spherulites
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must have occurred after the lava had come to rest, because
the axiolitlc fibers and spherulites can be seen cutting
across flow banding (fig; 43).

The lava contains 5 percent phenocrysts of which
90 percent are feldspar (only plagioclase identified), 5
percent gquartz and 5 percent altered mafic phenocrysts,
(See table 2). Garnet is present in one of the two thin
sections made from the lava. It 1s pale pink, compl tely
{sotropic and is a rounded rermmant (0.5 rm across) in the
middle of an salteration zone with a total dlameter of 1.5
ﬁm, The alteration products include chlorite (washed out
appearance, very low birefringence), some shreddy bilotite,
(strongly pleochroic, X = light brown, Y and Z = brown)
calcite, opaques, and sericite. The alteration zone 1is
hexagonal in shape and the flow banding wraps éround the
entire area. (fig. 1i9). There is‘no reagon to doubt that
garnet 1s a true phenocryst in the lava.

The felsite at an elevation of 1100 feet on the
northern slopes of Trout Brook Moﬁntain (C 33-52) 1is
pinkish red., This felsite maykbe the oxidized top of one
of the flows and ind;cate its subaerial origin.

VOLCANIC BRECCIA: Volcanlc breccia containing
randomly oriented banded felslte fragments crops out at a
/
number of places on the northwestern slopes of Wassataquolk

Mountain. This rock 1s unusual in that 1t contains visible
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pyrite and an unusually large amount of garnet (several
ecrystals visible in one hand specimen). This breccia has
not been studied in detall because of 1ts poor exposure and
the inaccessibility of the area. Its origin is unknown,
but in view of 1ts proximity to the body of granophyre on

th

w

west ridge of Wassataquolk Mountain, it may be related
to a vent.

Another volecanic breccla and lapilli tuff have
been observed at a number of localities on Bald Mountailn

(T.SN., R.99). The origin of these rocks in not known.

FELSITE OF UNCERTAIN ORIGIH: Txcept for rocks
such as 1aminated tuffs whlch are clearly recognizable in
the field, the felsite 1s subdivided into texture types
almost éntirely upon thin section criteria, The major
stortecoming of this procedure, of course, 1s that the
resulting geologic‘map is a sample map rather than a fileld
map., During most of the mapplng, howevér, the author was
unable to subdivide the felsite in the field.

Usually the original texture is well enough pre-
served in thin section to allow at least a tentative
concluslon as to its origin. Nevertheless, 1tAhas not
been possible to detemine whether some banded felsite is
lava or welded tuff. There are two reasons for this
ambigulty: 1) some speclmens are so greatly altered that

the only clear textural feature 1s a crude banding; 2) in
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otrers the texture is well preserved, but has characteristics
of both flow banding and the banding of welded tuff.

Iittle need be said of the specimens In the first
group. The type and relative percentages of phenocrysts
they contain fall within the limits of those found in other
gamples of the Pogy merber., One of the two analyses of
" the Traveler felsite presented by Smith (1930) was of a
sample of the Fogy member with ambiguous texture.

Samples Nos. KT 372 (3W 28-15) and XT 37h (SW 26=~-1L)
from the ¢liffs of South Pogy Mountaln overlooking Wassa-
‘taquoik Lake, are excellent examples of felsite with well
preserved but ambiguous texture, The compositions and
structural states of plagioclase from both these samples
have been detérmined. (Ses p.267). Both samples display
excellent banding., They contaln lenticules very rich in
magnetlte, some of which are nearly opaque. Phenocrysts,
typically In aggregates, are found in the thicker of the
dark lenticules, They may possess very irregular, ragged
borders and internal banding, some of which is convolute

(fig. 50a), These featurés woulé appear to have been
caused by flowage, On the other\haﬁd, the banding in the
groundmass 1is not smooth and continuous (See fig. 60),_
and small magnetite rich lenticules resemble flattened
shards (fig. 50b).

Spherulites are present in certain banded portions

of the groundmass. Thus, whatever the origin of ths banding,
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flgure 42a, (KT 153, E 13-45). Porpayritic tuff from the
tase of the Traveler rfelsite {Pogy merter} at lorse
Yountain. Some shards contain unrupiured bubbles now
filled with quartz. The Zormer cavity wall is lined with
chlorite and potassic feldspar. X 32.

Mgure 42b, (X7 153, EC 15-48). The same view as figure
42a, but with crossed nicols. X 33.
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“igure 43. {(XT 153, EC 13-45). Porphyritie turff from the
base of the Traveler felsite (2o0gzy member) at Horse
Mountain. The same thin sectlon as fizures 42a and 42b.
The principle mineral in the shards is saponlte. X 33.

“lgure 44, (XT 3354, C 36-24) Porphyritic tuff of the Pogy
member, Traveler felsite from 2ald fountaln Falls. The
dark patches are carbonate, X 33.



9igu§5~45. Porphyritic tuff of the Pory memher, Traveler
felsite from the northeastern summilt of 3111fish
Mountain (EC 8-31), ¥ost of the inclusions are felsite.

i"lzure 46. Prominent lava rlows of the Pogy member, Traveler
felsite on the south side of Trout Brock Hountain,.
Columnar jointing is evident. The plcture was taken from
the 1416 foot knobd west of Littlefield Pond.
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“izure 48. (K2 139, C 358-456).
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oure 47. (Y17 507). Chaotic flow banding in lava of the
Pozy member, Traveler felsite from the gummit of Trout
Brook Mountain., 10 cm scale,

“low banding 1in lava of the
Pogy member, Traveler felsite from Trout Brook ¥ountailn.
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T{gure 490b.

(XT 139, C 36-46).

va ol the Pozy memoer,
Fountaln.

Do 4

o I

Fiow Landling and spaeru-
Traveler
K 32.

Garnet phenocryst in lava

of the Pogy member, Traveler felsite from Trout Brook

¥ountain. HNote that the flow bandling wraps around the
pnenocryst. The same thin section as figure 49a., X 32,
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Pisure 50a. (X7 374, SW 28-14). Banded lenbticule rich in
magnetite In felsite o uncertaln origin from South
Pogy Hountain; Posy member, Traveler felsite. The pheno-
crysts are plagloclase, X 32.

“izure 80b. (XT 474, SW 26-14). i'agnetite-rich bodles
resembling shards in felsite of uncertain origin from
South Pozy ¥ountain; Pogy member, Traveler ‘elsite. Same
thin section as figure 50a. The phenocrysts are quartz
and plaioclase, ¥ 32.
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the spherulites must have crystallized after cessation of

2ll movement.,

WEIDED TUFF SHEETS OF TKE POGY MEMBER AND THEIR
ORIGIN: On the basis of samples collected, it 1s belleved
that'%%e bulk of the Pogy member is welded tuff. Although
the welded tuff has not been mapped In detall in the fleld,
it appears to occur in sheet-like bodles characterized by
the presence of crude columnar jointing. No internal
stratification other than follation caused by lenticules
and the deformation of shards has been observed within the
sheets of welded tuff. The predomiﬁance of discrete shards
in most of the welded tuff indicates that the depositing
medium was neither a lava flow nor a foam. The presence
of deformed (welded) shards and columnar jolnting, and the
absence of well-defined ihternal stratification indicates
that the welded tuff was emplaced more rapidly ahd at a
higher temperature than an alr-fall pyroclastic rock. The
welded tuff, therefore, was almost certainly emplaced by
particulate flows or pyroclastic avalanches, i,e. by ash
flows.

, Individual ash flows have not been mapped within
the fogy member., Roughly tabular bodies of welded tuff,
however, have been observed on Billfish Mountain, Horse
Mountain, gnd in the valley south of Sable Mountain

(T.5 N., Re9 W.). It is not known whether these tabular
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bodies are the result of a single ash flow or whether they
are more complex cooling units of several ash flows, Un-
less further investigation makes subdivision possible, the
tabular bodles of welded tuff in the FPogy merber should be
called welded tuff sheets.

Vertical zoning within welded ash flows in other
localities has been described by many authors, eg. Marshall
(1935), Gilbert (1938), Enlows (1955), and Boyd (1957).

R. L. Smith (1960b) has presented an excellent summary of
this zoning and some of the possible complexitles of
variations in the zoning. The zoning is caused by vari—
ations in the compaction (compression) of the constituents
and in the devitrification phenomenon. The absolute as well
as the relative thickness of each zone may vary almost
without limit. One or ﬁore of the zonss may not be present
in any one ash flow. Presumably there are all gradations
between densely welded ash flows and those in which no
welding has occurred. Horizontal variations in ash flows,
though reported by some workers (eg. Enlows, 1955, p. 1240),
have been less studled than the vertical variations.

There is some evidence that zoning is present in
the welded tuff sheets of the Pogy member., The zoning has
not been specifically studied and such a study would be
difficult. Many of the Indications of the zoning have

been obscured by lithificatlon and complete devitrification.
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Most of the evidence that remains 1s visible only in thin
section. However, there are pronounced dif ferences in the
flattening of shards in thin sections from the same
locality and presumably from the same welded tuff sheet.

At the base of the Fogy member on Horse Mountain
(EC 13-l45) porphyritic tuff forms a thin zone that grades
up into welded tuff. This zone 1s analogous to the
incoherent layer of ash at the base of some younger ash
flows, such as those of Yellowstone Park, Wyoming (Boyd,
1961). Boyd has suggested, and the writer agrees, that
such ash or tuff represents an alr-fall deposit prior to
the passage of the ash flow, In the valley south of Sable
Mountain (T, 5 N., R. 9W.) some specimens contain virtually
undeformed shards (fig. 33), while other specimens contain
shards which are considerably deformed.

At two localitles, the northeastern summit of -«
B111lfish Mountain and the southeastern peak of the Black
Brook Mountains (SW 26-55), outcrops of welded tuff con-
taining slichtly deformed shards are.overlain by welded
tuff, containing more highly deformed shards, The welded
tuff containing the less deformed shards probably represents
the upper part of one welded ash flow and the other welded
tuff probébly represents the lower part of an overlying
welded ash flow,

As a suggestion for future work, 1t would be



interesting to know 1if evidence of zoning by deuteric
crystallization is preserved. Perhaps spherulites are
restricted to certain portions of the welded tuff shee ts.

It may also be possible to observe in the outcrop a vertical
change In the amount of flattening of pumlice fragments.

The authort!s experience to date 1s that pumice fragments
cannot be recognized with certainty In the fisld. There

is no question that younger volcanic rocks offer more
fruitful grounds for studying the zoning In welded ash
flows,

The mode of eruption that produces an ash flow is
usually thought to be one of the various types of nuée
ardente, a term first used by Lacroix in 190L to describe
the eruptions cbhserved on Mt. Pelée iIn 1902 and 1903. The
essential features of a nuée ardente eruptibn, as deduced
by several first hand observers (Lacroix, Anderson, Flett,
and Perret), are the frothing of the magma due to the
exsolution of volatiles and the bursting of the resulting
- zas bubbles at some point 1n the eruptive process., Ths
physical state of the ash flow durlng emplacement is a
highly mobile suspension of viscous liquld or solid in a
gas, ~

The suspenslon is certainly heavier than alr and
noves down-slops by gravity. Mackin (1960) has referred

to the nuée ardente as a density current. Some authorities
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(Fenner, 1923 and FPerret, 1935) believe that continued
exsolution of gas during flowage adds greatly to the
nooility of a nude ardente., McTaggart (1960) suggested
that the entrapment of cold alr may be a major factor in
the extreme mobility.

The density current or ash flow 1s accompanled by
a large black gas and dust cloud, the lower part of which
is usually red and glowlng. It is this incandescence which
attracted the attention of most early workers and from the
impressions caused by this cloud, the names "nude ardente"
and "ignimorite" are derived. It is now generally
recognized that the bulk of the dspositional material is
carried not by the cloud, but by the density current, ash
flow, or glowing avalanche beneath the cloud (Smith, 1960a,
p. 203). The ast flow grades up into the cloud. Anderson
and Flett (1903, pr. LSL-495) compare the relationship
between the ash flow and 1ts accompanying cloud with an
Alpine snow avalanche and 1ts accompanylng cloud of snow
and air., Several objections have been raised to the use
of observed Jest Indian nuées ardentes as‘a model for the
rnode of eruption of pre-historic ash flows, First, mosst
of the ash flow sheets in the geologlc column cover much
larger areas than any deposits produced by the observed
nuées ardentes. As an extreme example, Mackin (1960) has
reported ash flow sheets in southwestern Utah with an

areal extent of 10,000 square miles. It is not known
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whether such a sheet represents one or many ash flows.

Another difference between the deposits of the
Jest Indian nuées ardentes and other ash flows is the
average slope of the base of the flow. This may In part
ne a consequence of the relatively short distance traveled
by the West Indian nudes ardentes, The volcanoces from
which they came are close to the shore lins.
| A third difference 1s that no observed nuée
ardente has resulted in a welded ash flow, Smith (1950a,
p. 810) has suggested that this may be a direat consequence
of the small size of the depoglts formed by the observed
nudes ardentes, relative to the welded ash flows in the
geologic column, Boyd (1961) has demonstrated that 1t is
thermodynamlcally reasonable in a subaerial nuée ardente
for the ejecta to retain sufficlent heat to deform and weld
together afiter emplacerment.

The detalls of the welded tuff shests of the
Traveler felslits have not been sufficilently studied and
may not be sufficlently well preservéd to contribute much
to the concepts of the wmode of eruption of ash flows in
sereral, or of those particular ash flowsg specifically.
However, because the lnown features of the welded tuff
sheets of the Fogy mombar are simllar to the characteristics
$f younzer, better praeserved weldéd ash flows, it 1s

helieved trat the nudes ardentes observed In the Jest Indies
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ané the eruption which produced the "sand flow" of the
v:lley of 10,000 Smokes offer the ¢ losest approach in
modern times to the eruptlive mechanism that produced the
welded tuff sheets of the Pogy menmber.

Becau se of the geosynclinal environment of the
Tpaveler felsite, the problem as to whether the felsite
was of subaerial or subaqueous origin is particularly
pertinent. This, in turn, raises the question as to whether
welded ash flows can ever form subaqueously, and finally
wretker any ash flow can be subaqueous., The author belleves
that an ash flow can neither form from a subaqueous
eruption nor maintain its character in a subaqueous
environrment, The reasoning ieading to this conclusion and
suprortinz data on the known environments of deposition of

other ash flows arse presented in Appendix A.

BLACYKX CAT ¥EMBER: The Black Cat merber is defined

by its stratigraphic positlion above the Pogy member and by
the absence or scarclty of quartz phenocrysts, It is named
from exposures on Black Cat Mountain. It crops out in a
broad belt from Squirt Dam Mountain esastward to Traveler
Mountain and occuples a structural depression between the
two large outcrop areas of the Pogy member. The flow breccia
on Lord Mountain and the felsite on Sable Mountain (T. 5 N.,

R. 94.) are interpreted as outliers on the Pogy merber.
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The outcrop of the Black Cat member on Trout Brook (WC
27-2L4) is interpreted as an inlier, probably a buried hill.

The contact between the Fogy and Black Cat members
has not been observed, but it is believed to be conformable
along both sides of the southeastern prong of the Black
Cat member and 1t 1s probably unconformable to the west
in the vicinity of Sable Mountain.

The Black Cat member i1s probably more uniform than
the Pogy member. MNearly all specimens studied are flow
rocks., The other rocks present are mostly restricted to
the lower portlon of the member and include flow breccia,
welded tuff, laminated tuff and lamlnated crystal tuff.

Because the stratigraphy and structure within
the Black Cat member are not known in detall, the thickness
of this member can be only approximated. In the region
extending from the South Traveler Mountain to North
Traveler Mountain the planar features In the felsite have
a persistent northwest strike and a nartheast dip (averaze
value, 25°)., If one assumes that there has been no
repetlition of units by faulting, the Black Cat member is
probably at least 6,000 feet thick.

LAVA: Lava occurs throughout the outcrop area of
the Black Cat member. Excellent exposures are found on
7
the eastern slopes of Black Cat Mountaln and on North,

Center and Pinnacle Ridges of Traveler Mountain.
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Individual flows have not been mapped iIn the fleld.
The flo&s are not easily distinguishable from one another
and separating them would require long and detalled work,
Examination of the exposures on Center and North Ridges of
Traveler Mountain, however, suggests that with time and
care, individual flows might be mapped. Among the criterila
which migcht be used are the presence or absence of quartz,
the size and shape (ratio of thickness to length) of
lenticules, columnar jointing, and physiography. In some
areas, the major flows form a series of prominent outcrops.
Their continuity is more apparent when viewed from a
neighboring mountalin or ridge than from the actual outerop
(fig. 51). The units on Center and North Ridges range in
thickness from about 50 feet to at least 300 feet,

Columnar jointing is characteristic of the lava
and 1s usually better developed than in the compressed
tuff of the Lower member, Figure 52 shows some typical
columns about one foot in dlameter on the knobs east of
Gifford Brook. Figure 53 shows some larger less perfect
columns above upper South Branch Pond. Columns as thin
as one inch have been observed. At an elevation of 1700
feet on North Ridge of Traveler Mountain these thin columns
are bent In different directions, Thls phenomenon is
probably caused by continued motion of a very viscous lava

after partlal solidification,



Fgure 8la. Lave flows of the 3lack Cat member, Traveler
felsite on Rlack Cat ¥ountsin as seen from ktha Jenter
T ler., Ths lalie Le¢ Jpoer South -»ranch
rond.

#igure 51b. Homocllnal sequence, dipplng to the left and
away from the observer, of lava flows on Center(left)
and Pinnacle (right) ridges of The Traveler as seen
from the northern summit of Black Cat Iountain. The
summit of The Traveler 1is vislble In the center baclk-
ground, and Upner oSouth sranch fPond eprears at the
bottom of the picture. All rocks in the picture belong
to the 3lack Cat member, [raveler felsite.
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“irare 52, Jolurmar jointing in lava of the Hlaclk Uat mem-
cer, Iraveler Jelsite. noos east of sifiord Lrook.

{gure 53. Columnar jointinzg in a thick {about 300 feet)
lava flow of the 23lack Cat member, Traveler Telsite.
iMe pleture was taken Trom Upper South dranch ond
looking at Center idge. lorth Bidpe of lorth fraveler
Hountain appears in the background.
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Megascovic Description: The rock 1s dense, hard,

and flint-like, breaking with a concholdal fracture. On
the fresh surface, the color ranges from dark bluish or
greenish gray to dark gray and black.

The rock contains about 10 percent phenocrysts,
211 less than 3 mm in diamster. Small euhedral feldspar
phenocrysts, 1 to 3 mm in length are the most abundant.
They are characteristically milky white or greenish white,
but In the darkest felslte may be glassy. Much of the
feldspar may be identified 1n the hand specimen as plagio-
clase by the presence of albite twinning striations or by
the greenish saussuritized cores of the weathered ones.
The feldspar phenocrysts commonly weather out leaving
rectansular pits. Next in abundance, although not always
obvious, are mafic silicate phenocysts. These have usually
altered to soft, dark, equidimensional knots,Al mm or less
across, which effervesce 1n dilute HCl. Occasionally,black
Pyroxene or blotite is observed in ﬁhe freshest rockas,
Equidimensional quartz phenocrysts, 1 to 2 mm in diameter,
constitute a few percent of the phenocrysts in some speci-

mens, while in others they are completely lacking.
8

2

lizhter in color than the rest of the groundmass (figs. 54

The lava typlcally contains lenticules® somewhat

84 lenticule is a small lens-shaped body in &
rock mass (Am. Geol, Inst., Glossary, 1957).



137
and 55). These lenticules may make up as much as 20 percent
of the felsite and range 1n size from thin wisps, barely
visible, to sizeable ones 3 feet in length and 2 inches
wide. The ratlo of length to wldth ranges from 2:1 to 30:1.
Small lenticules, in differing quantities, are ublquitous,
while large ones may or may not be present in a given unit,
The larger lenticules contain phenocrysts in about the same
proportion as the groundmass. In cross sectlon the lenti-
cules have wavy outlines and may be warped around phenocrysts
in the groundmass., The lenticules may bifurcate and usually
terminate by wedglng out or fingering out into the ground-
mass. In plan they are irregular in outline, but are planar,
rather than linear features, and their gross parallelism
imparts a foliation to the felsite. This foliation is
usually best observed on the weathered outcrop, where the
lenticules stand out in bold rélief or have weathered to
a darker color than the inclosing groundmass. Ollver
(1954, p. 480) and Mackin (1960, p. 91) have suggested
such a foliation is a compaction structure, rather than a
flow structure in the conventional sense., HMore will be said
of this later.

Inclusions of lithlc fragments other than the
lenticules are extremely rare in either the hand specimen
or thin section. However, small angular inclusions, up to
a few mm in diameter, of felsite and graywacke have been

observed.



Microscoplec Description: 35 thin sections of

lava from the Black Cat member were examined, The thin
sections reveal small phenocrysts of plagioclase and
pyroxene., Blotite phenocrysts are commonly present and
quartz is occasionally found. All are set In a holocrystal-
line micro-felsitic groundmass, which displays well developed
flow-banding. The phenocrysts comprise 3 to 17 percent
(average 10 percent) of the rock, and tend to occur in
clusters or aggregates. HRepresentative modes are pressnted
in table 3.

Plagioclase crystals ranging in length from less
than 1 mm to about 3 mm (average length 1 mm) make up 65
to 95 percent (average 77 percent) of the phenocrysts.
They are characteristically euhedral to subhedral in out-
line, but many are fragmented and some are embayed by the
groundmass, Although other twins are found, the common
type of twinning is a combination of the Carlsbad twin and
the polysynthetic albite twin. Small prismatic crystals
of apatite are found in nearly every plagioclase phenocryst,
and may occupy several percent of the area of a phenocryst

area. Inclusions of zircon are common, and opaques, mostly

ilmenite, occur to a lesser extent. \

The plagloclase phenocrysts are typlcally zoned,
although unzoned ones are fairly common. All zoned pheno~-

crysts tested show an overall Increase in Na-content from



‘Estimated Modes of Phenocrysts
in the. Black Cat Member, Traveler Felsite

TABTE 3

Lo} 2o 3. It . 5 P (iR O, 9. 10,1 11,4 12.1 13, 11,
!
Total percent a b e a
Phenocrysta in Rock 15 {10 {10 W {10 {12 10 (10 {18 30 121 15 71 7
Mineral constitution
of Phenocrysts
Quartz tr tr tr 2 2 9
Plagioclase 90 |85 |73 166 {75 |74 |75 |75 |82 85 { 681 80 |76 |76
Mafic Silicates 8 113 18 23 20 20 19 %% 10:| 25 9
Clinopyroxene b 4 X x 10 X X x 7
Bilotite x b4 10 5 X X 7
Hornblende 10
Garnet x{tr)
Fayallte tr
Opaque Mineralsgi 1 2 8 |11 5 [ 5 6 3 3 512 |13 {10
Accessory Minerals 1 1 Liesrse
Apatite ‘ 1 tr X tr tr x tr tr tr tr tr tr x b 4
Zircon tr tr * tr tr X tr tr tr tr tr | tr X x
a. Point count. Phenocrysts represent 206 points out of 2000,
b. Polnt count. Phenocrysts represent 282 points out of 2000.
c. Point count. Phenocrysts represent 178 points out of 1000,
d. Point count. Phenocrysts represent 356 points out of 500.

% Completely altered.

#% Includes both magnetite and ilmenite.
*3#% Accessory minerals as Inclusions in megacrysts not counted.

Some may be secondary.
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TABIE 3 (Continued)

(XR 56, C 01-25) Lava from an elevation of $00 feet on
South Branch Ponds Brook.

(XR 115, WC 36=17) Lava from the low knobs on the north
side of Black Cat Mountain.

(KR 116, WC 3R-1%4) Lava from the low knobs on the north
glde of Black Cat Mountain,

(KT 208, SE 05-515) Lava from 2230 feet on Haskell Brook
onn the easgt side of The Traveler,

(XT 236, SC 14-57) Lava from 1520 feet on the west end
of Pinnacle Ridge.

(x? 242, C 06-05) Lava from 1870 feet on the east slopes
of Black Cat Mountain.

(X7 297, WC 20-12) Lava from 1160 feet on the north

slopes of Black Brook Mountain,

(XT 45, C 16-18) Lava from 1620 feet on the east ridge
of Big Peaked Mountain.

(KT L,70, C 37-06) Lava from 21450 feet on the northeast
slopes of "Middle" Traveler Mountain.

(Average of three thin sections) Felsite from Sable
Mountain, T.5N., R.9W,.

(KT 41, SC 35~38) Compressed tuff from 2380 feet on
the north side of Traveler Gap.

(KT 42, SE 0Oli-1j2) Compressed tuff from 2200 feet on
the east side of The Travelsr,

(x7 L18, SC 3L5-32) Laminated crystal tuff from 2530
feet on the south side of South Traveler Mountain.

(KT ®CS-l, SC 37-0115) Lava from the 3060+ foot knob
north of Traveler Gap.

4
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core to rim, and are in this sense "normal.” The composi-
tion change may be contlnuous or may be combined with
abrupt reversals. As many as four major and numerous minor
reversals have been observed in a single phenocryst. A
given sheli between two reversals, shows a continuous
increase in Na-content outward and is usually bounded by
evhedral surfaces, The compositlons of the zones and the
correlations of zones from one phenocryst or one sample to
another have not been studied.

Plagioclase phenocrysts from 9 samples were
separated out of the felslte and thelr compositlons deter-
mined optically. The technique is discussed in Chapter IV
and the results of the study are mresented in table 8,

The greatest compositional range observed in ons hand
specimen observed is 19 percent An, . the avefage range
i1s 1} percent An, and the average composition is Anue.

From this study, there 1s no evidence that the An
content of the plagioclase phenocysts changes systematically
stratigraphically upward within the Black Cat member,

As stated previously, there 1s a correlation
between the darkness of the felsite and the freshness of
the plagioclase phenocrysts. In some samples, particularly
the lighter colored ones, the feldspar phenocrysts are so
completely altered that it is not possible to identify them

positively as plagloclase. Fine grained white mlca
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("sericite™), kaolinite, calclts, clinozolslite, and chlorite
(commonly velning the plagloclase along cleavages) have

peen obgserved &8s alteratlion products. The follqwing
agssembleges of alteration products sre common:

sericite + calclite + chlorlte

gsericite + caleclte

gericite + e¢linozolslte

sericlte + kaolinite + calcite

gericlte + chlorite
The chlorite (prochlorite?) is characterized by 1ts moderate
birefrinsence and 1ts dlstinet plsochrolism, X and Y = falrly
bright grass green, Z = light yellow green,

No sanidine phenocrysts wers obassrved in thin
section, However, in looking for the lowest L of the
plagioclase from sample KT 208, several fragments of feld-
spar with all indlces less than 1,53 wers found., Sanidine
phenocrysts in the flows of the Black Cat member are
extremely rare, however,

Quartz phenccysts are sparingly present in about
half of the thin sections of the Black Cat member, If
present, they may make up as much as 10 percent of the
pehnocrysts, but usually less than 5 percent. They are
subhedral to euhedral in shape or fragmented; many are
corroded. In gensral they are smaller than thes plagloclase

phenocrysts (avarage size 0.1 to 0,2 mm). At least some
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of the quartz is slightly bilaxial, Invariably the quartz
phenocrysts contain numerous fluid inclusions. These
inclusions typically have "negative crystal" outlines and
contain two phases, Both liquid-gas and liquid=-solid
jnclusions have been observed. The solid phase in some of
the inclusions 1s probably chlorite. Inclusions of ground-
mass have also been observed within the quartz phenocrysts.
In three dimensions, however, these may well be embayments
rather than inclusions.

Typlically 20 percent of the phenocrysts of the
flows of the Black Cat member are mafic silicates. In
those thin sections in which the mafic silicates are un-
altered enough to be identifiable, pyroxens is both ubi-
quitous and typically the most abundant. Blotite constitutes
a significant percentage of the mafic phenocrysts in some
thin sections. Rare grains of olivine, presumably fayalite,
have been identified in & very few thin sections. The mafic
silicates are partly or wholly altered in all but the
freshest rocks and in several thin sectlons it has not been
possible to identify with confidence the original mafic
silicate. The altered mafic phenocrysts in some thin sec-
tions are surrounded by a zone fich in a very fine gralned
chlorite., This zone grades out into the groundmasa and
typically extends farthest parallel to the banding.

Clinopyroxene phenocrysts are present in all thin

sectlons whilch contain mafic silicates fresh/ enough to be
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jdentified. In most thin sections it is the only primary
mafic sllicate identified. Pyroxene is usually the dominant
mafic silicate and comprises 5 to 35 percent of all pheno-
crysts (most commonly 20 percent). The pyroxene occurs as
light greenish gray, very slightly pleochroic, stuby
prismatic crystals up to 2.0 mm long but averaglng 0.2 to
0.3 mm, Many of them are fragmented., Twinning on (100),
either simple or polysynthetie, 1s fairly common, and zoning
is observed in some. Small prismtic erystals of apatite
and zircon and gralns of opaque minerals occur within the
pyroxene phenoerysts., Pleochrolc halos surround some of
the zircon. Because the opaque inclusions are found in un-
altered pyroxene as well as altered, at least some of them
are thought to be primary.

The composlitions of pyroxenes from 3 sémples}; were
determined optically, (See Chapter IV.) These data are
presented in table 9. The average composition in mol
percent 1is WOBOEnZBFSuZ (ferrocaugite),

Much of the pyroxene 1s partly or completely altered,
The alteration products are varied and include chlorite,
calcite, magnetite, epldote, clinozolsite, sericite, limonits,

and very fine grained amphibole. The chlorite 1s probably

igPlagioclase phenocrysts from these same samples
are among the ones whose compositions were determined.
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prochlorite and is characterized by moderate birefringence
and distinet pleochroism, X and Y = fairly bright gray green,
7 = light yellow green, In some specimens, the pleochroic
halos surrounding zircon are also found in the chlorite.
Felted masses of chlorite speckled with grains of magnetlte
are common as pseudomorphs after pyroxene. Pyroxene may
also be replaced by slightly pleochrolc (very pale greenish
yellow to colorless) clinozoisite.

In several thin sections the pyroxene is partly
or completely altered to a mixture of chlorite, magnetite,
fcalcite, and contalns rounded, monomineralic colorless to
light-tan bodies of clinozoisite (fig. 56). The clinozolsite
appears lsotroplc or nearly so and has distinctly higher
relief than chlorite. The average index of refractlion is
greater than apatite or calcite and very close to that of
pyroxene. The bodies may make up most of the pseudomorph.
The author at first thought some of these bodies were garnet
or the remnants of garnets. Under high magnification, how-
ever, they give the suggestion of being made up of very fine
grains of extremely low birefringence which may have ab-
normal blue-gray interference color. Some of the bodies
grade imperceptibly into coarser grained clinozoisite whieh
appears more highly birefringent, has abnormal blue and
yellow Iinterference colors, and is slightly pleochrolic
(colorless to light yellow green), The author now believes

that all of the rounded bodles are clinozoisite.
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Subhedral biotite phenocrysts, 0.1 mm to 1.0 mm
in diameter, have been identified in 10 thin sections. In
several thin sectlons biotite Is as abundant as pyroxene
and may make up as much as 15 percent of the total phsno-
crysts. Some of the blotite is corroded. Inclusions of
apatite and zircon (surrounded by pleochroic halos) are
common., The biotite is strongly pleochroic, X = yellowilsh
tan, Y and Z = dark brown or brown green. The ¥ index of
biotite hand picked from the heavy mineral concentrate of
KT 236 1s 1,661 ¥0,003.

In one thin section blotite 1s apparently replac-
ing pjroxene. A subhedral blotite phenocryst has a mutual
boundary with plagloclase on one side and one portion of
the blotite crystal contailns m&ny inclusions of optically
continuous pyroxene {(island-and-sea texture). The principal
alteraltion product of blotite is chlorite with minor iron
ore, Antigorite (?) characterized by relief less than
bilotite, moderate birefringences, pafallel extinction and
very weak pleochroism (colorless to very pale green), is
present in one biétite phenocryst.

Apatite, zircon and opaque minerals are present
as accessory minerals in the lava. Apatite occurs as tiny
needles or as priéms 0.5 by 0.05 mm. These crystals are
sparse in the groundmass, most abundant as inclusions in

the plagioclase phenocrysts and to a lesser extent in the
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mafic silicate phenocrysts., Commonly they make up 1 to 3
percent of the area of the plagioala;e phenocrysts. Zircon
may be elther in the groundmass of phenocrysts. Opaque
minerals are invariably present and may make up as much as
10 percent of the total phenocrysts. It seems likely that
such a high percentage includes many opaques of secondary
origin which are alterations of mafic sillcate phenocrysts.
The grains are characteristically 0.1 mm or less across,
but may be as large as O.L mm. Both magnetite grains and
ilmenite plates are present in most thin secticna, The
identity of magnetite is confirme@ by the magnetlic suscept-
1bility of the crushed rock, and theidentity of 1lmenlte
by the shape of the crystal plates in the heavy mineral
fraction of the crushed felsite.

Many, but by no means all, of the phenocrysts in
the lava of the Black Cat membsr occur in growth aggregates.
The aggregates may be monomineralic or composite (fig, 57).
Plagioclase, pyroxene, biotite and opaques occur in the
aggregates either singly or in any combination; although
blotlte alone and blotlte with pyroxene are rare. The
absence of quartz in the aggregates may be due to the
general rarity of quartz phenocrysts, A few aggregates
resemble inclusions of pyroxene gabbro and consist of many
equidiﬁensional or slightly elongaté grains (0.05 to 0,10 mm)
of plagioclase and pyroxene (fig 68b)., Aggregates of this
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gort up to several mm across have been observed. In general,
powever, the aggregates consist of a few larger phenocrysts,

The constltuent phenocrysts usually have euhedral
boundaries against the groundmass, but mutual boundaries
against each other (fig. 58). This suggests that small
phenocrysts, relatlvely close to one another in the magma
prior to eruption, were drawn together, perhaps by surface
tenslon. They then continued to grow while in contact
with one another. The author believes that such aggregates
are more llkely to occur in a lava flow than In an ash flow,
It would seem that most aggregates of the irregular shapes
observed (fig. 58) would have been broken apart during the
vegsiculation and rupturing of the bubbles required for the
formation of an ash flow. Emelsus and Smith (1959) have
described simllar aggregates from granophyre ring dikes of
Slieve Gulllon, N. Ireland,

The groundmass of the lava 1s characteristically
grayish tan and consists of a holoecrystalline but very
fine-grained mossaiec of felsic and mafic minerals., The
color becomes darker as the amount of opaque minerals in
the groundmass increases relative to the amount of chlorite,
Because the plagioclase phenocrysts are least altered, and
the primary texture is best preserved in the felsite with
the darkest groundmass, 1t is believed that chlorite has

developed at least partly at the expense of opaque mlnerals,
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Grain boundaries bstween the felsic minerals are
indistinct, and may best be observed under_crossed nicols
41th the gypsum plate inserted., The average grain size of
the felsic minerals ranges from 0,005 to 0.0l mm, ahd the
opaque dust may be considerably finer than 0,005 mm, The
felsic minerals are much too fine gralned and much too
obscured by the mafic minerals to be identifiable micro-
scopically. X-ray diffraction patterns of the chemically
analyzed groundmass of XT 208 indicate the presence of
guartz and plagloclase, The groundmass must also contain
potagsic feldspar because the analysls shows 5.09 weight
percent XK,0 (tatle 11 in Chapter IV). Because the most
distinctive potassic feldspar peak, the (201}, is not
apparent in the diffraction pattern, it muat be masked by
the (1oib) peak of quartz., The position of the (201) peak
of potassic feldspar is a function of the Kao content of
the feldspar. A locgtian of the (261) peak such that 1t
is masked by the (lOib) peak of quartz (20.9°20) would
require that the potassic feldspar, probably orthoclase in
sample KT 208, be very nearly pure KA181304 {(D. B. Stewart,
oral communication). The dominant mafic mineral is pale
gresn chlorite of low birefringence. This microscopic
identification was confirmed by x-ray diffraction, Both
magnetite and 1lmeﬁite are provably pressnt and in the

lighter-colored groundmass, carbonate and greenish amphibole



may also be present.

Banding in the groundmass 1s brought out by linear
(or planar?) concentrations of chlorite and/or opaques (figs.,
60 and 68b), These strings of dark minerals commonly pass
through the coarser grained felslc minerals Indicating a
recrystallization of the groundmass. That some of the
gfoundmass of the flows was glassy is suggested by the
rermants of spherulites in a few thin sectlons (fig. 59).
Although the felsic grains ars roughly equidimensional, in
several thin sections they appear to have a preferred
orientation wilth the fast>rays parallel to the bandlng.,.

The lenticules which impart a foliation to the
hand specimen are prominent in every thin section, They
are conformable with the banding in the groundmass and
hence accentuate 1it, They do, in fact, grade Into the
banding at thelr lower size limit.

The lenticules themselves may actually contain
linear (or planmar?) concentrations of opaques conformable
with the banding in ths groundmass. Usually, the banding
In the lenticules 1s restricted to the axiolitic margins
(see below). In some, however, banding persists to the
spherulitic centers (fig., 62). Hence some of the lenticules
must be crystalllzatlon features rather than original
inclusions. More will be said of this later.

The lenticules may be short and stubby or elongate,
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pinching and swelling along their length. The larger,
thicker ones were selectively avolded in the cutting of
thin sections, The lenticules usually terminate sither by
lensing out in a single unit or by feathering out into the
proundmass (fig 63). Wispy off shoots are common (fig. 68a).,
Some lenticules bifurcate around phenocrysts (figs 61b and
67a). These phenocrysts are separated from the lenticule
by an envelope of groundmass, and are thus distinct from
phenocrysts occurring within the lenticules,

Axiolitlic borders are a typlcal, but by no means
ubiquitous feature of the lentlcules. They consist of
elongate felslc minerals elther fibrous or prismatic and
usually clouded with echlorlite and /or opaque dust, When
1dentifiable, the principal mineral i1s alkall feldspar with
or without quartz. Typlcally the fibers or prisms have a
length-fast orientation., Note that this orientation is at
right angles to that in the groundmass. The thinner
lenticules, in addiltion to having axiolitic borders,
characteristically have centers filled with chlorite, some-'
times quartz, less commonly amphibole (with a moderate
extinction angle and strong pleochroism, light brown to
bright grass green), and rarely epldote (fig. 60). Many
of the thinner lenticules ars thus very similar in
appearance to the "drusy cavities™ in the Porphyritic

Felslite, Slieve Gulllion area, Northern Ireland (Emeleus and



smith, 1959, figs. 2a and 2b), The thicker ones, in
additlon to the above characteristics, may contaln pheno-
crysts in about the same proportion as the groundmass and
spherulites or the remnants thersof, The spherulltes (0.1l
to O.t mm in diameter) are composed of radiating groups of
length fast rods of felalc minerals of all degrees of
coafsenass from vanishingly thin flbers to stumpy erystals.,
In the coarser spherulltes, potassic feldspar and a lesser
amount of quartz have been idsntified, and a crude mlero-
graphic intergrowth 1s typical, 3everal authors (eg.,
Harker, 1895 and Iddings, 1899%) have described similar
varlations in the ccars;ness of the components of spherulites
and the correlation of this with the presence of micrographic
texture, Apparently there are all textural gradaticns from
coanrse, crude graphic lntergrowths of optlically contlnuous
quartz in optically and physically contlnuous feldspar, to
"centric" graphle intergrowths in which there is a radial.
growth of large sectors of optlcally continuous feldspar
(e.g., the quadrant feldspars of Iddings, 189%), The
"eentric" graphic intergrowths, in turn, grads to very deli-
cate radial intergrowths in which the sectors of optical
continulty become increasingly small and finally to
spherulites composed of unidentifiable radiating fibers

with no visible intergrowths. These textuml variatlons,

in the opinion of the author, are variations in original
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crystallization textures and are not genetic sequences.,

Tiny chlorite specks are usually present 1n the
spherulites, particularly at the centers, but chlorite is
typically concentrated in between the spherulites.

In light of the above discussion, other interesting
textures have been observed. In several thin sectlions,
lenticules with or without axioclitic borders, contain
rounded felgic bodies which are stippled with chlorite
and/or opaques, and set in a felsic matrix rich in chlorite.
These felsic bodles resemble spherulites in occurrence, size,
and shape. Some of them contain trains of opaque dust or
chlorite parallel to the banding in the groundmass. The
felsic mineral or minerals in these bodies are too clouded
Wwith chlorite to identify, but each body appears to consist,
exclusive of chlorite and magnetite, of a single crystal
of a felsic mineral, It is believed that they are re-
crystallized spherulites and that most of them are composed
of feldspar,., Similar remnants of spherulites also occur
in the groundmass (fig. 59). In at least ons thin section
(XT 2Lil4) the rounded bodies consist of a very fine vermicular
intergrowth of quartz and feldspar. The vermicular inter-
growth shows no radial growth and is thus distinct from a
graphic spherulite, These vermicular bodies are presumably
also recrystallized4spherulites. If so, ons disequilibrium

texture has recrystallized to another disequilibrium texture.
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Less regular radiolites have also been observed
in lenticules. Some of the longer fibers have extinction
angles of 5° to 8%, and as in the spherulites, the fibers
are length fast, Quartz and potassic feldspar have been
identified in the radlolites by x-ray diffraction.

Origin: The rocks discussed above form the bulk
of the Black Cat member and are believed to be lava flows,
However, becausé these rocks have some characteristics
attributed by other authors to welded ash flows, it is
appropriate to preseﬁt the evidence for both a lava flow
and an ash flow origin and to indicate why the former is
preferred. The discoidal lenticules visible in outcrop are
highly characteristic of welded ash flows (R, L. Smith,
oral communication). (Cf. fig. 5Lk and 55 with Pl, 21X of
Smith, 1960b.) The banding, though locally convolute, 1is
commonly regular over the area of a large outcrop or
several outcrops, Chaotic flow banding is a characteristic
feature of many viscous felsitic lava flows. Finally, at
least some of the units appear to have a considerable areal
extent, are relatively thin, and have parallel or sub-
parallel surfaces, These last features are, agaln, unusual
for viscous felsitic lava flows, but typical of ash flows.

There are several lines of evidence suggesting

that these rocks are lava flows rather than ash flows. The
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first is the microscopic banding brought out by strings of
opaque dust and chlorite grains and the microscoplc features
of the lenticules., In several thin sectlions details of
this banding are so well preserved that they cannot be
ignored, The author camot conceive how banding such as
that in figures 61, 6L, 66, 67, and 68a could result from
weiding and flattening of shards. The regularity and
continuity of this banding are striking in comparison with
that in the welded tuff. (See figs. 28 through 36). Yet
there are also microscoplc contortions and dragfolds,
particularly in the vicinity of phenocrysts. The sense of
these small dragfolds is usually the same in a given thin
section (figs. 61 axd 67}, Certainly there has been some
flowage.

There is the possibility that these rocks originated
as densely welded tuffs thai flowed after welding and
compaction. Some of the smaller lenticules look much like
the larger flattened shards, wlth axiolitic borders and
quartz and feldspar recrystallization, from the welded tuffs
of the Pogy member., (Cf. fig 29 with figs. 58, 63 and 6%a).

Before contemporary theories had developed, Iddings
(1899, p. 4oL to 406 and 1909, p. 331) believed that
Secondary flowage was a necessary step in the formation of
all welded tuffs. In a review article on ash flows R. L.

Smith (1960a, p. 807) reports that flowage during and after
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compaction is of minor impor?ance. He concludes that the
amount of secondary flowage is a matter of only a few
inches or a few feet.

It seems unlikely that in the Black Cat member
secondary flowage should be so extreme and so wide spread
that it has obscured all clsar-cut evidence of pyroclastic
origin from so many samples collected from such a large
area, Further, the type of banding in question (figs. 61,
6ly, 66, 67 and 68) 1s almost nonexistent in rocks of
essentlally the sarme composition from the underlying
formation. |

The growth aggregates of phenocrysts provide
further evidence that these rocks are lava flows. As
mentioned earlier, these aggregates should be more likely
to occur in lava flows than in ash flows. The aggregates,
thcugh very common in the rocks in question, are notably
rare in the welded tuffs of the Pogy member.

Whatever the origin of these rocks of the Black
Cat member, 1t is obvious from megascopic and microscopilc
textures that the flowage was primerily laminar rather than
turbulent, This observation 1s consistent with the high
viscosity of the felsite and the fact that fluids of high
viscosity usually have laminar flow. Perhaps convolute
banding 1s nelther a necessary nor an expected feature of

all felsite lava flows, desplte the numerous reported
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occurrences of chaotic flow banding.

The formation of the lenticules may be related to
the concentration of volatile components in the shear planes
of the laminar motion. Boyd (1957) has suggested that shear
planes would provide low pressure areas Iinto which volatiles
might diffuse, The accumulation of volatiles In certain
layers would favor in those layers deuteric crystallization
features such as axlolitic borders and yherulites. Some
lenticules are restricted to the area between two pheno-
crysts. These probably are formed by the concentration of
volatiles in the pressure "shadow" between the phenocrysts.

The problem of thimmess and areal extent of
individual flows remains, Perhaps more detalled field work
willl show that these observations are In error. Perhaps
the flows are not simple but are coﬁplex, composed of
several "flow units"™ (Nichols, 1936).

Finally, 1t must be admlitted that evidence for
origin as lava flows is better for some of the 35 specinens
than for others., There 13 no a prlorl reason why all or
nearly all volecanic rocks in a sequence probably 6,000
feet thlck should be of the same origin, Some flowage has
unquestionably occurred in about half of the speclmens
Included in this discussion. For the other half, evidence
is léss satisfying. The small elongated irregular felsic

bodies, such as those in figure 69a, could be compressed
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. Outeron of lava(?) of the Black Cat
member, Traveler Ielsite from along South uranch Ponds
Brook showing the typlical appearance of the lenticules.
tlgure 64 shows the thin section texture of a specimen
collected from a neighboring outcrcp believed to bslong
to the same rock unit as the outcrop plctured above,

—

“lzure 54, C 01-25
iler

Plgure 55. (KT 445, C 16-13). Sawed surface of lava of
the Black Cat menmber, Traveler felsite showing
plagioclase and mafic phenocrysts and lenticules.
Pigures ©67a and €70 are of a thin sectlon cut from
this specimen. 10 cm scale.



Pirure 56. (X7 242, C 06-045)., Very fine-zrained mono-
mineralic bodies of clinozoisite replacing pyroxene 1n
lava of the Hlack Cat member, Traveler Telsite rom
Black Cat dountain, X 33,

Meoure 57. (¥T 297, WC 20-12). Orowth aggregates of
phenocrysts in lava of the Black Cat member, Traveler
felsite from the northern slopes of 3lack Zrook
Yountaln. Ag:re:ates of pyroxene alone and pyroxene plus

plagloclase are present 1n this picture. Plow banding
1s also vislovle, % 33.
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Mlgure 53b.
crossed nicols.

togrecate of plagloclase

(¥ 116, #C 35-18). &:

phenoerysts In lava of the “lack (Cat mewmber,
‘elsite, It 1s believeld tunat this tyve of
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“igure 59. (KT 292, WC 08-04). CUroundmass of once glassy
lava of the 3Black Cat menwver, Traveler felsite from
Soulrt Pam ountain. The rounded bodies are believed
to be remnants of spherulites. X 33.

igure 60. (¥T 203, ZE 05-515). Lava of the Black Cat
member, Traveler felsite [{rom the Eastern slopes of The
Traveler. 2anding 1s broubht out by lenticules and by
linear (in thin section) concentrations of opaque dust
and chlorite. Fibrous amphibole occurs in the core of
the lar e lenticule. X 90.



“igure 6la. (XT 208, SE 05-515). slow bandinz in lava of

the tlack <at member, “raveler feisite. Jigpure 60 is an
enlargement of the lower right corner. The white pheno-

crysts are plagloclase. Iote the consistant lelt lateral
shear aloni the tlow banding In this fizure and figure
61lb. X 32.

Mgure 6lb. (¥T 205, SE 05-515). low banding and lenti-

cules in lava o the Slack Cat member, Traveler felsite.
Same thin section as figure cla. JNote the lenticule
bifurcating around a plagloclase phenocryst. X 38.



~“isure 62a. (XT - 116, WC 38-18)., Terminatlon of a spheru-
litic lenticule in lava o the #lack Uat memcer, Traveler
felslte from the knobs north ol B3lack Cat tountain,
Note the randing in the groundmass nersists througn the
lenticule. .The dark circles are buibbles iIn the mounting
medium. Same thin section as [Tigire 58a, X 33,

Pigure €2b, (XT 118, WC 38-16). Same view as figure 62a,
but with crossed nicols. X 3c.



Pigure 63. (KT 499, C 35-04). Lenticule termination in

lava of the Black Cat member of the Traveler felsite from
"Middle" Traveler iountain., Phenocrysts are completely
altered mafic silicate and plagloclase, with apatite and
magnetite inclusions. In the lower right center below
the lenticule 1s an aggregate of small pyroxene and
plagioclase crystals. X 32.

Flgure 64, (KR 58, C 01-25). Flow banding 1in lava from the
Black Cat member, Traveler felsite, The phenocrysts are
altered plagloclase and maflc silicates. The dark ecircles
are bubbles in the mounting medium. This specimen came
from an outcrop close to the one shown In figsure 54, and
the two outcrops are belleved to belong to the same unit.
X 38.
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Figure 65. (KT 169, SW 0$5-56). low banding in lava of
the Hlack Cat memvcer, iraveler felsite from Squirt Dam
Wountaln; slbered plagloclsse snd waflc silicate

et

phencerysts. X 3Z.

Figure 66. (XT 300, WC 18a01)}, Flow banding in lava of
the Black Cat memver, Traveler felsite from 3lack Brook
ountain. The large phenocryst in the upper left is
saussurtized plagloclase, X 32
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7izare 67a. (K7 448, C 18-13), Sperulitic lenticule with
axlolitic borders bilurcating around a plagloclsse pheno-
eryst. ¥low banding 1s obvious, Filgure 35 shows the
nand specimen from which this thiin section was cut.
Black Cat member, Traveler Telsite. 1 32,

P d
Lkvelon , 1
.

5

Figure 67b., (KT 445, C 16-18). #low banding in lava of the
Black Cat memper, Traveler felsite from Big Peaked Houn-
taln, HNote the conslistent left lateral shear in the
banding in this [i1gure and figure 67a from the same thin

section. I 32.
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“lgure 63a (¥T 470, © 87-26}. Lava of ths Black Cat membder,
Traveler felsite “rom the eastern slopes of "kiddle"
Traveler liounktain. “henocrysts are plagisclase, nyroxense
and blotite (dark area at bathonm of phenocryst agsregate

at lower laft). Mote the wispy offshosts of one lenticule,

and that another lentiscule appsars hto be related %0 a
cluster of phenocrysts, X 32.

Flgure 68b. (KT 470, C 37-06). Aggregate of small plaglo-
clase and pyroxene crystals resembling an inclusion of
pyroxene gabbro. OSame specimen as figure 63a, X 122,
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#imare 69a., (KT 289, WC 26-005). Small "pseudo-shards™ in
the groundmass of lava from the Bilack Cat member,
Traveler felsite. The specimen came [rom the eastern
summit of Black Zroock Hountaln, X 122,

?*igure 69b, (XT 289, ¥C 26-005)., +low banding in lava of
the Black Cat member, Traveler fslsite, Same specimen
as flgure 69a. X 32.
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shards. Several of the specimens which contain these
bodies are also characterized by relatively short stubby
lenticules. These roccks could concelvably be compressed
tuff. However, because of thelr dissimlilarity to other

welded tuff in the Traveler felsite and the presence of

aggregates of phenocrysts, they are belleved to be lava.

~— FLOW BRECCIA: Flow breccia crops out on the Summit

of Lord Hountain. The upper slopes of Lord Mountain,

particularly the southern slopes, are hsavily covered with

float of this rock. Therefore, it is belleved that it
underlies at least the upper one hundred feet of the
mountaln., Flow breccia, identical with that found on Lord

Mountain, also occurs in the beach cobbles on the shore of

Wassataquolk Lake. These cobbles may well be part of a
glacial drift derived from Lord Mountain,

On a fresh surface the rock is a black flinty

|

felsite. The only indicatlon of its brecciated nature is
the absence of phenocrysts in the breccia fragments. The
breccia fragments do, however, shovw up strikingly on the

whitish weathered surface. The fragments constitute about

30 percent of the rock and consist of felsite. Most of
them are angular, banded, and randomly oriented. They are
unsorted and are as much as a foot in diameter.

Flow barding 1s evident only in thin sections
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(fig. 70). PFPhenocrysts make up from 10 to 20 percent of
the matrix and are predominately plagloclase, some pyroxene
and magnetite, and minor biotite. Growth aggrsgates are
COnmMon «

The felslte breccla fragments are of several types.

Banded felsite fragments similar to those found in ths
welded tuff are fairly common. The most common and also
the most striking type of incluslion, however, 1s a banded,
very dark felsite some of which is almost opaque (fig. 70).
The darkmness and near opaclty are caused by a high content
of magnetite dust, a&erage grain size 0.002 mm. Because
the diametsr of the magnetlte dust is much less than the
thickness of the thin section, it 1is difficult tec estimate
the percentage of magnetite present, But the darkest
portions are probably more than 50 percent magnetite,
Fragments of the incluslons can be readily picked up with
a hand magnet. Banding ié caused by variatiﬁns in the
percentage of magnetite dust. The dust is set in & matrix
of coarser felsic minerals which have a preferred orient-
ation with their fast rays parallel to the banding. An
X-ray diffraction pattern of one of these dark breccla
fragments shows the presence of quabtz, plagicclase, and
nagnetite. Chlorite is iisible in thin section. The
mégnetite—rich breceia fragments have few phenocrysts

(including plagioclase and an olivine, presumably fayalite)
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Fgure 70. (YT 127, S¥ . “low breccis of the Black
Cat member, ~ from delft s8longs the south

shore ol assa ol Similar rocks ocour on Lord
sountain.  Azugregates of :inelage and pyroxenc phenod-

crysts, fluw banding end dark, waznetite-rich inclusions
are visible in this »hnotomicrozraph., X 38,

Plmure 71,
Concentric jointing,
similar to that
shovn in this photo-
graph, has been
observed a%t a nunm-
ber of lcocalities
in both wembers
of the Traveler
felsite. Thils
particular
locallty is within
the Blaclk Cat
! member on South
BEranch Ponds Brook.
Hore than one
center {or the
concentric jolnting
may be present,
' giving rise to two
: or more sets of
' intersecting
curving Joints.
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and those phencerysts present are small, Mone of the frag-
ments contain more than 5 percent phenocrysts and most have

about 1 percent.

WELDED TUFF: Welded tuff has been‘found at only
four localities within the Black Cat member, Théee of
these localitles are at or near the base of the member and
the fourgh is near the top of the exposed section. On The
Traveler it has been found at an elevation of 2,200 feet
on the eastern slopes (SE 4-42) and at an elevation of 2,380
feet on the north side of Traveler Gap (SC 35-38). At the
latter locality, the welded tuff forms a prominent bench
of black felsite showing faint follation. The mode of this
rock 1s presented in table 3. Aggregates of phenocrysts
are rare, Althoughftts shards have been greatly deformed
and flatteﬁed, they are sharply outlined by magnetite dust
(fig. 72). There can be little doubt as to their exlstence.
Some of the larger shards have devitrified or recrystallized
to relatively coarse-grained (0.0l to 0,03 mm) quartz,
potassic feldspar, chlorite, and magnetite. These larger
shards look much llke the smaller lentlcules in the flows,
More typiéally, however, the grain size of these devitrific-
ation products 1s much smaller (0.005 mm or less). The
larger lenticules of the type characteristic of the lava

flow are not present.
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The felsite on Sable Mountain (T.5N., R. 9W.)
which forms the outlier of the Black Cat member unconform-
gbly above the Pogy member is probably welded tuff., This
felsite is characterized by an unusually high content of
phenocrysts (30 percent) and textural features of both lava
flows and compressed tuff. A mode of this rock is presented
in table 3. The banding (fig. 73a) looks much like flow
bandéng and aggregates of phenocrysts are common. There
are also mafic lenticules containing smaller crudely alined
plagloclase crystals (0.1 to 0.2 mm long) set 1n a matrix
of chlorite, magnetite, and minor calcite (fig. 74). On
the other hand, the groundmass appears to have been frag-
rnmented although, If so, the shards are much flattensd. One
might be tempted to consider thils rock intermediate between
a welded tuff and a lava. However, acceptling for the moment
that the welded tuff originated as ash flows, the author
can conceive of no other intermediate mechanism between a
lava flow and ash flow than a froth flow, The rock result-
ing from a froth flow would probably not have the fragmental
appearance of the groundmass shown in figure 73b. The
fragmental appearance ssems convincing enough to call the
rocks welded tuffs,

The fourth known occurrence of welded tuff in the
3lack Cat member is on Dry Brook at an elevation of 980

feet (C 08-32). The most spectacular display of columar



“igure 72a, (XT 414, SC 35-38). Wslded tuflf of the Black
Cat member, Traveler felsite from Traveler Gap.
Phenocrysts are of plagloclase., X 3538,

*igure 72b., (KT 414, SC 35-38). Welded tuff of the Black
Cat member, Traveler felsite from Traveler Gap. The
ahards are distinctly outlined by opaque duste. Thils
view overlaps that of flgure 72a, but with higher
magnirication. X 122.
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Mgure 73a. (X7 £7la, 3W 31-32). Telded tulf(?) of tae
Bleck Cat membier, Travelcr felszslte from an outller on
Sable lountain. The phenoerysts are piagloclase,

Bandings astrongly reserbles that of the laveas. % 32.
[ [

“lgure 73b. (XT 273, S¥ 35-48). Welded tuff(?) of the
Black Cat member, Traveler felsite from an outlier on the
hill north of Hahar ?oné, The phenocrysts are plagio-
clase and altered mafic silicates (chlorite and cela-

donite). The "shards” are composed lar:;ely of chlorite.
X 32



“igure 74. (ET 271a, SV 31-32). Yafic lentirule of plagio-
clase and altered pvroxene(?) in welded tuff(?) from the
outliier of the Black Cat meuber, Traveler (elsite on
Sable ¥ountain, X (2.

3 ¥ Aoy :
ML S A Sy
O T A

Sdgure 75. (XT 145, C 08-32), Welded tuff of the Black
Cat member, Traveler felsite from 980 feet on DIry Brook.
X 32.
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Figures 76a & b. Colurmar jointing in welded tuff of the Black Cat member,
Traveler felsite from en elevation of Y80 feet on Dry Brook.
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jointing observed in the Traveler felsite is found at thls
locality. The columns average three Ilnches 1n dlameter
and are at least several tens of feet long (fig. 76).
Figure 75 is a photomicrograph showing the texture of this
compressed tuff,

The welded tuff of the Black Cat member 1s, like
the welded tuff of the Pogy member, believed to have been

deposited by ash flows,

LAMINATED TUFF AND CRYSTAL TUFF: Laminated tuff
and crystal tuff occur intimately assoclated with each other
on the south side of South Traveler Mountain about 100 feet
below the highest (eastern) sumit, Here the laminated
tuff and crystal tuff form a distinctive unit 10 to 15 feet
thick, some distance above the probable base of the Black
Cat member., The two rock types Intertongue and_are inter-
vedded. The laminated crystal tuff 1s minor, however, and
occurs as long thin lenses within the lamlnated tuff.
Contorted laminstion, presumably a slump structurs, 1s
typical of the laminated tuff (fig. 77b). Although crosg-
lamination has also been observed in the lamlnated tuff,
it is much more common in the laminated crystal tuff,.
Ahother unit of laminated tuff possessing contorted lamin-
ation crops out L0 feet lower on the south side of South
Traveler, No crystal tuff has been observed at this

locality.
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Althousgh the laminated tuff and crystal tuff have
not been found at any other locallty, they form a potentlally
useful marker bed and will be described in detall unwarranted
by thelr known areal distribution.

In a8 fresh hand specimen the laminated tuff consists

of alternating laminae of light-gray and dark-gray dense
aphanitic felsite (fig 77a). No phenocrysts are visible,
The laminations are brought out by weathering which lightens
the dark gray bands to light gray amd the 1light gray bands
to very light gray. Typically, the darker bands show a
color gradation into the lighter bands in ons éonsistent
direction, and a sharp contact with the 1llght bands in the
other direction. For the purpose of thls discussion, one
lamina 1s defined as the graded color set between two sharp
contacts, The lamlnae range in £hickness from less than
0.1 mm to about 10 mm and average 2 to 3 rm. The laminated
tuff has a reiatively gentle dlp and the darker portion of
each lamina 1s on the bottom. Except for the direction of
color grading and darkness of color the laminated tuff
loolts very much like a varved glacial sediment.

In thin section the laminated tuff very closely
resembles the groundmass of the lava of the Black Cat
member except that the mafic mineral is blotite (greenish
brown and distinctly pleochroic) rather than chlorite and

thers 1s a blmcdal distribution of grain size. The average
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graln slze of the coarser fraction is 0.02 to 0.04 mm.
This fraction conslsts of scattered angular grains of
quartz and feldspar which are probably fragments of pheno-
crysts,
The finer gralined fraction is by far the dominant
of the two, Its average graln size 1s 0,002 to 0,005 mm,
The presence of biotilte (greenish brown and distinctly
plégéhroic) rather than the usual chlorite may be a contact
metarorphic effect of the Katahdin granite. The granite
contact is at an elevation of 2150 feet on the south side
of South Traveler, J00 feet below the upper outerop of
laminated tuff,. o
| The felsic minerals in this fractlon are too fine
grained and too intimately assoc iated with blotite to be
identifiable in thinlsection. Quartz, plagioclase (about
AnBO) have been identified by'X-ray diffraction., The grain
boundaries of the felsic minerals are indistinét, but the
grains appear to be roughly equidimensional., They also
have a preferred orientation with the slow rays parallel
to the laminations, Carbonate, clusters of magnetite, and
an occasional zircon are also present in thin section.
| The lamination, clearly visible in thin section,
is caused by a higher concentration of biotite In the
darker bands. A light band may grade into the dark band

on each side, or, as is more common, there may be a
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relatively sharp contact on one slde and a gradatlonal con-
tach on the other., The direction of the sharpest contact
is consistent when observable, Texturally, nothing remains
of the arlginal pyroclastlc material, Because of the
thinmess of the lamlnae, however, this material must have
besn extremely fine grained, i.,e., fine ash (less than 1/h
mm, Wentworth and Williams, 1932, p. 45).

o The laminated crystal tuff 1s dark gray on the
fresh surface and weathers to a light or very lizht gray.
Closer inspection of the weﬁthered rock reveals that it
contains about 50 percent milky-whilte priamtic feldspar
crystals set 1n a dark greenish-black matrix, The lamin-
ations, which are best observed on the weathsred surface,
are coarser and less well developed than in ths laminated
tuff, Fairly broad feldspar-rich layers (about 1 cm thick)
are separated by thin feldspar-poor layers (0.1 to 0.3 em
thick},

In thin sectlon the laminated crystal tuff consists
5f crystals or fragments of crystals of plagloclass,
amphibole, and magnetite set In a groundmass of the same
material that composes the laminated tuff., A mode of thse
laminated crystal tuff is presented in table 3.

Flagioclase, elther subhedral fractured crystals
or angular fragments of crystals, is by far the dominant

constituent of the rock (fig 78). Except for the presénee
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of platy hematite inclusions, the plagloclase xenocrysts
are simlilar to those of the flows of the Black Cat member
in details of twinning, zoning, Iinclusions and alteration.
Most of the plagioclase xenocysts are between O.SVand 1.0
mm in diameter, but they range from tiny fragments to
prismatic crystals 1.5 mm long. The average composition
in mel percent 1s AnhS’ and the xenocrysts may be zoned
from An38 to‘Ansu. There 1s a partial alinment of the
plagi;;iase crystals such that the long dimension and fast
ray are parallel to the lamination,

The mafic silicate in the laminated crystal tuff
is amphibole, presumably hornblende, and has the following
optical properties:

strong rleochroism, X

Y
z

pale yellow
yellowish green
bright bluish green

(T

distinct dispersion, mv

2Vx = 559, optically negative

ZAC = 20°, lamellar twinning on (100)

n > apatite,
Much of the hornblende 1s clouded with magnetlte incluslons.
Although subhedral or rounded hornblende crystals up to
0,5 mm long are relatively common, most of the hornblende
13 interestitlal to the plagioclase xenocrysts. Poly~-
crystalline aggregates of relatlvely fine grained horn-

blende may completely occupy irregularly shaped areas

between several plagloclase xenocrysts, Commonly, however,
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a single optically and physically continuous hornblende
grain completely occuples such 1fragularly shaped areas,
The pyroclastic origin of the plagioclase crystals is clear
by their fragmented nature and by the rarity of growth
aggregates of two or mare crystals. The hornblends, on the
other hand, could have been of pyroclastic origin only 1f
the present texture resulted from subsequent overgrowths
of hornblende around the foarmer pyroclastiec grain, Over-
growths/gave been observed, but are uncommon. Horeover,
hornblende 1s extremely rare as phenocrysts in the rest of
the Traveler felsite, It may be that hornblende developed
at the expense of some pre-existing mafic mineral, probably
pyroxene, in the contact aureoleof the Xatahdin granite.

Magnetite 1s usually abundant in thes laminated
crystal tuff., It i1s also coarser grainsd than in the rest
of the Traveler felsite; much of 1t is between 0.05 and
0,1 rm across, and somé euhedral crystals up to 0.3 mm
across have Eeen observed, The high concentration of
mégnetite 1s probably primary in the crystal tuff., Certainly
8 concentratidn of heavy minerals In a crystal tuff 1is not
unreasonable,

The lamihation 1s the result of compositional
banding’and the crude alinment of plagioclase crystals,
The plagloclase content of the laminae ranges from 80 to

35 percent. Those layers in which the plagioclase content
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is relatively low show a corresponding increase in either
hornblende and magnetite or in groundmass, In thin section
there 1s a suggestion of a sequence of layers as follows:
minirmum plagloclase content, maximum per-
centage groundmass, scattered horn-
blende and magnetite
" high concentration of plagloclase crystals,
relatively minor amount of hornblende
and magnetite

high concentration of hornblende and opaques,
relatively low plagloclase content, :

This observation has not been confirmed in the field, and
the specimen was not oriented. Thz most reasonable
stratigraphic orientation for the ssquence, of course, 1is
that given above.

It seems clear that laminated tuff and crystal
tuff formed by the accumulation of pyroclastic material
settling through a fluid medium., Whether the fluld medlum
was alr or water is more problematical. Oliver (195L4b, p.
;10) has described similar stratified tuff possessing con-
torted bedding and currenf bedding. Thils tuff crops out
on the Glaramara Ridge in the Lake District, England, and
is in a welded tuff sequence., Oliver believed that the
contorted bedding indicated subaqueous slumping, hence the
tuffs were water lald, The author visited the Glaramara
Ridge locallty briefly during the summer of 1960. It

geems Just as likely that the slumplng and current bedding
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could be subaerial as subaqueous. Indeed, In vliew of the
agssoclation of the stratified tuff with welded tuff at hoth
localities, a subaerial enviromment of deposition seems
more reasonabls, In elther environment ecrystals could be
effectlvely separated from finer-grained ash by gravity
settling.

It 1s believed that the color gradation in the
laminae of/}he laminated tuff represents an original
compositional variation of particles rather than a size
variation, In particular, the darker portions of the
laminae represent the accumulation of ash partlcles richer
in magnetite dust than the constituents of the lighter
portlons of the laminae., As 1s noted elsewhere, magnsetite
dust is disseminated throughout the groundmass of the lava
flows, but 1s particularly concentrated in bands which
impart a foliation to the groundmass. If thls groundmass
were broken up into sufficlently small fragments, some
would be richer in maghetita dust and correspondingly
hsavier than others, In addition, magnetite-rich inglusions
have been observed in several thin sections of the Pogy
member and in the flow breccia on Lord Mountain. These
heavier fragments would settle faster than the light ones,
even though they were the sams size, and could thus produce

the color gradation 1n the laminae. The rhythmic laminatlon



, \“ ;\..n‘ml ‘|{|;\nn\ﬂl;\nnl.f.;‘b |

nu|*|

il

S U 3 3 e Brgm

HHI!I‘H‘

oy

. ~ “ ’ “' - 3 —r
. >5Cs, ! ST'D.UETER ¥ W‘
W 1 =
LS L s e ,
- NN -2

Mgure 77a.(XT 417, SC 34-32). Hand speciren of laminated
tuf'f of the Black Cat member, Traveler relsite from South
Traveler Mountain. The top of the specimen 1s to the
left. 16 cm scale.
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Pigure 77b. (KT 417a, SC 34-32). Hand specimen of laminated
turff of the Black Cat member, Traveler felalte from
South Traveler Hountaln showing slump structures.




PMigure 78a, (KT 413, SC 34-32). Laminated crystal tuff of
the Black (at member, Traveler felsite from South Traveler
¥ountein, Crystals of plazloclase, opaques, and horn-
blande (center) are visible. X 32.

Figure 78b., (XT 413, SC 34-32), Lanminated crystal tuff.
Same view as Tizure 78a, but with crossed nicols, X 32,
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might be caused by a temporary interruption of the settling
Process, €.%., 8y & shift in the wind direction or an

incresase in the wind veloclity.

TRAVELER FELSITZ, UNDIFFERTENTIATED: Two relatively

large areas of felsite, adjacent to the mein body of the
Traveler felsite, are included under the heading of Traveler
felsite, undifferentiated. One of these areas lles on
Jadlelgh HMountain on the north limb of Matagamon synclinorium.
The sécond, larger area lies to the west of the South Branch
of Trout Brook in the Telos Lake quadrangle, The 1isolated
pateh of felgite which forms Center Mountain is iﬁcludéd

in the latter arsa., Becauss of lack of outcrop (particularly
in the western area), lack of structural data, or lack of
distinective rock typos, ths stratigraphlec relationship of
these felsites to elther the Pogy or 3lack Cat merber or

tc each ofhar is unknown.

Specimens of these felsites are charactqristically
porphyritie, 10 to 50 percent of the phenocrysts being
quartz. Hence the phenocryst constituticn is most like
that of the Fogy member.~ Representative modes of pheno-
cryéts are presented in table h. The structural states of
the plagioclase phenocrysts from the Lower and Black Cat
members are different. (See Chapter IV), Thus it would

be useful to know the structural state of the plagloclase



TABLE L

Estimated Modes of Phenocrysts
in the Traveler Felsite, Undifferentiated

189

l [ 2 . 3 - u' 5 3 6 »
Total percent
Phenocrysts
in Rock 73 10 153 12 15 | 15%
Mineral
constitution of
Fhenocrysts
Quartz L0 2L 12 Ll 35
Plagioclase 79 45 60 i L1 50
Mafic silicates 13:=: | 10 123 1533 | 15%%
Biotite 20
Garnet 4 Lraress
Opaque Minerals tr 2 6 2 3 tr
Apatite tr tr Ctr tr tr tr
Zircon 1 tr tr tr tr tr

# Aggregates of phenocrysts common,

s#% Completely altered.

3%+ Observed in hand specimen, but not in thin section.
+  Includes both magnetite and ilmenite.

1. (XT 158, TLSE 12-58) Felsite from the North Branch
" of Trout Brook.

2. (KT 162, TLSE 16-22) Lava from 2300 feet on the
- west side of Strickland Mountain,

3. (KT 163, TILSE 30-49) Felsite from 1530 feet on the
east side of MeCarty Mountain.

4. (¥T 328, TLS® 10-435) Lava from the 1580+ foot
saddle on the south ridge of Morse Mountain.

5. {XT 340, ¢ 06-51) Brecciated felsite from the 1020+
foot summit at the northeast end of Wadleigh
Mountain.

6. (KT 350, C 395-50) Brecciated felsite from the 1078
- foot summit of Wadleigh Mountain.,
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phenocrysts from the areas of undifferentiated felsite,

The plagioclase phenocrysts of all specimens avallable,
however, are considerably altered; neither their composition
nor thelr structural states have been determined.

The felsite on Wadlelgh Mountain has not been
studied in detail, It is cut off from the main body of
the felslte by a fault., The three thiln sections of the
felsite which have been studied are so fragmented that thelir
orlginal texture cannot be determined.

Lava 1s the only type of felsite definitely recog-
nized in the Telos Lake guadrangle. Typlcally the lava
contains 5 to 10 percent phenocrysts. Aggregates are common,
Quartz and plagioclase in about equal amounts are the
dominant minerals and about 10 to 15 percent of the pheno-
crysts are completely alteréd mafic silicates, Garnet
(index of refrggtion = 1,808) wéé'dbserved in the hand
specimen of felsite from the south ridge of Morse Mountain
(KT 328, TLSE 10-435),

Flow banding resembles that in the Black Cat memper,
The specimens showing the most convineling flow banding come
from the westernmost summit of Strickland Mountailn (TLSE
16=22), Figure 80 1s a photograph of a hand specimen from
this flow énd figure 79 is a photomiérograph of the thin

3ection made from the hand specimen, Lava has also bsen



“dizure 79a. (KT lsg, ILSE 16-22). Lavae from the summit of
Strickiand fountein. Traveler felsite undiirferentiated.
X 32,

NS pr.

R
o

Pigure 78v. (&7 162, {LSE 1l¢-22)., Lava from the surmit of
Strickland wountain. ssme view as figure 7%a, but with
crossed nicols. liote axlolitic boraers to the lenticules.
i 32.
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Meoure 80, (XT 162, TLSE 16-22). Hand specimen of lava
from the summit of Stricklsnd Mountain. Flgures 79%a % b
are photomicrographs of a thin section cut from this
specimen., Note that the flow banding appears to be
planar rather than linear. 10 cm scale,
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found on the southern ridge of Mosrse Mountain and near
the surmmit of Burnt Mountain, Columnar jointing 1s

prominent at the last named localilty.

THICKNESS, VOLUME, AND SQURCE: The combined

thickness of the Pogy and Black Cat members 1s at least 9000
feet. It 1s believed that during the early stages of the
rather violent eruption of the welded tuff of the Pogy hem~
ber, a caldersa Jeveloped from the partial collapse of the
roof of the magma chamber. At or near the end of the
eruption of the lavas of the Black Cat member, thers was

a further subsidence of the caldera floor., The limit of
the caldera was probably not far from the present border

of the Traveler felsite on the west, north, and east. The
former extent of the caldera is dlscussed in Chapter V,
Structural Geology. Because interbedded sediments are
rare, and because no soll zones have been observed betwsen
any units, the Traveler felsite 13 belleved to have been
erupted in a relatively short time. It is difficult to
estimate what this interval of time might have been, but

it 1s believed, by analogy with Quarternary calderas,

that several centuries represent a‘maximum and that the

~.

interval of time was probably considerably less. The bulk
of the felslite was probably erupted within the caldera,

and is thus represented by the present outcrop area of
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the Traveler felsite, Assuming an average thickness of

the felsite within the caldera of one mile, the volume of
felsite erupted is about 70 cublic mlles,

The vents from which the felsite was erupted have
not been located. Volcanic rocks of the volume of the
Traveler felsite, however, are usually erupted from
fissures (R. L. Smith, 1960). It is reasonable that some
of the fissures were near the margin of the caldera,
Perhaps the breccia on Bald Mountain and on Wassataquolk
Mountain are related to filssures which served as vents for

the felsite.

AGE AND CORRELATION: The age and correlation of

the Traveler felsite willl be discussed in a later section,

TROUT VALLEY FORMATION

NAME: The heterogeneous assemblage of clastilc
rocks interbedded with mlnor sideritic ironstons that
occuples the valley of Trout Brook between the west shoulder

of Trout Brook Mountain and the north shoulder of Burnt

Mountain 1s here called the Trout Valley formation. A
massive felslte conglomerate, the Gifford conglomerate
lentll, occurs at the base of the Trout Valley formation

along South Branch Ponds Brook.

DISTRIBUTION: The major outcrop area of the Trout
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Valley formation is in the broad, relatively flat~bottomed
valley of Trout Brook between the felsite of Wadleligh
Mountalin to the north and the main mass of the Traveler
felaite to the south, The formation thus occuples an area
that is roughly 1.5 miles wide and 8 miles long and trends
ElE., «Excellent exposures are found along Trout Brook
betwssn The Crossing and the fork of the Horth and South
Branches, along South Branch Fondg Brook and Wadleigh Brook,
and in the relatlvely level "burned land" betwsen the
Junction of Wadleigh and Trout Brooks and Wadleigh Mounbtaln.
In the last narmed area much of the soll cover has been
stripped off and bed rock surfaces, roughly parallel to
bedding planes, are exposed over areas of several acres.

The weatward extent of the Trout Valley formatlion
is poorly known. The possibiliiy has already been mentioned
that ths rocks that crop out outside the area of study in
the gravel pit between Thissell Pond and Little Nesowadne-
bunk Lake, Telos Lake quadrangle (fig. 2), may belong to
the Trout Valley formation. Until further evidence can be
obtained, however, ths rocks in this gravel pit are
inecluded in the Seboomook formation. Rocks typlcal of the
Seboomook formatlon crop out beside Black Brook 1in the
Telos lLale quadrangle (TLEC 34-19) and on the North Branch
of Trout Brook at BM 1071, Telos Lake quadrangle. At the

latter locality the rocks are much deformed and slicksnsided.
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The present Interpretation is that the Trout Valley
formation does not crop out west of the north shoulder of
Burnt Mountain.

The 2580+ foot north shoulder of Wass&taquaik
Mountain (SE 16-10) is capped by at least 100 feet of baked
clastic sedimentary rocks. Cross-bedding preserved in
sandstones shows that these sediments are right side up.
Thus, unless there is undetected faulting involved, these
rocks are younger than much of the Pogy member of the
Traveler felsite. Thers 1s no direct evidence for thes ags
or correlation of these baked sedimentary rocks. They may
be interbedded in the Traveler felsite, they may represent
a later period of sedimentation unpreserved elsewhsre, or
they may belong to the Trout Valley formatlion., Sandstones
comprise a falr percentage of the sedimentary rocks on
Wassataguoik Mountain iIn contrast to the shale and inter-
bedded tuff sequence in the Traveler felsite at Bald
Mountaln Falls. The aathor favors ths interpretation that
the baked sedimentary rocks'on Wassataquolk Mountaeln belong

to the Trout Valley formation.

DESCRIPTIOQN

GIFFORD CONGLOMERATE LENTIL: The massive felsite
conglomerate exposed at the base of ths Trout Valley

formation in the gorge of South Branch Ponds Brook and
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along Gifford Brook iIs named the Gifford conglomerate
lentil, Very minor sandstone and sandy black shale are
interbedded with the felsite conglomerate about 100 feet
ebove its base. The amount of the interbedded sandstone
and shale Increases stratigraphically upward from this
level, and there 1s a corresponding decrease in the average
glze of the felsite detritus. The top of the lentil 1s
placed where it looses its distinctive masslve character;
arbitrarily, the level above which pebble and cobble
conzlomerate form less than 75 percent of the rocks,

Massive felslte conglomerate comprlses more than
95 percent of ﬁhe Gifford conglomerate lentil except near
its top., The felsite conglomerate conslsts of rounded %o
subrounded fragments of felsite as much as two feet in
diameter set in a greenish-gray matrix which is prosably
ground-up felsite. Pebble-size and cobble-size fragments
are the most abundant (fig. 8lb). Repeated examination
has falled to reveal any other rock fragments than felsite,

The felsite conglomerate is deeply weathered, and
only weathered outcrops have been observed. The felsite
fragments are easily broken out of the matrix and the
fragments themselves are deeply weathered. This rajises the
question as to whether there may have been an earlier cycle
of weathering.

Because the felsite fragménts are so easily

separated from the matrix, the massive felsite conglomerate
o
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Far

#flzure 8la.

Gorge cut in
Gifford conglom-
erate lentll by
South &ranch
Ponds Srook.

The locatlon 1s
just upstream
from the junction
with Giflord
Brook. A bed of
sandstona 1is
visible in the
upper part of
the plcture, and
a joint surface
cutting throuzh
felsite cobhles
13 v1sible in

e rizht center.

Figure Slb. 0Olose-up of Gifford conzlomerate lentil in the

bed of South Zranch “onds drook,
subrounded f{ragments of felslte.

showlng rounded to
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1ooks.much like a poorly consolidated Plelstocens tillite.
Actually, it is difficult to determine the contact between
the felsite conglomerate and the overlying unconsolidated
Pleiastocene deposits. When, on a traverse down South
Branch Ponds Stream, the author first observed the felsite
conglomeréte about 500 feet downstream from the last out-
crop of felsite, he assumed that 1t was a young tillite.
The true nature of the rock was realized only after ob-
gserving the interbedded sandstone and black shale and dis-
covering joints cutting through cobbles in the felsite
conglomerate further downstream (fig. 8la).

As determlned from the average dip of the Trout
Valley formation, and the width of outcrop of the massive
felsite conglomerate, the lentil is about 300 feet thick
along South Branch Ponds Brook,

The lentil is not present at the base of the Trout
Valley formation along Fowler Brook, and does not crop out
along bry Brook., If the lentil 1s present, but unexposed,
in the vicinity of Dry Brook, it must be considerably
thinner than 300 feet because the main body of the Trout
Valley formation crops Qut within 900 feet horizontally of
the Traveler felsite. To the west of Gifford Brook, the
lentill does not crop out along the South Branch of Trout
Brook or along the brook flowing north from the Black

Brook Mountains (plate 1),
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The Gifford conglomerate lentil, therefore, is
interpreted as a lecal lens of felsite conglomerate,
probably a deltalc deposit at the base of the Trout Valley
formatlion, A few obsservations of Imbricate structure of
pebbles and cobbles of felsite shéws that the currents were
from the south from the direction of the maln mass of the

felsaite,

MAIN BODY OF THE TROUT VALLEY FORMATION: The main
body of the formation 1s a heterogsneous assemblege of
licht-blue~gray to black shale, siltstone, sandstone, and
cong lomerate, Black sideritic ironstone and sideritic
sandstone comprlse a small proportion of the formation.
Many of the rocks are carbonaceous, and all of the rocks
except shales are typically calcareous and cross-laminated
or cross-bedded. Channelling in finer grained sediments
by coarser-gralned materlal also present. Most of the
sandstones contain considerable "clay" matrix and many of
the shales are sandy. Lithologlic changes are rapid vertic-
ally and, to a lesser extent, horizonéally. The formation
is unevenly bedded. The 25 foot measured section, presented
below, is typlcal of the formation. The outerop from whiech
this section was measured 1s on the north bank of Trout
Brook where the brook crosses the town line betwsen T.5 N.,
R.10 W. and T.5 N.,R.9 W. The section from top to bottom

is as follows:
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5 fest exposed Sandy black shale conbtaining plant
inmpressions and two thin (2 to 3
inchaes thick) medium-coarse sand-
stonz beds,

S feet Pelaslte pebble conglomerate with
black shale chilps and partings. The
cong lomerate 1s slightly calcareous.

6 inches Black carbonaceous shale containing
abundant plant impressions,

2 feet Interbedded coarse sandstone and hard
darkk-gray slightly calcareous silt-
stone,

5 feet felsite pebble and granule conglomerate,

The pabbles are as much as 1 inch in
diameter but the average size of the
falsite fragments 1is 1/8 inch.
3 feet exposed Dark-gray sandy shale.
The formation 1s remarkably undeformed, except

close to the high angle fault at the base of Wadleigh

Mountain, The average dilp of the beds is 150. Jointing
1s well developsd in the sandstone, but cleavage isdnot
present in the shale,

Although boulder and cobble éon;lomerates are
restrictsd to ths base of the formation (largely in the
Gifford conglomerate lentil), pebble and granule conglomerate
lensaes ars scattersd throughout the exposed thicknsss of
the formatlon. Conzlomerate lenses arse, however, less
common In the upper part, MNo rock fragments other than
felsite have been observed in the conglomerate. The
felsite conglomerate may contain sideritic nodules, and

pPyrite is visible in some hand specimens,
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Along Trout Brook at the base of Wadleigh Mountain
and along South Branch Ponds Brook just above (downstream
from) the Gifford conglomerate lentil, arglllaceous granule
conglomerate contains numerous black chert lemses. Some
of the black chert lenses are many feet long and have the
arpearance of sedimentary lenses. Others are not much
longer than they are thick and appear to have internal
structure (fig., 82)., Mineralogically they consist of
quartz and fine carbonaceous material. FProfessor Elso
Barghorn {oral communication) has identiflied one of these

as Prototaxites, a plant of uncertaln affinitiles,

The sandstone ranges In graln slze from very fine
to very coarse. Much of the sandstone breaks across the
bedding with a chunky fracture and the finer grained beds
are typlcally dense and hard., In some rocks, borings (?)
normal to the bedding contribute to the chunky fracturing.

Most of the sandstone 1s lithic graywacke, but some
i1s subgraywacke (as defined by Pettijohn, 1957). In some
of fhe sandstone, the sand-size fraction 1s largely quartz.
In others, particularly the coarser grained ones, felsite
fragments comprise as much as 90 percent of the sand-size
fraction. Considering that the nearby Traveler felsite
was probably the source of much of the detrital material,
plagloclase 1s surprisingly sparse in the sandstone, In

none of the thin ssctions of sandstone which were examined
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MAY 1961

MAY 1961

i s

Mgures 82a & b. Black chert lenses in the Trout Valley
formation, simlilar to the one identifled by Professor

Barghorn as Prototaxites., South Branch Ponds ZBrook

' below the janctlion with ¢ifford “rook.
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does plagioclase make up more than 10 to 15 percent of the
" sand-size fraction., Calcite cement is present in some
sandstones and clusters of smll siderite gralns may also
be present.

The shale typically lacks cleavage and is carbon-
aceous. Much of it 1s crumbly and sandy. Some black shale
is so rich in carbonaceous materlal that it reserbles a
low-grade coal,

Sideritic ironstone occurs in the Trout Valley
formation elther as concretions or as thin beds less than
a foot thick, Typically it is a dense, heavy, hard rock
composed of fine silt- or clay-size particles, It breaks
with a concholdal fracture. Where fresh, the ironstone is
black, but weathers a.yelléwish brown. The major lron-
bearing mineral 1s siderite, but in some rocks an iron-rich
chlorite 1s also present. A few psrcent subangular detrital
quartz grains are typically present. The identification
of siderite and a high-iron chlorité has been confirmed by
X-ray diffraction. Estimated modes of two sideritic iron
st#nes are presented in table 5. Spherulites of siderite,
grown around detrital quartz grains, have been observed in
some siltstones.

The most distinctive rock on the north shoulder of
Wagssataquolk Mountain 1s a dark marcon hornfels. An

estimated mode of this hornfels 1s presented in table 5.
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Table 5

Estimated Modes of Sideritic Ironstone and Hornfels
from the Trout Valley Formation

1. 2. 3.
Quartz 15 15 33
Serlcite” 32
Biotite 33
Fe;chlorite tr 30
Calcite _— tr
Siderite 85 sl
Opaques 1 1
Zircon tr tr

*pine grained white mica.

1. (KT 335, WC 30-30) Sideritic ironstone
conceretion from gsiltstone, west slde
of Trout Brook.

2. (KT 338, wC 27-27) Siderite-chlorite
ironstone from outcrop on the west
bank of Trout Brook.

3. (KT 369a, SW 17-105) Maroon hornfelsed
siltstone from 2450 feet on Wassataquoik
Mountain,
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The quartz grains are up to 0,08 rmm in diameter. Blotite

flakes (0,01 to 0.02 mm across) are distinetly pleochrole,
from colorless to a medium reddish brown. The rock 1is

probably a baked argillaceous siltstone.

THICKNESS AND LOWER CONTACT: The Trout Valley

forma tion overlies the Traveler felsite with considerable
unconformity (1t truncates the presﬁmed contact between

the Pogy and Black Cat members)., The time-lapse involved

in this unconfornmity is unknown, but reed not be significant,
because of the supposed subsidence associated with the

volcan iam.

The top of the Trout Valley formation has been
eroded., The thickness of the formation, including the
Gifford conglomerate lentil, 1s estimated to be about 1500
feet.

PALEONTOLOGY: The fossil assemblege of the Trout

Valiey formation is interesting and unusual for New England.
The age of the formation is discussed in the next section,

The occurrence of Prototaxites has already been mentioned.

Inpressions of plant stems were first discovered in this
formation by the author in 1955, Subsequent field work
has shown that plant fossils are abundant. They can be
found in nearly every outcrop of the formation above the

massive conglomerate of the Gifford conglomerate lentll,
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The plante occur in greatest concentrations, but are the
most poorly preserved, 1In blacl sandy shale lenses in
granule or psbble conglomerate. The resemblance of some
of thls black sandy shale to low-grade coal has already
been mentioned, The best preserved plant material occurs
in hard, but fissile siltstone,

Professor Erlling Dorf of Princeton University has
studled the material collected from the Trout Valley
formation and has ldentified the following four typez of
plants {(written communication, April, 1961):

Psilophyton princeps var. ornatum Dawson

Taeniocrada cf., T. decheniana Goeppert

Aphyllopteris sp.

-

Hostimella sp.

According to Dorf (oral communication) thls is the

second verlified occurrence of Pslilophyton princeps in the

United States. The other occurrence 1s in the Lower
Devonian roecks of Beartooth Buﬁte, Wyoming (Dorf, 193).

The 1nitial apecimen of the Psllophyton came from float

in the bod of Dry Brook. In August 1959, Professor Dorf
visited the author in the fleld and at this time specimens

of Psilophyton were found in outcrop. The Psllophyton

impressions occur in relatively hard black shale that is
in soft crumbly sandy shale on the east bank of South

Branch Ponds Brook about 30 faet above the stream, The



puterop occurs approximately on the towm line between
T.6NQ, 309:"!. and ‘P'SN., Rggl}r.

Ostracodes have been found in fisslle black shales
stratigraphically above the ma jor plant-bearing beds, The
shales are interbedded with siltstone and sandstone and
crop out on the north side of Wadlelgh Brook a short
distance above 1lts junction with Trout Brook (WC 280-315,
and 100 yards vpstream from this location). The ostracodes
have been examined by Jean M. Berdan, U. S. Geological
Survey. The following is quoted with her pemission from
her report deted March ¢, 1959,

These collections contain Kloedenia? sp. and a
smooth subrectengular species, (previously reported,
2/10/58). There is also a rather large straight-
backed form wlth a finely reticulated surface,
which apparently has two sulci and & dorsally
directed spine on the posterior lobe, This form
may belong to a new genus, but the preservation is
such that it is impossible to determine many of
the important characters., In additlion to the
ostracodes mentloned above, the collections also
contain plant fragments, fish scales, and fragments
of something that is either a pelecypod or an
estherid, probavly the latter.

Eurypterid scales or plates’were discovered 1in
the Trout Valley by W. H. Forbes of Washburn, Maine in
August 1%5¢ durlng a field trip led by the author through
the Traveler Mountain quadrangle. The scales were found
in gray, rusty-weathsring shale that makes up rart of a

large outcrop on the southeast bank of Trout Brook about

200 yards upstream from The Crossing {(4C CO-400), A%t the
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time of discovery, the fossils were thoughkt tc be flsh
scales. A further, much larger collection was made in
thos surmer of 1960 by Felda Wright and Arnold Lewls of the
Museum of Comparative Zoology, Harvard University, Because
no bony matsrial was found with ths scales Mlss Wright does
rot believe they are fish scales (oral communication). Dr.
Tan Rolfe, post-doctoral fellow, Museum of Comparative
Zoology, Harvard University has identifled the scales as

plates of eurypterids (oral commmunication).

AGE: The Trout Valley formation overlles with
probable unconformity the Matagamon formtion of Becraft-
Oriskany age and 1s separated from the Matagamon formation
by several thousand feet of the Traveler felsite. The
plant fosslils provide the best paleontologic basis for
dating the formation. Dorf (written communication, April
1961) states, "Each of these forms / of plants_/ compares
closely with a form previously recorded from the Lower
Devonlan of North America or Europe. The assoclation of
these four different forms 1s a rather typical Early
Devonian one. To the best of our knowledge these plants
grew in lowland, stream- or lake-border environments."

A more preclse age ls not possible at present.

According to Arnold (1952) Prototaxites has a

zeologlc range from Late Silurian to Late Devonian., The

eurypterids plates have not been studied but will probably
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be of 11%tle help in daiting the formation {Tan Rolfe, oral
commnication). The presence of the ostracode Xloedenia?
sp. suggzest that a minimum age for the Trout Valley
formatlon 13 Onondaga. The followinz 1s quoted from a
report by Jean M. Bardan dated February 10, 1958,

see The collection was submitted /by A, J. Boucot_/
as belng either Hamilton or Onondaga in age, If 1t
were not for this reported stratigraphic poslition,
I would have suspected the aae of this collection
to bs Upper Silurlan or Lowsr Devonian, becauss of
the known abundance of kloedenid ostracodes in
roclts of thege ages 1In Maine. Howaver, a spacles
of Kloedenia has been described by Swartz and
Swain (194L, P. 2418} from the Onondaga equivalents
in Psnnsylvania, and the related kloedenid
Yelleria occurs in the Hamilton of New York (M. L.
Smith, 1956, D. 5) and the Traverse of Michigan
{(WJarthin, 1935, pp. 208-209). Ordinarily these
ostracodes are rars in the Onondaga and Hamllton,
and are assoclated with diversifled and
characteristic faunas of othsr ostracode gensra.
Local concentrations of one specles may occur,
however, a3 described for Wellerla aftonensls by
Keslinz and Soronen (1957) In the Gravel Point
formation of Michigan, It is conceivable that the
same type of cv“cenfrauion riizht have occurred in
the Devonian of Maine, As 1s Iindicated by ths
tentatlve 1dentification ol these ostracodes as
Kloedenla?, 1t gseems more likely to me that the
aze of tnis collection is Onondaga or older rather
than Hamilton. However, the materlal is too poor
to Justify anything more than a mess. Additlonal
collections should be made in order to settle the
point.

A larger collectlon, which formed $the basls for the report
quoted earlier in this section, did not contain any

evidence permitting a more precise dating of the ostrocodes,

ENVIRONMGKNT OF DEPOSITION: The Trout Valley

formation Immediately overllies the Traveler felslte. It
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is8 belleved that much of the felsite was erupted sub-
asrially. Therefors, land of considerable elesvation must
have existed at some polnt during the eruptive eycle. It
i3 also belleved that during the final stages of the
sruption, or shortly thereafter, there was a foundering of
the roof of the magma chamber, This foundering may help
to explain the occurrence of subagueous deposits on top of
a subaerial volcanic sequence several thousand feet thick.

The Trout Valley formation is believed to have
accunulated relatively rapidly in & shallow water, near-
shore, brackish environment involving rapidly shifting
currents., The presence of the Gifford Conglomerate lentil
suggests very strongly that at least some of the Traveler
felsite was abwe water level at the time of depositilon of
.the Trout Valley formation. The abundant remains of
terrestrial plants further attest to the exlstence of
nearby land,

The assoclatlion of sideritic ironstone with coal
or carbonaceous sedlments has long been recognized; for
example, the occurrence of black band iron ore (sideritic
ifonstone) in the Coal Measures of Great Britain., This
agssoclation is found on & much smaller scale in the Trout
Valley formatlon. These sideritic ironstones are usually
thought to have been precipitated from solution in

bracikish marshes or in shallow seas where organic matter
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was abundant (Lindgren, 1933, p. 265-266).

The faunal assemblage 1s also suggestive of bracklsh
or near shore environment, or, at least, something other
than the normal marine environment. J. N. Berdan (written
cormmnication, March 9, 1959) reports,

~=0n the basls of the ostracodes alone, a marine

environment seems more probable, but as essentially
nothing is known of Middle and Lower Devonian
fresh water ostracodes, 1t 1s not possible to state
that the types 1n these collectlons could not occur
in fresh water. The possibility that some of the
fragments prssent represent estherids suggests the
possibility of at lsast a bracklsh water emwironment.,
Chadwick (N, Y. State Mus., Bull. 336, p. 120-121,
1944};) reports the association of Estheria and
"Seyrichia”" in the Kiskaton formation, which he
eansidered non-marine, Goldring (N. Y, State Mus.
Bull, 332, p. 268-269, 193) states that there are
8six zones in the Ashokan formation with this ostracode~
estherid association, and concludes that these ars
evidence of a brackish water invasion,
At the time of Miss Berdants report, it was not known that
eurypterid plates or scales also occur in the Trout Valley
formation. Moore, Lalicker, and Fisher (1952, p. 557~
560) state that Silurian snd Devonian eurypterids most
commonly occur 1in rocks which do not represent normal
marine deposits. They suggest the eurypterids may have
lived in water of either very high salinity or very low
salinity. Finally, although a search was made, other
invertebrate fossils typlcal of marine environments, such

as brachliopods, have not been found.

CORRELATION: The correlation of the Trout Valley
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formation 1s discussed in the rext section.

AGE AND CORRELATION OF THE TRAVELER FELSITE AND THE
TROUT VALLEY FORMATION

The Traveler felsite overlies the Matagamon form-
ation of Becraft-Oriskany age and underlles the Trout Valley
formation which has a probable minimum age of Onondaga.

More preclse dating of the felslte depends upon a better
understanding of 1ts relatlionships to the Matagamon and
Trout Valley formations and a better knowledge of the age
of the Trout Valley formation. The uncertainty in dating
is smail. but may be significant in terms of regional
geology.

The Travaler felsite 13 the northeastern end of a

discontinuous belt of felsite extendlng southwest about 80

miles to Heald Mountain, Plerce Pond quadrangle (fig. 1l).
These felsltes include the extrusive rocks of the Kineo
volcanle member of the Tomhegan formation (Boucot, 1961),

the Blg Spencer volcanics (Heath, 1959), and the unnamed
felsite on Soubunge Mountain (E. S. G, Smith, 1933). There
are also several small bodies of intrusive felsite, such

as the felsite on Coburn Mountain (Boucot, in preparation).
Of all the felsites, the Traveler felsite covers by far the
largesﬁ area. These felsites are grossly similar lithologic-
ally, and the extrusive ones rest on marine sandstones of

Oriskany age (the Tarratine formation in the Moose Rivers
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synclinorium and the Matagamon formation in the Katahdin-
Traveler area). (See Boucot, et al., 1960). The felsites
are probably roughly equlvalent in age.

At HMoosehead Lale the folsltes of the Kineo volcanlce
member of the Tomhegan formation grade upward through a
felsite conglomerate into marine sandstonss of ths main
body of the Tomhegan formation. The sandstones contain an
assenblage of fosslils that Boucot (1961) originally dated
as Onondaga age, but now belisves to be of Schoharie age
(oral cormmunication, March 1961). Boucot fevors the
interpretation that the Kineo volcanic member 1s at least
partially contemporaneous with the basal portion of the
main body of the Tomhegan formaﬁion. He does not, however,
sxclude the pozsibility that the felsits may be inter~
mediate in age betwsen the Tarratine formatidn and the
main body of the Tomhegan formation.

Because of the over-all similarity of the stratigraphy
of the Katahdin-Traveler area and the Moosehead Lake aresa
it séems reasonable that the Trout Valley formation is the
cﬁrrelative of the main body of tte Tomhegen formation.
Paleontological evlidence cannot confirm this correlatlon
at present, but does not exclude it: If such a correlation
is valid, the Trout Valley formation is of Schoharie age.

The author favors the view that the Traveler

felslte 13 intermediate in age between the Matagamon and
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Trout Valley formations, He also bslieves that the time
interval between the deposition of the top of the Mata-
gamon formation and the bottom of the Trout Valley formation
was not very long. In fact it may have been so short that
both the Traveler felsite ami the Trout Valley formation
are of Oriskany age. For this reason, a Schoharie age for
the Trout Valley formation fits the geologic interpretation
better than does an Onondaga age.

There are two major reascns for belisving that no
lonz time gap occurred between the deposition of the Mata-
gamon formation and the eruption of theTraveler felsite.
First, the Traveler felsite doss not represent a sudden
initiation of volcanism, but 1s rather a climax of an
increasing tempo of volcanism. Felsite fragments are the
most abundant rock fragments found in the lithic graywacke
and subgraywacke of the Matagamon formation, Tuffaceous
sediments are found in the Matagamon formation immediately
beneath the felsite.,

Secondly, the sediments at the top of the Matagamon
formation were unconsolidated or poorly cmsolidated at
the .time of the eruption of the Traveler felsite. There
are numerous arenite dikes in the base of the felslte.

The large ones ars as much as 20 feet thick and several
tens of feet long. Small anastomosing dikes, the segments

of which may be less than an inch thick, have also been
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observed., These sandstone dlkes may be seen at the base
of the ¢liffs on Horse Mountain and in the road-cut jJust
north of Eastern Landing, Matagamon Lake. Shallow channels
£11led by felsite have been observed In the underlying
sandstone (fig. 25).

The unconformity between the Traveler felslte and
the Trout Valley formation has already besen mentl oned.
It bas also been surgested that this unconformity may have
been caused, in part, by the formation of a caldera. The
time lapse between the final eruption and the first
aeposition of the basal Gifford conglomerate lentil micht,
therefore, have been insignificani -- as short as a few
weeks or even a few days, Two factors, however, suzgest
a somewhat longer time interval., One is the presence of
the northward pluncing anticlinal axis in the felsite at
South Branch Fonds. It is possible that this doming was
caused by the rise of a post-subsidence stock or lacolith
(See Chapter V). Because the Trout Valley formation 1s
not deformed gppreciably by the doming, 1t must have been
deposited after the formation of the dome. A second factor
that suggests a longer time interval is the presence of
terrestrial plant fossils In the Trout Valley formation.
Sufficient time, perhaps a few centuries or even several
thousand years, may have elapsed to allow the development

of such a flora, perhaps as o0ld as any in eastern Horth
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Amsrica, on newly created volcanic land. These plants
ars found in the Trout Valley formtion as low as the
upper part of the Gifford conglomerate. If the Gifford
conzlomerate lentll accumilated rapidly, a3 seens reason-
ablz, its base probably does not represent the sarliest

deposlition after the cessatlion of volcanisn,



——

218

]

UPRUSIVE ROCYS

GRHEERAL STATEVENT

Except for the ¥atahdin granilte, intrusive rocks
are of minor importance in the Xatahdin-Traveler arca.

Two small stocks or pipes of sranophyre intrude rocks
older than the Trout Valley formation. These are probably
the intrusive equivalent of the Traveler felsite., Small
sills and related dikes of quartz andesite intrude the
Trout Valley formation. These are believed to be older
than the faulting assoclated wlth the Acadlan orogeny.

The northern end of the batholith of the Katahdin
granite, including the type locality on %oﬁnt Katahdin,
occupies the southern portion of the ares of investigation.
Although the granite covers more of the area of study than
does any other rock unit, it is even more extensively
exposed in quadrangles to the south and southwest. Andrew
Griscom ls making an extensive study of the granite in the
western portion of the Katahdin quadrangle and in the
Harringtoh Lake quédrangle. Therefore, only the ma jor
features of the granite are covered 1ﬁ thls report.

Maflc dlkes, not described here, cut the Katahdin
granite at a few locallties. They have been observed at

Ledge Falls on the Wassataquolk Stream, on Harvey Ridge
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and the south wall o Horthwest Pasin, and in the Chimney
(a steep gully extending into South Basin from the col

between Pamola and Chimney Peak).

GRANOPHYRY

DISTRIBUTION

Two small intrusive bcdies‘of granophyre have Dbeen
located withln the Ratahdin-Traveler area. The smaller of
the two 1is situnated on the penlinsula south o Norwey Dam,
Yay Z2rook Logan (north-central ninth). It 1is believed to
cover an elliptical area roughly 1500 feet by 800 feet.

A second, larger body of granophyre 1s located on
the south side of the western ridge of Wassataquolk iiountaln
in the southwest corner of the Traveler ilountain quadréngle.
Griscom has also found granophyre on Hald Yountain in the
northwest corner of the ¥atahdin quadrangle. The grano-
phyre on 2ald Kountaln is probably continuous with that on
Wassataquollc ¥ountain. If so, there 1s a crenovhyre body
roughly a2 mile and a quarter long in a north-south direction,

and, in the Traveler #ountain quadrangle, a half mile wide.

DESCRIPTION
The granophyre, which 1s very fine-grained
or fine-grained, weathers vone white or rusty white. ©n

the ({resh surface it 1s light to medium gray and is
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typlcally spotted wlth brown or dark green clusters of
shreddy biotite. The rock contains a few percent, zenerally
about 5 percent, phenocrysts of guartz, plagioclase and
biotite., The plaglioclase 1s slightly zoned and is badly
altered; the quartz is corroded. The phenocrysts may be as
much as 3 mm across., Accessory minerals include opaques,
zircon, apatite, rare tourmaline (from the granophyre on
Wagsataquoik Hountaln only), and sheaves of tiny epldote
crystals.

The groundmass typically contains some sort of
distinctlve intergrowth retween potasslic feldspar and
quartz. In the finer grsined granophyre, these inter-
growths are spherulites that are set in a microcrystalline
mosaic of guartz, feldspar and chlorite. Phenocrysts
invariably have spherulitic growths around them. In the
coarser grained granophyre, the intergrowths are :zrano-
phyric (micrographic) with a tendency toward "centric®
grapnic.

The chilled contact of the granophyre against the
inclosing rocks of the Seboomook formation is exposed on
the northern side of the.peninsula south of Horway Dam.

The rock 1s lizht greenish-gray aphanitic felsite
containing spherulites. #inutely banded chalcedonic quartz
1s present between some spherulltes. Thirty feet into the
granophyre from the contact, the rock 1s as coarse zralned

as any seen in the granophyre from Wassataquolk Hountain.,
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4 chemical analysis ancd norm of this coarser grained
gronophyre f{rom near Xorway Dam are presented in tacle 11

along with analyses of Lower Devonlan Maelne felslites.

AGE

The granophyre near Norway am is 1ntruslve 1nto
the Seboomﬁ&e?prmation 6f Becraft-Orlskany age. The
granaphyre on Wassataquoik Eountaih is probably intruslve
into the Traveler felsite, although no'contacf has been
observed, Griscom {oral communication) states that the
Katandin granite intrudes the granophyre on Eald ¥ountaln.
Thus the age of the granophyre is bracketed beﬁween that of
the Traveler felslite and that of tﬁe ¥atahdin granite.

It is sugzested that the granophyre is the intrusive
equivalent of the Traveler felsite, A second interpretation,
although not favored, is that the granophyre is an early
phase of the intrusion of ﬁhe Katahdin granite. A thnird
possibllity is that, 1f the time gap between the eruption
of the Ielslte and the intrusion of the granite proves to be
less than is now believed, the granophyre could be both the
intrusive equlvalent of the felsite and an early phase of
the granite. Evaluation of the last hypothesls rmst awailt
more preciaé dating of the rock units involved. The best
evidence availlable at present, however, indicates that
the felsite 13 Early Iievonian and the granite 1s Late

Devonlan.
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The first interpretation seems reasona®le because
the phenocryst content or the granophyre is similar to
that of the felslite and becsuse the chemical analysis of
the granophyre 1s within the range of varlations in
chemical analyses of the Traveler felsite, #inally, the
texture of the granophyre‘indicates a near-surface intruslion,
while the granite adjacent to the granophyre on ¥assataguoik
ﬁountéin 1s wuch more coarsely crystalline, probably
Indicating a greater depth of intrusion. lIf the interpre-
tation that the grano@hyreyis fhe Intrusive equlvalent of
the Traveler felslte is correct, the granophyre 1s probably

intermediate in age between the Oriskany and the Schoharle,

QUARTZ AWDESITE

DISTRIBTTION

Guartz ahdesite sllls have been obsserved in the
PTrout Valley forrmatlon at a number of localities. INost of
the éills are only a few inches thlck. However, at three
locallties sills between 7 and 30 feet thick have been
observed., These are on DUry srook (C 04-37), on South Eranch
Ponds Brook just north o the town line between T,5¥., R.9W.
and T.6N., R.9%., and at the right;angle corner on Trout
Brook (WC 16-19). A few much-weathered andesite(?) dikes
also occur in the Trout Yalley formation and a similar
dlke cuts the Seboomook formatlon Iust upstream from

Grand Pitch on Webster Brook. The dlkes ares too small
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to he shown on the seologic med.
D o ] -

LESCRIPTION

7o8% of the quartz andesite 1s tadly weathered.

It is gray or lizht gray and, 1f Cine gralned, 1s easily
mistaken for the lithlc graywacke of the Trout Valley
formation. Jloser inspection, however, reveals small
feldspar laths, and a higher percentage o7 pyrite than 1is
typical of the lithic graywacke. The quartz andesite sills
may be seen to terminate sharply or to transgress the
bedding locally. The sllls tYpically'form resistant unlts
which stand out in contrast to the'sedimentary rocks.

The freshest guartz andesite 1s found in the series
of pelatively thick bilfurcating sills at the aforementioned
loecality on Trout Brook (WC 16-19). The largest of the
sills at this localilty 1s at least 30 feet thick. The
relatively coarse gfained andesite from this sill is light
gray and contalins brownish-grsen euhedral amphibole priswms,
up to 10 ma lonzy and 1.5 mm across, set in a matrix of
interstitial plaglioclase, It probably consisted originally
of about 5 percent pyrite, 7 percent quartz and roughly
equal amounts of plagloclase and amphibole. The plagio-
clase 1s extensively altered to clinozolsite (abnormal
blue interference color) and sericlte. A rough determination
of the index of refraction of the plagioclase indicates that

its present composition 1s alblte-oligoclase., The
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amphibole, probably hornblende, 1s weakly pleochroic
(X= 1ight tan, Z= greenlsh-tan), and optically negetive
with a 2V of 80, 2AC = 20 . It is partly altered to
chlorite., In most outcrops, the orizgilnal mafic silicate
has completely altered t: & mixture of chlo?ite, calclte,

epidote or c¢linozolsite and magnetite.

N

AGE

The quartz andesite 8ills and dikes are intrusive
into the Trout Valley formatlon, the youngest stratified
unit 1n the ares, Therefore, they are probably vounger
than Schoharie age. There 1s no positive e&idence as to
their minimim age or thelr relationship to the Fatahdin
granite. liowever, because a large s8lll may be offset
by faulting which may be related to the Acadian orozeny,
the quartz andeslte is tentatively assigned to the Lower

Levonian.

KATAZDIN GRANITE

NAHLE

The name ¥atahdin granite was {irst used by Toppan
(1932, p. 69}, althouzh it has been known sincetﬁailey's
visit to the mountain in 1836 that Mt. FKatahdin is

composed of granite.
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DISTRYBITION

The Katandlin granllte 1l exposed over a larger area
within the reglon aof study than any other rock unit. It is
believed to underlie all trne portion o the ¥atahdin
quadrangle included in this report. The northeast corner
5f the guadrangle has not been visited in the fiéld
because o its 1nacce531bility. Grenite cdoes crop out,
howover, at Twin Ponds on the east side of Turner Hountaln,
on Barnard Kountain, and near Hathorn Pond in the southeast
corner of the Tra&eler Hountain quadrangie. Granite also
occurs 1n the souzbthern portion of the Traveler ¥ountain
quadrangle on much of ﬁassgtaquoik sountaln, in the broad
open Wassataquolk Valley (fiz. 92), on Sable Xountain and
on the southeast shoulder of South Traveler lountain,
}Tbe northeast limit of the granlite 1s poorly known because
of lack of exposure. Large blocks {20 x 20 x 30 feet) of
granite ocecur beside the trall to Traveler Pond west of
¥eager Pond (SE 22-35), These probably have not moved far.

The ¥atahdin granite probably underlles about 1/10
square mile 1n the extreme southweat corner of the Shin
Pond quadrangle. The Xatahdin granlte does not extend into

the Telos Laks Quadrangle.

DESCRIPTION

The Xatahdin granite 1s a medlium-zrained,
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light-colored biotite, two feldspar granite which has
consideravle variation in texture and color. Host of the
variations appear to be related to the proximity to the
unpreserved roof of the batholith., At lower eié&ations
the resh granite 1is 3typically equigranular and grayish-
wnlte. fhis facles 1s called thelWassataquoik facles
because it ls the major type of granite found in the valley
of the Wassataquolk stream and on the hills and mountains
in the southern part of the Traveler :ountain guadrangle.
At higher elevatlons on the ratandin masslf, the granite is
typically pinkish, granophyric, and contalns pnenccrysts
of vlotite., This facies is called the Pasmola facies ‘rom
the exposures on Pamola.

The two facies grade into oncanother and there are
minor variatlions within each Tacles, The gradational
contacf vetwesn the two fa~ies has Dbeen observed at only a
few 1bcalities, but apnears to slope gently nortn from
about 3800 feet in the Great 2asin to about 2000 feet on

Russell Hountain.

WASSATAJUCIR PACIES: The granite of the Wassata-

quoik facles 1s medium-zrained (average grain size 3 mm)
and equigranular. On the fresh surface 1t 1s zraylsh white.
Along Jloints it is commonly pink. Aplite dikes are

scattered throughout the outcrop area of the faciss , but
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nagmabites ars uncormmon. PFigure 85a 13 a photograph of a
hand specimen of the Wassataguolk facles.

The egssential constltuents of the granite are
quartz, perthite, plazioclase and blotilte. Twd modes of
the Wassatagquolk facles are presented 1n table 6. The
parthite conslists of about 70 percent potassic feldspar
and 30 percent so@ic foldspar, In some spveclimens the
potasalc phase possassas falnt mlerocline twinning, In
others, none is vigsible, The plagioclase typlcally shows
stronz continuous zoning from cares of andesins to rims of
godic olinoclase., The blotlte is strongly pleochrolc
(lizht ¢olden brown to dark greenish brown). Blotlite from
each of the two spacimens 1n the mode had a. 1Index of
1,673, Usin-s the same excess Al which was used for the
blotite from the Traveler fslsite, (0.2 out of 1.0 formula
unit Al based upon 2l oxygens) the FaQ ratio 1s 88

FeO0+Mg0
percent, A few olivine erystals; presumably fayallte, were
observed In one thin section.

Some of the Xatahdin granite 1s slightly, but
noticeably porphyritlic (fig. 85b). Plnk-weathering perthite
pheﬁocrysts, typlcally 5 mm long, are set in a groundmass
slizhtly finer grained than the normal granite of the
Hassatbaquolk facies. T™he porphyritic granite has been
obgserved at a number of localities wilthin the Wassataquolk

Pfacties, It 1s found on several of ths szummlits of the
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flgere 23,
Porshyritic
granite of the
Wassataguoik
facles at
Grand Falls,
Wassataquolk
Stream.

lgure 84, South dasin o? lit. Tatahdipn from Hamlin Ridge.
Pamola (4902 feet) is on the left, 3axter Peak (5267 feet) |
is on the right. The “nife Edge connects them. Except
ocutcrops at the extreme lower left, all rocks belong to
the Pamola facies, Katahdin granite. The zone of xeno-
liths circles the basin at the bottom of the outecrops.
Lighter colored rocks in lower lelt center have been
freshly exposed by slides,
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Table 6

Representatlve Modes of Plutorie Rocks

1. 2. 3.
Quartz 29.3 25.5 30
Orthoclase 18
Perthite 33,0 1.6
Plagioclase 27.8 25.5 30
Biotite 7.5 6.8 12
Hornblende : 8
Epidote 1l
Opaques - 2,0 0.l tr
Apatlte 0.2 1l
} 0.2
~Zircon 0.2 tr

(KT 213) Wassataquolk facies, Katahdin granite
from the south side of the 1730 foot hill
between Deep Fond and. Bell Pond ne ar the
gsouthern border of the Traveler Mountaln
quadrangle., Polnt count, 2000 points, The
plagioclase is strongly zoned, but the

averags composition 1s oligoclase,

(XT Lhl) Wassataquolk facies, Xatahdin granite
from 1880 feet on nose of ridge west of Roaring
Brook Campground, north-central ninth, Katahdin
quadrengle, Point count, 1500 points, The
plagioclase 1s strongly zoned, but the avarage
composlition 1s oligoclase.

(XT L28) Porphyritic granodiorite xenolith in
Katahdin granite. 3350 feet on east wall of
south Basfn at base of ¢cliffs on Parola,
Estimated mode.
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Katahdinauguoh Range {(on North Brothsr, Fort Mountain and
Mullen Mouniain, but not on Wassatagiolk Mountala), at
Ladse Falla and Grand Talls on the Wassataguolk Strean
(fig. 82), on Barnard Mountain, awd on th2 sumalt and ona
locallty on the southwssh side of South Turner HMountain,
Thzs roelatlonshlp batwsen th2 porphyritic granlts and the
more "normal® granite 1s not known, and the porphyritic

granite is not shown separatsly on the geologic map,.

PAMOLA FACIES: The granite of the Pamola facles

is similar in gross mineralogy to the Wassataqiolk facies
and grades into 1t., Fimre 86 is a photograph of a typical
hand speeclimen of the Pamola facles, The essential con-
stituents arc gquartz, perthite, plagioclase and bilotite.
Typlecally the biotite 1s coarser (phenocrysts up to & mm)
than the felsic minerals and there is a graphic intergrowt
between the quartz and feldspar. Either perthite or
plagioclase may be involved in the graphic Intergrowth,
bdt most of the perthite is involved. In the finer-grained
portions of the graphic intergrowths involvirs alkall
feldspar, the perthltic texture is not vislble. The
plagioclase 1s strongly zoned.

The‘lower portion of the Pamola facies adlacent to
the Wassataquolk facles 1s typically a grajish white,
With increasing elevation, the granite becomes a mottled

pink and white speckled with phenocrysts of blotite. The
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Pigure 85a. (XT 444), Wvassataguolk facies of the Katahdin
granite from 1880 feet on the nose of the ridge west of

Roaring Brook Campground, north-central ninth, Fatahdin

guadrangle. 10 cm scale.
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#igure 85b. (KT 217). Porphyritic granite of the Wassata-
quoik faclies, Katahdin granlite from Grand ralls,
Wassataquoik Stream. The phenocrysts are perthite.

10 cm scale.
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proportion of pink gradually increases until, over much
of the Table Land, on the walls of North, Grsat and South
Basins and on North Turner Mountain, the granite is salmon
pink, The change in color is accompanied by an increase
in the percentagse of quartz and fsldspar involved in
‘graphic intergrowths and the appearance of vugs fllled
with epldote, tourmaline, quartz and potassic feldspar.,
In the salmon-pink granite, blotite constitutes only about
3 percent of the rock and is pleochroic in yellows and
greens., These changes would seem to imply an approach to
the eroded roof of the magma chamber, with an accompanying
increase 1in volatiles and in the actlvity of oxygen.,
Similar changes in the granite have been observed close to
the contact with the Traveler felsite within a zone a few
hundred yards wide.

Aplite dikes are scattered throughout the Pamola
facles and at & number of places concentrations of sulfides
and tourmaline in Joints and fracture zones have been

observed. The sulfldes include loelléngite and bornite.

XENOLITHS: Xenollths are rare in the Katahdin
granite except on the upper part of the Katahdin massif,
The greatest concentration of observed xenoliths occurs in
a belt betwesen 50 and 150 feet thick extending around the

wall of South Basin from beneath Pamola at least as far
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as beneath Baxter Peak. The average elevation of ths belt

is about 3450 feet and 1t is roughly at the contact between
the two facles of granlte. The xenoliths range in size
from vanishingly small up to 4 feet In dlameter ang con-
stitute from 20 to 70 percent of the rock (average L0 to
50 percent). They are in general, rounded, corroded and
veined with granite. Figures 88a and B88b show two examples
of thls zone of xenoliths from beneath Pamols, Similar
.Xenoliths have also been observed on the north wall of
North Basin and at an elevation of 000 feet on t he

south
gslde of South Pesak,

The xenoliths are light gray ang aprpear porphyritic

with a fine-gralined groundmass. The obvious Phenocrysts

(3 to 5 mm across) are smoky guartz, orthoclase, Plagioclase,
or biotite, Closer inspectlon reveals that the Seemingly
fine-grained groundmass consists of poikilitic quartz and
feldspar, at least as coarse-grained as the "phenoerysts, "
The Impression of small graln slze 1s conveyed by inclusions
of fine-grained (about 0.1 mm) mafic silicate within the
poikilitic quartz and feldspar.‘

In thin sectlon, the xenoliths typlcally have an
ophitic-llke texture. Euhedral or subhedral grains of
plagioclase, biotite, and hornblende are set in polkilitic

quartz and orthoclase. Thls texbture 1ig 1llustrateq in

figures 88c and 88d. An estimated mode of & typical
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Figure 86. (KT 441)., i#ottled pink and white granophyric
granite of the Pamola facles, Fatahdin granite showing
biotite phenocrysts. The specimen 1s from 4260 feet in
the Chimney, Mt. Fatahdin. 10 ecm scale.
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Figure 87. (XT 252, C 21-30). Sharp contact between the
Pamola facies, Katahdin granite (light) and the
recrystallized felsite of the Pogy member (dark). The
speclimen is from 1500 feet on the western summit of
South Traveler. 10 cm scale.
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Mlpure 3%a. Xenollths of grenoliorite in the standin
granite. Pary of a belt between 30 and 150 feet thilck
extending around the wall of South Basin at an average
elevation of 3480 Teet,

1961 AVIH

S1gurs 882. Xenollths of granodlorite 1in the Fatahdin
granlte, South .asin, Mt. Satandiln.



Figures 88c¢c & d. (¥T 100). Ophitic-like texture in
granodiorite xenolith., Crystals of zoned plagloclase,
biotite and hornblende set in nolkilitic guartz and
orthoclase. The specimen is from float at an elevation
of about 4100 feet on Avalanche Brook, #¥t. ¥atahdin.
Figure 88a plane-polarized light. Mlgure 35b crossed
nicols. X 32,
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xenolith is given in tabls 6, The xenoliths are granodi-
orite,

The plagioclase crystals average 0.5 mm in length,
are twinned and strongly zoned. The cores are badly
saussuritized and the rims are albite. The biotite is
partly strongly pleochroic (light tam to dark brown) and
1s altered to a chlorite with distinet abnormal blus inter-
ference e¢olor. The hornblende is also strongly pleochroic
(X = 1light tan green, Z = dark gresen), has an extinction
angle of 15° (ZAC) and is partly altered to chlorite.

Porphyritic grandiorite, lithologically similar to
the xenoliths, has been foand near the top of the Saddle
Slide (an avalanche scar that is the Qoute of the Saddle
Trall on the headwall of tha Great Basin) and between
elevations 4}y00 feet and LB00 feet on the Cathedral Trall.
These two areas of porphyritic granodlorite do not seenm to
be connected in outerop. They are interpreted as roof
pendants or very large xenoliths, buit have not been studied
in detall. On the Cathedral Trall, the porphyritic

granodiorite becomes granophyric in its upper part.

AGE
The Katahdin granite exposed in the area of study
13 the northern end of a large body of granite that extends

about 27 miles southwest of Baxter Peak to ths vicinity of
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Shaw Mountain, First Roach Pcnd quadrangle. According to
the geologle map of northern Maine, conplled by Boucot,
et al (1960), the batholith is exposed over about 450
square miles,

Boucot (195)) has shown that the Katahdln granite
intrudes fossiliferous Middle Sllurian strata in Rlpogenus
Gorge on the West Branch of the Penobscot River. 1In the
Traveler Mountain quadrargle, the granlte intrudes the
Traveler felslte, which raéts upon the Matagamen formation
of Oriskany age.,

The Intrusive contact of the Katahdin granite is
well displayed on the north ridge of Wassataquolk Mountain
ahéve Wassataquolk Lalte and on the southwest slopes of
the western peak of South Traveler Mountailn. At the latter
locality, the contact is sharp (fig. 87)., Within one or
two hundred yards of the felslte, the granite resemblss
the Pamole facles with granophyric texturs. Sprays of
tourmaline occur on jolnts both In the granite and 1n the
felsite; In contrast with this, granite from the nsarest
outerop to the Xlmball Brook formation near Hathorn Pond
(SE ninth) shows no observable change from the typical
granite of the Wassataquolk facies;

Strata on Wassataquolik Mountain, which have been
tentatlvely assigned to the Trout Valley formation of
Schoharie (?) age,'have been hornfelsed, presumsbly by
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the granits.

Boucot (195}) suggested that, because of its un-
al tered condition, the Katahdin granite probably post-
dates the major deformation affecting Lower Devonian strata
in north-central Maine., The present author supports thils
conclusion, although a pre-orcgenic age for the granite
cannot be prescludsed, The age of the major deformation is
discussed under the ssction on structure, but 1t is believed
to be Middle or earl& Late Devonian (the Acadlan orogeny).
Hence on the basls of stratigraphic and structural evidsnce,
the maximum age for the Katahdin granite is Middle or Lats
Devénian. .

Lyons, et al (1957, table 5) published a series of
age determinations on zircon (lead-alpha method) from sone
‘Maine and New Brumswick granites. Two of the determinations
were made on zlrcons from the Xatahdin granite at Ripogsnus
Gorze, Harrington Lake quadrangle, They obtalned ages of
320 and 315 m.y. {million years) for the Katahdin granlte,
330, 302 and 322 nm,y. for a quartz monzonlte near Jackman,
Maine, and 315 m m.y.‘for the series of six determinations
of Malne and New Brunswick granites (including the deter-
minations mentioned above), It is probable that all these
ages are too low because of a systematic error that is now
known to be present 1In the lesad~alpha method.

Huriey, et al (1959) obtained a K-A minimum age
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of 36l 10 m.y. for a small quartz monzonite stoeck which
intrudes the Seboomook formation near Jackman., Fleld work
by A. Albee, one of the authors of thls paper, demonstrated
that the specimens of gquartz monzonite gliven to Lyons et al
for study did not come from this post-Oriskany stock, but
from an area of pre~Upper Silurlan quartz monzonite.
Apparently the pre~Upper Silurlan quartz monzonite had
been sufficiently affected by a post-Oriskany metamorphism
so that 1t did not yigld its true age, but rather the age
of the metamorphism. Hurley et al also made an age
determination on thls pre-~Upper Silurlan quartz monzonite
and obtained an age of metamorphism of 356 15 m.y. This
1s in good agreement with the ages of metamorphism obtalned
from near-by specimens of the Seboomook formation, and with
the age of the post-Oriskany quartz monzonite stock.

Two conclusions may be drawn from this evidence,
First, the lead-alpha method used by Lyons et al ylelded
ages that, in the Middle Palsozolc, are about 40 m.y. too
low. Second, & quartz monzonlte stock near Jackman was
intruded at approximst ely the same tlme as, or slightly
later than a period of metamorphlsm,

Lyons et al obtalned about the same age for the
metamorphism of the pre~Upper Sllurlan quartz monzonite
stock nesar Jaclman and for the crystallization of the
Katahdin granite. Applying the same 4O m.y. correction
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factor to the Lyons et al age of the Katahdin granite
would yleld 360 and 356 m.y. as the ages of the Katahdin
granite. Presumably, therefore, the Katahdin granite was
intruded about the same time as the pogst-Oriskany quartz
monzonite stock near Jaclman. With reference to the timse
scale published by Kulp (1961), the Katahdin granite would

be of Late Devonlan age.

RELATIONSHIP TO THE TRAVELER PELSITE

| At a number of ;océlities in the world, plutonic
rocks intrude volcanlec rocks wlith which they are believed
to be comagmatic. For example, plutonic rocks of the
White Mountain plutonlc-volcanic series Intrude the Moat
voleanics (B1llings, 1956) and the Tertiary plutonic rocks
on the 1sland of Mull, Scotland intrude basaltlc lavas of
Tertlary age (Richey, 1948). The Katahdin granite intrudes
the Traveler felsite, both are probably Devonian in age,
and so the questlon of whether they are comagmatic arises.

No chemical analyses of the granite were made as

a part of this study. A possibly significant mineralogical
difference is that the felslte contains garmet arnd the
granite does not. Garnet is rare in the felslte, however,
and can probably be ignored in a mineralogical comparison.
Thers are no other mineralogical features of elther rock
which would exclude thelr being chemically related.

A major factor to be considered is that the felsite
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i3 pre-Acadian (Early Devonlan) while the granite appears
to be post-Acadian (Late Devonlan?). One wonders whether
it is meaningful to apply the term comagmatlic in the
coﬁventional sense to these rocks. Further, there are
bodles of felsite, such ag that of Mt. Kineo, which are
-thought to be related to the'Traveler felsite, but which
are 1n areas devoid of any equivalent of the Katahdin
granite, It seems probable, therefore, that the relation-
ship between the Traveler felsite and the Katahdin granite
1s not as straightforward as that between the plutonic

rocks and the Moat volcanies of the White Mountain series,



CHAPTER IV

CHEMISTRY AND VOLCANIC HISTORY OF THE TRAVELER FELSITE

OPTICAL STUDITS Of THE PHENOCRYSTS

SANIDINE
- The composition of sanldine from two welded tuffs
(specimens XT 206, SE 03-52 and KT 228, sC 25-32) of the
Pogy member has been determined. In thin sections cut
from each of the two welded tuffs, at least one sanidins
erystal was favorably orisnted so as to give a centered
acute bisectrix lnterference flgure. The dlistances between
the isogyres of these centersd figures was measured in
terms of numerical aperture (N.A.) using an objective with
an adjustable diaphragm. 2V was then calculated using the
relationship 2V = 2 sin“l(N.A.).
=
A of sanidine ranges only from 1,525 to 1.531
(Wahlstrom, 1555) and any value within this range will not
significantly affect the derived value fo 2V in the above
relationship. An intermediate value of 1,527, thersfore,
is arbitrarily assumed forg . Within the limits of the
method used, the two sanidine ecrystals from the Pogy
member had i1dentical optical properties, Thsse are as
follows: , _
N.A. = 0.4
2V (calculated assuming 8 = 1,527) = 30°
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Optic plane perpendicular to (010)
According to the data of MacKenzile and Smith (1956, fig.
1), these properties would correspond to a sanldine with
a composition of 0”67' Eatimated 2V's of sanidinse from
other specimens agree within 59 4o 30° suggesting that
they have compositions In the range Orss to Orggp.

The sanidine from specimsen XT 228 coexists with
plagioclase of composition Anha. A chemical analysis of
this rock is presented in table 1l.

PLAGIOCLASE

The composltion of plagioclase from 17 specimens
of the Traveler’felsite was determined optically, Four of
thesé specimens were from the Pogy mamber and 13 were from
the Black Cat member. These data are presented in tables
T and B respectively. All»of the plagloclases studled have
about the same composition, are strongly zoned and have an
average bulk composition of Anh7.

Samples which containsd the freshest plagioclase
were selected by thin section study. Failrly clean separation
of the feldspar phenocrysts was obtained by using a Franz
Isodynamic Magnetic Separator, the feldspar being in the
non-magnetic fraction. The « on cleavage surfaces (assumed)
of the separated plagioclase was determined by using the
jmmersion method and a sodium-vapor lamp. The composition

was then read from Tsuboi's curves (Winchell and Winchell,
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1951; P. 281). In order to cbtaln some measure of the
compositional zoning of the phenocrysts, the highest and
lowest ol'observed in a succession of immersion mounts were
talken to ropresent the mazimum and minirmm An content of

the plagioclase from & particular sample. The tabulated
average composition of the plagloclass phencerysts from a
given sampls 1s the estimated welghted average of values

of ' cbtained by & grain count. Estimetion of the bulk or
_average composltion of zoned plagloclase has long constituted
& problem for petrographers. (See Bowen, 1928, p. 143 and
Griscom, 1960), It is probably inherent in the techniqgue
used here that the bulk compositions are too high in the
anorthite component, because some of the outer portions of
the erystals which would be highest in the albite component
would probably be lost during thergrinding and separation
process. However, this source of error is difficult to
evaluate, end, rather thanyassign an arbltrary correction
factor, the estimated welghted averages are presented as

they were determined.

« The compositibns of a few plagioblasa phenocrysts
was alsoc determined iIn thin section by the extinction angle
method (table 8). Measurements of extinction angles in
sections cut at right angles to (010), angles measured
from trace of (010), give bulk compositions within 3

percent An of the bulk composition obtainsd for that sample



TABLE 7

Optical Determinations of the Composition of Zoned Plaglioclase
Phenocrysts from the Pogy Member, Traveler Felslte

' on Cleavage Surface Mol 4 An
o o
g g h = o | 2
Ex 3 B € s n |eee | | % 5
S8 S 5 3 5 % |law& | 8| £ | B |88 8§
A 8 2 8 | 3 | & |33 | 2|8 |d ey &
0 & [ 7 <t = B R m
KT 225f( SW 35-20 2200 Welded
South Pogy| ft. | tuff 1.548 | 1.561 | 1.554 | LO%| 61%| 21%| 4L9%
Mountain
KT 228] SC 25=-32 Welded Coexists
South tuff 1.547 | 1.557 | 1.553 ] 38 | 54 |16 | 48 | with
Traveler sanidine,
Mountailn 0r67
KT 372 Sw 28-15 2180 | Pelsite ' ' '
South Pogy 1.552 | 1.558 | 1.553 | 46 | 56 |10 | 48
Mountain
KT 3741 Sw 26-1} 2200 | Felsite '
South Pogy 1.545 | 1,556 | 1,551} 35 | 52 | 17 | 45
Mountain
Averages of the |} samples ho | 56 | 16 | 4418
Standard deviation L.0| 3.4} 3.9 1.6

ey
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Opitcal Determination of the Compositions of Zoned Plaglioclase Phenocrysts

from the Black Cat liember, Traveler Fslsite

o'on Cleavace Surface] Hol % An
g ]
-] [ o L]
P - B - R A P | S o1 B34l 2
- O 3 o ;] .8 [ Y] 4 L] agi?d g _g
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o o © © x 0 i gy o 0 Y B o
2| 8 |8 & | 3| & |[sef| 2|2 |5 [Essiesy| &
\x < » m I (52T R S B =4
KR 11§ 4C 38~16 {1500} Lava 1.547) 1.558] 1.553] 38% | 567 182 482 | hsd
Black Cat] ft. :
Mountain
Some
KT 208 SE 05-515/2230] Lava 1.545) 1.557] 1.553] 35 {54 } 19 | 48 potassic
The feldapar
Traveler insample
Rim Anm g
KT 236] SC 14-57 ]1520| rava 1.552 1,560 1.5531 46 |59 |13 {48 |49 by ex-
Finnacle tinction
Rldge angle
Poor
KT 237{ SC 16-555{21Li0] Lava 1.547} 1.557) 1.552] 38 |sh {16 | b6 |48 sample;
Pinnacle plagio-
Ridge clase
partly
altered
. Poor
KT 241} co 8-05 |1460| Lava 1.5451 1.555] 1.552) 35 |51 |16 | 46 sample;
Black Cat cores com-
Hountain pletely
al tered
kT 2b2| co 6-05 | 187¢]| Lava 1.5451 1.55h 1 1.552) 35 [ 49 | 14 | 46 | 48
3lack Cal
Mountain
KT 2B9| wC 26-009 2223| Lava Core Angg
3lack by ex-
Rrook tinction
Mountain angle
KT 297} wC 20-12 | 1160| Lava 1.6514 1.555 } 1.552} 45 §| 51 6 | L6
- 3lack
Arook
Mountain
T L69] ¢ 35-0l | 2860| Lava 1.5531 1.561 [ 1,556 4B | 61 | 13 | 52
"Middle
Traveler’
“ountain
KT W70} © 37-06 | 2h50! Tava 1.5h81 1.558 } 1.555| Lo | 56 | 16 | 49
"¥iddle
Traveler'
Mountain
. Some plagio-
X7 418] sc 34,5-324 2530] Laminat}l,.5h7{ 1.557 | 1.551] 38 | s, | 16 | 45 clase pheno-
South ed crysts badly
Treveler Srystal .altered
“ountain Tuff .
Optically
XT W2l 3% oh-h2 | 2200} Jelded | 1.54L ] 1.555 1 1.550| 33 51 18 | 4 (+),
The Tuff 2V % 80 to
Traveler 8s°
Foor sample;
KT 425] 3¢ 285~ | 1620} Felsitel 1,548 | 1.556 | 1.5511 4o | 52 | 12 | L5 plagioclase
1475 The ) partly
Traveler altered
Foor sample;
KT 245] € 17-09 | 1160} Felsite]1.552 1} 1.557 | 1.653} 46 | Sk 8 | us8 plagioclase
Howe partly
3rook . altered
Averasce of 9 samples Lave Lo | 55 15 1 48
Standard deviation 4.8] 3.6 3.6} 1.9
Aversge of last L Misc.
samples 39 1 53 1 1y | L6
Stendard devistion k.7} 1.3} 3.9¢ 1.6
Averace of 13 samples| Felsite ho | s | 14 | 47
Standard deviation 4k.8] 3.3f 3.7} 2.0
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by indices of refraction (standard deviation = 2,.,1)., Thus

the two techniques yleld comparable results,

The potassium content of the phenocrysts 1s unknown.
A plagloclase in equilibrium with alkall feldspar and with
an anhydrous melt of trachytic or andestic composition would
have the maximum possible Or content for a plagloclase of
&8 given An content (Tuttle and Bowen, 1958, p. 131-137).
Thilis Or content has not been determined experimentally to
the writer's knowledge. Tuttle and Bowen (1958, fig. 64)
present an emperical curve (LKgq) representing the maximum
golubility of Or in plagioclase. For plagioclase of
composition Angg, the maximum solubllity is 12 percent.
Curve LKg i3 based upon published analyses of feldspars,
It is probable that many analyses which show a high Or
component (near curve LKy in figure 6él) are of feldspar
grains containing two phases rather than one (J. B. Thompson
and D, B. Stewart, oral communication). Hence the maximum
Or content of plagloclase 1s probably considerably less
than that indicated by Tuttle and Bowen's curve LKg In figure
6ly, PFurthermore, in the Traveler felsite, most of the
plagloclase 1s not in equilibrium with potassic feldspar.
Sanldine is known to be present in only oneﬁgét of 17 feldspar.
samples Investigated. The melt was neither anhydrous nor
trachytic nor andesitic, All of these factors would lower

the permissible Or content, It seems probable that the Or
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content of the plagloclase phenocrysts in the Travelsr
felsite 13 in the range of 0 to 3 percent. The plagloclase
phenocrysts which coexlst with sanidine in the Pogy member
may have a slightly higher Or content,

The major observation drawn from this study is the
similarity of the bulk compositions of the plagioclase
phenocrysts from all portions of the Traveler felslte., The
average of ths bulk compositions of the 13 samples from the
Black Cat member is Anh7 with a standard deviation of 2.0
percent An, Four samples from the Pogy member have an
average bulk composition of Anjg with a standard deviation
of 1.6 percent An, Admittedly, the sampling is poor, ;
particularly from the Pogy member, but the present data,i;
remarkably consistent. Some support for thils conclusion
may be obtained from the standard deviations from the average
maximunm and minimum compositioﬁs. Although there are two
to three times the standard deviations from the bulk compos-
ition, the averages and standard deviations for the two

members are 1n good agreement (tables 7 and 8).

CLINOPYROXENE

The compositions of clinopyroxenes from L. samples
have been determined from thelr 2V's and 4 indices using
Tféger's (1956, p. 62) clinopyﬁoxene‘composition diagram.
These data are prasented In table 9., Three of the samples



TABLE 9

Optical Determinations of thé Composition of Cllinopyroxene
from the Traveler Felsite

Mol j‘%’ o
o
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25 g 5| 8 |hen|Eh|s |2 g |e |58 :
n & | £ o 0 A, = oy . St8. =
KT 236 | S¢ 14-57| 1520 | Lava Black | 35° | 1.719 | 26 | 29| L5 | 11(010),
Pinnacle| ft. Cat ING = }7°
Ridge Member
KT 245| C 17-09 | 1160 | Pelsite| Black 4o° | 1.717 | 301 29| L1
Howe Cat
Brook Member
XT 297 | we 20-12] 1160 | Lava Black W° {1,720 331 25| L2 | 11(010) 0.65
Black Cat (caleu-
Brook Menber| lated)
Mountain
Averages of the three samples Lo 1.719 | 30| 28| L2
KT 372 SW 28-15 Felsite| Pogy Lo 1.720 { 29| 27| Ui
South Memben
Pogy
Mountaln
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are from the Black Cat member and one is from the Pogy
member, The pyroxenes were separated from the same samples
from which plagioclase phenocrysts were obtalned for study.
Fewer daterminations were made, however, because fresh
pyroxene is mucﬁ less abundant than fresh plagloclase and
much more difficult to separate (final separation by hand
pickinzg), 2V was either estimated (¥5°) from the curvature
of the isogyre in an optic axis figure, or, in one favorably
orlented crystal, calculated from the measured distance
between the 1sogyres of a centered acute bisectrix figure,
For thls partlcular erystal, the dis tance between the
i1sogyres was measured in terms of numerical aperture (N.A.)
using an objective with an adjustable numerical aperture
and V calculated using ﬁhe relationéhip_ v = sin-l (%éé;).

All of the clinopyroxenes studled are ferroaugites
in the nomenclature of Poldervaart and Hess (1951). The
avallable data suggest that the pyroxenes like the plagio-
clases are of essentially the same composition throughout
the Traveler felsite., All of the compositional variations
in table 9 are within the limits of accuracy of the

determinations,

BIOTITE
Blotite flakes have been hand picked from the heavy
mineral concentration of KT 372 from the Pogy member and

of KT 236 from the Black Cat member. If the Al content of
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the blotite were known, the Fe:My ratlo would follow directly
from the ¥ index (Trdger, 1956, p. 84). Thompson (1953
lecture notes) has stated that the local valences in tri-
ocfahedral mlcas are better saturated if the mineral contains
Al in excess of the standard formula (coupled substitution
octahedral Al*2-tetrahedral A1%> for octahedral Fet?-tetra-
hedral Si+h). Analyses presented by Nockholds (1947), how-
ever, show that the amount of excess Al 1s closely related
to the aluminum saturation of ths rock containing the
biotite; the excess 1s greatest in peralumlnous rocks and
least in peralkaline rocks., Of the blotite analyses pre-
sented by Nockholds, those which come from rocks with the
grégtsst simllarity to the Traveler felsite are from the
volcanic rocks of the San Juan region Colorado. These
~biotites have an excess of 0,20 out of 1,0 formula unit Al
based on 2l oxygens. An aluminum excess of 0,20 for the
biotite from the Traveler felsite 1is arbitrarily assumed.

The avallable data presented iIn table 10 suggest that
blotite has a slightly hicher Fe:M ratio. than the co-

existing clinopyroxene,

GARNET
Garnet has been observed in elght specimens of the
Traveler felsite. In most of these only one garnet per

speclimen was observed. Because of the rarity of garnet in



TABLE

10

Optical Determinations of the Compositions
of Bilotite from the Traveler Felsite

Specimen| Location | Elevation| Strati-| Rock Type|¥10.003 Fe0:Fe0+Mg0} F'e0 :Fe0+M;0 {Fa0:Fe0+M 0
Number graphic assuming assuning in co-
Position no excess |Al excess existing
Al of 0.20 outjclino-
of 1.0 pyroxene
formula
unit Al (24
oxygens )
KT 236 sSC 1~57 1520 Black Lava 1.661 63% 65% 61%
Pinnacle ft. Cat
Ridge Member
KT 372 sWw 28-1% Pogy Felsite | 1.663 66 68 62
South Member
Pogy
Mountain

~g e
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the felsite as a whole: and also in each speclmen, 1t has
not been practicable to attempt to separate the garnet for
a cell edge determination. The refractive indlces, however,
have been determined for the garnet from three specimense.

These are given below.

Specimen Location Elev- Strati- Rock Type Index of

Number ation graphic Refraction
Position. 40.003
KT 302A SC 03-56 Black Tlow? 1.813
i South Br. Cat :
Trout Member
Brook 4
KT 323  TLSE 10- 1590 Traveler Hlow 1. 808
. 435 ft. felsite, '
Horse undiffer-~
sountain ' entiated
KT 424 SE 04-42 2200 Black Welded
: , The Cat Tufs 1.811
Traveler member

Because of the many compositional varilables 1n garnet, the
compousition cannot be determined from the lndex of refraction

alone,

CHEMICAL AMALYSES

There are four available chemical analyses of the
Traveler felsite. Two of these were published by E. S. C.
Smith in 1930, and two are in s new analysls made by Ir.

Jun Ito of Harvard Unlversity for the present study. These
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four analyses are presentsd in table 11 along with four
analyses published by Smith (1925, 1933) of other Early
Devonlan felsites of northern Malne. These felsites ars
roughly equivalent in age. A new analysls by Dr, Ito of
the granophyre near Norway Dam 1s also included for compar-
fson in table 11. '

One of Smith's analyses is of a specimen from Snub
Pitch, South Pogy Méuntain (approximate location SW 34-18)
and the other 1s of a specimen probably from the 3060 foot
knob on the south ridge of The Traveler (SC 37-41) (E. S. C.
Smith, written communication). Professor Smith vérkaindly
gave the author a small piece.of each of these two specimens.
The Traveler speclmen, hers called ECS-1, 1s‘a'dark-gray to
black lava from the Black Cat member. It contalns about
7 percent phenccfystS'including plagioclase, pyroxene, and
biotite., Agzregates of phenocrysts are common., An estimate
mode of the phenocryéts in this specimen is included 1n
table 3. Because of the small area of the thin section,
little confidence should be placed in thils mode,.

The Snub Pitch specimen, here called ECS-2, is a
dark-gray, fresh-looking banded felslite of the Pogy member,
It eontains about 7 percent phenoerysts, mostly badly
sericltlzed plagioclase, very minor quartz, and some
completely altered mafic silicates., Whether the rock is

a lsva or & welded tuff cannot be determined f:om the



TABLE 11

Chemical Analyses and Norms of Early Devonian Felsites
and Granophyre from Northern Malne

Chemlical Anslyses

Chemical Analyses

1. 3 2. S 2a, 3. # L. S. * Te #* 8. # 9, #
. 1.82 71.42 71.74 69.16 73.01 75.41 69.50 510
7103 R "33 "0:26 0.23 0.23 0.15 0.13 0.10 0.15 1105
Al 3 12.96 12,0 12.79 13.22 13.26 13.04 12.62 12.89 15.12 K158%
Fe203 0.23 1,15 1.91 1.23 1.76 2.16 3,21 2. 3.09 2.35 2,00 2.78 1.55 2.00 0.08 0.96 2.00 2,78 Fegdy
Fe 3 2.02 1.18 0.66 1.26 2.57 2.21 1.82 2, 1.74 2.41 3.55 2.85 2.45 2.05 1.79 0.99 3.55 2.85 TFed
Mno 0.04 0.05 0.06 tr tr 0.07 0.07 0.06 0.05 Mno
Mg0 0.11 0.19 0.15 0.51 0.61 0.4 o.llh 0.01 0.76 Mgo
Ca0 0.83 1.32 1.70 2.00 1.92 1.9 1.22 1.09 1.28 Ca0
N2-0 344 2.64 3.32 L.Lo .49 L.19 3.80 2.87 2.33 Nago
X L.97 5.09 h.61 3.51 3.34 3.87 3.69 4.63 3.76 K20
E50+ o.ge 0.63 0.35 tr nil 1.01 o.gu 0.52 1.33 Hpo*
20” 0.88 o3t o3 0.0 0.06 na. nad. RE et 720
0.08 0.32 0.1 . . .d, .d. . cees 205
2 00 5 : oo To0 15" 557 5555 : : Tota1
Weight Percent Norms deight Percent Norms
1. * 2. ® 2a, 3,0 * LI»-A * S. * 6. Te * 8. * 9. *
. . 0. 0. 27.2 29.01 25,08 32.60 38.55 36.43 Qz
gi 32.%3 %g.gg 56.% 57.52 : 23.7%~ 19.76 22.88 21.79 27.39 22,21 or
Ab 29,11 22,34 23.7 28,06 37.24 37.97 35.45 32.15 2h.28 19.72 Ab
An 3.56 L.us 10.1 6.40 5.95 6.15 5.34 §.37 .56 6.34 An
Cor 1.2 0.92 0.2 0.16 1.1;8 4.89 Cor
Mn-Fyx 0.08 0.08 0.1 0.10 123 g'éi 0.12 0.12 0.08 gg-Pyx‘
y : 0.50 1. . .
éﬁ 0.27 0.48 0.8 o.§7 ~1.§§ 1.52 1,09 1.09 0.03 1.89 En
Fs 1.02 0.77 3.h 1.82 2.20 2.10 ;2.68 1.90 0.86 2,69 Ps
Mt 1.67 1.78 3.0 3.13 3.54 3.40 4,03 2.89 1,39 L.03 Mt
11 0.23 0.62 1.2 0.53 0.4l 0.4k 0.29 0.24 0.20 0.29 Il
Ap 0.20 0, 0.6 0.30 0.10 0.1 o . , 0,30 ) Ar
Total 59.2% Iﬁﬁ.%ﬁ T00.1 . 100.29 . 38,81 35.01 55,15 38.57 Total
"0xyocen Percent" Norms 7 "Oxycen Percent Norms
.91 0.6 33.7 .1 0.11 31.50 28.32 36.11 La.1h 40.77 Qz
3§ gg.gz gB.sﬁ 25.7 32.12- {9,82 . 18.%3 22.32 20.85 25,86 21.47 or
Ab 29.L9 22,51 2.2 28.59 37.73 37.79 36,71 32.64 2L.33 20.23 Ab
An 3.40 L.23 9.7 é.41 5.69 S.77 5.21 5.80 4.31 6.13 An
Cor 0.81 0.89 0.2 0.16 1.43 h.8Y Cor
Mn-Pyx 0.06 0.06 0.1 0,08 Lo g.ég 0,09 0.09 0.06 %n-?yx
o .43 1.33 . . Wo
. . 0.48 0.8 0.37 1,26 1.4 1,11 1.09 0.03 1.90 En
;: g.%; 0-%7 2.6 1,38 1.66 1.56 2.07 l.44 0.64 2.06 Fs
Mt 0.96 1,02 1.7 1.80 2.03 1.92 2.36 1.66 0.79 2.34 Mt
11 0.15 0.41 © 0.8 0.35 0.29 8’%% 0.19 0.16 g.%g 0.19 il
* O. 6 . - 3 P .
égtal IG%Z%%' O:é IG%T%E 165.%6 Iﬁ%?%%‘ . 100.00 100.00 100.7T1 7599 Total
#Iron oxide recalculated using the ratio Fe'3 to Fe*2 in 2. (KT 208, SE 05-515) Groundmass of lava, Black Cat 5. (ECS-2, approximate location SW 34-18) Felsite, Pogy

Daly's average post-Cambrian grenite and keeping the total

iron constant. The values in this column were used in
the norm calculations,

s#Also reported

Ba0
Sro

QOOX -
.OOX -

»OX
+0X

Elements spectrographically found

Pb, Ag, Sr.
Cr, Mo, Vv, Zr, Ga, Be
Sc, Y, Yb
1. (KT 411) Granophyre, north side peninsula south of
Norway Dam, Matagamon Lake; Jun Ito, anailyst,

gember, Traveler felsite from east flank of The
Traveler; Jun Ito, analyst.

2a, (KT 208, SE 05-515),

combinin
chemical
explansat

3. (KT 228,
of the Pogy member,
summit of South Traveler; Jun Ito, analyst.

L. (ECS-1, ) Lavs,
the 3040 + foot
at the General Ele

(

lon,

SW 26-11)

Norms for rock calculated by
g model analysls of phenocrysts with the
analysis of groundmass,

See text for

delded tuff, Including phenocrysts,
Traveler felsite from the western

Blaeck Cat member, Traveler felsite from
knob north of Travelsr Gap,

Analyzed

ctric Laboratory,Schnectady, N. Y.
F. S, C. Smith, 1930, Am. Jour. Sci., vol. 1G9, p. 7).

7.

(@]

member, Traveler felsite from Snub Fitch, South Pogy
Mountain, Analyzed at the General Electric Laboratory,
Schnectady, N. ¥. (E. S. C. Smith, 1930, Am. Jour.
Sci., vol, 19' Pe 7).

Felsite from Sonbunge lMountain, Harrington Lake
quadrangle; George J. Steele, analyst (E. S. C. Smith,
1933, Am. Jour, Sci., vol, 25, p. 228}, ;

Felsite from Blg Spencer Mountain; George J, Steels),
analyst (E. C. 3. Smith, 1933, Am. Jour. Seil., vol.
25, p., 228),

Felsite from Mt. Kineo; George J. Steele, analyst
(E. S. G. Smith, 1933, Am. Jour. Sci., vol, 25, p.

Felsite from Coburn Mountaln; Gsorge J. Steele,
anslyst (2, 3. C. Smith, 1633, Am. Jour, Sci., vol.
AF W A I .
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specimen. In thin section the rock is seen to have been
much fractured., The fractures have been annsaled with
felsitic material for the most part. However, they also
écntain epidote, chlorite, and fluorite (?) (isoﬁropic,
.colorless, strong negative rellef, at least 2 oblique
cleavages). It is possible, therefore, that the analysis
deoes not represent the original composition of the rock.

. The new analyses of felsite are numbers 2 and 3
in table 11, Number 2 is of the groundmass of & flow of
the Black Cat member (KT 208, SE 05-515), The groundmass
was separated from the phenocrysats by the use of the Franz
"Isodynamic Magnetic Separator and heavy liquids. A point
count of the sample submitted to the analyst showed the
separatién to be 99 percent effective (9 points out of
1000 were plagloclase phenocrysts). In the succeeding
calculations, this 0,9 pefcent impurlty has been ignored.
A ﬁode of the phenocrysts in KT\EOB 1s included in table
3, and figures 60 and 6} are photomicrographs of the thin
section made from the analyzed specimen. Plagloclase
phenocrysts from this rock have a bulk composition of Anhg
(table 8),

Analysis numbef 3 1s of specimen KT 228, a welded
tuff of the Pogy member from the summit of the western
peak of South Traveler. A mode of the phenocrysts of this
rock is included in table 2, and figuré jla 1s & photo-
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graph of the hand specimen., In this welded tuff, plagio-
clase of bulk composition Anjg (table 7) coexists with
sanidine of composition Orgy.
| Smith's petrographic and'geographic desériptions
of the rocks from which analyses 6 through 9 were made,
are brief, However, some additional information is now
available, A. Griscom placed at the author's disposal
Aggveral thin sections of the felsite from Soubunge Mountaln,
Aé sma11 isolated peak in the northwest corner of the
Harrington Lake quadrangle about 8.5 miles west-southwest
_pf.Center Mountain (figs, 1 and 4). The thin sections
éppear'identical, in the assemblage of phenocrysts and in
texture, with those of the flows in the Black Cat member.
Beath (1959) reports both welded tuff and lava on Big
Spéncer Mountain., The author has hastily examined thin
sectioﬁs of four of Heath's specimens and supports the
conclusion that welded tuffs and flows are present, These
rocks differ from the Traveler felsite in that the feldspar
phenocrysts are predominately sanidine end that sparse
garnet was the only maflec silicate obsérved. Boucot (in
preparation and oral communication) states that the felsite
~on Mt, Kineo is a massive lava probably in the form of a
dome. Garnet 1s rare in the felsite on Mt. Kineo., Finally,
the garnet-bearing felsite of Coburn Mountain is intrusive

(Boucot, in preparation),
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A standard weight percent norm, usilng one catlon
oxides as sugzested by Eskola (1954), and an "oxygen
percent” norm, using a method suggested by J. B, Thompson,
have been calculated for each of the anslyses. These
norms are also presented in table 1ll.

' It should be noted that there is considerable range
in the FeO:Fe,03 ratioc in the amalyses. The FeO:Fey0;
r#tiP 13 essentially a fuﬁction of the activity of oxygen,
uhich can vary with time and, in lavas, from place to
place (Kennedy 1955 and J. B. Thompson, oral communication).
In order to have 2 common baslis for comparing the analyses,
':tgg,total iron (mol. prop.) in each analysls was redistri-
butéd between FeO and Fep03 using a constant FeO:Fe303
ratio for all the analyses. The ratlo selected is that in
Daly's (1933) average post-Cambrian granite. The re-
calqulated values of Fel and F3203 appear in table 1l to
the right of the values reported by the analyst for each
épecimen. The recalculated values of the iron oxldes were
used in all the petrographic calculatlons,

J. B. Thompson (lecture notes, 1954) bas pointed
out that the number of oxygens in equivalent formula units
of minerals (one-cation oxide formulas are used in this
report) are, to a first approximation, equal to the relstive
volumes occupied by the equivalent formula units. Thus,

an "oxygen percent™ norm, which is roughly equivalent to
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a volume percent norm, may be calculated by multiplying
the number of equivalent formula units (Niggli's equivalent
molecular units) by the number of oxygens in the equivalent
formula unit for each component and then converting these
products to percents of the sum of the products. This
procedurs was usad to calculate the "oxygen percent" norms
in table 11,

In four of the analyses, the molecular proportion
of alumina exceeds the combined molecular proportions of
lime and elkali oxldes, The excess alumina was calculated
in;the norms as corundum. Shand (1952, p. 228-231) has
suggested that rocks with the above relatimship between
alumina énd lime plus the alkall oxldes be called per-
aluminous., He further points out that peraluminous rocks
are likely to cont#in such minerals as muscovite, topaz,
garnet and corundum. In agreement with the peralumlnous
nature of some of the felslte as determined from the
analysea, gamet occurs in a number of Devonlan felsitss
of northern Malne. Further, the rocks with the highest
percentage of garnet (the intrusive felsite from Coburn
Mountain) 1s the rock with the greatest excess of alumina
~over the alkall oxides plus lime in the analysis. Smith
{1933) and later Boucot (in preparation) report that the
dominant phenocryst in the felsite from Cobum Mountain is
garnet,

The temary feldspar composition of the welght
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percent norms are plotted in figure 89. As would be
expected, the composition of the ternary feldspar of
analysls no., 2, the groundmass of a lava from the Black
‘Cat member, lies closer to the Or corner than the ternary
feldspars of the other analyses of bulk samples {groundmass
plus phenocrysts), PFrom petrographic work 1t is felt that
the Traveler felsite is, to a first approximation, 1so-
chemical, Therefore, if the ecomposition of the phenoccrysts
ia addéd.in the observed proportions to the analysils of
the groundmass of KT 208, the total composition of this
lava should be similar to the compositions of other
specimens of Travelsr felsite, The phenocryst mode (table
3) and the "oxygen percent" norm of the graundmass of
specimen KT 208 were combined in the ratio 1;:86 to glve
the bulk composition of the rock in terms of molecular
proportions of one~cation oxides., From these a welght per-
cent norm and an "oxygen percent" norm wers calculated for
tbé roc%; Certain simplifications and assumptions wers
necessarj in order to calculate ths molscular proportions
of one-cation oxldes fromAthe mods of the phenocrysts, The
assumptions made concerning the compositions of the pheno-
crysts are consistent with dstermined compositions of pheno-
crysts in the Black Cat member, The mode of the phenocrysts
from KT 208 1s reproduced below from‘table 3 and beside

this observed riode 1s shown the readjusted mode used in



®  Optically determined compositions of
coexisting plagioclase and sanidine from
KT 228, welded tuff of Pogy member, )
Traveler felsite. Also composition of
plagioclase phenocrysts from KT 208,
lava of the Black Cat member, Traveler
felsite,

—=-——:=— T1e line connecting comp-
osition of plagloclase pheno-
crysts and the ternary feldspa
composition of the analysed
groundmass ,of KT 208.

Tile line connecting
compositions of coexisting
phenocrysts in KT 228.

An

Figure 89. Ternary feldspar -

composltion of welight percent
norms of felsites and granophyre
from northern Maine. Numbers
refer to analyses in table 11.

—==~Projected isothermal, iso-
baric 4-phase flelds in the
system Or-Ab-An-HoO at 5000
bars saturation pressure,

"""""" Isobaric feldspar
field boundary 1in the
system Or-Ab-An-Ho0 at
5000 bars saturation
pressure.

(Experimental data

from Yoder, Stewart,
and Smith, 1957)
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the calculations,

observed mode mode used in calculations
lagioclase 66% Ab 34
plag 66%{
An 32
_ Wo L
mafic silicates 23 pyroxene 13iEn 3
(both c¢lino- Fs 6
pyroxene 25 <
and biotite annite 8
observed) : | blotite 12
- phlog. L
opaque minerals 11 -
: Mt 6
9 <
I1 3

The additional morms of XT 208 are also presented in table
11 and the composition of the ternary feldspar 1s plotted
in figure 89 (polnt 2a).

In terms of welght percent norms, all of the rocks
analyzed are rhyodaclies (plagloclase compecnents exceed
orthoclase components), although several of them have very
nearly equal‘aﬁounts of the plagloclase and orthoclase
components énd might be called guartz latites. The
composition of the groundmass of KT 208 is the only one of
the group that can be taken witﬁ any ¢onfidence to represent
the composition of a liquid, Thls groundmess is a rhyolite
(orthoclasekcomponents exceed plﬁgioclase eomponeﬁts),
although 1t also might be called a quartz latite. There
1s the questlon as to whether the phenocrysts were in

equilibrium with a liquld of ths composition of the
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groundmagss, A suggestlion that the phenocrysts wers
approximately in equilibrium with a liquid of this
composition may be obtained by comparing the ternary feld-
spar composition of the groundmsss with the optically
determined compositions of coexisting sanidine and plaglo-
clase in KT 228. These data are plotted in figure 89
along with the locatlion of the pro jected four-phase flelds
(£WO feldspars plus liquid plus gas) determined experl-
mentally by Yoder, Stewart and Smith (1957) in the system
Na A1S130g(Ab) - KA1S1304(0r) - Cakl,si,0g(an) - Hp0 at
5000 bars pressure in a steam saturated system. There 1s,
of coﬁrse, no reason o expect precise agrecment between
the malticomponent felsite and the experimental systen
(especially as the experimental results were cbtalned for
a higher pressure in a steam saturated system than 1s
envisioned for the felsite magma}, bscause the calciunm
content of the sanidine and the potéssium content of the
plagloclase are not known, and because the phenocrysts and
'groundmass are from different rocks, Nevertheless, the
comparison does suggest that a) the analysis of the ground-
mass of KT 208 is a réasonable one, b) the phenocrysts were
essentially in equilibrium with a liquid of the composition
of the groundmass, The groundmass itself later and at a
much lower temperature devitrified into 1ts own assemblege

of minerals, including a nearly pure potassic feldspar and



Ab

S10p

Figure 90. Composltions of
felsite and granophyre from north-
ern Malne projected into the system
S102 - Or - Ab. Numbers refer to
analyses 1in table 11.

Also projected into this system are
the isobaric quartz-feldspar fleld
boundaries in the ayatem S510p -
Or - Ab = HpO.

Total pressure in steam saturateg
system in kg/cm2.

¢ Isobaric, !sothermal ternary
minimum in the system S10p -
Or - Ab - HpO.

Welght Percent

(Data from Tuttle and
Bowen, 1958, fig. 38).
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Y-ray diffraction studies wore made of the structural
states of tha 2ame 17 plagloclase samples whose composlitions
ars ¥nown from optical detemminations, The data obtalned
for 10 of thess samples 1s considered adequate, while the
remeining 7 determinations should be regarded as provision-
al,

Diffraction patterns were obtained using smear
mounts on a Norelco high angle Gelzer-counter diffractomster
equlipred with a Cu tube and a Ni filter. The scals factor
was h, the multiplier 1, and the tims constant lj. The data
congidered adequate wers obtalned from runs of two complstis
oseillations (thersby covering the approximate 29 regions
four times) at a gonilomstsr speed of 1/4° psr ninute and
e chart scale of 2 inches per degree. Because only relative
p2ak locatims Qere required, no Intérnal standard was
used.

Distances between appropriaste peaks were nmeasured
to the nearest 1/50 inch (0.01° 28). A pesak location was
fékén as a point mldway between the edges of a pealk ab
two-thirds of the pealk helght (estimatéd). There was gome
uncertainty in estimating two-thirds of the height of soms
of the broad multi-summit peaks. It was necessary to
modify the two-thirds height rile with respect to some
peaks In order to get above the "background” of the broad
bagse of the peakr and Into the portion lsading to the highest

major summit,
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STRUCTURAL STATES

Three sets of data wers obtalned: the angular
separation (A26) between the (131) and the (131) reflections,
between the (132) and the (131) reflections and between the
(24,1) and the (132) reflections. These three sets of data
for the 10 plagioclase samples for which the information
is considered adequate, are presented in table 12, Nearly
all of the angular separations glven in the table under
the headlng specimen values are the averages obtained from
two single observations, An "observation" (after Chayes
and MacKenzle, 1957) is the average of the two angular
separations obtained from a single oscilllation, Chayes and
MacKenzie (1957, p. 537) have pointed out that there 1s a
small butipersistent difference between angular separations
obtained by scanning in opposite directions. The standard
deviations of the A26 of one observation from the other for
the three sets of angular separations (131)-(131), (132-(131)
and (24T)=(132) are respectively 0.012 (10 samples), 0.017
(8 samples), and 0,016° 2¢ (5 samples). Smith and Yoder
(1956, p. 635) using essentlally the same procedure,
estimated the probable accuracy of the average value of
peak separatlion for any sampls to be ¥0.02° 206 or better.

The results of the present investigation coumpare favorably

with their accuracy.

Provisional data for the remaining seven plagioclase




SRR . Table 12

N L . ' S 268
SR AT " . Angular Separation (A28) of certain Reflections of
e Plagioclase Phenocrysts from theTraveler Felsite _ - —
el N AP . A 26 (131) - (131) in Degrees A28 (132) - (131) in Degrees 528 (241) - (132) in Degrees
.~ ' | Specimen| Rockb'ﬁol % An | "Quartz ' Scan Speed #° per Minute Scan Scan Speed #° per Minute Scan Scan Speed 4° per Minute Scan
.+ I'No. and | Type and| - From Index" - - Sgeed . ‘ - Speed.. Speed
' | Location| Strati- | Opties | . Tncreas|-Decreas-| Obser- | Specimen| 1° PeT ||Increas- Decreas- Obser- |Specimen] 1 per | Increas- Decreas— Obser- Specimenl® per §
.|+ lerepbic| . . . | __az | ing 26 |ing 26. | 'vation | Value |Minute; ||ing 26 |ing 26 | vation | Value |Minute; |ing 28 |ing 2¢ | vatlon Value Minute;
oo o | Member | - |qz+plag SR . Aversge Average Av.
‘:’ "’ . PN s B . ‘ " in ( ) - in ( ) in ( ) ‘
1 KT 208 |. Lava; | 48 | 0% | 1.85 | 1.88 ‘| 1.865 | 1.e8 1.92 2.21 2.32 2.315 | u* 2.28 1.80 1.77 1,785 | xx= 1.80
;*? BE 05-515Black Caty -~ - +--| -~ - 1,90 1.89 1.895 X 1,88 not measurablle 224 not measursblpe 1.80
-SSR R R T EET (EEETAT E - 1,92 2,28 - 1.80
SRR BEEETEN IS BRI ‘ (1.92) ‘ (2.28) (1.80)
o 2|kr 23 | ravas| 48 | o | 1.e7 | 1.87 | 1.87 | 1.e7 | 1.8e || 2.27 | 2.28 | 2.275 | 2.28 | 2.2¢ | 1.83 | 1.80 | 1.215 | 1.8l |1.80
. BC 14-57 Black Cat{ . - e . . . . . ' . .81 1.7 1.80 .
PRRE) DRSS N R EOT I | (.88) (2.28) (1.20)
i KT 237. ié,’,a;. ' 6 T 1"-': T ,,1‘.89 1.sy 1.88 1.82 1.84 2.31 2.29 2.20 2.30 2.324 1.77 not meagurable % 1.76%
727 SC 16~ Black Cat] - . o 1.86 0 | 1.88 1.87 1,38 not measuratle 2.324 not measursble
AR R3-SR PRI NSRS ROV PRI AR N : 1.84% 2.26%
SIOR KRNI IR ' RPN S | (1.84) (2.22)
;U4 KT 469 | lavay | 52| 0. | 1.85 | 1.8 1.845 | 1.84 1.8 |l 2,32 | 2.31 2.315 | 2.32 R.36% not measurable
S0 € 35-04 Elack Catyy - o 1.85 1 1.83 1.84 1.84% 2.32 2.31 2.315 2,32% not measurablp
) R N (1.82) . (2.36)
7 oS|KT 470 | lava; |749 . 0.0 0 |1.89 | 1.90 | 1.895 | 1.90 | 1.92% [f2.24 | 2.23 | 2.235 | 2,24 | 2.24% not peasurable
' ]C 37-06 Black Cayf ' | .. ©1.89 - |''1.90 | 1.895 ©1,92% 2.26 2.24 2.25 224% not messuratle
S R B SR R I S (1.92) | (2.24) '
. 6KT 418 feminated 45 [ 0 [ 1.79 1.80 1.795 | 1.80 1.84 2.33 2.33 2.33 2.34 2,32 1.70 1.72 1.71 1.69 | 1.72
O N Tuff; R ‘ (1.84) (2.22) (1.72)
Flack Cat]
S7|%T 424 |welded | 4. | 10 J'i.s0 |19 | 1.795. | 1.0 | 1.80 [l2.35 | 2.3 | 2,35 | 2.33 | 2.3 | 1.69 | 1.69 | 169 | 170|172
©|SE 4=42 | Tuff; | e .8l 1.80 - | 1.805" [ " 1,80 (| 2.32 2.32 2.32 2,36 1.69 1.71 1.70 1.72
v ~ Black Cat N | B ‘ B ' (1.80) | (2.36) (1.72)
'UU8|KT 425 | Felsite;| 45 <1 1,90 | 1,90 ‘| 1.90 1.89 1.88% |l 2,27 | 2.28 | 2,275 | 2.28 | 2.32% | 1,77 1.77 1.77 1.77 | 1.76*
;| SC 285~ Plack CaYl . ~ ol 1.8 1.89 | 1.885 | - 1.88% |l 2,28 2.30 2,29 2.28% | 1,77 1.78 1.775 1.80%
PN CANREE TR B RIS (1.88) | [ (2.32) (1.80)
. 9| KT 228 |Welded . | 48.. | .39 1,757 [ 1,76 [ T1.755 | 1.76 1.76 || 2.35 2.38 2,365 | 2.36 2,32 1.€9 1,66 1.675 | 1.68 | 1.72
| SW 25— | Tuff; A 1.76.. | . 1.75 | 1.755 , 1.76 || 2.33 2.37 | 2.35 2.32 1.€9 1.€6 1.€75 1,72
Y 32 Pogy : SETENE T | DECIOICIC SRR P | 1.76% |l S 2.32% 1.64%
(1.76) | (2.22) ' (1.72)
10/ KT 374 |Felsite;| 45 50 1.78 | 1.77 1.775 | 1.77 2.3 | 234 | 203 | 2.3 . 1.69 1.67 1.68 1.67
: iz 26~ |Pogy ~ _ I Y 1.77 1.765 2.33 2.34 2.335 . 1,66 1.6% 1.€55
] ';f;*‘Séélé,faetor 8 R T *2%% Value used: 1,77 R - - | ; : En i

S - f | *%% Value used: 1.79




TABLE 13

Angular Separation (A20) of Certaln Reflections of Plagloclase

Fhenocrysts from the Traveler Felsite

Provisional Values

Spee] Mol % An | "Quartz index™ | 420 (131)-(131) in | 426 (132)=(131) in A26 (241)=-(132)
No. from of pheno, degrees (scan speed{ degrees (scan speed in degrees (scan
optics 19 per minute) 19 per minute) speed 1° per minute
qz
( gz+plag. ) Increas- | Average Increas-| Average " Increas- |Average
Ing 20 ing 20 Ing 26
1 48 1% 1.92 1.92 2,28 2.28 1.84 1.84
1.96 2.28 1.80 ‘
1.92 , 2.2l ’ 1.8
2 46 1 1.8 1.0h 2.32 24,32 L.76 1,80
1.8l 2.32 1.80 )
3 16 0] 1,60 1.00 220 2.20 1,00 1,80
1.88 2.28 1.80
1.88% 2,321 1.80
4 46 0 1,60 1,80 2432 2a32 1.76 1.76
1.88 2,32 1.80 ’
1,88 2,323 1,764
5 L8 1 1.68 1,00 2420 2.32 1,60 1.80
. 1,88 2,32 1.80 -
6 L9 17 1.80 1.00 2.32 2.32 l.72 1.72
1.76 2.32 1,68
7 L8 2l 1.76 1.76 2.32 2.32 1.72 1.72
1.80 2. 32 1.68
1,76% 2.28% l.7c%

#Scale factor--8,




11,
12,
13.
1.
15.
16,
17.

(KT 116,
(KT 241,
(KT 2442,
{XT 297,
(KT 245,
(xT 225,
(k7 372,

270
Table 13 {(Continued)

QG 38-16); lava from the Black Cat member.

c 08—65); lava from the Black Cat member.

€ 06-05); lava from the Black Cat member.
WC 20-12); lava from the Black Cat member.

¢ 17-09); felsite from the Black Cat member.
SW 35-20)3 welded tuff frof the Pogy member,
SW 28-15); felsite from the Pogy‘member.



0 13)- 28 (131) in degrees

2

Numbers reter to specimens in

" tables 12 & |3,

‘, Ij A l, - ~.‘L%::y,. l

FIGURE 91 -

Variation of 20 (131)- 20030 with

A Ao "the Trdavéler felsite,."Compositions
determined optically.
"® From the Black Cat member

Frorh the Pogy member

A
b Provisional values from Black Cat member ~ |
A Provisional values from the Pogy member

composition for plqgipcl:o‘seiphenocrys?s, from

Up_pérf curve represents values for plogioclos'e synthesized

in the dry way; lower-curve represents values for

plagioclase fromthick stratiform intrusions.

"(data from Smith and Yoder, 1956, fig. 2)
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20 (132) — 20 (I131)indegrees

FIGURE 92

Numbers refer to specimens

— in tables 12 & 13. _
Variation of 2 ©(132)— 206 (131)

with composition for plagioclase
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(241)-(132) rospectively are plotted against the optically
determined mol percent An in the plagioclase phenocrysts
from the Traveler felsite. Also shown in figures 91, 92
and 93 are curves determined by other authors for ths
respective limiting values of A28 plotted against mol per=-
cent An., (Smith and Yoder, 1956, fig. 3; Smith, 1956,
f£ig. li; and Goodyear and Duffin, 1955). These authomrs have
demongtrated that the structural state of a plagloclass,
as determined fram the speciflc value of ths angular
separation of each of these sets of raflections, is a
function of both the composition and the thermal his tory,
| Thus, if the composition of the plagloclase is known (the
| composltions of the plagiéclase phenocrysts from the
“Traveler felsite were determined optically) a thermal
history of the plagloclase may be determined. For a glven
An content, "high" (high temperature) plagioclase has
higher values of 26(131)-26(131) and 26(241)-26(132) than
"low" plagloclase, For a given An content, "high" plaglo-
clase has lower values of 26(i32)-28(131) than "low" plaglo-
clase, |

The significant feature common to all threse figures
is;that plagloclase phenocrysts from the Black Cat member
have A 26 values characteristic of plagioclase of an inter-
medliate thermal state, whlle the plagloclase phenocrysis

from the Pogy member have A20 valuss characteristic of
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plagicclase of a low thermal state., The difference between
the structural states of the feldspar phenocrysts from the
two members i1s shown most convinelngly by figures 91 and
93+ The reasocn this difference is less pronounced in
figure 92 1is probably because of the closeness of the
1imiting values of 206(132)-26(131) for "high" and "low"

and An..»

plagloclase of a composition between Anho 50

GEOLOGIC ENVIRONMENT AND PETROLOGY

It has been shown that for the samples investigated
| pPlagloclase of an intermediate themmal state is characteristic
of the Black Cat member and plagloclase of a low thermal |
staté 1s characteristic of the Pogy member. It éhculd also
be pointed out that the "intermediate” plagloclase is almost
eiclusively from lava and does not coexist with quartsz
phenocrysts. Conversely, the "low" plagioclase is primarily
from welded tuff and does coexist with quartz phenocrysts.
finally, because the Traveler felslte was probably erupted
in a short time interval and because the ?ogy member under-
lies the Black Cat member, the "low" plagioclase may have
come from higher in the magma chamber then the "inter-
mediate" plagioclase, Ths author believes that the above
. relationships present a picture cohsistent with ideas of
vdlcanism and phése equilibria, | |

Before presenting what the author believes to be

the most reasonabls explanation of the struetural states
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of the plagloclase phenocrysts, an alternate possibility
should be mentioned, By colnclidencs, all four samples of
plagloclase phenocrysts of the Pogy member and the two
samples from the Black Cat msmber which are "low" plagio-
clase come from outerops in the vicinlty of the contact
with the Katehdin granite., These samples were selected
solely because they contained the freshest plagloclass
phenocrysts, and the pattern of thelr areal distribution
was not realized until after the X-ray study bhad been
completed., Of the six samples XT 18 was collected from
the outerop closest to the granite, about 100 fest verti=-
cally away. ,

It 1s possible that all of the plagloclase pheno-
erysts from the Traveler felsite were initially of the
intsrmediate or high thermal modificatlion, Those which
were sﬁbjected to prolonged and humld heating in the sub-
sélidus region by the cooling of the nearbj Katahdiﬁ
bathollth may have inverted to a lcwer temperature modific-
atlion.

The felsltes samples in question, howsver, show no
contact metamorphic effect elther in outecrop or in thin
gsectlion, The plagloclase phenocrysts are still strongly
zoned, In outerop, the felslte samples are amonz the
blackest, freshest-looking rocks in the entire Traveler
felsite. Closer to the contact, the felslte is bleached,

less flinty looking and the groundmass has recrystallized
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to a coarser-grained texture., Finally, the hypotheses
discussed In the remainder of this section are consistent
with so many observations and with so much of the predicted
behavior of volcanic eruptions that they are believed to
be the most reasonable explanation of the structural states
of the plagioclase phenocrysts. Supporting evidence should
be souzht from structural analysis of fresh plagloclase
phenocrysts from the Pogy member in the vicinity of Horse
Mountain., Such samples are not avallable at present.

dith the exception of rare non-porphyritic tuff
in the Pory member, phenocrysts are present in all samples
of’the Traveler felsite., The magma must, therefore, have
been at the liquidus at the time of eruptlion. Probably the
phenocrysts in the felsite are the ones with which the
magma was in eqﬁilibrium at the time of eruption (See
preceding section)., Present data further suggest that
phenocrysts from different felsite units are of the same
composition, It is belleved, therefore, that to a first
approximation, the Traveler felsite 1is isochemical, exclud-
ing volatiles. Attempts to demonstrate this by the index
of refraction of the fused felsite have not been successful.
Repeated heatinz of the powdered felsite on platinum foil
before a gas-oxygzen torch, hot enough to melt the platinum
foll, has faliled to yield a homogeneous glass. The

relatively high calcium and iron contents of the felsite
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may be responsible for this difficulty.

It has been shown in figure 90 that the bulk compo-
‘sition of the analyzed specimens of the Traveler felsite
project onto the liquldus of the system SiOp-0r-Ab-Hy0 in
the vieinity of the minimum melting mixture on the slilica-
feldspar field boundary for some total pressure. Because
of other components present In the felsite, however, no
quantitative statements should be made concerning the exact
projections of the bulk compositions. 3chairer (1950) and
Tuttle and Bowen (1958) have shown that regardless of the
pressure on the steam saturated system, the liquidus surface
has é steep thermal slope on the silica side of the fleld
bourdary and a very gentle slope on the feldspar side of
the field boundary., For liquids in the vicinlty of the
minimum melting mixture, slizht differences in the bulk
composition or the temperature would result in differences
in the first phase to erystallize from the liquid and hence
differences in the assemblage of phenocrysts,

Three assemblages of felsic phenocrysts have been
observed in the Traveler felsite: |

A, plagioclase'alone (Black Cat member mostly)

B. plagloclase + quartz (Pogy member mostly)

C. plagioclase + quartz + sanidine (scarce)

(FPogy member).

Because none of the felsite contains quartz phenocrysts
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alone, the bulk compositions of all of the units probably
lay either in the feldspar field or on the quartz-feldspar
field boundary for conditions obtaining at the time of
phenocryst crystallization. That the bulk of the feldspar
phenocrysts are plagioclase rather than sanidine, is
probably explained by the calcium content of the felsite.
(See fig. 89).

The most obvious sxplanation for the difference in
assemblages of phenocryéts; assuming an isochemical sequencs
of felsitea, 1s that those containing plagloclase alone
were erupted at a higher temperature than those containing
plagioclase and quartz. Support for this conclusion is
found in the fact that plagl oclase phenocrysts coexisting
with quartz phenocrysts are of a lower temperature modific-
atlon than those which occur without quartz., PFurther,
assemblage A is pimarily from the Black Cat merber which
is younger than the Pogy member containing assemblages B
and C. This could be interpreted to mean that assemblages
B and C came from the cooler upper portion of'tha magma
chamber, while assemblage A came from the hotter interior.

One more factor must be considered. Assemblage A
is found primarily in lava whlle assemblages B and C are
found primarl 1y in welded tuff. Various authors have
suggested the importance of the volatils content of a magma
upon the type of volcanic eruption. Kennedy (1955, p. 495)

has called attentlion to thes sequence of volcanic rocks in
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Yellowstone Park. The lowermost beds in this sequence are
erystal tuffs and poorly consolidated ash, These are over-
lain by welded tuffl and these in turn by obsidian flows,
Kennedy suggests that this stratlgraphic sequence indicates
a decreagse in volatile content during the eruptions. The
sequsnce of volcanic units in the Traveler felsite is
grosaly the same as in the rhyolites of Yellowstone Park,
-althouzh the proportions of various rock types may be
different. 4 thin layer of tuff, originally vitroclastic
ash, forms the base of the Pogy member. This 1s overlain
by a thick successlon of welded tuff (the bulk of the Fogy
member)} and these in turn by the lavas of the Black Cat
member,

‘The chief volatile component in silicate melts is
probably H,0, Tuttle and Bowen (1958) have shown that
the effect of saturating liquids in the system Si105-0r-aAb
with H50 is two-fold, First, the greater the water content
of the 1liquld (the greater the total pressure in a steam
saturated system), the lower ‘the lower:the melting temper-
atures., It is reasonable, therefore, that the welded tuff

should contain evidence of lower temperature at the time

lThers 1s disagreement between Kennedy and Boyd
as to whether these units are collapsed froth flows
(Kennedy) or welded ash flows (Boyd). The evidence
presented by Boyd (1957 and 1961) indicates that most
of them are welded ash flows., FEither interpretation,
however, suffices for this discussion.
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of eruption. The second effect of saturating liquids 1n
this system with Hy0 is to shift the fleld boundary between
tﬁe Quartz and feldspar fields first toward the silica
corner and then with increasing aHo0 (increasing total
pressure) back towards the Or-ib side (fig. 90). Tuttlg
and Bowen show the closest approach of this fleld boundary
to the silica corner at a saturation pressure of 500 kg/cm2
although their figures 20 and 21 show that the closest
épproach in the system SiOZ-Ab—HEO occurs at a somewhat
lower saturation pressure {(about 350 kg/cmz).

Boyd (1957 and 1961) has demonstrated that it is
thermodynamically reasonable in a.subaerial eruption to
produce a welded tuff in a rhyolitiec lava by the ash flow
mechanism as long as the lava does not contain more than
i weight percent Hy0 at the time of efuption. This
conclusion is based upon relationships between maximum total
cooling of the ash flow dufing émplacement as a function
of initlal HZO content of ths magma and the difference |
between the liquidus temperature (minimum melting mlxture
In the system 8102-Or-Ab-H20) and the welding temperaturs
also as a function of the initial H;0 content of the magma.

The minimum.neltihg mixtﬁfe in the system S$10,-0r=-ib
-H,0 containing L welght percent water would have a melting
temperature of 75000 and a satdr&tion pressure of about

700 kg/cmz. Boyd's deduction of the maximum water content



283
of a weld tuff at the time of eruption 1s based upon a
minimum welding temperature of 600°C which he determined
experimentally. Subsequently Smith, Friedman and Long
(1958 and Smith, 1960, p. 82li) found thke minimum temperature
for incipient welding to be at least as low as SBSOC. The
méjor effect of & lower welding temperature updn\Boyd's
calculations would be to Inerease the difference betwsen
the'liquidus temperature and the welding temperature. This
should,'in turn, increase the permissible initial water
content of a magma which could form a welded tuff. Using
Boyd's data for the maximum cooling of an ash flow during
emélacameht as a function of water content and a welding
temperature of 53500, the allowable water content of an
ash flow which could weld is inéfeased to about 5 percent.

Point A in‘figure éO represents the "ternary

minimum" for a liquid containing 5 weight percent Hp0,
saturatlion pressure of about 1000 kg/cm2 (Tuttle and Bowen,
1658). Suprose that thers existed a large magma chamber
contalininsg a liguild close tb this composition. Further
suppose that the upper portlon of this magma chamber were
saturated with 5 percent water and that the magma were at
the liguldus. The saturation pressure of 1000 kg/'c:m2 wou 1d
correspond to the lithostatlc pressure at a depth of about
2 miles, (See Kennedy, 1955, fig. 1) Crystals of quartz
and feldspar would form in the melt. If this magma gained

access to the surface a relatively violent eruption would
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ensue and the resulting deposit micht be an air-fall ash,
or 1f conditions were right, a welded ash flow., As the

eruption proceeded, drier and drier magmas would come to

~ the surface (Kennedy, 1955). As the Hp0 content fell, the

position of the field boundary in figure 90 would shift
toward the Si0p corner and the liquld would be in equilibrium
with only feldspar phenocrysts. Also the tempesrature of

the drier magma would be higher, This higher temperature

should be reflected by the structural characteristics of

‘-the plagioclase. A further consequence of the decrease in

the volatile content of the magma would be a change fron
the relatively violent nuée ardente type of eruption to
relatively quiet lava flow eruptions., Finally, the eruption
would céase when the volatile content had fallen to a
sufficientiy low level., Of course, the eruptive cycle
could be interrupted at any pbint allowling the volatile
content of the upper portion of the magma chamber to
increase. Repeated interruption would be reflected by
repeated sequences of rock units at the surface and perhaps
by the oscillatory zoning of the plagioclase phenocrysts.
The voleanic history of the Traveler felsite is believed

to have foilowed approximately thls course. It will be
noted that no change in bulk composition of the magma,

exclusive of volatile comporents, is required.
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SUMMARY

Optical determinations were made of the sanidine,
plagioelase, clinopyroxene, and biotite phenocrysts from
the Traveler felslte. Sanidine phenocrysts in ths Pogy
mewber have & 2V of about 300 and compositions of about
Or67. Plagioclase phenocrysts were studied much more
extensively than the rest of the phenocrysts. They are

strongly zoned, but appear to have about the same bulk
composition in both the Pogy and Black Cat members. The
average composition is Anug. The clinopyroxenes from both
members are ferroaugites with an average composition of
w°302n28Fsu3,?$§1otite has a Fe:Mg ratioéFeOFiOMgog of 67
percent which 1Is somewhat higher than the Fe:Mg ratio in
coexisting pyroxenes (62 percent).

Two chemical analyses of the Traveler felaslte were
published by E. S. C, Smith 1In 1930, Two new analyses
wore made by Dr. Jun Ito for the present study. One was
of & welded tuff of the Pogy member and the other of the
groundmass of a lava from the Black Cat member. 4 new
analysls of the granophyre near Norway Dam was also made
by Dr. Ito, These analyses plus a welght percent nom and
an "oxygen percent" norm (roughly comparabls to a volume
percent norm) for each analysis are presented in table 11.

Published analyses of four other Early Devonian felsites

from northern Malne are included in table 11 for comparison.
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All of the felsites in table 11 are rhyodacites (normative
plagioclase exceeds nomative orthoclase), although some
of the felsites contein nearly equal amounts of normative
plagioclase and orthoclase, and might be called quartz
latites. The analyzed groundmass of the lava contains
normative orthoclase in slicht excess of normative plagio-
clase and 1s hence a rhyolite or, if one prefers, a quartz
latite. Several of the felsites are peraluminous, which
is conslstent with the occurrence of garnet phenocrysts in
a number of the northern Maine felsites. Nons of thsm are
reralkaline,

Structufal states of plagioclase phenocrysts from
17 samples (13 samplss from the Black Cat menmber and |
. from the Pogy member) were deterﬁﬂnsd by X-ray diffraction.
Three sets of angular separations of peaks give conslstent
results (figs. G6l, 92, and 93). Plagioclases from lavas
of the Black Cat member have structural characteristics
intermediate between those of the high and the low thermal
modifications., Plagloclases from the Pogy member have
structural characteristics of the low thermal modifications.

Thus "low™" plagloclase and guartz phenocrysts
characterize the Pogy member, which consists predominantely
of welded tuff and occurs at the bottom of the Traveler
felsite., "Intermediate” plagloclase phenocrysts, typically

wlthout coexisting quartz phenocrysts, characterize the
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Black Cat member, which consists predominantly of lava
and overlles the Pogy member. It 1s suggested that these
relationships may be explalned by a decrease in volatile

content of the magma In successive eruptions over a short

interval of time.



CHAPTER V
STRUCTURAL GEOLOGY

GENERAL STATEMENT

The Katahdin-Traveler area 1s within the folded
Northern Appalachians, 1In contrast to northwestern Mailne
and much of New England, the grade of metamorphism is
low. A1l of the sedimentary rocks are within the chlorite
zéns.of’regional metamorphism. Except for the structures
in tﬁe pre-~Sllurlan rocks, the folds are open and the
major stmictures may be determined by a corbination of
outcrop pattern on the geologic map and observed attiltudes
of bedding. In the following discussion, therefore, major
structures are analyzed with 1little reference to minor
ones,

The major structural elements in the Katahdin-
Traveler area include the southwesterly plunging Matagamon~
synclinorium, a collapse structure occupied by the Traveler
felsite, and the Katahdin batholith. These features are
treated separately below, Such a separation is, of course
arbitrary, and the various structural elements have inter-

acted with each other. Faultlng, most of which is

288
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balieved to be high angle with normal or strike slip
movement, 1s associated with the collapse structure and
the synclinorium,

The structures in the "Grand Falls" formation will

not be dlscussed in this report.

MATAGAMON SVICLINORIUM

All the stratified rocks in the Traveler Mountain
quadrangle are involved 1in the Matagamon synclinorium,
which 1s the structural element of greatest regional
importance. It 1s named for Matagamon Lake which lies
athwart its axis. The axzxis trends east-northeast, aéprox-
imately along Trout Brook, and plunges slightly to the
southwest (plate li). Lower Devonian rocks occupy the
cehter of the synelinorium and the two limbs are best
defined by rocks of Silurian age.. On the north limb these
rocks constl tute a belt trending east-west, and on the
southeast limb they trend N.4O%E., Thus the synclinorium
opena to the southwest,

‘There 1s a distinct difference 1n the structural
behavior of the Seboomook formatlion on the two limbs of
this ma jor fold. On the southeast limb the Seboomook
formation forms an essentially homoclinal>sequence. Dips
average about 50 degrees to the northwaét. On the north
limb of the Matagamon sync linorium, the Seboomook formation

is highly folded. These lesser folds have axlal traces
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roughly parallel to the axlal trace of the Matagamon
synclinorium and thelr axes plunge southwest 15 to 25
degrees., The folds typlcally have wave lengths of 1000
feet and appear to be symmetrical.

The bulk of the Traveler felaite 1s on the south-
east limb of the synclinorium. The small outcrop area of
the felslte on the north limb (essentially limited to
wadleigh Mountain) 1s believed to be partly the result of
faulting and partly due to the original rapid thinning of
the felslte to the north. Perhaps the position of the
axis of the synclinorium was determined to some extent by

the locus of the thinning of this massive unit.

BAY MOUNTAII BASIN

Southeast of the northeast projection of the
synclinorial axls in the Trout Valley formation 1is s
gstructural basin, The Matagamon formation is found in
1ts center and it 1s partly enclosed by the Sebocmook
formation., It is called Hay Mountain basin, after the
most prominent topographle feature located within it, and
1s so labeled on the tectonic map (plate L), The axis of
the basin trends about N.uOOE; Dips on the sides are
moderate and the plunge of the axis frow each end toward
the center is gentls (10° to 15°), Strike ridges closing
the northeast end of the Hay Mountaln basin are well shown

in figure 5, an aerial photograph of the region. As
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Professor M, P, Billings (oral communication) has pointed
out, major fold axes are commonly offset in an en échelon
manner, Hence, the axls of the basin may be essentlally
the axls of the Matagamon synclinorium, The northeast
plunge of the axis at its southwest end may be related in
some way to the formation of the collapse structure

aasociated with the Traveler felsite.

THE TRAVELER CALDERA

Numerous authors, e.g., van Bemmelen (1930) and
Williams (1941), have called attention to the association
of collapse structures and volcanism. R. L. Smith (1960,

p. 818) bas suggested that where deposits from ash flows
'haVe volumes of more than a few cublc miles, subsidence
sfructures In the source arsa are to be expected. The
condition that favors the formation of a collapse structure
1s the rapldity with which a large volume of material is
extruded. It has been suggested that the Traveler felslte,
including both the Pogy armd Black Cat members, was extruded
rapidly. A conservative estimate of the volume of material
erupted 1s 70 cubic miles or about 290 cubic kilometers, _
~ A comparison of—this volume with that of other pyroclastic-
. flow fields (Smith, 1966, fig. 3) shows that, in terms of
material erupted, the Traveler felsite is one of the larger
felsic volcanic fields in the world. The inclusion of the

volume of flows of the Black Cat member in the comparison
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is justifiable because of the short time span of the eruption.
Ons would thus expect to find a collapse structure involving
the Travsler felsite,

There is considerable structural evidence for the
Traveler caldera. The felsite 1s on the downthrow side of
high angle faults that bound 1t on the north and west,

Some of these faults also involve younger rocks, but it 1s
suggested that movement along them, or along similar faults,
began at the time of subsidence, These faults will be
discussed in a later section.

There is also some evidence of an unconformity
between the Pogf member and the Black: Cat member., (See
structure cross-section BBl); This may s8ignify that there
wére at least two stages of subsidence and that one of them
took place after the eruption of the wslded tuff of the
Pogy membe r, V

.Further evidence of a caldera 1sisuggested by the
thickness of the felsite (in some places at least 9000
feet), the discordance of the mejor structural features in
" the felsite with those of synclinorium, and the presence
of nearly contemporary subaqueous sediments of the Trout
Valley formation immedlately overlying the felsite.

Large folds and faults within the felsite are
difficult to determine because of the lack of marker units.

Obgerved attitudes of primary planar features in the
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felsite are presented on the tectonie map (plate l}), Only
those attitudes that were consistent over large outcrops
or several small outerops wers recorded. There 13 a
suggestion, particularly in the Black Cat member and in the
felsite Iin the Tslos Lake quadrangle,of a few major fold
axes brendinz alightly Wweat of north., The major anticlinal
axis passes through South Branch Ponds and plunges aboub
25° north. Smith, Balley, and Ross (1960) state that the
presencs of a central post-subsidence dome 1s a feature of
some claderas, They attribute this dome to the intrusion
of a central stock of lacecollth. Such a phenomenon may
have occurred in the Traveler caldera. It seems unlikely
that this doming could have been caused by the Katahdin

granite because thz Trout Vallsy formatlion is not affescted,
PAULTING

WADLEIGH MOUNTAIN FAULT: High angle normal fault-
ing with some strike-slip movement 1s balieved to have
taken place along the southern margin of Wadlelgh Mountain.
This fault is believed to extend from the vicinity of Birch
Point on Matagamon Lake westward to the north end of Morse
Mountain, Telos Lake quadfangle, where 1t may be cut off
by another fault, Evidence for faulting &long this line
is found at a number of localities, At BM 1071 fset on

the North Branch of Trout Brook (north of Burnt Mountain,
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Telos Lake quadrangle) rocks of the Seboomook formation
are highly deformed and slickensided. They crop out within
a few tens of feet of exposures of felsite. Just upstream
from the eastern~-most road crossing of the North Branch of
Trout Brook Iin the Telos Lake quadrangle, rocks of the
Trout Valley formation have northerly strikes, steep
easterly dips, ard are slickenslided. At the polint where
Trout Brook bends about $0° to the east of the foot of
Wadlelzh Mountain, rocks of the Trout Valley formatlion have
nearly vertical dips and top to the south. At K.,P. Dam on
Trout Brook (east of Wadlelgh Mountain) the Traveler felsite
is highly brecclated and contains ruch chalcedonic silicsa
between breccia fragments., On high altitude aerial photo-
graphs, the southern margin of Wadleigh Mountain is nearly
a straight line and bears no discernable relationship to
planar features observed in outcrops within the felsite.
In 2 similar fashion, the contact between the Seboomook
formation and the felsite north of Trout Bm ok Mountain
appears to truncate structures within the felsite. Finally,
shear zones and accompanying dfag folds occur in the
Seboomook formation on Birch Polnt and adjacent to the
felslte near the Grand Lake Road at the shore of Matagamon
Lake.,

Along the entire length of this fault, younger

rocks occur to the south and older rocks to the north.
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Thus the downthrown side is to the south., The steep south
dip of the Trout Valley formation at the base of Wadleigh
Mountain suggests that the fault plane also dlps steeply
south. Thus movement along the fault was normmal. Evidence
for some strike-slip movement comes from drag folds with
steeply plunging axes near Burnt Mountaln and near Matagamon
Lake., The sense of movement is dextral.

It is this writerts interpretation that the felsite
of Wadleigh Mountain 1s bounded on the north by a fault
similar in nmature to the ore on the south side of the
Mountaln and that there is a third fault between these two,
the trace of which 1s the valley between the series of
sumnlts of Wadleigh Mountain. Evidence for these two faults
comes largely from‘strong lineaments on aerial photographs
which are discordant with attitudes of planar features in
the felsite observéd in outcroé. The felsite is also
brecciated in thin sections of the few saﬁples available
from Wadleigh Hountain.

These faults may have 6figinated during the
collapse of the Traveler caldera. Subseduent movement
along them may have taken place during the formation of
the Matagamon synclinorium. The eastward extension of the
ma jor fault is uhknown.

The Wadleigh Mountain fault and the southern

contact between the Trout Valley formation and the Traveler
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felslte are belleved to be offset by two sinlstral strike~
81ip faults., The northeastsrn-most of these two faults
probably passes tirouzh a shear zone in the Trout Valley
formation just south of The Crossing on Trout Brook. The

shear zone striles N.?Ooﬂ. and dips hOo to the north,

MORST MOUHTAIR FAULT: In the Telos Lake guadrangle,
there is a strong north-south lineament, apparent on asrial
photographs’and on the topogzraphlec map, to the west of
Horse and Strickland Mountains, Both of these mountains
are held up by the Travelsr felsite, snd there is an out-
crop of felsite north of Morse Hountain beside the North
Branch of Trout Brook, On strilke with the lineament in a
small zorge on the North Branch of Trout Brook are outcrops
of the 3eboomook fofmation. It is believed trat this
lineament is the trace of a high argle normal fault with
the younger Traveler felslite on the eastern, downthrown slde
and the older 3Seboomook formation on the western, upthrown
gide., The lineament 1s also visible on the wsst side of
Centor Mountain, Griscom (oral communication) reports
that the Morse Mountain fault may continue into the
Harrington Lake quadrangls and cause an apparent deztral.
offsaet to the contact of the Xatahdin granite with the
3eboomoonk formation., If the granitevcontact sloﬁes out -

ward (to the north), this offset would oe consistent with

the proposed normal dip-slip movement on the HMHorse iMountain
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fault, Because the Morse Mountain fault may cut the
Katahdin granite it may be younger than the Wadleigh
Mountain fault, This interpretation is shown on the tectonic
map. The alternate intsrpretation, that the Wadleigh
Mountain fault is the younger, cannot, however, be ruled
out,

A cross fault passes through the sharp notch
geparating Strickland and Center Mountains and has caused
‘a sinistral offset of the trace of the Morse Mountain
fault, Sediments, presumably of the Seboomook formation,
which crop out in this notch were probably dragged there
by this cross fault.

FAULTING AT POWD FITCH: Faulting at Pond Pitch on
the Zast Branch of the Penobscot River has caused a dexteral
offset of the Pond Pitch basalt. It 1s not within the scope
of this study to dlscuss furthéf the structure of this

reglion aldng the East Branch.

MODE OF EMPLACEMERT OF THE KATAHDIN BATHOLITH

A comprehensive discussion of the mode of emplace-
ment of the Katahdin bathollth 1s not appropriate at this
time. However, a few observations may be made. The zone
of xenoliths on the wall of South Basin suggésts that |
plecemeal stoping may have been an important, if not the

rmost important, process. Further evidence for plecemeal
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stoping is found outside the area of investigation at the
contact of the granite on Black Cat Mountaln, Norcross
quadrangle, Granite at this locality contains many
partially assimilated xenoliths of schists and gnelsses,

Forceful injection may also have been involved in
the emplacement of the batholith, although no foliation
has been observed in the granite. Perhaps the 1lncongruous
dextral folds on the southeast 11mb of the Matagamon
synclinorium and the fault with dextral offset at Pond
Pltch are related to forceful injection of the Katahdin
batholith,

No study of Jjolnt patterns or aplite and pegmatite
distribution has been made,

Brief reference has been made to the vertical
changes in the granite on Mt. Katahdin from the light-gray,
medlum-grained granite of the Wassataguoik faciles at low
elevations to the pink, wvuggy, granophyric granite of the
Pamola facies at high elevatiohs. It is believed that the
roof of the magma chamber was not far above Baxter Peak
and The Tableland, and that the textural changes may be
explained by an increase in volatiles and in the activity
of oxyzen. The large area of granodlorite on the Cathedral
Trall may actually be a roof pendant. The available
Information suggzests that the gradational contact between

the Wassataquoik and Pamola facies slopes gently to the
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north from about 3800 feet in Great Basin to about 2000
feet on Russell Mountain (a horizontal distance of l 1/2°
miles). It seems probable that the roof of the magma
chamber was roughly parallel to this contact. If so, the
roof in the vicinity of the Katahdln massif dipped very
gently to the north (about 5°). The contact between the
granite and the Traveler felsite appears to be somewhat
stesper than this, and probably demarcates the beginning
of the side of the magma chamser. The textural and
structural relationships of the Katahdin granlte are
similar to those of the Mourne granites of Northern Ireland
described by Richey (1927). 1In the Mourne Mountains the
roof of the magma chamber Is pfeservéd and 1s almost flat.
The Mourne granite, also, 1is pink and vuggy in its upper

pai’t.

CLEAVAGE

A detalled study of cleavage has not been made,
However, cleavage 1s moderately well developed in fine
grained rocks older than the Traveler felsite, and some
of the felslte possesses a cleavage. Representat}ve'
attitudes of cleavaze are plotted on the tectonic\map. It
Wwill be noted that cleavage in the Seboomook formation on

the north limb of the Matagamon synclinorium 1s essentially

vertical and parallsl to the major axis of the synclinorium

as well as to the smaller folds in the formation. Cleavage
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on the southeast axils of the synclinorium for the most
part i3 vertical or dips steeply east and strikes north or
a few dezrees east of north {(average about ¥.15%8),
Cleavace in the more tightly folded "Grand Falls" formation

1s roughly parallel to the cleavage In the younger rocks.

AGE OF THE ACADIAN OROGENY

The major folding and at least some of the faulting
in fhe Katahdin-Traveler arca 1s thought to be related to
the Acadlian orogeny. This deformatlon 1s intergreted as
havihg taken place between the derosition of Trout Valley
formation and the Intrusion of the Katahdin granite., Else-~
where in Maine,\the youngest rocks which are involved in
the orogeny are of Schoharie age {the Tomhegan formation
in the Moose River synclinoriuﬁ). |

Boucot {oral communication) has suggested that the
Mapleton sandstone near Presque Islé, because it is only
slightly deformed, may be post-Acadian. The age of the
ﬁapleton sandstone 1is uncertaid. The oldest rocks of known
age that are not affected by the orogeny are in the Perry
basin near Eastport, Maine. Here, red-beds of the Late
Devonian Perry formation (datedbby plant fossils only) rest
unéoaformably upon Silurian sediments (Smlth and White,
1505 Bastin and Williams, 1914). PFurther, granites near

Calais, Maine (a town about 20 miles northwest of Fastport)
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have intruded and metamorphosed Late Silurlan slates. One
.of these granltes is overlain by sandstone of Late Devonlan
age. Faul (1960) has determined the agze of these granites,
by the X/Ar method, to be 4Ol 18 million years. The age
of the reglonal metamorphism affecting the Seboomook
formation and the pre-Upper Sllurian quartz monzonite near
Jackman 1s about 360 million years (Hurley, st al, 1959).
Thus the Acadlan orogeny in Maine is bracketed between
‘On§hdaga and Late Devonian times by stratigraphic and
structural evidence., K/ir dating methods suggest that the
orogeny took place In the early part of the Late Devonilan.
(See peologic time scale by Kalp, 1961)., Prior to the
publication of these age determinations, Boucot (195}) had
suzgested that the Acadiénvbrogeny in Malne took place in
Middle Devonian times.

Using evidence found only in the Katahdin-Traveler
area, it 1s possible to argue that the major deformation
took place about the time of the eruption of the Traveler
felsite, but prior to the déposition of the Trout Valley
formation, The major pulse of the Acadian orogeny in this
areca woula.thus‘be placed in the Early Devonian (post-
Oriskany), but this interpretétioh is not favored. The
Trout Valley formation 13, except for faulting, rather
strikinzly undeformed. The flne grained sediments lack
cleavage and the average dips are 10 to 15 degrees. These

gentle dips and the absence of cleavage could be explained
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by the formation belnz post-iAcadian, They could also
result from the formatlion being shielded from orogenic
forces by the massive felsite. In view of the regional
geology, the latter interpretation is preferred. The

Trout Valley formation is, therefore, believed to be pre-

Acadian’®




CHAPTER VI
GEOLOGIC HISTORY

The earliest geologic event preserved by the rocks
in the Katahdin-Traveler area 1s the deposition of the
shales and sandstones of the "Grand PFalls" formation. This
probably took place during Gambrian and/or Early Ordovician
times, An interval of folding, uplift and erosion appears
to have followed. The best evidence for this comes from
the immediately adjoining area to the east where Neuman
(1560) has found a Middle Ordovician volcanlc conglomerate
‘that overlies thé "Grand Palls" formation and contains
pebbles of quartzite_similar to quartzites found in the
"Grand Falls" formaiion. Not enough is known about Lower
Paleozolc rocks in eastern New England to know whether
this unconformity is of regional significance.

During the Middle Ordovician, volcanism occurred
in the Katahdin-Traveler area. Tracesrof pillow sﬁructures
in the Pond FPltch basalts §uggeét that they were erupted
{n a subaqueous environment. Following the Middle Ordovician
volcanism; there was another break in the stratigraphic
record combined with crustal deformation. This deformation
presumably corresponds to the Taconic orogeny elsewhere in

New England,

303
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-Shales, siltstones, graywackes, and conglomerates
of the Kimball Brook formation were next deposited upon
the Taconic erosion surface. For the most part, these
rocks are of Lower Silurian age, although it is possible
that some of the basal rocks are uppemost Upper Ordovieilan
age. Coarse conglomerate of the Haskell Rock conglomerate
indicates continued crustal movements. The deposition of
calcareous siltstones and perhaps limestone of the
Jenlockian series initiates, over much of the area, a
time of greater crustal stability which extended into the
Early Devonian. Volcanlsm occurred in the northern part
-of the area during the Upper Silurlan.

The deposition of thin graded sets of shale, silt~
stone and very fine sandstone of the Seboomook formation
characterizes Tarly Devonlan times. These graded sets may
indicate relatively rapid deposition in a large basin of

moderately deep water by turbldity currents moving along
bottom slopes into the basin., The recent study by Ericson
et al (1961) of itlantic deep-sea cores indicates that
similar sediments are accumulatlng today in the Atlantic
near the mouths of submarine canyons and on submarine
plains.

About the time tha Oriskany sandstone was beling
deposited in New York state, 1t 13 belleved that there

were mild crustal movements, probably accompanied by
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volcanism, iIn north-central Maine. These created a source
area for the cross-bedded shallow water sandstone of the
Matagamon formation., Thils source area may have lain to
the southwest where the Katahdin granite is now found. It
was probably only a local source, and deep water sediment-
ation of graded sets of shale amd sandstone continued in
deeper seas to the west.

Toward the end of the time during which sandstones
of the Matagamon formation were deposited, volcanilsm
abruptly Increased and tuffaceous sediments were deposited.
Violent volcanic eruptions of felslte ensued as bedded ash
~and théh the welded ash flows of the Posy merber of the
Traveler felsite‘accumulatedy

The water must have been shallow during the final
stages of accumulation of the sandstone of the Matagamon
formation because ash flows, which are beliéved to require
a subaerial environment of deposition, occur a few feet
above the base of the Traveler felsité._ Aé the relatively
violent eruption of ash flows continued, a volcanic island
of conaiderable size may have been built. Partial collapse
- of ths roof of the magma chamber, causing the formation of
a caldera, may have taken place at this time., The volatile
content of the magma appears to have decreased with tinme,
and eventually the eruption of ash flows gave way to the

relatively quiet eruption of the lava flows of the Black
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Cat member., After the lava flows had accumulated to a
thickness of several thousand feet, there was a further
subsidence within the caldera and wlcanlc activity ceased.
The intrusion of the granophyres on Wassataquolk Mountain
and near Norway Dam probably occurred some time durlng the
eruptlon of the Traveler felsite.

After the fimal collapse within the caldera, there
appears toc have been a doming of its central portion. The
cause may have been the rise of a central stock or laccolith
similar to those reported in other volcanlc areas. No
central intruslve body is exposed in the Traveler caldera,
houwever. A |

Sufficient time elapsed after the cessation of
volcanism to permit the doming, some erosion,and the
development, on that paft of the wvolcanic land which
rermained above water, of terrestrlal flora as old as any
known in eastarn North America, Then the coarse felslte
detritus, black shales and siderite ironstones of the
Trout Valley formation accumulated in the shallow brackish
water of the submarine slope of the land of in a basin
within the caldera, This debosition probably occurred
during Schoharie times. _Presumed contemporary sediments
to the southwest near Mooseﬁead Lake and to the northeast
in the Matapedia Valley, Quebec were deposited in a normal

marine environment. Contemporary sediments have nsver
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been reported to the northwest or southeast. Dikes and
8ills of quartz andesite in the Trout Valley formatlion may
have been intruded shortly after the sediments were
deposited.

The next events were the folding and faulting
associated with the Acadian orogeny which probably occurred
in the Middle or early Late Devonlan. At or after the
close of the Acadian orogeny, the Katahdin granite was
intruded. Radibactive age determinations suggest that the
granite 1s of Late Devonian age. Mafic dikes of unknown
age cut the granite, and some faulting may have affected
the granite. However, there is little trace of‘the
zeologlc history of the Katahdin-Traveler area betwesn the
intruslon of the Katahdln granite in the Devonlan period
and the glaclation which occurred during the Pleistocense

epoch.
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